E3x Flux (m2 s sr! GeV?)

250 |

o
200 |
150

100}

Rescarch
Annual Report

2017

50 F

—— DAMPE (this work)
—— H.E.S.S. (2008)
—=— H.E.S.S. (2009)

—=— AMS-02 (2014)
—o— Fermi-LAT (2017)

10

100 1,000
Energy (GeV)

Purple Mountain Observatory CAS




WENFRZAZIWKANLA

2017 EMIEFEIRS

EM SRS IR a R L
2018 i 7 H



Cover: Dark Matter Particle Explorer published its measurement of electrons and positrons in a very wide enerqy

range

ZHE] : BRI F RN PE R T EHIEI F AR






Annual Report’2017 —Content

PMO

PERFREZS LKA
B

ittt FEERTALRA 2 S

HE %% : 210008

B3 % :+86-25-8333-2288, 2158
& B : +86-25-8333-2288

B8 #E : pmokjc@pmo.ac.cn
http://www.pmo.cas.cn

mE
FEXE
RN Hi BIKED
B SR HKRHE HuEE
EEEIONE RS B
FOMh iR MR RS
BT REE R IR
R SE—h XA REE
BED MRFHE AEE

XFimRiE
BE#H huijx@pmo.ac.cn

Z= # lilin@pmo.ac.cn
FREM  xmchen@pmo.ac.cn

SlEwiE

TZREE ningzongjun@pmo.ac.cn

H 3R ottt s st s st st I
2017 SERERH MRS ..o ssessssss s s s s sssessssessasessasesens 1
S = N = T OO UUUR OO 1
ABSTRACT LIST OF PUBLICATIONS IN 2017 ...ccccoiieeeerinnncrnnnncnsenssessansesssnssssans 28
PP PPPPTPPPPRRE DARK MATTER & SPACE ASTRONOMY
1-01 Cosmic Gamma Ray Bursts, Neutron Stars, and Relevant Physics................. 29
(1) A parameterized energy correction method for electromagnetic showers in
BGO-ECAL Of DAMPE .....oiiiiiiiitiiie sttt eitesite e site st s sia e st e saae st e sbeesabaesaeesabaessnesanes 29
(2) Revealing Physical Activity of GRB Central Engine with Macronova/Kilonova
D | - [P PP PPPPPUPTTTOS 29
(3) GRB 111005A at z=0.0133 and the Prospect of Establishing Long-Short
GRB/GW ASSOCIALION vevvviiiieiterieeeeeeeeeeittttteeeseeesteettesesesestereeesssessssasseeessessssrerseeessess 29
(4) Multi-messenger Observations of a Binary Neutron Star Merger................... 29
(5) The GW170817/GRB 170817A/AT 2017gfo Association: Some Implications for
Physics and ASTrOPNYSICS .uvvieiiiiiiiiiiiiiie e et e e e e s re e e e e e e e s anens 41
1-02 High-energy Solar PhySiCs...........cccoooiiiiiiiiiiic e 41
(6) Shapes of Ne-20 de-excitation line in solar flare ........cccccceeveveeeeeeceevienenennn, 41

(7) The Confined X-class Flares of Solar Active Region 2192 (vol 801, L23, 2015)41
(8) On the time evolution of brightness, volume and height of a coronal source in

AN M-ClaSS FIAIE wevueieciii e st naae s 42
(9) Generation Mechanisms of Quasi-parallel and Quasi-circular Flare Ribbons in a
CONFINEA FIArE ..eeieiieeiie ettt ettt e be e sareesaee s 42
(10) Formation and Initiation of Erupting Flux Rope and Embedded Filament
Driven by Photospheric Converging MotioN........c.cceieciiieiciieeeriee e eee e 42
(11) Search for the gamma-ray emission from M33 with the Fermi Large Area
= 1T oo o SR 42
(12) Molecular Gas toward the Gemini OB1 Molecular Cloud Complex. I.
ObSErVation Data.....ccceeireeriieiiiieeiee ettt ettt st sbe e et sba e saeeenaee s 42

(13) The Molecular Structures of the Local Arm and Perseus Arm in the Galactic

Region of | = [139 degrees.75, 149 degrees.75], b = [-5 degrees.25, 5 degrees.25]..43
(14) Characteristics of events with metric-to-decahectometric type Il radio bursts
associated with CMEs and flares in relation to SEP events .........ccccceveviieeiniieee e, 43
(15) Observational Evidence of Magnetic Reconnection for Brightenings and
Transition Region Arcades in IRIS Observations ..........ccccceeeveciiiiieie e 43
(16) Spectroscopic Observations of Magnetic Reconnection and Chromospheric
Evaporation in an X-shaped Solar FIare ...........eoeeiioiiiiiiiec et 43
(17) Spectroscopic Observations of Magnetic Reconnection and Chromospheric
Evaporation in an X-shaped Solar FIare ... iioiciiiiec e 44

( 18 ) A Study of Fermi-LAT GeV gamma-Ray Emission toward the
Magnetar-harboring Supernova Remnant Kesteven 73 and Its Molecular

29


file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236780
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236786
mailto:pmokjc@pmo.ac.cn
http://www.pmo.cas.cn/
mailto:huijx@pmo.ac.cn
mailto:ningzj@pmo.ac.cn

Purple Mountain Observatory CAS

PMO

Purple Mountain Ohservatory
Chinese Academy of Sciences

ADD :2 West Beijing Road,
Nanjing 210008, China

TEL : +86-25-83332288

FAX : +86-25-83332288

Email : pmokjc@pmo.ac.cn
http://www.pmo.cas.cn

Editor Commettee
Darun XIONG,

Ji YANG, Jin CHAN, Zhangyin ZHAO,
Sheng-Cai SHI, Yuehua MA,
Weiqun GAN, Daming WEI,

Haisheng JI, Lifan WANG,

Xi KANG, Yu GAO, Hongchi WANG,
Ye XU, Jin Xu, Dazhi YAO,
Yanning FU, Weibiao XU,

Jianghui JI, Haibin ZHAO ,
YiZhong FAN, Siming LIU,
Xuefeng WU, Xianzhong ZHENG,
Xuepeng CHEN, Yingxi ZUO

Sub-Editor

Jianxin HUI huijx@pmo.ac.cn

Lilin lilin@pmo.ac.cn
xuemeiChen xmchen@pmo.ac.cn

Excutive Editor
Ningzongjun
ningzongjun@pmo.ac.cn

Divicinn nf

ENVIFONMENT ...ttt e e e e e s bee e e e e e e s e nebeeeeeeeeesannee 44
(19) Generation Mechanisms of Quasi-parallel and Quasi-circular Flare Ribbon in a
(07010 11 T=To I S - T PRSP 44
(20) Statistical study of co-rotating interaction region properties with STEREO and
ACE ODSEIVAtIONS ...ttt st e e st e e s st e e e srae e e s sabaeeenans 44
1-03 Multi-Band Observation Solar Activity ............cccccooeeeviiiiiiiiie e, 45
(21) Simultaneous Transverse and Longitudinal Oscillations in a Quiescent
Prominence Triggered by @ Coronal Jet.......ccoviiiiiieieiiii et 45
(22) INITIATION PROCESSES FOR THE 2013 MAY 13 X1.7 LIMB FLARE ................. 45
(23) THE INTERPRETATION OF THE MULTI-WAVELENGTH AFTERGLOW EMISSION
OF SHORT GRB L140903A ......oiiiiieeiiieiieeieeenite ettt sieessteeesitesbeeessaessbeesssaesssaeesssesnsenen 45
(24) NIHAO - VIII. Circum-galactic medium and outflows - The puzzles of H land O
VI gas distributions GUECKE, .......ceecuviiiiiiiie e 45
(25) Quasi-periodic pulsations with periods that change depending on whether
the pulsations have thermal or nonthermal components..........ccccoeevveiiiieeeecciieeens 46
(26) One-Minute Quasi-Periodic Pulsations Seen in a Solar Flare ...........c.c.......... 46
(27) The Eruption of a Small-scale Emerging Flux Rope as the Driver of an M-class
Flare and of @ Coronal Mass EJECION ......cccviiiieriiiiiiieeiceeeeee e 46
(28) High-resolution Observations of Sympathetic Filament Eruptions by NVST .46
(29) Large-amplitude Longitudinal Oscillations in a Solar Filament...................... 47

(30) Solar Tornadoes Triggered by Interaction between Filaments and EUV Jets.47
(31) Explosive Chromospheric Evaporation Driven by Nonthermal Electrons

around One Footpoint of @ Solar FIare LOOP .......coeveeriieiiiieriiienieeeceeeeiee e 47
(32) Blob Formation and Ejection in Coronal Jets due to the Plasmoid and
Kelvin-Helmholtz INStabilities .......ccueeieiiiiiiee e 47
(33) Steep Decay Phase Shaped by the Curvature Effect. II. Spectral Evolution ...48
(34) Steep Decay Phase Shaped by the Curvature Effect. . Flux Evolution........... 48
(35) Statistical properties of bipolar magnetic regions..........ccceeeeeeeeveeviesreniennens 48
(36) Terrestrial planet formation under migration: systems near the 4:2:1 mean
MOTION FESONANCE. ... utiieieiiiieeiiree e sttt e e et eserr e e e sneeesesnr e e e sesrreeesareeeseanreeesannneessnaeeeas 48
(37)Interaction of Two Filaments in a Long Filament Channel Associated with Twin
COroNal Mass EJECLIONS. ...ccciuiiieieierecctee e ettt e e et e ste e e e st ae e e e are e e sareeeesnbaeesenneeesnnees 49
(38) Location of energy source for coronal heating on the photosphere.............. 49
(39) Pre-flare coronal dimmINgS ........c.cceevvevievieienieeieceeieieses et ee e sbeerens 49
(40) LITTLE THINGS (vol 144, 134, 2012).cucciiiciicieiiieieeieeeeiesreeeste e e eeaesvesvesnens 49
(41) Design Study on the Digital Correlator Using for Radio Holography ............. 50
(42) Metal enrichment signatures of the first stars on high-z DLAs...........c.cc....... 50
(43) Doppler Shift Oscillations from a Hot Line Observed by IRIS .......c.cccccveuenneae 50

(44) Quasi-periodic pulsations with multiple periods in hard X-ray emission ...... 50
(45) Large-amplitude Longitudinal Oscillations Triggered by the Merging of Two

(46) Solar Filaments: Observations and Magnetic Field Analysis.........c.ccccveeuennen. 51
(47) Acceleration and Radiation of High-Energy Cosmic Particles..........ccccceuuu.e. 51
(46 ) EVOLUTION OF HIGH-ENERGY PARTICLE DISTRIBUTION IN MATURE
SHELL-TYPE SUPERNOVA REMNANTS ....ciiitiititititieteeeeeeeeeeeeeeeseeeseseeesesesesesesesesesesesesen 51
( 47 ) Anomalous Distributions of Primary Cosmic Rays as Evidence for
Time-dependent Particle Acceleration in Supernova Remnants........ccccceeevveeernnennn. 51

(48) Evaluation of dimension of fractal time series with the least square method51
(49) Measure the Propagation of a Halo CME and Its Driven Shock with the

Observations from a Single Perspective at Earth.........ccocceeeeciiii e, 52
(50) Calibration of the Mengcheng Solar Radio Spectrometer............ccccveeveuenen, 52
1-04 Physics of Dark Matter Indirect Detection..............cccccoceviviieeeiiee e, 52

(51) A gamma-ray Quasi-periodic Modulation in the Blazar PKS 0301-2437?........ 52


file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236802
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236828
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236834
mailto:pmokjc@pmo.ac.cn
http://www.pmo.cas.cn/
mailto:huijx@pmo.ac.cn
mailto:rqmao@pmo.ac.cn

Annual Report’2017 —Content

(52) Neutron Star-Black Hole Coalescence Rate Inferred from Macronova

(0] o 1Y =T VYo T o 13 PRSPPI 52
(53) Possible Correlations between the Emission Properties of SGRBs and Their
Offsets from the HOst GalaXies ........cccuieiiriieiiniiiieiiiee et s 52
(54) Revisiting SNR Puppis A with Seven Years of Fermi Large Area Telescope
OBSEIVALIONS. ...ttt ettt st sttt e e sat e s be e e s aae e be e e naaeenbteesabeenaeees 53
(55) Millimeter observations of the disk around GW Orionis..........cc.ccvevveeveeuennen. 53
(56) Possible Quasi-periodic Modulation in the z=1.1 Gamma-Ray Blazar PKS
0426380 ..cuveeeireeeieeeiieeite et et et e ettt a e e bt e h b e s be e s hae e bt e e naaeebaeenateeraeen 53
(57) Possible Dark Matter Annihilation Signal in the AMS-02 Antiproton Data....53
(58) Light bending in infinite derivative theories of gravity.........c.cceceevrverieerrennnn. 53
(59) Constraining the Poplll IMF with high-z GRBS ........cccceevvierieirereeceseeeiee 54
(60) Limits on dark matter annihilation cross sections to gamma-ray lines with
subhalo distributions in N-body simulations and Fermi LAT data ............cccccvveenneee. 54
(61) gamma-Ray emission signals in the massive graviton mediated dark matter
(9070 e =] PO TSP PPRUSRTRRRINt 54
(62) Evaluating the Bulk Lorentz Factors of Outflow Material: Lessons Learned
from the Extremely Energetic Outburst GRB 160625B..........cccccveeeeiiieeeiineeeenireeenns 54
(63) Revisiting Quasi-periodic Modulation in gamma- Ray Blazar PKS 2155-304
WIth FErMI Pass 8 DAta ..ccccueerveiriiieiieeniienieesieesieesreesbeesreesebeesteesabeessneesnbeesnseesanes 54
(64 ) Spectroscopic identification of r-process nucleosynthesis in a double
NEUETION-Star MEIEEI ....uuiiiiiiiiiiiiii e 55
(65) An X-Ray Periodicity of similar to 1.8 hr in Narrow-line Seyfert 1 Galaxy Mrk
TP UPRPPRPPN 55
(66) Direct detection of a break in the teraelectronvolt cosmic-ray spectrum of
€lectrons and POSITIONS .....cocuiiiiiierie ettt 55
(67) The unpolarized macronova associated with the gravitational wave event GW
170817 ettt st a e a et ettt e et e et e e beeteentesneesaeenaeenteenes 56
(68) GRB 111005A at z = 0.0133 and the Prospect of Establishing Long-Short
GRB/GW ASSOCIALION ..vevieveeeeriicteeeteseeteeeteseeteeeeteeeeteeeeteseeaeeeebesessaeeesesesseeeesesesseseerenas 56
1-05 Laboratory for Dark Matter and Space Astronomy.........ccccceeeeeereeeeeseeessennnnns 57
(69) LIKEDM: Likelihood calculator of dark matter detection..........cccccevvevennee. 57
(70) HESS J1427-608: AN UNUSUAL HARD, UNBROKEN gamma-RAY SPECTRUM IN
A VERY WIDE ENERGY RANGE .....coiiiiiiiieiiiesitesieesree ettt sve e sbe s s esabeesaee e 57
(71) On-orbit Status and Light Attenuation Behavior of the DAMPE-PSD ............ 57
(72) A radiation transfer model for the Milky Way: I. Radiation fields and
application to high-energy astrophysiCs ......ccocciiiiieiiieicee e 57
(73) Compact Resolved Ejecta in the Nearest Tidal Disruption Event................... 58
(74) 3FGLJ1924.8-1034: A spatially extended stable unidentified GeV source?..58
(75) Quality control of mass production of PMT modules for DAMPE ................. 58
(76) Propagation of cosmic rays in the AMS-02 €ra.......c.ccceeveerereereeeereereereereenees 58
(77) Calibrating a physical model based on Geant4 to calculate cosmogenic
nuclide production rates on lUNar SUrface.......cccceiieeiiiiieie e e 58
(78) AMS-02 positron excess and indirect detection of three-body decaying dark
00T 1 1 C=] OO PO PPP TR PPPPPUPPPTRR: 59
(79) Thermal Design and Validation of DAMPE BGO Calorimeter ..........cccceeueu... 59
(80) Synthesis of ZnO nanoporous structure materials by two-step thermal
0Xidation Of ZN FilM..cooiiii e s 59
(81) CALIFA reveals prolate rotation in massive early-type galaxies: A polar galaxy
Y=Y 40T o] o T={ o I S PP PSRRI 59
(82) The DArk Matter Particle EXplorer Mission..........c.cceveveeeiueereeeeeesiesiesieenens 59
(83) Offline software for the DAMPE eXperiment..........ccccevueereereereeeesieseeeresieenns 60


file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236853

Purple Mountain Observatory CAS

(84) Temperature effects on MIPs in the BGO calorimeters of DAMPE ................ 60
(85) Validation of the Ability of Full Configuration Interaction Quantum Monte
Carlo for Studying the 2D Hubbard Model ...........cocceiiiiiiieiiiieieeeteeeeeeeeen 60
(86) Statistical study of co-rotating interaction region properties with STEREO and
ACE ODSEIVAtIONS ....eiiiiiciiee ettt e e st e e s saee e e sbae e e e nabaeeeeans 61
1-06 UV/X-ray Astronomy Research Group.............cccceeeeuereeieeneenieecie e 61
(87) Atiming view of the heartbeat state of GRS 1915+105 ......cccoeevvrervererrennnn. 61
(88) Joint fit of Warm Absorbers in COS and HETG spectra of NGC 3783............. 61
(89) Current Investigations on Young Star Cluster NGC 3603 in X-ray .................. 61
| PP PPPUOS ANTARCTIC ASTRONOMY RADIO ASTRONOMY
2-01 Stellar Structure, Evolution and Pulsation ..........ccceveeeeeeeeiieerieeeneeeeeeeeeeeeenenes 63
(91) On the effect of turbulent anisotropy on pulsation stability of stars ............ 63
(92) Turbulent Convection and Pulsation Stability of Stars............ccccevvevieevecnenen, 63
2-02 Center for Antarctic AStrONOMY ...........ccccviiiiiiiieeciee e e e e 63
(93 ) INTERSTELLAR-MEDIUM MAPPING IN M82 THROUGH LIGHT ECHOES
AROUND SUPERNOVA 2014 ....ooiiieiiiieniiesteesteesteesireesbeessreesebeesseesabeesseesasessnseesanes 63
(94) Optical Sky Brightness and Transparency during the Winter Season at Dome A
Antarctica from the Gattini-All-Sky Camera ........ccccceecveeiiiieee e 63
(95) IC 630: Piercing the Veil of the Nuclear Gas ........ccccevveveveneeeseeiiesiesesie e, 64
(96) Evolution of Mass and Velocity Field in the Cosmic Web: Comparison
Between Baryonic and Dark Matter ..........cocuveeiiiiie e 64
(97) Variable Stars Observed in the Galactic Disk by AST3-1 from Dome A,
FAN g - [ o1 [or- PSSP UPPTRRPPR 64

(98) Cosmological Inference from Host-Selected Type la Supernova Samples.....65
(99 ) Detection of a possible superluminous supernova in the Epoch of
(20T o] Y21 [o] o SRRt 65
(100) OzDES multifibre spectroscopy for the Dark Energy Survey: 3-yr results and
LTS A = T =] (=T 1 RSP PTRR
(101) The Influence of Host Galaxies in Type la Supernova Cosmology
(102) A hybrid type la supernova with an early flash triggered by helium-shell

JEEONATION ..ttt sttt e sat e s ar e naee s 66
(103) Preheating of the Intergalactic Medium by Gravitational Collapse and
(81 Ld 1Yo ] L=l 2 - Yol 4= o TV o o R 66
(104 ) Follow Up of GW170817 and Its Electromagnetic Counterpart by
Australian-Led Observing Programmes ........ccceevveerrieenieeniieenieeesieesreesneesreesneesans 67
(105) Optical observations of LIGO source GW 170817 by the Antarctic Survey
Telescopes at Dome A, ANtArctiCa ......cceeeeicciiiieee e e e e e e e 67
(106) Average Spectral Properties of Type la Supernova Host Galaxies ............... 68
(107) Average Spectral Properties of Type la Supernova Host Galaxies ............... 68
2-03 Galaxy Cosmology and Dark ENergy...........ccccceeeeeiiiiiieeiiecciieeee e eeceivereee e 68
(108) Backflows by active galactic nuclei jets: global properties and influence on
supermassive black hole accretion........cccceeveeciiiiie e 68
(109) NIHAO XII: galactic uniformity in a Lambda CDM UNIVErSe .......ccceveeveenennee 69
(110) NIHAO VII: predictions for the galactic baryon budget in dwarf to Milky Way
MASS NAIOES ..ottt et e e st e e s saae e e s aaeee s 69
(111) Constraints on the Evolution of the Galaxy Stellar Mass Function. |. Role of
Star Formation, Mergers, and Stellar Stripping .....cccvveeeeeeiciiiiieeeeee e, 69
(112) What is the right way to quench star formation in semi-analytic models of
L1 =) 4V (o] o 44 T= 1 T o SRR 69
(113) The spatial alignment of galaxies on different scales:A review on the
theoretical and observational Progress.......ccccveceeeeeciee e 70
(114) The Frontier Fields lens modelling comparison project ..........cccceeveeveeuennen. 70

(115) Halo Intrinsic Alignment: Dependence on Mass, Formation Time, and

63


file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236872
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236877
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236880
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236897

Annual Report’2017 —Content

ENVIFONMENT ...ttt e e e e e e s ee e e e e e e e s e nebeeeeeeeeesannes 70
(116) A general explanation on the correlation of dark matter halo spin with the
large-scale ENVIFONMENT .......ccociiie e e e e e e e eaae e e s naeeean 71
(117) How to co-add images? |. A new iterative method for image reconstruction
of dithered 0bSErvations .........ocieviiiiii s 71
(118) Constraints on the Evolution of the Galaxy Stellar Mass Function. Il. The
Quenching Timescale of Galaxies and Its Implication for Their Star Formation Rates71
(119) The Sloan Lens ACS Survey. XllI. Discovery of 40 New Galaxy-scale Strong

(0= 1 T PP PR PPPPPUPRPRS 71
(120) The Sloan Lens ACS Survey. XllI. Discovery of 40 New Galaxy-scale Strong
(0= 1 TP PR PPPPPRPFPRS 72
(121) Testing PSF Interpolation in Weak Lensing with Real Data...........ccc.cc....... 72
2-04 Star Formation in GalaXi@s ..........ccccccuieeiriiiiiiiiiee e 72
(122) Dense gas in low-metallicity alaXies........cccverveveerirreeeeiieeeeceeee e 72
(123) HIFI Spectroscopy of H20 Submillimeter Lines in Nuclei of Actively
Star-forming GalaXi®s .......eeeveiiiieriii e 72
(124) ALMA Maps of Dust and Warm Dense Gas Emission in the Starburst Galaxy
[ O30 2 PP 73
(125) Testing the universality of the star-formation efficiency in dense molecular
=2 1 PP PPN 73
(126) ALMA [N II] 205 mu m Imaging Spectroscopy of the Interacting Galaxy
System BRI 1202-0725 at Redshift 4.7 ....ccccuveiieiiiiiiiie e e 74
(127) Neutral Carbon Emission in Luminous Infrared Galaxies: The [CI] Lines as
REe) & 1WA o) Lo U] Y G CF- [ 1 - [ USSR 74

(128) A Herschel Space Observatory Spectral Line Survey of Local Luminous
Infrared Galaxies from 194 £0 671 MICIONS ....c.cevvuitirieiriiieriieeiiee e sieesriee e seee s
(129) HC3N observations of nearby galaxies ...........cceevevvevveveereieeeeeeeeeeeeereeeeeneas
(130) Dense Gas in the Outer Spiral Arm of M51
(131) Extinction Correction Significantly Influences the Estimate of the Ly alpha
(Yo oI ol - o1 £ [ o HO PP PPPPPPPPPPPPPPPRE 75
(132) High Dense Gas Fraction in Intensely Star-forming Dusty Galaxies............. 75
(133) VALES: IV. Exploring the transition of star formation efficiencies between
normal and starburst galaxies using APEX/SEPIA Band-5 and ALMA at low redshift 76
(134) Molecular gas in the Herschel-selected strongly lensed submillimeter

galaxies at z 2-4 as probed by multi-J CO lIN@S .......cuvvveeiieiiiiiiiieieee e, 76
(135) Molecular gas in the Herschel-selected strongly lensed submillimeter
galaxies at z similar to 2-4 as probed by multi-J CO lines ......ccccceeeeveiiiieeeeei e, 76
(136) Molecular gas in the Herschel-selected strongly lensed submillimeter
galaxies at z similar to 2-4 as probed by multi-J CO lines .......cccceeeevecivieeeeee e, 76
(137) Homologous Circular-ribbon Flares Driven by Twisted Flux Emergence .....77
2-05 Molecular Clouds and Star FOormation ............cccccevvieriiiiniienniceiecec e 77
(138) A simple criterion for selecting disks with evidence for dust growth and
L= g S 77
(139) Kinetic temperature of massive star-forming molecular clumps measured
with formaldehyde Ill. The Orion molecular cloud 1.........cccceeeviiiiiriiiei e 77

(140) L1188: A Promising Candidate for Cloud-Cloud Collisions Triggering the
Formation of Low-and Intermediate-mass Stars
(141) On the local stellar populations...........c.cu.......
(142) The barium-to-iron enrichment versus age relation of ancient disc stars...78
(143) SiS in the Circumstellar Envelope of IRC+10216: Maser and Quasi-thermal
|3 0 TET o o PO PPURP PPN 79
(144) First Results from BISTRO: A SCUBA-2 Polarimeter Survey of the Gould Belt79
(145 ) First Millimeter Detection of the Disk around a Young, lsolated,
\'%



file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236912
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236929

Purple Mountain Observatory CAS

\

Planetary-mass ODJECT.......ciii ittt e e e e e e e e e e nr e e e e e e e e e anees 79
(146) NGC 1980 Is Not a Foreground Population of Orion: Spectroscopic Survey of
Young Stars with Low EXtinction in OrioN ........cccoueeeiieiiieeiieeeeeee e 80
(147) A Curved Magnetic Field in the Ring-like Shell of Bubble N4 ...................... 80
(148) Multiplicity among Solar-type STars ........ccccevevveeeeevieeeesiee e 80
(149) How Do Stars Gain Their Mass? A JCMT/SCUBA-2 Transient Survey of
Protostars in Nearby Star-forming RegIONS .......ccceeiviiiiiiiiieiiceeceee e 80
(150) A simple criterion for selecting disks with evidence for dust growth and
Lo g RSP 81
(151) The properties of the inner disk around HL Tau: Multi-wavelength modeling
Of the dUSt @MISSION ..viiiiiieiii e s 81
(152) Stellar variability from Dome A, ANtarctica .......ccocevveeveierieceserieeeesieeeenens 81
2-06 Galaxy formation and wide Field Sky Survey........cccccceriiriiiiiiiieeieinceeeeeeennenns 82
(153) THE QUENCHED MASS PORTION OF STAR-FORMING GALAXIES AND THE
ORIGIN OF THE STAR FORMATION SEQUENCE SLOPE .....ccceevviierieiiieeniieeniieeneeeninees 82
(154) First Spectroscopic Confirmations of z similar to 7.0 Ly alpha Emitting
Galaxies in the LAGER SUIVEY .........cooiiieieiiiiececiee e eeee et e et e e etvae e e eatae e s eaaa e e s 82
(155) The Origins of UV-optical Color Gradients in Star-forming Galaxies at z
similar to 2: Predominant Dust Gradients but Negligible sSFR Gradients ................. 82
(156) An Imperfectly Passive Nature: Bright Submillimeter Emission from
Dust-obscured Star Formation in the z=3.717 "Passive" System, ZF 20115 .............. 83
(157) First Results from the Lyman Alpha Galaxies in the Epoch of Reionization
(LAGER) Survey: Cosmological Reionization at z similar to 7.......c.ccoeceeveecvencieniennenns 83
(158) AGN-host connection at 0.5 < z < 2.5: A rapid evolution of AGN fraction in
red galaxies during the 1ast 10 GYI ......coouiiiieiiiienieeee et 84
(159) DEEP CFHT Y-BAND IMAGING OF VVDS-F22 FIELD. I. DATA PRODUCTS AND
PHOTOMETRIC REDSHIFTS ...ueiiiieiieieeie st siee st setestee et st st snee e enseeeeenes 84
2-07 High — energy time-domain astronomy .............ccccccvveeeiiniiciiiieec e 84
(160) A Further Test of Lorentz Violation from the Rest-frame Spectral Lags of
GammMA-RaAY BUISES oo, 84
(161) A New Measurement of the Spectral Lag of Gamma-Ray Bursts and its
Implications for Spectral Evolution BEhaviors ..........ccccvveiiiiieeecciiieeeiee e 85
(162) Constraining Anisotropic Lorentz Violation via the Spectral-lag Transition of
GRB 160B25B......cccueeiiitiiieiieeerieessteeesteesteeesaeesbeesstaesbeeesesesbaeessaeenbeeessaeensaeessseenaeeas 85
(163) New test of weak equivalence principle using polarized light from
ASLrOPNYSICAl EVENTS .oveeieii e e e e e e e e e e 85
(164) An Improved Method to Measure the Cosmic Curvature ..........cceceeevevuennens 85
( 165 ) Impact of a Locally Measured H-0 on the Interpretation of
CoSMIC-ChroNOMEtEr Data.....cccceeriiiiiiieeiei ettt ettt s 86

(166) New limits on the photon mass with radio pulsars in the Magellanic clouds86
(167) Gamma-ray burst cosmology: Hubble diagram and star formation history 86
(168) A New Test of Lorentz Invariance Violation: The Spectral Lag Transition of
GRB L1B0B25B......cccuieeiieiiieeite ettt ettt et s e s sbeesbt e e saee s bt e e s aae s bt e e s aaesnbaeesnreenaaeas 86
(169) The Observer's Guide to the Gamma-Ray Burst Supernova Connection ....86
(170) Strongly lensed gravitational waves and electromagnetic signals as powerful
COSIMIC FUIBIS ettt ettt ettt et ettt sttt sttt e s bt e s bt e e s bae e bt e e saaesbteesabeenaneas 87
(171) Hyperaccreting Black Hole as Gamma-Ray Burst Central Engine. IIl. Temporal
Evolution of the Central Engine Parameters during the Prompt and Afterglow

PSS ettt ettt bbbt st ht e e b e e e bt e s ba e s aee s beesaeesabes 87
(172) Model-independent Constraints on Cosmic Curvature and Opacity ........... 87
(173) Lorentz factor - Beaming corrected energy/luminosity correlations and GRB

central @NGINE MOTEIS ....ooeieiiieeciee e e ere e et e e rae e e s nees 87

( 174 ) Afterglows and Kilonovae Associated with Nearby Low-luminosity


file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236945
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236953

Annual Report’2017 —Content

Short-duration Gamma-Ray Bursts: Application to GW170817/GRB 170817A......... 88
(175) Multimessenger tests of the weak equivalence principle from GW170817

and its electromagnetic COUNTEIPArtS ......ccvveeecieieiciiee e e 88
(176) A Further Test of Lorentz Violation from the Rest-frame Spectral Lags of
GaMMA-RAY BUISES e 88
2-08 Gas distribution and Properties of the Milky Way ..............ccccceeviveeecnieeennee, 89
(177) 1s HESS J1912+101 Associated with an Old Supernova Remnant? .............. 89

(178) Multifrequency VLBA polarimetry of the high-redshift GPS quasar 0Q17289
(179) Molecular Clouds in the Extreme Outer Galaxy between |.=34 degrees.75 to

o [T oq ¢ YT A SRR 89
(180) Kinematics of a Young Low-mass Star-forming Core: Understanding the
Evolutionary State of the First-core Candidate L1451-MM......ccccceeeevieeercvieeesiieeennns 89
(181) Molecular Environments of Three. Large Supernova Remnants in the Third
Galactic Quadrant: G205.5+0.5, G206.9+2.3, and G213.0-0.6 ........ceeeeveeevenrvrreeneennn. 90
(182) A Turbulent Origin for the Complex Envelope Kinematics in the Young
Low-mass Core Per-bolo 58 MaUr€ira, ......cccveeeeeeeeiciiiieeee e ceciirree e e e eeenrreeeee e e e e 90
(183) A Turbulent Origin for the Complex Envelope Kinematics in the Young
LOW-Mass COre Per-bolo 58.......ccoiuiieieiiiieiiieeeeciieeeeriee e seee e e see e s saree s seaeeeesbaeeseaes 90
2-09 Millimeter & Sub-Millimeter Wave Laboratory .............cccocceeviiinienniienicenen. 91
(184) Characterization of a Free-Standing Membrane Supported Superconducting
Ti TranSition EAGE SENSON .....couiiiiieeiiieite ettt ettt 91
(185)0ptoelectronic Control of an External Cavity Quantum Cascade Laser Using a
Graphene Loaded Metamaterial Array ......c..eocccvveeiciiee e et 91
(186) Observations of the Hydroxyl Radical in C/2013 US10 (Catalina) at 18cm
WaAVEIEBNGEN ...t e e e et e e e st e e e e tte e e eebteeestbeeeeantaeeeanns 91
(187) Guest Editorial Mini-Special Issue on the 27th International Symposium on
Space Terahertz TeChNOIOZY .......uvviiiiiieieee e 91
(188) THz Vector Field Measurement Comparison Between On-the-Fly and Step
SCAN METNOM ...ttt e e st e st e e sba e e e sbbee e e 91
(189) External amplitude and frequency modulation of a terahertz quantum
cascade laser using metamaterial/graphene devices........ccccevvevveeevvieceeecveecveeennenn 92

(190) Analysis of 220-GHz Low-Loss Quasi-Elliptic Waveguide Bandpass Filter ...92
(191) WR-3 Band Quasi-Elliptical Waveguide Filters Using Higher Order Mode
RESONANCES ...ttt ettt e e e s ettt e e e e s e s abee e e e e e e senneneeeeeeeeesannnes 92
(192) A 240-GHz Wideband Ridged Waveguide Filter Based on MEMS Process ..92
(193) Development of ultra high sensitivity superconducting THz detectors....... 93

(194) Terahertz and far-infrared windows opened at Dome A in Antarctica ........ 93
(195) High Efficiency and Wideband 300 GHz Frequency Doubler Based on Six
SCHOTEKY DIOAES ..ot e e e e st e e e e e s e ara e e e e e e sennrraeeeas 93
(196) B & R AU R LR FARDMBEARIIE oo, 93
2-10 Telescope Technology Laboratory ..............cccecvieviiiiee e 93

(197) Failure analysis of a frangible composite cover: A transient-dynamics study93
(198) Two Methods to Broaden the Bandwidth of a Nonlinear Piezoelectric

BimOrph POWEI HArVESLEN .....uvveeiiiiieeciee e ceee ettt ee e see e st e e snaee e e eaeeeenes 94
(199) Research on a bimorph piezoelectric deformable mirror for adaptive optics
[[a I oY o o | I =Y [ o] TSR 94
(200) Linear and nonlinear analysis of the thermal effects of beam piezoelectric
bending actuator on adaptive OPLICS...ccciiiiiirciie e e 94
(201) A combined analysis of PandaX, LUX, and XENON1T experiments within the
framework of dark matter effective theory......cccccceeeee e 94
2-11 Delingha millimeter wave Observation Station ............ccccocveeverieecienenennne 94
(202) Two-dimensional Molecular Gas and Ongoing Star Formation around H I
REZION SN2-104 ... et e e e e st e e e e e e e eart e e e e e e e s e nabaeseaaeeeenanees 95

Vi


file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236971
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236979
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236993
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523236999

Purple Mountain Observatory CAS

Vil

(203) Towards a three-dimensional distribution of the molecular clouds in the

(CF] T« (ol O1=T o1 IR PP 95
(204) Large-field CO(1-0) observations toward the Galactic historical supernova
remnants: a large cavity around Tycho's supernova remnant........cccoeceeevrcneeernnennn. 95
(205) A 95 GHz methanol emission survey toward eight small supernova remnants
................................................................................................................................... 95
(206) A New 95GHz Methanol Maser Catalog. I. Data........ccccevveverereeesereeeerennen, 96
(207) Techniques for Accurate Parallax Measurements for 6.7 GHz Methanol
IMI@SEIS ettt ettt ettt e e e st et e e e s e s n e e e e e e e s n e e e e e e se e reneeeeenennnres 96
(208) CO(J=1-0) Observations of a Filamentary Molecular Cloud in the Galactic
Region Centered at I=150 degrees, b=3 degrees.5........ccccveeeeriieeeecreeescieeeesiree s 96
(209) Molecular Lines of CO Isotopes of the High Galactic Latitude Cloud HSVMT
PRSP PRSPPI 96
|| IO OPRRPPPPN APPLIED CELESTIAL MECHANICS AND SPACE OBJECT & DEBRIS RESEARCH
3-01 Center for Space Object and Debris Research ..............ccccccocovveeiiieeecciiec e, 98
(210) The secular analytical solution of the orbital plane using Lindstedt-Poincare
L2 T=1 1 o Vo o USSP 98
(211) Approximate expressions of mean eddy current torque acted on space
Lo 1= o o 1RSSR 98
(212) Long-term dynamical evolution of Tundra-type orbits.........cccceeeevvenrnnnnee. 98
(213) The fast co-adding algorithm of QCT ......cccvuevririeeririeieee e 98
(214) Blind deconvolution with principal components analysis for wide-field and
SMAll-aPerture tElESCOPES .....ccovuiiriiiiiieeiee ettt 99
(215) Satellite-based entanglement distribution over 1200 kilometers................ 99

(216) Investigations of associated multi-band observations for GEO space debris99
(217) Analytic model for the long-term evolution of circular Earth satellite orbits

including lUNAr NOdE rEEreSSION .....ccuueeieciiie ettt e e e e e e eaae e s saaeeeas 99
(218) Image Restoration Based on Statistic PSF Modeling for Improving the
Astrometry of SPACe DEDIIS......coiiiiiiiieiie e e 100
(219) The Representation of OTA Images' Astrometric Results with WCS-SIP
COETTICIBNTS .ttt s et sb e e e 100
(220) Probabilistic Data Association Method for Space Object Tracking ............ 100

(221) Analysis of Nighttime Infrared Cloud Cover at Yaoan Astronomical Station100
(222) Research Progress on Ground-based Infrared Observations of Space Objects

................................................................................................................................. 100
(223) Deep Learning for Mid-Term Forecast of Daily Index of Solar 10.7 cm Radio
FIUX ettt ettt ettt ettt e e st e e et e s abae e e s bte e e e abaee s ateeesabaeeenn 101
(224) W22 RICIM L FIPLTANZLAM 2 BRFAE I T oo 101
(225) 7 [6) B AR EELLAPIIB FEREFE oo, 101
(226) The secular analytical solution of the orbital plane using Lindstedt-Poincaré
(2114 o o [P SR PRUTTPRP 101
3-02 Satellite Precise Orbit Determination and Application ....................cccceeee. 102
(227) RABEARR SR e K B2 ——BALLZR B VR KR R 102
IV, e PLANETARY SCIENCES AND DEEP SPACE EXPLORATION
4-01 Near Earth O bject Survey and Solar System Bodies ...............cccceeeeeeennnneenn. 102
(228) Obliquity evolution of the minor satellites of Pluto and Charon............... 102
(229 ) Transiting Exoplanet Monitoring Project (TEMP). Il. Refined System
Parameters and Transit Timing Analysis of HAT-P-33D .......cccccevciieeevciee e 102
(230) Feature-rich transmission spectrum for WASP-127b Cloud-free skies for the
puffiest KNOWN SUPEr-NePLUNE?........eiii ettt e e 103
(231) The GTC exoplanet transit spectroscopy survey VI. Detection of sodium in
WASP-52D"S ClOUAY ..vvviiieieie ettt e e e e e et e e e e e e eaeae e e s naeee s 103

(232) The GTC exoplanet transit spectroscopy survey V. A spectrally-resolved

98

102


file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523237009
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523237027
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523237030

Annual Report’2017 —Content

Rayleigh scattering slope in GJ 3470D ........uuiiieiiiiiciiiee e e 103
(233) The GTC exoplanet transit spectroscopy survey VII. An optical transmission
SPECLrUM OFf WASP-48D ...t e e are e e s ae e e et e e eenes 104
(234) Obliquity evolution of the minor satellites of Pluto and Charon............... 104
4-02 Ephemerial Astronomy and Astronomical Reference System....................... 104
(235) Solar System and stellar tests of noncommutative spectral geometry .....104
(236) Deep Imaging of the HCG 95 Field. I. Ultra-diffuse Galaxies ..................... 105
(237) The orbital configuration of the two interacting Jupiters in HD 155358
Y] (=11 4 P T P U PP PP PP PP 105

(238) Classical tests of photons coupled to Weyl tensor in the Solar System.....105
(239) A prediction method for ground-based stellar occultations by ellipsoidal

solar system bodies and its apPlication .........cccccvviieiciii i 105
(240) Improved Solar System bounds on the cosmologically viable f (G) gravity106
(241) Gravitational time advancement under gravity's rainbow .............ccov...... 106

(242) Application of Close Encounters in Determining the Masses of Asteroids 106
(243)Solar system and binary pulsars tests of the minimal momentum uncertainty

[ YT ool o] [ SRR 106
(244) Stability Analysis of the Two Possible 2:1 MMR Systems ...........c.cccvee.... 106
4-03 The Sun and Solar System Plasmas ...............cccccviiiiiiieeeciiee e 107
(245) Low-frequency electromagnetic cyclotron waves in and around magnetic
clouds: STEREO observations during 2007-2013 ........ccccoovieeeiiieeeeiieeeecreeeesieee e 107
(246) Effects of ion thermal pressure on wave properties of electromagnetic ion
cyclotron waves in @ H+-He+-O+ plasma .......ccooceeeeeniiiieiienieceee e 107
(247) Magnetospheric Multiscale Observations of Electron Vortex Magnetic Hole
in the Turbulent Magnetosheath Plasma ..........ccoocueeiiiiiiiiniiienieeeec e 107
(248) Radial Variations of Outward and Inward Alfvenic Fluctuations Based on
(0113 ST @ Y= V- 1 [ T 1S 107

(249) Research Progress of Electron Cyclotron Maser Emission on Solar Physics108
(250) A self-consistent mechanism for electron cyclotron maser emission and its

application to type lll solar radio bUrsts .......ccoecviiiiirciei e 108
(251) Chaos-induced resistivity of collisionless magnetic reconnection in the
presence of a guide field ShaNg, .......c.covvviiiiieiii e 108
(252) Time-dependent Occurrence Rate of Electromagnetic Cyclotron Waves in
the Solar Wind: Evidence for the Effect of Alpha Particles? ........ccccoeevvevecienevnnenn. 109
(253) A statistical study of kinetic-size magnetic holes in turbulent magnetosheath:
IMIMS ODSEIVAtIONS. .. .eiiiiiiiieiiiee ettt st e e st e seanbe e s sabeeeeas 109
(254) FL7~ R kv e SR BLAIZE R BRI HE IR oo, 109
(255) Radial Variations of Outward and Inward Alfvénic Fluctuations Based on
UlysseSs OBSEIVAtiONS, .....uuviiieeiieiiiiiieee ettt e et e e e e srae e e e e e e e s araaaeeeaaeean 109
(256) Properties of Whistler Waves in Warm Electron Plasmas ..........c.cceeveen.... 110
(257) Applying the cold plasma dispersion relation to whistler mode chorus waves:
EMFISIS wave measurements from the Van Allen Probes.........cccccovviviiniieiinnennn. 110
4-04 Near Earth Object Telescope ...........oovviiiiiiiieie e 110

(258) Detection of Faint Asteroids Based on Image Shifting and Stacking Method110
(259) Analysis for Cellinoid shape model in inverse process from lightcurves ...110
(260) Scattering Law Analysis Based on Hapke and Lommel-Seeliger Models for

Asteroidal TAXONOMY .....cciiiiiiiiiiiiee ettt e e e e ee et e e e e e s eabraeeeeaesenannrreneas 111
4-05 Laboratory for Planetary Science and Deep Space Exploration .................... 111
(261) Drilling, sampling, and sample-handling system for China's asteroid
1o LoT = 1o o I 2 01 3 o o SRR 111
(262) Surface thermophysical properties on the potentially hazardous asteroid
(SRS L T  IY o Yo o | R 111

(263) Long-lived Dust Asymmetries at Dead Zone Edges in Protoplanetary Disks111
IX


file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523237038
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523237049
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523237063
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523237067

Purple Mountain Observatory CAS

(264 ) Thermophysical characteristics of the large main-belt asteroid (349)

D101 oo LT T A USRI 112
(265) The Scattering Outcomes of Kepler Circumbinary Planets: Planet Mass Ratio
................................................................................................................................. 112
(266) Tidal Evolution of the Kepler Planets with Radii Less than 4 R_................ 112
(267) F= T EBURAL A S N7 R R I 55 /M7 &
(268) M HHE Z A BT WAL (oo e
(269) Using Chebyshev polynomial interpolation to improve the computational
efficiency of gravity models near an irregularly-shaped asteroid .........ccccceevvveennnns 113
(270) Near Mean-motion Resonances in the System Observed by Kepler: Affected
by Mass Accretion and Type | MIgration ........cccceevvueeeiriieeiniiee e sieee e s 113
(271) Near Mean-motion Resonances in the System Affected by Mass Accretion
and Type | MigrationObserved by Kepler: ........ccovioieie e 113
4-06 Laboratory for Astrochemistry and Planetary Sciences .........cceeeeeeeeeeeeeennnnes 113

(272) Optical spectroscopic characterizations of laser irradiated olivine grains.113
Late Oligocene crustal anatexis and melt/fluid migration in the Ailao Shan tectonic
(273) belt: Evidences from zircon U-Pb ages and trace element compositions..114
(274) New understanding on Ximeng Group in Three River area, western Yunnan:
Evidence from structural characterization and zircon U-Pb dating .............ccc........ 114
(275) The petrology and chronology of NWA 8009 impact melt breccia:
Implication for early thermal and impact histories of Vesta ..........ccccceeeecieeennnennn. 114
(276) Petrogenesis of late Eocene high Ba-Sr potassic rocks from western Yangtze
Block, SE Tibet: A magmatic response to the Indo-Asian collision .........c.cccceevuveen. 115
(277) Chronology,Petrogenesis and Links with Extrusion Tectonics of Cangyuan
Cenozoic Intermediate to Acid Intrusive Rocks in Baoshan Block,Eastern Tibetan

PLatAU ...cii ittt et e e e e et e e e e e e e rb e e e e e e senaaraaaeaeeeeaaabaareaeeeenannres 115
(278) PETROLOGY, MINERALOGY AND IN SITU U-PB DATING OF NORTHWEST
AFRICA 11042, ..ottt ettt ettt ettt e sate e sat e s bt e sateesabeesaneesaseesaneesas 115
(279) VELVG = VLM DX 78 BR BF I F IR ——k B W I AR TR IE S B A U-Pb ARAR
BEIRTEDE ©oevveveeveeseesee e bbb 115
(280) FE 7 Ll ML) A7 MR Tt 58 TR S 08 /i AR T A% B U-Ph AR S
TEFREE vttt 116
(281) e JF R R DR L S P AR A TP R TR N AR L 5 U S5
BB <ot 116
(282) NWA 4898 H k8 LB A A A BT oo 116
(283) Hifg Zala NWA 10597 HIE HRFE AR TS oo, 116
(284) Optical spectroscopic characterizations of laser irradiated olivine grains.117
4-07 Planetary SpPectroSCOPY GrOUP ..........ccueeeerrieeieiureeesiieeeesieeeeesnreeesnnsnesessnneeeas 117
(285) Submicroscopic metallic iron in lunar soils estimated from the in situ spectra
Of the Chang'E-3 MISSION ..ec.uviieieiiie ettt e e e e s rae e e e saraeeeenes 117
(286) Effect of Topography Degradation on Crater Size-Frequency Distributions:
Implications for Populations of Small Craters and Age Dating .........cccceevevveeevnnennn. 117
BAFERRRITEI oottt sseesssessssessssessssessssassssassssaessns 118
R IR B e 118
Gl s st asasanasann e 119
2017 EFEREARAMBL. TF. EH-HR oo, 121
BAFETERTI AL oot sessaesssssssans 123
2017 F BRI E e 123
R IR B ot 124


file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523237079
file:///C:/Users/hui/Desktop/2017年科研工作年度报告--20180820.docx%23_Toc523237093

Annual Report’2017 —Content

HHEAESARERRE B ccsrisinanne 127
BE2017 FH “TRRAUBEER" oo 128

Xl






Annual Research Report’2017

2017 FERHRTIERSS

—. BRILERGER
1,

2017 £ , REEHAIE 344 I, HAp#itg 131 0 i
Z5RIMA 119 I, 8F 2018 £ 8 BRAIHEER, SFK
IS EMKEEZRIBAN 169 £ |, it 1.77 25T, tE 2016 &
120N 8% , HhMESRER 1.51 27T (s : 88% ,
RIRAZE 12% ), 2017 SFEAHRTESERRARK 1.3471 {Z5T.
2016 FERNARIRR 164 I , FEHHRHA 24 1T , KPR
2 85%, 2017 FEHEHFFHWKS 80 4, HFIEEL 39
A MBS 414,

2017 &, REHEARILN 286 F , HPE—H(I 162
., SCIIEX 233 /5, SE—f SCI B3 121 7% ; &HE 1
R BRIEER 14 10, FNER 10 I, BEEIE 12 I, (B
4 2 YEFEBR A TR 24 5. TRIRE 1 5+0.5
75 &It 139000 JT  FERERERAMRF NI "Sedt A"
S,

2, EEHRAEXRSR

FELBRAREREARHYEEREIRE “AFFELESES
BEGERR  BELARKERAAITY "EEXMAER
NERVEAR" BRTAE  FHEAESEM(RIBREES 410),
RE2E 4667 AT ; AR 973 THH "FIFERRKRERE
BEBREFHFRAERIMTESERNEHAR" 1 "6
VIR RN B ERERRIFR" (981 ; 22LBRN
BURXEKRKETFIRI T ZITEHE MG T,

=. iR
1. BYRSZEXXHTE
1-01 FENDE. PFERERMERRERE

2017 £ 8 B 17 B , AXERMNEN P FEFHET
RIS IR | FHEERNE T 5| TR AFR BEXT KL
K, ZABERKRSINT RRETEMNEA R EERERE
MWIRE |, XFANEE B EXS SN R EFE XS RAARRIALT
t 3X18 7 EiR ERSEAGENINEERK Pian et al. 2017,
Nature ) FIEXEHEMRIRVMWERL ( Covino et al.
2017, Nature Astronomy ), HIIA\ T LIGO &1FEESH
ZEEWNSIHIKENXE ( LUGO scientific
collaboration et al., 2017, ApJ Letter ),

IR P FEFEEM | BT TRNRHAR.
3R S510K2EE 1.7 #RIENEE | XTSRS
NREESHEZ AR RE (A2 10-16 B4 ), EALUE
WESHFXRIE. EMMESHETRNAMERHR T ZS M
ERTUSREAGHIRE, ET RSN TFEHSELL
RIEARIHEIIRE | AT LA SN FEF G RBETRRN
FE=th, BAIEIE GRB170817A SEMIERIHTTHLE ,
BCHMRENZRRS. ERAMNRC—LRENER
%0 GRB130603B {miHNIN , MEAIMERER GRB170817A
EEBERL. BN IR R IEN AR R A —EE RN
BEERV)N | IR GRB170817A 35l , FILLBAHSHACIXIR
51K RAYE ISR TR AR IR, RREAIR
X — IR REAERI e MNEI A F R xR
N FER S ENEHENCETsEEAREE.

RREHEERHATERRRRTIEEERS M
ERRGORAERMEERRAR kick BE , Etr-EES
RSERPOE—MEEE. BIIARTXMREESIED
BRFENIRR  RNENZEFERFrEx | 78
XAMERMERT AR RS SRER BRI ATRRRE.

BE ST RTRERIE B ROV ER , FE
GRB150424A #1 GRB160821B A X MERAIN:
RFEBITRHE. BERFADMLEERES , H(1RWE
VBFEPFEASERS  FEESHIEERR S

(fmh ), XIS AEEH—SIRSMIDE / 5105K
e IR,

2017 & , FERMFEERFIEAZEYIEHRFRNI
ERT TEMRFNR. FHAENMRBESS THEXAEE
DITETLLE.

1-02 XIAS&IEH5EA
1, FEHKXEKRIERIE ( ASO-S ) 3RFcHITZ/EEN

YB3 ASO-S BFERIZ 5. ASO-S RIZMARS R
gz, ASO-S BERFH A HXI HEigiHmeEaqz, ASO-S
BERGHM LSTRIZRAM , 2017 FERAVEREI+
RIETEE(EA. SUpISEATKICE. EEFEER
A, DESSEEARMBELN. £LMETe. B8R
FIFCUE. SCHEEMESICIEE—RSITIE, 2017 £ 6
B 16 B ,ASO-S MB@EE THASEMEE TEEWRAR
TR IZRSICIETE | fnda ASO-S Sk 7 TFEIIT
ERRYIKIE. BT SRS TR | DIRAE
b REREMNNE AT EAHE LIRS BESE3 R

1



Purple Mountain Observatory CAS

AT TIREERIEAHR SR TR STHAEoIEEAH. 2017
%8 A 22 H mBEWEIEERHERE ASO-S SEHIEH |
HTRAHIEhERR, 201798 7 B , ASO-S EETH
SHIEHAE LSBT SINERE 2017 £ 9 B 1 HER

ZE  BEHEAT , FE ASO-S BERFRFMN
REREFNATHAE RS, RS AR AERNE
RRRIBIE. RERABERTTZICIE. URIIELERINE
V. HAiA , 5t ASO-S 75 LST 1 HXI & 1B FF T MRER
2, TEREREITEEERITAISIER. R, $#3Xd
ASO-S FERIFF-HIES TIFHAEMERTT , BiEHE
SERNHESESERAIBREHE BENFREERS

EEMEHERTHES B LR B2ET HXIEXEH.

LST iBLa2HT. BIRDHTHOESRMEIS TR, Bal ASO-S
RESERUMREERKEEZH | Tt SFEFRALUR
BRBRAIER IS,

2, ERRAEXRHAR

EANBEHNEEEEEHBNSEEIRINL 1550
NINEMABTHUSRERMEE FRYESEEX.
Chen& Gan (2017)iF4Hi1E 20Ne 1.634MeV SHYiELEES
BB SRNIRIN TS0 B SHERE RS FREiE. LD |
LRI R MBI AR KR T —ELNEER D
SRHERIEBINRE FFERTE. Bt ANEaaEETs
i BB ASISERENEINR)  FEEGIEE
HER. MATRENR  2—ER AEENENAI DS
HKEGE D%, Firoz et al (2017)iFHAAR T —1 M &K
FEBEAY RHESSI MLILER SEHhE%R 6-12keV §112-18keV
KREHREEREENEL AT ES AN EFEE LT
BEHYIEER  PHBESENARZEFEREXR
BARESERAE , (ESEOEEFHINER | HEE
BIREAGTFEREICRES. Liet al. (2017)3— 388
X FARVEBR R B BN B B R I T T hiZisr. AT
Si 1V g% (A THER ) D FREMITHINMERIEES |
BEIX 200 km/s, AT FERLERRX ( REEITEX ) FERIXNE
TCRERE, B EEEARREMEREMEE | IR
HiSIHERZRESIRIEE  BEE2RUEIMTRIER B
I, MENETRE X AR+ , B R TR
& NBERESREF T EITEXEZSERE. HIIMIR
ME T RAEEEX AR R RIXAETR. INERTTE
FEBEE ik Si IV B2 TEALIRE  FRTSIR Fe XXI &%
HIER e GEREA/EMRIEE, TR L LERILSI IV
EHERRLGZETAARNR , TERPA— M RLEDES
I— MBS E , MEIIAIT Si IV AEERLIR | iXa
BESTEBIINASTE |, R RIERRDEX | XIBEEH—
BT HUEREIERSR, Su et al. (2017 , HRR)=KT
DEM ( EEFANMIRNE ) ItENSUATIE , &R
ERELCIARARE T RNER BT X 595

2

PUEREMNMSRIF. ESHsE) Nature Astronomy #%
BiH |, BUERIS Apl. iZT{ERH EUV BHRIEMARRE
EHTFMERNENHRETHN— M EMETE  BNET
EUV EIfRFN X SHEEUEISE AR HIEEREER R,

SHTMNERE | RFINEEES | TESERAISE
HRGERR |, FERE BRI,

THRIS I T FEUE TIERMEHER (1) BiRATH
RIOH , SRS EEARIRARSEY | EFEESFED
Fr—EIRSHYEYE | HRIFEEXUHAY DEM ItEEE | A
ENAES NIRRT A RGP Bt TIF 48
DT FHETE—RBRABENXE ;( 2) RIFIHEERER
EHBAERRREERN  ERTIEE MRS | 2AH
YIEARAI— MR, BEREMAIES 872880
ESIUSREE X SRR RURRFEREAES—MER
HIZERAE | ADREF=AERARAYEE X SULkiEs  EE0LIBTE
IERERIRE | RAMESERERAITRE. 55K
MER , VSRS AR FHITIFRDHT |
FERESENEENXR | BrEEERIREE.

3. CME FARXKHAR

Zhao et al. (2017)5RA7 2.5 4 MHD #y&/5i% ,
R T EHREM T HIAE RS B P L g Rz
MERT , S84 CME LSRRI RE, LRz
IR RS, | ERB AR EEL  JRED—E
¥, W CME B, ZARER , ICREEHEr=EHF
fil& CME B9—MaTReEaINEl. Lok , ER TRt S HIE
ERINZ. HFTHZFEESEIMER | 1SRRI R
R T BB NI BRI NIERIER RIS 2 NS B
BEBRAER. Lu et al. Q017)EXRFIARUAEE
SOHO/LASCO C2 I TRt CME =44EaRE
., ZEWSEES T EYEE Thomson BETHIRIRISME |
KR TFAFREIR CME RRYIEEXED , ETRIRENE
B[HTEGRIAEE. EREXHER CME FE
ERTEURNERTEHTRIREEN , BT IRMNX—EE
DIERIRSK , BAHEERIMYT CME =4{RiIREIIERH
177 GCS =#HiIBEERARAIENL , NTIIRE=4 CME
RISSREER. 1ZTTiRRI AT ASO-S £ LST B¢EAREY
HIERMESE TS ILERBIS LST MBEAN
STEREO/COR1 K& CME {RiRUEFIEAIN ML, | Sk
fTEMIEE.

FERMAPAREEN T (SEP ) BER CME RaflE]
RILERY , MisiRER S _BIiEEFIMEX. Prakash et
al. (2017)Bf5% 7 m-to-DH (KIRZIEKIRER ) “BISEAX
#1997 = 2012 FENAHIRREM | SHTREATEE
35 SEP RINIIASIE, RINALEE SEP (I CME BEES
BE. BEARERE ;B8 SEP NEHENIEEETRS.
B ENHFERN R ; B SEP NSMRIGTHR RS
FAEEE(R. Lottt SEP TURIRMH T4,
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INREGRREREHERRBRDN—RBRSM. Ying
et al. (2017, Bi&f8 ) ArAZTAYIXAS CME FIEESEHERE
B M EiEst | RXUTEXIBE(Y 25*50arcsec” 2
K. BRRER/N , B2FIF SDO/AIA HIEURE |, i1k
I CME BEEMINRES S FS B98N 7 ZagtitsES
RIRAE , FIF I RENEIRSSTEE A% CME IREHRY
R RRESENR  HEDHERES. IREBRS
James Chen FRNZINEIBEEME D BIESM/) , CME
INEERE—EL NREGIIRERSHR T LARSHRZ
&, IARESHEERIIZL , BRI CME BEEE
DERXNRESHEBENEE, XEEWNRERRIRE
KEMHERE. CME FEGEE TR SR,

4, KPREEHERATR

Zhao et al. (2017)E=HAR 7 FHXH/NRENH A
SEHSZIXIGNEIESZ ENXER BAaiEst 11850
TERXAN 12585 SEHXAIAR B ERXEFIXEEX
SIS MzKISRHARHETT AR DHREA | B
ESERE IFIMERS AR TR X EEEREEH
HINET AR TSRS =R, BN RIARRY
BANE FEE HAEE ARG ; IMERNE R
R NMEENXKFIANSRES  #EARHUB AR AL R
BUHEBKA LR RRASFERRUARRIIHIR G, B
NN TEA G ER A S FMS RPN EEERIRM
TEAMEE. o, BAVEERTE RIS PELUKR
HINODE B E5itf BBSO RIBEMINEIETEMR %
BREWIRES Ty m DRI U R M KRR EE S
BASHESMESTRER  NTFHFINRENEERMSM
BICEEEEEEE Y. @Y STEREO BEF ACE BEY
HBVERXAERWN , Huang et al. (2017 )) &5
TM 2007 £ 2010 AT 28 4 CIR =4l RIEREMU
SR EHNESITE T CIR BOME | RE |, IFEELL
REBHREENTW  STHIRRGFERYT BN TE
E TSR , @8 T IEETREAEL , BEERD1T |, A
TIUFETRE M,

5. HE

SERAERRSIEESER , FNDTRRERSIY &
BT TESNERAH. BEMRESINTIE 20 AXE
Efrail , BiF : BEFRUSEMERTS. 8 4 BILAK
FEYIERAY L. 55 16 J@ RHESSI ffa%s, 14 , & EHT
LEKIEYEBRNEYS | —&FIH ASO-S MBS , £
EKHEREIESURNER I I LARKE 2 S&fi
POLAR UEDITEE,

FARRFIERIEBEM KRS BELAINGEYT
%" MBFRIRFERE. ET POLAR HBAEESERI
BB R R F AT EARE R E B 2NHEAT.

1-03 KPHENRIZ BE N EIE

AFEBRNBTERRZACT BT IEAmRNZ AR
R RIIFEUTANASENETHE | 1) BXIRERR
B AR R ERTMNE BIERS. 2 ) BN
IREHAEYER | EithRaE ARt RS ERRIE
EHEHENEN  BIRESEIRSIEELENESR |
BRI HIRE TR NS, WIS I NERTYE- T4
HEER  FiIRE T — MEESRERRES B EIR ST .
3 ) TEHERBKTAERT 90 S0t , HERNE SN HEL
TENARBCIS  EREREESEn , SEMTEE
BTRES , 7E 171, 193, 211 R EINKERRIAE. X
VEDIRT A ERESRARRAEHR RIS EFMNER  EBINER
REFFRKS N EIES NS EREE. 4 )iFH
s 7RIS SR EIR SIS  BIREER( log T
= 7.05) ik (Fe XXI 1354.09 A ) E AT EHAALA
3.1 P9 kink 5%, #RIE kink IRHAUERY | FHEH
FEBEARRIRLIAIRE ALI R 68 =i, 5) {8 Fermi/GBM
FIAEERE | FATEDR R TE AN QPPs EEHITAE
89 X 592kaEre | B HIEERBK M ERTHAMER | <A
HARY QPPs MHHIMEREESHY X STELAEER FEFEETIE
BEBKTAERISHAMNER. 6) A RHESSI BIRLNIEEE | FAi
ROWERARZEHAEE GRS S £ ( SXRIEER ) AN2
50 7 MIfEIERGEET( HXR FfRGRSEST )P RIZT79 100 70,
HERMRZE A ETERAK TEERE |, BV FERR
B, XNERZEDREIUE |, TN QPPs #&EUZH
THHOBkL. 7) £/ IRIS 1 SDO HIBEATLN , k(15—
RMBEEFRYGER N A EAD TR A B A NIE
2. FIRHAURAIRE X SY4emfkhiEs sl Sigem S S aiEE
BERIFIXNMXR RBEAREEKE AR BIENET
IXERY. 8) fEF SOHO/MDI HINLNIEWE , EIEET—
EEMRBIAIENX HMERBIANER AR T
FHER. BRI EREANER IR B R R EE RS
BEOM. BIIERIBREANARRORRMN BRI
T, ANEKERES FERHIRR. RERIEH
{BIRRAREEFErR A AT TR M. 9 ) BRERAT =/
A — KB KPR ( NVST ) MR 2015 £
10 B 15 HRMERER. XRMEEEHRTENX
NOAA 12434 , HERFLEMEITERX., &4 SDO/AIA 1
AR B TERI T ESARETHIESEEN
F1E. 1B KRR ARSI TR ANEENFH B,
7£03:01 UT Rt , ZDHRSRMNATHAIES | FHEEEERE
o MEE EFRAK  FRTFARIIHHE S, BEL
FNARHLE | BESRAHE S R EiENT. DORERTE
SRR IR HESEEE. AIAREERTE 03:36
UT FHEIEE , FH1E 03:45 UT XBUE(E. HRIEIE 94 A
R ERNNZREEMATaMEEtE. EANBRIEART , AN
FratuE EF  FHESDIREREIESISR. GOt
TRt R R SR IRAT SRR TR, FRIEA—RT
—&. —E—5 , EREYRIFSERSEE R
ARERSKBEAREH. BAMNA "HMERSmENE &
3
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W E BRI, WANEE  BISERSER
BHHAZE | TG INEEET, H)RNEIES RIS
N, BHFASER | XEWUAR. AR
HAZE  MAWIGINAAERE. Si3—FRKFIEH , F11SH
TEMNREAMEER  EBSErHEARs 42 KT
HIFAfREEE. B DOEKR RS HAT
TIREMS RN, SiH—SEl , HIRIDLEREN L
FA=51K& X-point QbAIREEEEX , EEXFZAAIRL AN
BRI RS, ST NERRIEXER | Bl
INAALEBRIRL SR ERKS A RERIZAIMES 5 &
B, 10) RSB IiEdkREE 20158 B 7H~8H
1 5 MERASREEEAREMRNE 1.6 KAHEIRE
(BBSO/GST)NE L HEERMMR R TRADITAR. 8
TER X i 2 HZ RIS REMERITHERR IZBERE
EEF RSN AR, IR ARMEAARIZEIXAY
WIZEEMIFNELL | IR T NIZINENIIBEERNE. B
ISIMEE AL TT NIE FRORIA RS D MR LUR
BIHZ MBS |, XSWNPIZRISRET—, B8
RRZXIFHBREEHERERIENRMZE |, BIEILER
(EEEB ) IRMENIE (1A ) LM HIHFRIESMENZ
FAIMLNEEREE—E, IBENSIERIXAY Dome &S
MENERFERFFEBHNE NS EREEEN
Poynting flux jESIHIRIBHRE. I TFHIRESZRERBATIN
RIS SHES TR B RAURBMEE—3, FI1RM
HAELERERY AFIEE |, X SHEBER] 26 J\ITBIERER
IESTRONDUARRT. B , A S XL ERFATERLE
HB5aERARIERIRIZE NS RBXIES I E
QERIREERERATEL.

1-04 YIRS AR SEIRE

1, BRI FRNEE =" SIKEHR ERERI TeV
FEFEEEREE

EMIER FRUTEE 2015 4 12 B 17 BRSIH=,
2016 £ 3 A 18 HERXTESIIXRNE. BEENET
BIRT 530 RHRETH 28 (ZFBREFHENEZ  HYEay%
150 /543l 25GeV LA BB FF Ik, ETXLEUERIH
ARKIIRE T BRIEfR EEEREN TeV BFFEIE
RULER , MTERR. ZASRTICRERE 2017 £11 B
30 B7E Nature Z¥&EEERR.

SZREERAL

VIE=SHBFFHEFEEENE CEGERIMI
FERMIRE (AMS-02, Fermi-LAT ) BRERES |, R
TERAIMBEFEHIEN.

2) B=SNERRI TeV BFRIREERE. "% 12
EES (BHERTREANETHERD )

B) E=SEREENES THFFHITEEIEE~1

TeV 4bRUIBHT | iR R IR T FEHP SRR F RS RATEE
IEEED EHEHRI T T A THIERRD( BERRT 1 TeV)
EFFHILRGRE TRYREEXEILER.

A, FEESHEIEIL B~ 14 TeV AFERER
BN, BRIFESETINIRE | [ERSNEEE  —
EZAERENISLARRIE 1SR PR R IR RIS
KK,

T 20}
sty
5 200} Ty *
T ity
B 150 L’&'ﬁfﬁ?ﬂﬂi ”lil ‘
13 th I
100}  —e— DAMPE }I |
E AMS02 (2014)
Lt 5 —— Fermi (2017) ””
% *|
01‘0 10° 10° 1(l>4
Energy (GeV)

1 B=ST{F 530 RIGEINESREFHITLAE AL
i (O8HER ), URMEEZRRPENELER (R )
TEREMSHMREGE YN ELSR &= R,

2, BYIERIFRNEE "B SHIATREE

2017 £ 12 A 17 B , BRI FRUBEERSF=R
. BRBEERERINS B 4 MEEmE+ | 81
FEFIRZS ( 328 i@iE ). B GOEREES (1848 i&iE ) +
FIRNES (4788 ) #8 100%EFETIE , EEEMTIRNES

(73728 i&iE 99.9%EH TIE MARERTREN 98%
BYEIR. BRI THIRTUE. RENE. SR
B, FTFSRISHRsIS MBI TiRiHER. &58
SERERXBRIUR , RNERESG 38 221

3. ASO-S P EFmS AN , BR=iFd8 HXI HiTtsHEsS

2017 £ 8 B 22 B , vERIFREAESHEIERE
ASO-S SeHRERN FTREEIEEZR. 20179878 |
ASO-s PEMBSHEMNSE LSBT  SIWEHE 2017
#F 9B 1 HE ASO-S SRIRITMERAGER. Bal, LAF
ZRIERT HXL 8 ( =X ERmZ— ) EEEHENTT SRS
MR,

1-05 FHEHERIFRIIEFRIAEISH

FAEEEEREARHIE S HESFHLAERE

B, BNEASSHeRMELINERERHARITL
(LHAASO IR ) A98RiE | BRSNNFN LHAASO BXAI=
W=R ; BNESEMENFEE "B (IRFRIRHE
NERBANFEESKSESIEEMA SR  EERSF
FE BN EREE B SEERERAR T BRI EREE
FLRENEFSFERRERERNY. EEDRR-E
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R AHRAR—ERENEREANFESZERS
{RIIRINE B3RS L) ; AR EREREEREA
NFESEFES ARFRETHEQREEBFIEN
REIEARERRIE.

BERHEBEEAFEFHNREMERRR EA
ZOBT S B R ERT S REMURRMEET
MBS RERATE  ErRREFEREEED
Erravinpia , BIESEAETEISIGHInFIBIS &R , 28R
5 ASO-S MEMBEEELRE ; BAEFFIGRIEIFISRERT
KEEFNAREEEEFTHIEMNNB & o5 EE
BTMERMERR ; B4R ET TRt PSI IRETITE
SFBH , TR TR 2015 £ 8 B 27 HAGERISH:
AXESIRABRETEESTE (BNER— M RIS IR
EXINEERSHT |, ATESIMR I SIS eeh FImERT LA
RRETNRREES  X—TIEBERE TS
ARA BERFTRT  BTAREA. T ERRSBIEE
HEEERRAIFINE, ABREBAISTENERHE. KEMK
NESITAERE T LR  ErAREA B RERRS
RS BRI SRR TR, B8RS 55%N
BEREREATERESY (LR ) £ 7 BRISETHE
HIERAIY S (B8 ) 5 8 /8 LHAASO EfFiHIER

(L£i8), THEBRT SRS ARSTEHRSN.

FEARAMNE N FHEILEENR EEEEEME
FERTHIZ KRN | SKERZAFI FRRERT BN (L ATY AAA
RIF IR R DA T B XIS, % TIEXST#aH
SEDHAFITEIENTREEER X  AERRENE
BTSRRI R TR | (IID ARSI ARG
IS KERTIX— AR ERIKERIZERE , A—PKR
EFESSAER ERTRIRFNEEE 7 Eh.

ERPRIERE A RN S AR5 E | B —1
M RIEREAGFEMONT , H—D AR R IniE
RIS, —MESE P S E SR FINETRENSS
IEPET AR AERNEN X | RNBELETREEA
PRE 7RI IR R FN DR AT F IR R A RS SiE Sk
H—ERUEXRIES | INRERISRATAR,

1-06 KV RIEHESRMAIEXTI F R EIE
REIRA 2017 FRNTFEOR SRR F RN E

RUMDIRSRHIERALIR |, FF SRR SRR AN IR ARIE,

miZzEmEAZ "DAMPE" INHIEX 1 % ( Astroparticle
Physics ) LAB Nature i6X—#s (IRIBT 25GeV-4.6TeV
MEBFFEI%EES ) ABEMREAZEIEEFERERE
HIARRINEIE T1IE XA R R R R, AR nature

IEXHERIRNE] T BB FIREHEIEAE 0.9TeV LLA9REETHIT

HBBRT 14TeV B FEEEBHEAENS |, 5IKTH

FEBE B REZRNEE R BICHR ST EE

PRL, PRD FHRERFIEN 4 E. FAREMNOFT
AMS-02 [ RFRIEEE , RIE GeV BEXTFAGEL , ]
VAR ~50GeV RIBSHIERRI FAOER . EABRERIRIZ
ESTRARPON GeV BHALIBBRITLUER. ZX
£ PRL RFEHSIRZAOKE , T EPREFAESY
REFSIA.

BRGNS AN ES I DRR S EM T — &5
T, REHESRFES5T GW170817 RIEEHIESTRI R
BRIV , YEAETEERE Nature (IRETHR LRITFH
macronova RIJSIEEUE | EIESEI T HSEETTERER
EHE ) & Nature Astronomy ( X macronova #7777 ER
RIRNE ) IEXE— ; BEApJLAFBICICN4E (&
2 /X GW170817 KB RANISHRH TR ARREFFTICHE
YWEEY); HESRIEXERRZEH.

1) RERFRERRTFEIRET AN EIRES

IMARICENVNZRBEFE S%ATEEYIE | 25%[90E
YIRAD 70%AIRSREEIORL. RSYIRAURI F AR LAMIIE
FHIRREXEE , XA ETREARNES. B
T FHERY R FAIN D5 L EER NS AR FEX
BETHIERI R FRUN=EEFRZ—(E1),
HRZEERIE TR T ER I B B TR
FEHERN  BaR AARRIE T EPIERSAIRE
BIE(YNSEN (AMS-02), ZEET 2015 F 12 B 17 BR
5T "B BE.

(a) ELIEFA (b) RHEHLIRM
o BT
\\\;':m AT T O RTEF
: O R umgiﬁf
1/ moes
4
z Wiziq
/ .
(o) migmm e
T [T e ERRT
T Wz ) @ T
S
o

E 1. =MRNUEER FIREREE .

TFERRES AN R AMS-02 LR S1EZSS %S
1L ERILUEROHIE. kAT, BiFEENFEEIE
FRIEYIRIARK,  (BIRAFELSEBIRMIER T |, F-ET =R
FHIEA TS ERNRNEEREE, MSYIRERSEE
FEMNESENE. AT, RERYIERFHSHKEY
RESHENRES  BAEE (AFHEEERNRNT )
B, RMZRTFHEEAGER. 38, ERNEIRE
IR | RKEBLLRES SRBIINRERK , AMIREEER
FEFEIETHKEBBRNBYRES. B, K8 LREHN
HRARY AMS-02 S3mUERT B/C ELBIR RTFaeiSEdE
BT TG  BEMME TN FHA BT IERRN
SHEBSEHRE] , B4 N T ESRENAHERE. b
I —EHRAT AMS-02 HIREFFHARHEFRIRIA
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MEEENTEAF T2, TIRE 1-10 GeV HIEEKE
£ BEE. IRIINNEYIETE KA ST LRI
BV (WE 2), BRI FRRELZI A 50
GeV , SIRURFPLD. BER. ERFSRAMNDSZENE
R EMA—LEHUEIRES RIS ( REFN/SER
. B ) —H. (B SR TIRAEIREEEX—
BHMUMSSHTRNGY. THEE  EEN—MR/INED
MIMSEI TR, XRRIEX T 201758 9 H
£ Physics Review Letters ( (#1EEiFISIIR) )ERTATR
BigAE “Editor’ s suggestions” LAK “Featured in
Physics” EEEMEFS ( APS ) Wit LAERRIE
( https://journals.aps.org/prl/abstract/10.1103/PhysR
evlett.118.191101;
https://journals.aps.org/prl/abstract/10.1103/PhysRev
Lett.118.191102 ), 75IE XIS —(FENEAMIEREER
RN EE—FRAER TR SIEARIE LA |,
BIRMFEAREE—F , SFEEEESE "ExEieh
FHRPL” NEERER.

AMS02 -
L Background —— -
Dark Matter |

BT 3

o
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ux (GeV m s !

10°

£, Fi

T ‘\TOﬁ

il 1
10” 10! 10* 10*
E, (GeV)

B 2. RERFESIERA AMS-02 FHUERILLE: : 1-10
GeV BEEEURTFE "Y' , TLAEREL 50 GeV AIEE
YIERRL FROER T LARRE,

1-07 25M% X SRR EIAH

1. By NGC3783 14 AGN RIRSIUAIE 53R X
P SEIGEHT TERAME
2. BRETH RSB R BAR R FRXE R

B2 FERERREE- IR B GERERREZEEE(FA
RI4HTS.

10t

0!

(1) RIEFARLE  FIDBIE X SIELNERE. EH I
XASESHERNENT | AR ERRFRFNRIRAITTUFIEL
ENA S ESEERNAR.

Bt  ERRIRARIRAINTNFISEIALAR 2R EER SR
MARTIERARAENEETTE. FAIDH7E AGN RIRATH
IWRER, EREFRBEINTNITEE. AGN FNRKAT
SRR | AR X S35 4B CSENMRSDERNE |
HRREF. 1) ENERZ (AGN ) REE—MERTHI
BBR , BIERIRE | MEREWIEIFREE , BHR
—MRARE. EEFAISARIZEEAZER M31 i
FIE5EA9 OV 2% |, (BT IRITEAELARRE. B
6

BT HERHRBETI SRR | A TRRLAESIES%
WERIIEMY , HENRA B EZERAS AR, 1ot ,
BIETHEET AGN EXERERSANAZFIEFES
HEFBESGTEMAREY , BAARIMERE M31 ZERERHHY X 51
HENENSFEE MR  RAXITERENREHLFASRE
MNAZRY AGN, XNEFINE 7 NTEREZSRIAR AGN &
REUREYRTTIE , EXTFEERSICN. 2) RNET
M83 %2k XMM-Newton BOEERIGENIEIRE , BIRE
BENETHBEIINASHRERE, EOKISGSERSITR
TINTRRELA 1200 2B, HIIEENERIEISE
EXILIEREE | FAYIRSEARSM. 3 ) AGN JNARAY
RS, RIRALEIBHER XSTAR 8], 5IRM
NGC3783 x> AGN RIFRNLRIAIE D HEE X S1E58RIME
EHITTEREIE R NEEIRRIRE MR S AR
T 7H—HIRE, RIMAIARBIESINRKFAIER | M
BT RIS NRERE RN . T
ZRFETE RAA L, 4 )XMM-Newton B HERLENEEE
HrsESAET S PR ( R=150-800 ) 5—EMZED Y
E(05/HD ). BERHEIRE—4ENENNA. BITFFER
EXZ I RNEHEEN , FHER MCMC FiEBH T 4%
EESHNTR, XIREASAITRR AR | 74
15 &5989 Hitomi —XK ARCUS £ X 5945 T 2/ HTRSH
RER. 5) BRITEN T —ERF/XERHER , BRIZ
N THREZBAPSANWIERNNERTS  RENERE
PERERNERIRN . S8 X§EZ=EEZSE Chandra
1 XMM-newton , #BEYEE SDSS KKEGE , LANSIE
NVSS # FIRST AIKCREIE . FAWGEERATHSHFIE
RIENTFERFASRENEFIRILG FEBISHGE
HIET ERFARNNERE  SEERNEEITRRITEE
SMEIEI COS WEREKEMRIMNER |, REFERIIARERE
FRESATLERSANMER  HTETRRERFAFSTHAR
BRSO SAEEERITARERASHEZAINR/LE
FIFIshZE  HARERNTRIIEFFEIARES
M RAEFASEN D EE R ERNEFIIFIRE
REBWETARFEFRIRET . XERETRFHIRT .

HR, 7E X ST ERTHRT | FAHRRTFIBENE
EEMREEHAEERXE—EKNER , HEX(ERER-
R-EEREAREEHEEFRMET. HAIFBZE
IR T RIFR X SYEGERIRNGE BIREHEIL AL

(Yan et al. 2013 ApJ, 767, 44 ) FIBSE-$iER-ThRET %
(Yan et al. 2017 MNRAS, 465, 1926 ), RiFEZIE;RME
GRS 1915+105 &F "OEEE" B9 RXTE 848 |, AR 7 X
T ERLRIRREIIRE ZBEE(ER. 1BXER
&% ( Yan et al. 2018 MNRAS, 474, 1214 ),

BERIRTHIERER M101 ME H I RUSES
RENFIFAR I, ZTFNBEREEHRE HI XK
SRR RNEER | AREEENORE. &
MET RIS TR D Th TR ERMRANTE |
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BEEXIC]FHRRE.

(2) BARREEL , HIBETRAKREERTE K
HMCRBEGRE HI Lyalpha YGEXEI R
EERAINTYeFE . HIR TR I ERAMAIERN
E5H  FARTRIFMRABHEAS , FRRATEBRI
AN RS A RS EIRER S FEIR.

(3) BF L FFEMFERRAZFFRITR (FEEF
BERER) , BEFR (TEEAIF AR ARIRETHTERD
LEEN

II . EtRR SR ST R CEAFTER
2-01 EELHE. FCHEKNRIATEIE

1) 5ep T LAS I DiEHRITH I ( OGLE ) SytERkELI R E
RIEMEARE R . FRIEAT Wood #1 OGLE &IAY
NI EENTEMNENKXR CC B ATIA AENEL
EERAKIATER 4 MiZE.

2 ) IR TLAEEaUMa BIBKaIH IS ERKEHER T T
BRI,

3 RIRWE V551Aur FREkalFERIKENET T R
TEISIZH. BENERR_FENRE. £, XE. B
RREAIKENRTC

EKEERNAZBEIRERKEEREBICLIRSZ
EXAEELEN., FURpkaMSEMRER, HREX , H
F3|1EE R OGLE, MACHOEAISMNKR 2MASS, LUK,
Z5jE) CoRoT #01 Kepler BEMIKRN LI ZER/IMRIEAIS
Scuti flyDoradus ZERMWLNAREE TEARIERE | FT
LU RS MRNE R E RS2 RICT5mE. X5
EREREARZESIE (hZE2NEICHR) NFR

BRMLOFRNERARRE. XE—MPIORZER

HEEEXEEEEEE  ENAAANEIBRIBYE —IE
TR,

(1) BHEIEERMKEMEZEATTEAN S

KHILSE | ERTEEHKIMERI T ERENINEE
MEURE— N EFR S mEEERRIEE. AMM1—EA
Hxdnees RE—MEKEhEIERHE. TEATIAEA S HR
BZIE | mREEAN I BT EEE X NEREN I
BEIKPA P REIRHEEMNAERE NS AR BRATR
TEIR T B EIPRIEN IR E SRS AT, A RIS |
RA—FESRRNERUSR  FFEHTHE 2IRRELF
FrEIERAEE0EkEEANH EZETE OGLE BHE/N
BT Z 2 (OSARGS)RIBKE. XX MAREA I —BERFEA
BRI | IASIE R A 0 B PR ATRR B A Sk
EREN HAEFSEEL, LR XRs REERITEEE.
HENIEEBEHSKRURIENERS. BEWRENER

B)RMEEEWFTE overshooting; MBI—&RIFIIEEK
HRIFTBXS R SR Z (BTSSR s hFB S
(RmESRAGIEE ) A7 EFNENSR SRS |
A& ET—H anisotrpic and non-local time-depent
theory of convection, FAIAREKE , EIREXNRXIA
RS AER , SRS ERES | RSCEIKERY
—FREEHNE  RFEER T ERIAMEERmAFRAIE
ERE, XEERNEEERKIEES | R () ReEHE
HinaEEEENT , EESKNEESEERR ,
ERHEZIRE  MEKIRYREFRZERN ,
BROBRE, XN —ESNMA TR | Ehkshzhee
el /ohee | EhkarERHEl, MinRERESE—Mik
HRTERNE. XREEAHTFRRERYT | mRES2
HEEEEENT  IXEHE PV IHE HEA— N EERN
TR | B Raaiee R N IEE R EEEE. EEMNS
rEREB , PSRASBE R ER R L FHXENAISRE | i ERTEL
RIEFAEWTC o«1c /P~1IXEIRA. Hftc EXREERY
RIERTHR , T W] P EAKEHRESERFER. iRiREXLL
TESNNHRE T ZXEENNER. mthim RSk
HeeRCNiRaaEE  REERmENESREX  BESF
FhIERRAL OREE. FRLAERBKaIRIBEEHNE]. X FRRTii |
im R TR I = FERAVEN AN\ IEERRE.
FEMEMRERN , FUAESSHA , [TRIAER ,
AR SRKENATEURIER. FERARIEARTRA | XHMEREER
L1EE |, HPkahAMERRISGIEARRD , BYEMAI P12
EhEHiSER , TS P IRANZEINAISER. MEEE
RSB BB ERE TR, S EIER |
HhiEh P SRS HKEIRSRE | TR P AR BRIk ARSE.

(2) BB EREIE Mira-like AORKENER

) A & i1 anisotropic and non-local time
dependent theory of convection BATHETENELE
EMEMEERIK  BRIOMNBI S ELEERN X
R S5AMHIZC C LB Aand A' |, DRIBTEERAE
B4 NizE. OXEENEMERTEHN. EaE
I E RS T 2 XEENIER.

2-02 EtRAICHh

AR R BIRNLUEIS | 24 ( GW 170817A)
B RIA, RERIKKEEIRE AST3 EMfE—EratuE
KEF 2017 F£8 H 17 H (GW 170817A ) 3|/7iKE4
FRIRRAIERiE( Science Bulletin, Volume 62, Issue
21, (2017 ), & 2017 PASP,34,69),

Right Ascension (12000}
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B 120175 8H23H(A£)f18H (A) X GW
180817A KXAIALNIE&

BTFEHRIBREERIARG-23 B, i AST3 iR
&, AST3 BUHTRERIRERM, EERETFRERE
RIES TN 15 30 fE PRET 8 REUBEE (18 5.20 5.
21H. 238, 2458, 255, 275, 285), #2183k
E& &R, o 18 5,23 57024 SHMUSIERERNL |
5 DHIIRLEEY R 3 250, IRFRESNIXET
185% , XBRHTEBIGREM AST3 BHEXIZ5IH
BB EEIRT A E S TIRERR.

XAEZEER la B ERNBE EERRGEIHEIS BT
BT TSR DT.

FIFA 1338 BUGBFIEIDAT la BIE | #75HD
1 ROKREMEEERNBEEERN o EEER
FYERE R R,

2-03 EXFHFHISEEHFTEE
Fehk 7 BRIERR ERAAUMEAISES | B RtE

1 5855 7 BRIERR L 5EHI555 | DB Wei et al.
2018, ApJin Press), IZIEINEBAXRX (£X ). EHEE.
YIEIHTERFENFTSRR AR LB T BRGNS
SINBREERIPKERSL, FIFRIZEIENE | ATLARGHR
B|JIANERRARAERL , TAARARERE, REERM
NRIREXRSE, EATART , IR EXRENER
BEIETRIAAEIRY Gl AL, BEHEREISRERIRERIK
RUEZFRIE G55 , BMNEANXTEEHIBRERS I
B, XERERERIEEE | DB HEAE TR —SlH. X
BEEW Ap) 5%, iIERE. FIMZENEYE , TTLiE
EfEBRITES  NEBKRNRFRES EaLIERN
BRKKRIAEMNHEARERERZ BirRS EEEEN
ECTIRANE.

2, EEEREIERMAR. 7R ERERRRSTAI ELUCID

B IR T B RENTEEaRARENERERE |

FZRGREF ISRV, FRATEXRET | BT LMEAREI
M2 =EREABXI SR REFEEXLSN B EiEm
R T ES SRR EFI AR ERE  fEaEREN  &F
ZRENTEERMT FREEES TSNS TEEN
BRI R RIANE TIEEREAMES. 7T HRBRXMENL
ZR  BELANESIEMREERN T TER , &RT
EENTEREE R LMRIFRRRRIEIER. XSRS
KREBHRNERNFEREXIECIFEER. BINXER
FE  KRESHMSMBCTHREZ—  EERSRELT
Marc Kamionkowski 5 &1 15EXHKIIRR R, %H
REERAZRIE Ap) Z47&. (Xia et al. 2017, ApJ, 848, 22).

3, ER=EER. ERETES MR , 2
ERRRE LFERRSEERRSIISR e RE

8

L PEERFATHHETRERAIEHINE , MERE
SEFBESTREXNVASHRESX | EAREL , hRE
RRNEMZ A EERY  PRERFAREMNREZ A
FEEEX. MEHEXERRRENEREFAEXES
EEFERICHRINERSR. TKA9 5-10 FREEEARR
EEXRNTEHSSEFRETKETE HRRMRSIET
BITHIEERE , HXXESIA 200 XA L, hERFSR
CEIBRERARRHMERNT IS T —REEE 3
ERTAHFIRASIMA | IRERET TiIF AR, X8
REETEREAYIERFET(2017SSPMA, 47d9803).

4 FIRSHHEES | NIERR AN AIHEERIIEMIER
BB, SFETFER AIREEE — SRR | DERINET
% EANSFE(INEERFKRIE— B A FGE e
T 135 NESINERREE. BEFARHATETEN
EfSEdE | NIBAW 40 M2HBEs I HERER. X—
LI EHRGES I DERHBRET 10%. Lo, @il
BWNESE , FIWEET 40 MERERNRES . &5
HECHRSES IDERES  HIIRMHBRERPONEE
DHMERNREFERIRAMEXY XRBERENIE

REMIRIEHRSERRBERREMEN . XERE
£ ApJ Z4E&(Shu et al., 2017, ApJ, 851,48),

5 ERRERHVEN. BRERTNEEITERRTE
TRFHNZINERRERBAVEN , THRIPLREESER
FRERFFLHYESE, AAENELRFE Contini
Emanuele MISESIMRRARR—ERRET —MERAY
RITMRECRITRERREREN  EFRERAS. BEWK
S&IESENEERMAIFN. SLSMREEAR—R , #1809
RESARENAT W  HIB2EMENERES
IBESR TEH NEERE  AEWNSHNEERERE
- BEEREXR  BEHEEISHNERHEN  BES
ENEREEREERE  XHTLINS ERRERHMAYEX.
HNER  ERNHASTIHYRENBNERRE RIS
BE HIAIEEMSHAREERECLLRIENEN
REEX , MESANWNEEENEL, 2017 FEXA
WRAERAFTART 2 BXE Contini Emanuele et al,,
2017, ApJ, 837, 27; Contini Emanuele et al. 2017 , 849,
156).

6 , IBEAMESAREEEIERM. FIF SDSS XX
HIEARE ANERNAMERMSARELSE SRIEF
HEREEM (Filament$EAZ AR | BIXFERMEK
BTERNREFFS  MIERERNAMES Filament
HAEREFFT  MBEERNAIES Filament 1975
EfETFEE, WX FMER MR ENT 2 R RIS
EErECHREIRNEZA., ERSFIRRRE AFIBFE
FEERIAR 7 IXFER Y | I RIUXMBX M EEH
EEERFZREHEFIHAN Filament BHERISEBIRFRRE © %
FARERS , HAHA Filament FEEESIRIA T AR
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IR BTRE Filament AUIREERE Filament FHARS
2, AtHRRRIhWERIER IESEAE  HA
A5 Filament E8., MJTHERERS | BTERRRE
BTN Filament, Bt RIS ERRT wall 1, 55
HEmET Filament 17, ZARERBIFNBERETER
Mg - AREEENEXYE. ARERKEERE MNRAS
Letter (Wang et al. 2017, MNRAS Letter, 468, 123),

2-04 ERPREERALHAFTEIH
1) F—RIBERIIZKAINLNERF
2) & H20 SRS | NERERTD FSIFRIAR.

AERRGAE JCMT BAIRE ( MALATANG ) SHF2
HIELTMNERN—F , MEFR ICMT BinzrEiE
FRIEWHL HARP St—HEIESRERM HCN 1 HCO+ &
ST TRENIN., ATEESMRET 390 NFHIRNAT
8, KEMSIEEFEEE, AINENVINESR | 39k
NS F=ASHIERNERNRN  SEEEYN. AN
VUMEESR |, BREETLISMNEEE L ~ 104 &= 107 (B : K
PR ) ZEREERKSRITNEE | AIRB NSRS P
ATLAEAN FIXANEEA.

Perseus DF=HFREN (YSO ) HRFLEIAR.
£ Spitzer BN ABEART XER YSO , BERZ
YSO BRDFEESURRIH—EMIA. LAMOST BICREEIR
HTIBEAYGE F(IRIA LAMOST B E3ERS Perseus
DF=HH YSO BT THAR  FAIEEMR 7 XLE YSO 1
BEEMRURENNRINES. BEGESHT , XL YSO
HEERENFRENR  FEEERENRINE. H—F
DITEMRERIVEEE |, FAIATUIXLE YSO MRASEEFIE
1189 X PEEAEZ BEFEEEERNXR, X TEEE
FoRk , IEMDERIRRT.

AREEENEAMF AL NE ., KT E
PMO-13.7m EBimEsd S235 KigH TS , KIEH
HNIEEFARTERRA S FBY ==HEI R A.
S235 FH A D FIEXHERELN Skm/s , HFEEMNZIEE
FHREIERR (I ENE LBEEIER | BIMEZTED
mEmEEHNY , RAE(MREIREEERE. FIFA 13CO
REUE  HIET 10 M F=APHITE R RRE
(CFE , 2.6~30.6%)FIIEEF/RER(SFE , 8~25%) , H &M
HEpoh L AHEXE. BRiERE7 R KGN
CFE %00 SFE E3{E LEX(>10%) , MB—XEFNEENMI
CFE % SFE(<10%) , REB==RHER] LURSZAEREE
MIEEMMNE , NTTAEZIIEERR. XEXERT
IR,

HI XEREFRERSEERAAR. KREEEMK
HNEFNE—EIREEEIEREITAR DT EER
PRI, BT D FAZAIMER. S S T At

REMTYLEREANAZR. The Milky Way Project (WMP)
KWRITA( |I|<65° |b|<1° )18 5106 NMIFMLIBRIFIZE |
Heh@iFT—E5 88 HI KK HI K%K, ATV
SEEIEE T —HER HII KAEAFXIERS HII KRSk
TIEA |, #1558 49 MEAR, AEFIA Herschel70 — 500
um MREEHERIRBIE A SED BIABRIS S FHE
EE JBATFAEHSREEMMEND FERR=IZE
A, FEXXLAE AR 7. FitERE HI XA
EFEEESKREEENEHNER  BRSE=ZAIS TS
ENEERETFAAS N 2R , FEIE HII XA 3K aTaghh
KTIEEMR MESE—EHHINKREEER NS
HII XISk AEsT. TS A TERNSHEREE
ANEREMTIEA , NERENARER HI XEENES
R TEREAREEER MR TITG. L ITIERERT
#,

KRR RBFPIEERAGE ( SFH ) SHEEREfGTT
U8, BT 40 MAMIASRERNESBEENEAE
EFRHER  BAART SFH , £BFEEMARMEET UV-
ZU-NIR EREB-BELL ( color-logYstar(A) ) DFFILIBFE
EXNREMITHIE, &I 1) SIABEIIABERRY
color-logYstar (A\)XE ; 2 ) 3¢5 color-logYstar(\) X F&7E
EEFEFERAMSER. R ;3 )SFH RS "+
X4 color-logYstar\) X RKIRBRAFM ; 4 ) WTFEEERK
RENFRNSBEFENRR , EBFEFERUIEEMAR
NIR BB RAR R SLER. X—TERFRE AP
*.

IERERFKAINUAR . SERNARRRSENE
ENEXIFAS FIRET (B0 CO F1 HCNYARRE |, KHD-Fi@
ERIGNREEAXEEH AGN IIHAAIRIGYIIRIAE,
MM A B Hershcel Im 0= B E i E B
HIFI(Heterodyne Instrument for the Far Infrared)sfig
NE—RGEBER ( BRZPL ) K3F (0-H20 7
p-H20 ) HaBEiE LR SVINFIAR. £ 9 MNIBRY
BEEFMERIIER D , RT Antennae 2K , ELUET
RIBAIZK D FREIFN / BB RIS, XIRIBK D FIBLFA
REFUINEENIFEREXE, , & CO —HRET
BER (%) PHERENCTEMERE,. 35b, Kk
R SEAFAEELL P RETEANREEINGERE , RE(EM
KRBT EIERMIEXE, BHTREFASE
EREERE  SPMERKKD FESTHEMIS&Z2T TR
KERANELICE, BIHFH 3D, non-LTE @440
8- 'B3D' RFHTIEGIEEBIRI SSESCHAEY SPIRE/PACS
MUBHEREEEMIKE,

& H20 R3ES | DB RERT D TSENMTR. HiIM
Herschel-ATLAS XRIRSRIFRPIFAMHLEH T —H
SES | DEEIERANES H20 B4R 16 NIZXKE
&, M IRAM =K XREGEKEIBEITEIEARF

9
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TWEXRERPHSEER CO BEHTTUN. BIDH
CO REFELANBLACER , Bl 1RSI RAARII AR
B3 [ERSINEIE S EEERMER | X MEdERAATLAZ]
2 BEA. BEETKEERE (LV6) Ry CO IBLARIHE
BRE  FHRBES T WS SR RGBS R8T
% TR T SRR CO iBLATRERID FSIAR
B, G5 FERRERE. BELK CO 5FRE
B, BRSO RITRREREARNS
MAEHSHEEN MRS RENLEX. LTFR
TR TERBRND FRHAERSERBREETRME
FRZERRERFANT B E T XREHEES [ ERNERNS
LR SRR R REREENXEMRSHE
I ERERATER. &a  BIILTHAERN CO
TEEAN H20 IBERIEES | RIXAEFFEILLESF. XE
RE XM FSMIRET D ERAIS AR/ | Hhas
BERE.

M51 FEEESBRENEERMEE. HINFE
NOEMA T HHFERENER M51 SMNEIEE EHF =k
A1 HCN J=1-0 #1 HCO+ J=1-0 EL&HITTHI 100
pc FEDHERNMN , 52T 6 MNP FESHEED

FEMMBEOUE. BERARREXRK(IL kpe BIER.

1kpc ZAMERE FEEPXE,. 100 pc LEHNHDF=E
&1 1 pc £ANRITRAS FRNBES FSAHERE
(LHCN 1-0 )f1EEFME(LIR JHXR EMNENR
L_HCN 1-0 1 LIR MMBRMESERENE 100
pc D FRESHRRKIZ. BT FKIIAMBRREEE
RS F=E B SHNEES FSHRNEERME
(LIR/L_HCN 1-0 %1 LIR/L_HCO+ 1-0 ){ERJt&RE it
TIEFERAE.

(1B) ROSPERFATR [CI(1-0) 70 [CT(2-1) ZHI
DR, BidiF CO(1-0) F [Cl] LHEZENXE |
KH L _(COM-0} 5 L'{CI(1-0)} & L'{[CN(2-1)}
ZIAEFERFRIGIERR  RIBE (B) RLIIERT
€l FUEARD FREARRER. ARRHRHA
L' {[C1(1-0)}/L'_{CO(1-0)} #0 f_{60}/f_{100}ZBFFTE
x =& . L'_{ICI](2-1)}/L"_{CO(1-0)} i
L' {[Cn@-1}/L' {[C1(1-0)} 5 f_{60}/f_{100}, S BUIFFLE
RESIBSREFIAIRR. Rig [Cl] eFEn , H—2PHE
TIC) WAKERE , IRIRELUNRFHRY [Cl ZIeED
H 2 FRERHERET. £ [Cl] AEREFIREH H_ 2
HIEREAK EMAA L' {CO(1-0)} AR CO BIHEIREF
KRB H 2 RERTF  LTFERRE.

MBED FSANRET HCIN LU, HTFEEER
HBESTSMNRET .80 HCN  HCO+ SZtEiEsk
FEEHENES FRNRENSE—ERE. i HC3N

—ERGEES:  TLURMEERNEES FSRRENE.,

FAIGEF Effelsberg 100 XF1 SMT 10 KEmHEH XS

10

HC3N 2-1 70 24-23 RURFILEHIT TN, BRSIRES
M, RUERRAE, FATx HC3N 1 HCN ERRERFH
EU(E#T T i3E.

2-05 BFRSEERKHATEIHA
1) RRlnaiEA HMREREBREN MAVERR R

2) BHATIMrIRNESRS T D F= B LRI
EIFGRE

1 "RUES" HHBSEERNFAR. ooiliE:E
EfRTR R —FEZNE  AMIeS A LEENTI 'L
FERNARZAFIRNRENSRHAERE  MEABKN=
SHHAEZSGIPERZHEAMENREEERAN 28T
Rk PMERSEERAAGIF. FIA RTESE" BEK
REUERIL - (U FUERESE ( Cepheus bubble ) B4
DF=EEN L1188 RNV FHHEEENKE S F=
L1188a 71 L1188b Hpk , MEAR NS FRXHIKIEA
N FAERRE S UHE T ReR MR HENE T 4
ff. FEAEXIKSENFEEDHRHIE | HETHES
EEMMRATRRETREARN—BAFIN—HEs
SRR, H—2RRERTL , ZH FEGHRTHN=
ZEA RN AREIEE | N L1188 piAFRaE8
HNAR = oiHER AR PMEREEER AR 55
H—LEDPERATHAR. HREAEES33XE IRAM-30
KN ICMT-15 KRBT HRANLUEDE | ENEAFRSD
FRIZFEIEER A ASIEFRRNAR, 183RRE
Astrophysical Journal Letters £, 2017 FEHSF=S5IE
EFRBERSERRT RUEE" 11X 60 LHEXRK
RO, BHECEIIEUENE |, A RUTESE" HRINRE
FERkLAR 2018 FEIIRIFHAREE 7 RIFEAL.

2 KEEEEXARRISERHRE, BT IMRER
MEIRE TN D FRE LRI D3RR  RINGEHT
BZFWIRSARIFE | SO FREH TS |,
HIHEEEEIAEIEE. MRERET WO FHELE
ENEERHIZ R E RS BEHSSHAREEE S EAMA
BEF MG, 1EXEFRE Apl. YT M17 FpEg—Nk
DFRRAEIINIRIORIT T HERTEAT. ZFRAILL IR L
RSEAKBKESHEX , EEEEIRAAI 1 2A0 I 2R
fkiE. FEELERFR VERA N=AIENATUXLKEK
FERHETIEIEXN XM R R 2T @S MRS
&), IEFZ KA R E D FINRIAR BIRFRTTE, XL
MRS BB RRRILT SN R AR AT RER — MEFAERARYD
FRAREREE.

3 . RITERSHMENHRBERIEERR. BIE
FRE{E X3 HL Tau [RATERAI ALMA 70 VLA ST
THREROIRSTEASIENL | PR T B ARSI E R
T REMTERRIIREATHE. 8RR ARA 2. BT
EHRISETERAR 21T T RESKFE RN E SRR
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S EINMAMESREE DR  FHLARE T— Mk
EREDREKINNIRRITERMNLRAE. ARERAE
£ Ap&SS Z4iE. FIHERERIERR IRAM 30 KEimENT
Taurus fEERKKH 2 NEITERNEXRKEMU , BTFE
PR RN SR AR EF R TERRERE. RET
BATFOHELERISR JWST FITESGESIEERNTIE ,
B LE.,

2-06 KB R EINE
1. BRI EE S AR ELESIEFIRGRRS |

2. Btk 5 R B R K AT e B E SL it
.

1) EREARHHUEAGIEE ( #8HER ) "AH&ES
MFIRGRR" IiFEY ExRESRARNImE R, %
BB TR ERREDNARB SRR T AR -- B
FRRRIRS ( MKIDs ) FRiESARNSIRNES (TES ), £
T HEAIUE LT B SRR R B "8 RS ,
Hrh MKIDs SRS R EGREAR. RPER TIFRE
B EA TEPRRSSRNERAIRTIAKTF. Lot EXGe
TRAUE MKIDs IRU=EREFIBTD ERAEEH. KHZZRRA
MABLBCEIRIHB R, LARRRAIL K BRI Fairit
SINEERERAN, EDRRARSHEM £ | s T—
£ 850 fAKIKER 8 8 {&ITAl—& 350 KRR 32x32 &

TORSIFIRGRS  REEI AT IEENIIEEE SRR,

AU ERBIRR IR B E TR E Y B AR S SRR A
UREFRRLG  ARERSNHARIR M T M2 mE
RUFER.

2) Bt 5 KM BB AT AR E | =k
THET Nb/NbN BE&ESHEL ( SHSHRISMT IREE
HHERE1E B9 350 REKIREREES SIS IRIRES S AT
BERAL |, [BENT 450 KIEERES: SIS JRSMBS S R Avigit.
350/450 fKIRERE R ASEXIAFITIE ; FE T
200 KBRS HEB JBSRES RIS A HIRHEE. 12E
HRIEERENRERBEEXESHR B TIZRRS
IESRIERAN ARSI TE ; 5 LS FRIEIRAR
BAETHET AGHz THEsCRTET FFT SSRGS gk
ERR 5 KAMZETEIRRK, ok  EemIsERSF
MEEIRT. LIRE T RIS SNASEL TR
RIS RS,

3) HMAMKTIE 2 RSP ECHIRIED REERHZAIR
TIELREAHITSE B TR SIS ARFZAEIRET CZ-5B
EHKEHHIERITIRITE | o TR R TS
ZEPE ; ST 8-10K =EEIHLT IR SR ITHERY
BIrSERET 5ol 7 ARZAERIEIN RS ERN=RART
TR | BESESNERIRT , ST 7 ARZIERAER
EOFNPYEO IDS |, Sl THXTASITIIE ; 5ol 7 mamH8E
B FRIEA AR S IRRIZ | 5o T SEERIR

JRIBAEARITREI SHDLS RN | Serk 7 B B Bk
ENPITE B TESRMEE T A SRS E RIS
EHEAIBIE TR,

4 ) EFREARFHLEEMAHIIE (&8 HEF ) "SRREX
SO EWMEERNRS" B "KHFEESTRIEN" R
PRI | SR T RGOSR, MR EREMIL | FSEI T
ERESIRTE/ \FHINI AR A SRERITHELZAIN
IRERFEIRSIN | (I T A MR AR,

5) RIS ERME "MESIE CMB WINFEHTE
SHE 1 SHEEtRERR" REHREIE |, FERYS 13K
BUASES RNUH YR EREERIE—S R RETFTRT
FI R SUARRTLINKERASIES AN E, Rl
SEINE "ERRXMN AN REEAHZESRNZER
BHRTAR" BT ERRISUT | $HRIRIMR 5 RAHFEL LRI iR
HERBEESAETHNIFE TR REE AR AR
=

6 ) B SHRNERARRRAATTE , AFHEESHEL
SREABIFE (—H ) IBTIER | ERAITHIIEIRE "
FHAIDHHE ARG R F RN N HIE B B
L #BS TES SeFRNRSE A FIEF R R A TG
VLR TR T B FRECEU R IE S TR ITEs
SERIEIISATTS | MIERRIPLIINRER (10 K ) BRE
ESNETIRMHN R G REER, 7 (SEFIEARIR R
FUERFTADHHZIAT] 400 fEK.

2-07 FESIRERIENTNE

1) 2017 & , "RESE)" Hit5e 1000 KR
BA5T (MERIT 30'x30°A/N ) ;

2) FURFRERSIEAR , AEREARIARITRIN
ZE/R BeSSelL Survey (Bar and Spiral Structure Legacy
Survey)INBE FiEEEAE, H—PIEL TIRURAUHE |,
BN T IEERHBETASB—F&E  XEESRIN
RITRRRIRAIFEEN SRR T KT RISEE X EERES
RARAEERIKEARIE.

B TR0 13.7 KEKIRGTEBEIREETE 2004 ST T
—IXNWEFKE Bty EEFEMUEIInRE |, #&LEm
EBRETT 13 5 ATHRIEETETMASIERINIE .,
ESFESEYSEXNINEAENAT BN 13.7 K=
KSR IR AR R S 4P I LR R R R EA
THNRARFKIE, SENKRENWAFH T 2EEE &
BT IR, EfENATERR SR T RRESEE
EIRZEHES IS MEEf I EREN Ex LR T 2aE
REEFL , IS TEMNR | BALLERRIGEST. T BERAT R IR
RAESE  FIRTENERERIENRS. FREe, &
BEZIT (#75K E-Otorr ), EHMRMBRIESE | [EEE1ANE
=A% ; Fik BEAM6 SRIRBS[RFFNY BiasT] , &ift
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Beam4, Beam8, Beam7 RIIERAVELEX , HIHIEMHOH |
B Beam9 ( USB ). Beam9 ( LSB). Beam2 ( LSB)5%E&
HEMT BUKES |, B ERERD BRI RERELS. 1RARIEERE
FRNESIRERINEFIRES LRIRIREEE L EEHh
B, #1EE 2017 5K, "RTESITR])" KXITETK
6380 MKKRERTT (St 10941 NETT , B/NFIT 30'%30°
A/NFERE 58.3% ), B4F M17, Aqualia Rift, Cygnus X,
W3/W4/W5, GEM OB1, Monoceros Nebula,
Maddalena Cloud, #1Califirnia Cloud ELtEBERRIRA
Bix  WEANS FEUIEER RIS ERHIT TR | &
EREREMERZRNEK , R "BEHGIUENER
i +OTF WIS RYSEABSI. IE1T7E 13.7 KEBTEN

BERGIENERES , $EFME=RIRERA 40TB FHEKLE
300TB B , AR ESHIEEER K, ATHRERZA
SHIRSOMNEIENZEFME | 87T 30TB IIEXKIKER
HUREES BN RAR,

FERFRESIURYE RTEE" KXEAFIRE
Qg 13.7 REEFE AN RERUERILRBEEK IR
MHHRE | TERESTE 34.75 5 45.25 B, {REEHE - 5.25
EE) 5.25 BEEE , mETENTINES ZINXE |, $HKE
168 My F = , XESFaFRERNIEERT. HARK
MXEDFRIRENLBEER 7T —ENXR (ER5W
BN FoNREEEXRBEER, XEH FARIFARER
TiffE Dame & Thaddeus 2011 A TIRIINERE - A
08, N AXKIEENESSIEHRE TEE IR,
ARERIXED TR TIRIIRD FRAERIMER
FEEEIFEX , B9 FAFRRIEREE SRS
K, 2R | EERFEIEIIEEES. XUHARER
BEAEER (RIEFLEIET) ( The Astrophysical
Journal Supplement Series ) Ek%X. XER
2017ApJS..230...17S,

2R EH EBRIEHREBAFIA 13.7 K=K
IRSTER BRI T 1020 4 BGPS & , IR T 213
NS, FHEIEF] HCO+AERESLUEHINTIAYS 205 MERT
BERIKE , HPAE 144 4 (5 70% ) 2EXRENER. &
KN —RESEirRS | RNEIRS | 2RI
M, LEALIAT 95 GHz RERKFINARGNINE TEIRRER |
52158 481 1 95 GHz FAESRKIFERmERFN 37 BRFIRLE
i, X2ERIERAN 95 GHz I BUREERKENA. XITIE
J9EAR 95 GHz | BURRESRKRAVEINE | BKiFHEHUE |, LR
FRABOPEEMNETE 7E M | RIUTIEERAIES |
BURESRKERV I, XEN 2017ApJS..231..20Y

KEIRIEHARARFIE MWISP # CO KREUEXS
TeV JB HESS J1912+101 #{TTHR. £4& JCMT
CO(3--2)%UEF1 VGPS HI 21cm BEFRFSAEURE , HiiaxR
T 60km/s FISASXNEEFEYIERER, SRS
RIRESAZ] 20--40km/s , MEAERS EEAE—EEES

12

BRI | IERFEOITERIBXLAREIREREE. IR, 0%
HSHRTRERET— MEE GBI EIEMEE. Bl
IEESfEE 9 4.1kpc SNR 979 0.7--2.0x1075 years,
BIMNWEERE  BEERESKESMH TEV IR HESS
J1912+101 E—MFEENEBBTRIFEE | BKSHER
NEEDFSMEEFRANER. EEBNE | F(1895EE
MERMLE  SXANEER VAR OA— MK 29T
FR—%. XRP_EFTRHEFEENYERR, XER
2017Ap)...845..48S,

BRAZHRANFIA 13.7 K=K RGTHEIRERE
Fermi-LAT 7.6 SERILNIEERS , RI— MU EHHERT
Kes73 HOFRIARE AN DETILEIR. DITRITZMIS LAY
B RN R RS s B ANk B EREETT4E |
R EFE— MR T RIS . A RFIRIZXIRAT
2K CO D TFELINAR T ERD TIE, CO &M
MR T 2 F =SB BTN R RS REMUERN
FAS—EL. IBFEILARIIEE | ERESEETE 85-88 km/s 2
8RS 12CO(=2-1)/12COU=1-0)iE &R ELL BZIRFHE
11, XAEHREETN T2 BNFEEEERIEHT
BEHIHE | thRBHEREST AR S T =EEERm
figc S = o= N bt WS s AR | SR s 5
LR A— MR T R SIS R EF R T REES.
REMAGET RS  FRFHNEEEDN 24 , SIREEIRINE
BISHAR—H. MREHETEFESIES BT
FELRTF 1036 erg s-1 AREIRFIEERZTIEN . XEL
2017Ap)...851..37

ERAXXaHRELEIMRRARERRNMESEEIRZ
BRRARFIRES LR EFTBMNLE 13.7 XE2XK
EBimiELAR Herschel, WISE S5iMEREGR | (FAFAZ TH
HEKX SH2-104 , BENXIBR T iZBEEESX AR FSK
RTHERRN. BINEESX SH2-104 BB TRV
MIhESH  ANZBEEEXERENNRENRN S
1, AARKTRII =451, BB NUER=4EE
SXBEENS FSAEETEINREND | LIRIREENF0
EENMKEENNS FSRES ? Biiz/MERFINE
HARIBSRURAID EFRN AR —ER R  REX
ERRNRFE—EEE. SUTHENRPHKEESKX
NREAXTRABARRNRNEERN , BT EINAEEN
SH2-104 BE"HIRNAGN, ZARRRIERAREER
ANXNEBHBH XKW EZR) E

( https://doi.org/10.3847/1538-4357/aa8ee0 ),

IERIBEARFHAREAFIA 13.7 KEKRGTBRITEAE
5 MNEFEENIRNET SiO (v=1, J=2-1)AKiERET , 18
IHARBNE PRI NIEH SiO FFIBHRIXER kiR
FEERREAIZ NG 456 SiO (v=1, J=1-0) AMLZRER ,
IF—PEHE 211 Si0 (v=1, J=2-1)iFF1 28 4~ SiO (v=1,
J=1-0)FASEEAR , PHTEAR SiO FKFAIRDEEFIRERRE
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LIRKET, TRERFHE(IRE ZEEEREIERRER |

MXFHFS SIO H5FRI MR IR FRIRIZET
E. B—AHE  ARARERNEN KR ER
BIFARRRR XA REFvE Rt S R S REB IR ME
%, XEN 2017AJ...153.176L

El5R 13.7 K=K EITEAIRIR. BARCIHET , Bl
H—EREERF R ARG E R IRRRRE T, MRS
FREMERENERN , FRESEMER—RERE
Effelsberg100m ,HZ< Nobeyama45m ,Z£ERJ VLA,
VLBA LARRUMAT EVN A9 , M TS ER—RL
&,

HEREFRT=MA. REHFSEXT UTL ABER
FHERRANEK , BENEFMIEM UT1 RNIERERIMSEN
BYIfEE  HERRNPOES , AREZRZ T UTL I
EN  Hh—aREXNEBTREIEFERER. EitT

EAREE e 7itit, Biigie. i@t EIE,

BRIRSETRYF. MEKRSXRENEE UT1 NEBSIRS
8870 , HIERARR SR KIS [ERS FAFIBHE FHERE
2iFE , AERERX. PESH. RTRNE RIS
AR UTL 4 | MEERSE. 1% BB WEsLIiT
W |, BEIREHEE B TIFARSFIUGHRASE.

ATRDFA L2 REFRIFLRERBINE  PERNF
BRAKXFHRAEZEIRE E IR 7 _IBERI G
A% B RERRESHTAHTRIMMETIE, iR
1§ 100 NENEFZAIRMRETNE , KIEKER GRS
NEFENERERNSHTAES | AEARRATRA
RRRENERRIFEA |, ERIISEIL 7T ( B
MARETHEXDE ) thEIEFIHE , TR TEFR
FASSTRFEERER TF  FrnBImiR &R T
F. EEMTIEARAMENT , IFURIET 1.2 XEFRE
CTHETRHEF UK T,

£ E SONG IEBFHESREIE T  IEBEINEE
KHtRE : S0BIN WHETEMN TEERMER. SXNE.
BFES T+ EiR, &KIEX 25 SONG 1 KEEES
712 SOONG 1 KBRSl TEKE W X4 Gamma

Cephei , Gamma Per & 10 RENEEFHTECSEHEIN ,

CremEELIE | SRIGRIERIFER  RRIEN 1 K. 55
FREIBERFERIL TR G, RXEMEEIWELE -
HKRNE - EEUIRNEKRATUXRAMEHGD | FHEmE
AREFEEMEET T "IIRM |, TREEITEAEX
MEREARE 3 ORI THE,

AT AIMS REI—MESLIIMEN AL RS
EIR AR ERAE AT AR ERNEN LI
MNRF" , G5 —aHEAHEERES. BE. BE. X
EAIXEAAERSSRIGH—E T{EREKA 750-1000nm
EASMKAIY  BTRUEBLAMREERRE. KSSENMK

FHRT YL ERERNE B R I AR RERIR
BRUISHE,

ERESEEEE NHEEMNRSHEEN K5 13.7
KEFREEIRE., RIERIKE. SONGIH. 1.2 XBFE
ERFREE R ERIEERISRSS SIS E A
ESEMNEXKREERIREE SRR, Bkt
HHFRISRER. RIEER. AAE8. FiEd. BrMNBUFIE
KRIEMRSINSMRE SN, STl TR RERARRESS
HAR "2017 BE-R-WRREESE" &) 55N
MuERIEEALMERA RER AN S E RS0 T B
BERAEIARR 2017 FRAIEERENERELE , FRRE
BRI FY LR RAE R AR5 REH T, 2017
RTHEGRHARAT. RIREAA. BSE. KiFFS 600 A
R

HEEEELMSHHEST |, 5ok 2017 F£E (FEvillib
B AEIEERE)  ARETRERAAE LT
KEGHELE, RENE. FE4HEFANE  BIZMBRIT
I, iRHRE T BEENNLAAIRSRLS | REHEE NG
RIS ERBENE T RRYET  INLEFIEE KRR
FIRFRIRE SRR,

2-08 ERF RS ARIBHIUKEIA

1. BEEEAERTHNFEERREFIFEERME
FRIRASIRER (Pan Z.Z. et al, 2017, ApJ, 834,39 ):
EEFRERTEENMRE (log SFR) J&E (logM) B
HHTIR— N EERFS (BERAEERRER ) X1MNF
FIENREIRIAIEN 1.0 £A | BEEAREIRMRASE
INF 1.0, BEAAAREBRNMNETFSERTNFER
RS SEEX  ANFEERRDNERREST 40
5 SFRISBHAXR , AT T log SFR-log M XX,
BAEATFiaE T —MEREE | B EEr TR
RIPn , ERITEEEMRERTNFEERRELLG.
BAIERERE T AMEERMEFHIRRE/NEER TR
1.0, ®AITAANEEERZE quenching SEIAIFNATRAN |
EMEI— BB KEREF—MSEN SFR, XHE—K M
0 SFR BiAZAL 7 — MEIERAIZ MR R M~SFR*t , Hp t 3%
R FEFLR. EXIE=E , log SFR-log M XRKBZAE
— 1.0 fORIER, B/ NREIREENMMEFEIBHN
B BRI AR RS SAR MLIFR 2 5.

2. WELAH 100 ZFRIFEHTPEEMMRER Lya Ye ik
BEEAI( FX. An, X. Z. Zheng, et al. 2017, ApJ, 835,116 ):
SREEEMRERN Lya X TR HIZENERRNER
PHEERNCENESS  WERFHITERELIEEXE
B, 0% z=2.24 398 100 {ZEFRIIFEIE | Lya &59%
OIBENFEN EALUXERNERARESR Lya JTFikig
MR EO. FIBEIEAE CDFS RRAFEEFMLLS
ERENRERGEUE | BATNE z=2.24 LE2KH Lya T

13
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Ha &53% (TN ERMERTIIR Lya SeFRbi&tesl |
BHEIHER (3.7+-14) % . FITRI Lya SeFbizLy
PISERENEREX HEENER Lya e REHNE.
ERS Bl SR RREYCSUE T AT Lya Y71k
BELBISABIRK | fREERTA 1%.

3. ITBFHIRGEE RN ( Shi D.D,, Zheng X.Z.
etal. 2017, ApJ,846 , 26): HFICFENEILURNZI—
EIFTRRITAIER (ultra-diffuse galaxies ), BEREX

( F5E¥4=2> 1.5kpe ), AIOESERAE( >24mag arcsec-2 )
MEEEERESHTENS MXIFEERR., HAEE
HHHIRESEEERNEARE  TIFRHIIEREAA
1?7 FAIFBPERSFRES LR TEFIAINLG 1 KiE
BRI AIUAKREBIRER g #0 riKERTE Hickson Compact
Group 95 ( HCG 95 ) 3 Ex3 EXIHAERUEIT 105 Mk
EERIBEAR , HPEIE 68 METEEHIRITEIER
37 NERERIRTRIE R IRER , SRNRAERERD. §
BEENE  EXEREHERBEEALFE— UDG

( HO5F ) #EXFF (VLA ) YT , BRLAHBS HCG 9519
IB—, WIAAE HCG 95 BEREFH—RER
HI5F , HEAMEFPHSHNEES 1.1x109M0 |, BERE
7 1.8x108MO. EFHNIFHFIRNEIRETEE RIRSEAEE
AHRESHILRZ  BRAZEIRRHERFEAC TS
MER , BE=H 22— IRHERNERGRE , SEERK
ERMERNL, ABREVREGRERFBENNERTE
EWL. BIINARERERER | ERRUHRUEIR
IRRRERS HI XKRIRUEINE HI SAEER (almost
dark galaxies ) BE&. HEESH 2 , RHESHINIH
BASEATENMEREEARR. 1 HCGIS KX ESHIRETEL
ERNEASHRRAES HINARELEET | FEGEHE
ERRERFANKRERFEERIERRINSAHBE
K. EENEREISEREEX.

4 RABERTPHEFAEFZERIILLHAR ( Pan,
Wang, Zheng & Kong, 2018, submitted to ApJ ): 22
RIEEERAE—IRIEANTESSHA (HD) 25, 5
FEMRNERNESEENEEESN , B2 HIS
REMRATARAIAZ | XEERNBRIZ=ETHH HL W
WEHRIRLLE/D, EEZAAR T 500 2R/ HI SRR
AW, ERR HIERT (DHI) 1 HI SAERE (MHI)
BMEREERRR. HIFIAEBEZARN DHI—MHI
KER , WKL 10000 MXE MHI MEUHNERETTEM]
M HISAEERY , ARRERMEERRT (Dopt ) T
LA, IR, BERR HI SV/EEREBHCAT
20%Hht , 25/ DHI/Dopt LHEL 2.0 , HiZtHESSIR
MEERBLVFREEXY. BRYSH/EERSH—
Hip/\eg , DHI/Dopt LUEFSHESA/IE2REATRH)
TR, FMHULAR , HERNSHSEEBF=N , 2
REESIERKSZISHSENEE  BIIXEE DR
RICHIREBHERTE 2.0 R, (B22 HI SUREIHEHRT
14

WizfE  ERMEERRIABREKHMSZERE]. XAHA]
ERNIRSAERCDEZRESMIEESRE—E
IBERE.

5. KREBEEFEKEREEZE + SRS RIELHAR
( Pan, Zheng & Kong, 2018, to be submitted ) : KFR&E
ERNECHLERMIEHAR T — ERR., BHR
XNMRR , — KRR EEFE AR RIS ERN
W, TEXANTIEF | BAIIAR T IESFHPRITRR
£2(10710.7 KFHRE ) KIMEERRERNIR 1.5 LA
RAVEE + SRS RNEN. RISAIBERERRLIBIER
ETMHENEERAER BRI UARMRIRERR
IR NIZEZANRE. REERNRE—EERMEX
R, BITLUERISERNS FESHRE. HITRMR
ARNBEEREEKEEEBTER + SHASRENEK.
BT EE+SRCSREMNEMSIKEL  FHIITLUSEIE
FRARFRRRERSHANE. FTRMERIEN 30 258,
ERNSRREELIBERAERE 5-12 & | XIRAERR
RN EEHEREEMRERNEERE. FiIERIE
ERTHRNSAEIRNERERNIBER R EEE2E
EF8.

6. KE7T—EFNANEEINGERREARRLZR
BINTEXKFNZREXNRA (An FX. et al. 2018,
submitted ) : TEXKEREAFRE , WLRERNERSE
R, EESFHPXEERIEED | EergBEmELBEN
EINTOIEAN , HEELDR 2-3 HRHERSZELRI TTRIE. X
EERNEEFRESIX 100-1000Msun/yr , EEEHEAR
E—{ZFRIRT ARSI AREER( M>107{11}Msun ).
FrLL KRB RBIA N RRLBANIAREFEER UK
BIHSFHPNAREMREZERAE5E. BN 1990 F1E
TWEKRERAN 7 IXRTEXRSHERLLK BTG THT
EXERCEWRNE. AT  RRETEXRBITEND
FERE , —iA 10-30 A, XENTZXKIFATEEE
o URRESHEEREUXRZNREARE. K17
FERIRANITEZXK, Z2XTHE (ALMA ) RUFNES
PRIV KER LR UDS 1BIS REREIR AR T —&H
BEINGERARIEARR LRI NI ERKF 2 IRER
SORIfR, FATESEFIA ALMA IRUFINTERER AR E
SRS T —NIGER | RIS ENBEING
ERDVEGHAFTZXRERTHFTZXRERNXE].
MERFASEARIRAN A T — BRI &3
BAINAETLUEAR 87%89 ALMA IRIEINTTZKE L.
BERIIEAEN ARSI 2R ANEEREX
SRR ALMA SLRAESE ( ECDFS ), IBAHT
80%H1 ALMA IRNEITZRER, XiHBEEAI97TIER
VAR IBABR R T KRR 2 BRI BRI, BA RIS
B ER A F LR IR BRI Z K TSN E AT
TWEKTEFENSEE PR RR LT ERNVUEAR , NS
E— it LR BRI KR ERIT R ARSI
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TWERERRIRSEN AR EFIEEXFRIERR.
2-09 SHERHFRXHIE
1. &5KRIEHI5|1RFEHEII MR R EIB TSR

2017 £ 8 A 17 H , LIGO #1 Virgo E#RNEIEHIE
BXNHFEHEISIIEEM GW 170817 , iXIREASIRN
BEMMEH TSI DRRERNSAERE. N8B 18HE
28 B , FERERRIEEENFIAEERRE OIS TR
FEIRKKREIRE AST3-2 , IR T BinERAERA
MR, WHZE I NIRERRENEEERFR TESEWN , 78
B 18 BEPSIDRESIRUEIR 25 /NetfE , BRIIRUELZ
SRR AR, XRRER NS & SERE D
WigE—E , MIETRXESE FREEANERSYT &
EHEL T WA FEHESEHEFHPABOBETR ( 81F
2. BLUHEFETER, HRETES ) IRR, BET 21t
LFHYEFIE 11 NEARIFRMZ—, AST3-2 KM
WZERTF 2017 £ 11 BEPESRT) (RIFEIR) H3Xhi
Science Bulletin E{EAFENEAZE ( Hu, Wu et al,
2017, Science Bulletin , FmT{EZ— ), REEELTIE
IS 1S, BithEA. ZIRUERE2017F108 17
HREMESURERSRREZMAONER ZEER
B RBIR T AARBFHEE ST AR RIBIRISE
R IWRBRHRE Rt KRB I R X — AR .

ETF LIGO/VIRGO 3|3 SRR AR SRR E S
ELARFRRNEE REEFSET RS 2 TERR
S1ETR Abbott, 2017, ApJL ;Andreoni, 2017, PASA ) ;
BT GW170817 HMLNEHE , 27T 1 IEREENES
T4E ( Xiao, Liu, Dai & Wu, 2017, ApJL ),

KERIIER&SNENERRETAREEENSE , M
SRS RIIAAFEETHFENEHEG. EFENA
20 8 , ERRU—EKATRMINISSRF Ic BUEFRENN |
=LV EFERAI SRR LHIERE ( macronovae /

kilonovae ), XIS EBTREAHIEE FEHEING | /IR

SEEETINSR-EMEXEKY (BERE-ERE ) M\
WFNEROIREY HE T SRFRNFALRA ( Can, Wang, Dai &
Wu, 2017, Advances in Astronomy ), $84E/5iX—4TiRAY

"Observer's Guide” , JI5R3¥K5 | 1JiRKEBHAXI BIAAIIAFIR
e,

2, MEFEARRIRIF GG

(1) BRFIEENERE | ERINEEMRERS | L FES
TGP IER | SFHRNERSES | ERERRER, X
BN HAEFRZ A9 Shapiro FEIR ., S35 URERI LB XILLF
HEENRRANBEHN RS FEELSE—351 15
FRFARORNEIZESRIGEE | BtV A EREES e FEIRIAR S | 15

(BEEEARENSIH7 ) MEBXINNEHMSEVERN
EZNRENE. BEA. REERSIEEFASINIKSEH

GW 170817 FARHMEIESE GRB 170817A ERAMERAIRT
[BZE 1.7 # , LK GW 170817 fIF#HE X ImUEIa0adE
Z 10.9 /BT, XS5ERURIEIAT T 5| DR/ BBRLRIN S5
1236 ( Wei, Zhang, Wu, Gao, Meszaros, Zhang, Dai,
Zhang & Zhu, 2017, JCAP), REIg. HERRESIEE
FRE AR BEE—FEFEIREN A RRERCFEIAL
BRASRTIELE | STLANSSS S URIEBH TeAE RS | FHRIFRN
132 ( GRB 120308 #1 GRB 100826A ). RiELTEEFE

(150807 M EmiRIESIEE ABERHE] Laniakea 5|113%
[EENAMERAIBIIEIZE | 15555 R IR _E PR HE IRFIZE
7T 10~ (-16)2%% ( Wu, Wei, Lan, Gao, Dai & Meszaros,
2017, PRD ),

(2) IRENBICEATMIRER : (NIDRATREERESH
2 FAPRBIBC AR, 2T , BRIFTAXSEEX
i ER R ANALAR R T AN BB RRATC L 2 8]
RURARSEIZESRPRHBC AR E MRER. BT ARRIMNEBR
EATERLIR  MNARER FHUREERIEH T RER LR
B FAMTR TRIBEEASE | EILATNAMRR TS 2IATREERY
IEXTRER R — BRI | N TTATREERPRAIBIC A
BGERIAIRE M. [ERBROANETS I ARIZ RS TR EAMRERT
EEREER S MNIEEET FERILIBIEEERININA
ITER PRI EER | AEEXE MIB SRS S ER M
AMTRERRER TR CBE i 2 [BRYEART [A)E | /e PSR
FTSHOZ AR EEEIRBIBIC T MMER. BETNIREIE
ENRFIA 56 NEFLBRYMIS RATE: LEAMRRAGERTIES
W T BAC A AR N R XS AT B RO | A TNIRE
HEFRBIHERERCATR M FERR  RBIHER
IR C RTINS RELI R R EIHE (Wei & Wu,

BHIEE— N EEERESURFE . FEMIEEIREER I
IREAOMNIZE GRB 1606258 , EFiZE N REIALERIsH
HEEINE T EERTIREERCEZERNARIRTEZE R
IRV EIZEIR Bk B N EEATIEREIRBIERRR , SORBIBC
MR R IS R AR IREIRAIERER |, X —Bh. g
UL ERRIEL 7B B HRFIRS ( Wei, Zhang,
Shao, Wu, & Meszaros, 2017, ApJL ), BB AIASILLTIE
RE TS TEE X BRIRIE TS5 | DAY
REEGEENE (BRLEZZ ). BER. RTEER
FIRZRIEE X RC BT MRRAI R R R FRE
B MR HTTRE ( Wei, Wu, Zhang, Shao,
Meszaros, & Kostelecky, 2017, ApJ ),

(3 PREVEFERIERE IR ARIEEREER SAEHE |
W EFERILRER AT | BPARS I FERENEEL , B
FFHEETTRESREEABRIGE  MERCFAES
K. SEEESIY FRIERE MR, RIRE—RARAH
PN ESERRSS T (BERAETRRRRAE ), Mg
MEAEFCFENARNERAT WITHRIEE | KPR FERIER

15
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SYERRK P EAFRSTERSTERPK P ENAMERAIRTAE | B 758
LERER FRRIZEZ] 107 (-45)58 ( Wei, Zhang, Zhang, &
Wu, 2017, RAA ),

3. BRI RIFHIFER

(1) NIBRPOSIZRHR BRRIEERERRIASZ
MES SRS [ EEAERISEIAR, LS Fermi #0 Swift DEW
MRS R FEHUETLRG 05 1 ZEE, REIESS
NEFIIEERERPHFERIIEFN Blandford-Znajek

(BZ) 38X 2 MO IS | FARAR T ISR 5T
SESIMNERFNARIEMN ERIX 2 Fhebu()5 |ZEA9YIE S SN rTRERT
&, BREERERT BZ - ERNIDRRRyeE
B AOTREEREREI LT, ot , YRR
BREAS | ZErT R E RIS PRIFERF A — MR "X
B, AR BZ SEFAEIRENRERESHMMABIR. Z
HRRBARIRABEEARAR |, ST LA IS RREMERAIET =
178 WK, IESFTEYEST ( Lei, Zhang, Wu & Liang,
2017, Ap) ), REERESEEETIISSEESR , XL
IDRAMIDEILLRER. FIONE | LURRIEEESS ZIRID
IERCEEAFHERRT AT  BETXEYEEZBNGRIT
XM RMNEEES BZ FIEA—E( Vi Lei, Zhang,
Dai, Wu & Liang, 2017, JHEAp ),

(2) NEFXEREIFACKBREICHIREAINIZ S GRB
1606258 R : (MIRBRAVIRER —E=2MIDHEHR
F P — M ETERIRE. REIES SRS S GRB
1606258 #f 35 I {£ ( Zhang, B. B, Zhang, B,
Castro-Tirado, A. J,, Dai, Z. G, Tam, P-H. T,, Wang, X. Y.,
Hu, Y. D, Karpov, S., Pozanenko, A, Zhang, F. W,
Mazaeva, E., Minaev, P, Volnova, A., Oates, S., Gao, H.,
Wu, X. F, Shao, L., et al,, 2017, Nature Astronomy ), M
MEBSI LA EEMNEIES e | RIX M3 RABFRIE
SEIE=RINIANR AR | 3 IR AEARNSERTE S BIZTR
0.8 b, 35 #F0 212 70, ZBJHERS | EILEBEIIR]
ARSI E R BRI RIESX 3 IRIBRHITIF
HRBASFREESTT RIET 2 RIERAIBEERHEE R
% 3RAE | ERMER T IZEN—THRRRESY | &EA
FESET  E—RAEN_ ERIE T AR MR IR
BN EFIRESHKEIS BRI ENE R E SRR

i

(3) IIEDREEEERIAFERAR | REERESIEE
XJEE Fermi/GBM YSUIEIRY 50 MK MNID SR AR5 ERIZE
T T RABAIAR ( Shao, Zhang, Wang, Wu, et al.,
2017, ApJ, 844, 126), BT ATHZMD FIZ MNESR
ERIREER , NT153 T SREEEIEIR I RAVEEERTTE | 7
BT TIRANSRT AR Ak PAYESERIIEAN K T B ERE
FFHEEEP IR R R | XMXRRETEEEM
IBRBRESTHIERNE AR S5, X—TBEHAR T
ISR HEIBEEENTR KBS IER ZRSHIIE R
16

R iEREERIERIFERTE B EE T ERER
EER "R 1778, B, EAREGERENIDEK
IPIEE BARIKAIRFEATE | FHERE MR AR R AT

4, FHARENSRZRE

(1) MRS 10N BRI R RYSES | DIERE TR
FHIABRENSHENMR . B 201559 8 , 510KA
EERNEETIE. BRIEESHRUZ 5 fINBRAHE
SRS IS LR 1 FIRPFEFETERS RS,
ANEREFHESENS IR, 5k, fgE LIGO BIF
%, UIRER EREES KRR AN | sk
HMEZH5 DR SERNE. XE , —&35| RIS
NIRESTHEENRAES RN ARERREL |,
BUBHERENER (WEER) (Fh "BR" , 7510
BIRTRE  NEN S | REERNE RUEZS 173K
BHNZEGR. ZANIEEERNE SRR AL
RHEZET, LR "BR" ER00EEREC , JLARMAF
7 TERDE | IREIFEFERESHIIAN. BIIRER
W, iEETD ER EREEIREONES | Bit/o” 2,
AILIEIRGEIF AR, BERNRIEREIHEE
™, AHERNE 50 MEGRGRS I DERURIS I 1R EE
HXSRIASE | EIRBIFEFSE (ERERENRE w &
3 ) FSERAILAFNERD Union 2.1 #ARHR 580 4> la BUHT
ERFIERBS . XMERNAKF B I DREHEAF
HERITEARAEENSEMNE (Wei & Wu, 2017,
MNRAS ),

(2) EF Ho® "FEH" FERRFERKEE
BISMESEERAIHDFL (Differential Age) , KXFEZHR
BAILANHFEHEMKER H(2), R ERREET NG A
FrlfSAOE IS4 H(2) IRHAR "FEERtER” ( "Cosmic
Chronometer” ), RIADHTARIMERFTRY 30 1 H(2)8udE
RFEINERK. 2Eeh. REERES(FEISHFHEINE
/MO0 RSO 2B TX 30 N H)SUEmEWr e INT—
MEREEZEIES H_0 8519, RASIA H.0, 2
RIX53HTX 30 D H2)EUR | it IR BUX LRI T 5:F
SR AKAIF RS (Wei, Wu, & Melia, 2017, Ap),
835, 270),

(3) MRRELFEXRTTERGIFHMERSE | BRANIR
BIERSR M FEARETRAFTE B EARN
HIEHSH HM la BUEHEHERIRFIFHIR, 2T
H@)#dE |, i 17 R R RS A 5 AR ISR RS IR
HuH @, 8P pHRETFERESHO k. BEE
% la BUEEFTERIRREE SN (F p_H (2) , fBiI9Q_k
{ELHBREL. BITRIATAENQ_k ESTEEYS  RFE
IERINLNEHEK T LSBT HARF (Wei & W,
2017, ApJ, 838, 160 ), &IZE , RIRANNESIFEFIAE
EIREETEM TSR PRSI FEMERFEHAERE | ()
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RMFIEEERNFENRABINE WM EIERZ R
( Wang, Wei, Li, Xia, & Zhu, 2017, ApJ, 847,45 ),

(4) MBRFEFZWR : la EREEAFEH il
¥ RRZAHBRAERNEISLIBANXRERE, (D5
NIRRT EEET la BEHE |, EaLUEA—MNR
ReUBFHEEATER | QEREFHEBEERK.
RIS IER IS RE T SIBARIREIE | FHEH
SIBMERILIRSSIBEEERTEIRSNR/N

RE LAIRAREMRSHIIEETRIE Wei & Wu, 2017,

LUMPD ),
5. AHEKCRNNE R IR TTERIAR

( 1)AR T AT e E B AR R RS I — RS
BRTTE  FHEERERS AR R R E A IR
BENEE. TENFIIEREDE Hb—M2 Js 1580,
Js (EHARZERTREMHEA (BRXMNEE TNTS £iE%
ERIPEE—LER, ZEINERENEFEILUIEE
HETREAIEBER  NRZENRTFERREN , BatL
HREHEGPREIERRIZE—FOCR ML R
IRER. LR RN B LS AYSEE AR M AT LA BT
HFHHX AR R EER R RGO CIB HIZIE R LU BGRAL.
MBX—T75 A EC AR EERS ST L RARES EE,
SERRHT TNTS IKREHE XA T5ER AT LURRRAT SR
RIS EARIEAHFF.

(2) BAF 7 EELE - ER s BRI E{SAR A E RS
% AR T R RRIESTH R R R HAYEISAEN
BT EARAERAMAED. TR 7RI E hRERE R
HiRFT R A RS IR SRR ERE
GRS EN R E AR S IR, SR B
Z (EFRNESERIER hotpants, RURERERTTE
—REFIRESFMIHIREEEIELATEINR. M 2015,
2016 FETHRITFRIEARIFHIBGAEIFIRRITE |
R EELESRTTENF. BRIEEHRAXTETFEE
SECHIINE | BHETHZEVEIERD pipeline,
FHESSRLNIGE, B | HRERTTIEMLALE,

2-10 BARSH R HSERAREHA

(1) &F “RAEE" KX, BERRREEIGEH
EBTFRETRENUAR. SHISPEEEREET
BEMHIE T ZEAS AR T 7 AAUEIN | AR TE
TRERSHING &I T SEFEANEREETERS
RZBIRIBTEELER (Su et al. 2017a,b ), SHXIHFUZEYERT
ERT  AAFFIEE AN S SR ERTH T 7 AIES
REERNIN | AT BLRzsTEX ST (NEE!
RIEEARENT 13-27pc ZIA) ), XN ERTENAISZ
BT RENEHR ERRFRIRICRE ( Chen et al. 2017 ),

(2) &F "RIEs" KX, BENRELZEARUT

REEE SR 34.75-45.25 E. BmIMEE LMD 75K,
IBATE 169 My F = , B 725 ALEER ERARE
1M Extreme Outer Galaxy (EOG)F=iEA , FiF
DT T IXED FRAIEARMR, 2 TR R T IME
B ESFREEERBRNAR  BETRIEERERRIEE.
TRINE ( SAEENEEFEE ) MEERANRE. ZI
TERFRERRZOETI The Astrophysical Journal
Supplement Series ( Sun et al. 2017 ),

(3) BT "RiEE" KX, HESTELINETE
BIERARER ( SITFZMSARER ) X G150 KIFRIELF
UKD FHTERBEMUAR. BIIERZES F=H

"EFERD TR AT FAERD TR AR K
S SBEND TR EA RS Foh A £
FHRD TR TIETD "FHAERD T LH=ZESR
BEERNESR. ZN LFEUTEIFIHRREENME
HARYRIEAIRTS ( Xiong & Chen et al. 2017 ),

2-11 KX BRRHATINE
1) BERDEFRRSEBISEEMR.

BIEMEFARSEBSEEMRR. BT HFWHAIE/
(RIZERE |, 1R 7 —SSHBUESURE D ERTHR | ST
TRRREMS TN | RETHIDZESSE5TEE
BERAHETIARR RIS AESRE. 85, #2071z
TRARMFET AR/ RIZERIOREY | TR T 4R
KESNERRENRMERERIIRE, BR , @97 LR
YRR NI ANEEE 5 L ER TR DS
B, RET BERSF D R ER TR DAEHIRIELS,
LA E—RFINARRSRER T BRI TRIFRSETN 48
KHIRR D BIRFRAEERIRRAIFEFHIT) Optics Express
MERMNZNZEARNELET) Journal of Intelligent
Material Systems and Structures 5 SCI #5FI| L , #H3k18
ZMEZENEFTIRGE(ER  HP—IE R "—FAR
BUEER{EazR AR AR LR BRI ERIER 2017
FEERHIAFEFIE,

Rtk 5 KAREEITG: ( DATES ) iRIZR SR, 9515
BRAZ TEAEARARBERMSIMARZHNE
EPUETE FFEmRR 5 KAMZERR SRR
HERR  HPRmESAKFRITTREE Tl E T
. B, B8 SR DATES [BIERFRAED
FEA , BTEEIE | SEEERITH SRS,

5oRY, DATES 4RELREL (1.2 KR ) BIRAH). SRS

X, DBISLEEEMRERARMTERR 54 FE(E,
IREISERE TRREFAESENE 1.2 ROBRAHRZRERSTERS
( BIEERFIERS ) ISBERIMRERS | RETES
BIEEBELT 20 ik, KIBZREFF RN BTz
EAFIERISCIOIATT ( RiEfSE s, IRERME AR RIS
51t ) DIRRSTEFEIESEN S, AFFRREELR | Tl
17
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MHESRESRT  BNIBAHENE. SEEEE
ERESE LR EHEREHINE,

ABFELTRET E[REEARADI B TAEES M BRIER R, 5 &
BEAMHEHARABSE SR REERAIZREN
THREH—FIEEA 3.4um rms (FE F=44RGINAEE
) BRATRFERAPEEL  RATEK (181,
RESEEN ) BHNRITTIEE | STEEREIRARR RN
i,

El5E DATES REFRRLENERR. (1) REHREIAS
SENEHSR , #3512 K THz K&k, B 7T EEM+E
BRS T2 BNER SRR |, 5 7 AT DATES
KELENEN W IRREFREERRMZT. (5E. N
TAIWENNE, |, 5o TET FPGA RIS =FAE<2stsl ( 5 &
BT AEEIE FIE Bl EEFRLnE SNES.

(2) FFRGBRE TR RAIEFNIFETEERR , B4
5k 7 IFETRAMENS AR ERR. (3 ) FHEm
| 5 KA BInEER S AEREREEDTAR | %
660GHz THESRER , B ErtRk S AT Ak IF B etE M
S5iBEaBnRIESERER AR ESRIEEEERTEE
XERREEHTE  PEHE T REREBEERNET
SRR , I TERRRNFIRA LS — R HRNIER,
B9, £ B=HEFME—PEFHEETEKFEIT
RCSHHERITAERAR, AREEB(CELSIMZME |
77 CST =48 8UARTTREAIRARIZHIEEY J9 CST
BEARITTIET R T &2, ZTIEERITESRER.
CSO XX &EK. IMNETHEHUE Sunil Golwala &1
FEANBEETN.

ElStE S EAM BRI RIRRE UG TRIARMZZE
SRR |, SHL A RIS USSR
MHRZENERFRLRESTSFEER  HEAREE
BRRARNERNE TR REEH SRR , 2017 &£
EE5eAk DATES BIRFFEREEIAIT SRR RS
EEAREERERNERAIEEE ;

HETE (1) 25hBE/ERERFIE HinOTORI 50cm
EinEEigRsE , 2017 £ 9 B-10 BEME AU HTT
BT 4 KBTI R AR I TE.( 2)
FERk TET Linux BEFERERNT IR USSHIELE
Bt (3) Tl TEAR MBS UMFEIX
&, BHIARKTAE, (4) 5o 7 BinElidsMa TE
FIRIFFEESETIE S2RITHR HREHRARIBINE.

2-12 EF SKA BIFHFHREIA

FENEFHAMGRRAEES T, SRS 6
R, BPEIERE 3R OLRE SR, 1R 1K

Il . ARG HFNZABEIRSHERHRTE
18

3-01 FEBRSHERMUHTHRG

1) pMUERFRIBRSINT "REZS/RA—S" =H
BRATEENES | ERREEEEA (R ARE AR
B RSN ERETEERFR  RIET "REZS/KA—
S WHTRE , MERFETRE.

2 ) "R R HE XIS AR R B A EHEA T SR
B". "KENOERF A R RUEITEHE" w5
B SRRt E —FR (BHRE— ) R

2017 FRLSINT ZMERES FHEEITEHFE.
FE5:

@ "REZS/RA—S" TEERREEN ;
@ BEREEMSEREN ;

® "RE—S" H3WW ;

@ FREDREMXETREHETHRIL ;

® HEKIE 3 SSKEHRBRTEHIERECN ;
® /JMTE 2012TC4 Eidie ;

@ P&z 1017 hEtfishidie ;

IR RIEN  BRERRNTFTRAER R —LA5TRNE
ROKEREWAE. AR, e RIEEREE
RN DT, KSEEUEIESSEIE.

T QCT (Z\EEERE ) 5 UKIRT , FRET st
XJ GEO iz A AYENRZIRERER | R T RISREIK
BIATEIINKERIOBISEERFIE  FHEEI Tz BiTHIZ
IRERSEER L. ASEMRIMINEEE ST BieREEE
SARNENEE, AREVUSSIEAEN |, R AR
Zuh, ZRMNAE—ERI BT,

ETF 2013-2015 £ EnviSat NSRS RS
%, ESEAESHEEEERHINGE | USRET
HiekeFEEIR N 2 AEREBRIFTEXT EnviSat fieks
RS E PRI,

ENEREUIARSE BRSHEIRETEERRES
B R EHMEEHSNE FIFHRVS TRIKERE(CHED
Hri&sY | ST THIRIVE TRORTEEY., EIERME , &
T IEEMIE NER I TE X .

KNI AE B T FEhEE BiRERH< R
e fHT7T - ESRENNEELRYG  XB
Lindstedt-PoincaréfsiZ |, 451 7 EHAREUM S TS FRHAIR
R | B3 7 PEEFERNKEO TR

AR RFEREPRA SRR A =E
(EREN=EE R INEER TN, SSPRUHERR  £25
KEEMT  REWREZE  TRERAMNE, X—1T
{RE NIRRT ERRRIEAE. SUMUEEEER
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X,

3-02 PEEREMNLR M ARRESA

1) ERERESHA B 9 RAAX AR

2) EREXESTA A FIRHSEIREAIRBER

ERERESIE B SRAERRIAS XSRS
TREBALHT T 2 REIEEC | SHET 7 ENEERE |
BITNREMHRUN S EREMENER SR
RBEE DR RMFRFHIAAZ TEATRAZER , Hhil
IRAEEREE R E AR B EX EIAFIRRATS | SIRIREK |,
T EETYTHRESR NI SGP4 5 | 1BEIRRBMIFS
INET RS IS HAE) A RER YA B SR AT 7 4 IEAD
BEDHT  AREBRDH TR EIREENRA IS KRBT H
FieHRAt 7RISR,

EREARSIE A FIEEE/NEFFSENERE T

TIERYR B EEE | B ERLERRISERME AIERTT |

BEMEXERINZEDEE , 2017 FERMABRNUN SHES
UTZBHRREER |, REEE 340 Ao, 2 HHEE
[EEEASIREPEEIRA. o, BE 2017 ERE SRR
BT T RAEEERATED TIF S RSB T
REEEEINN IS ST,

IV . TEN RS RURFTER
4-01 iEI KSRV AR R FHFEE

1) E—HFRIIREENASH RN T I BETEIGEIIE
&

2 ) RILEINAKRE WASP-52b A[REFERSHALE

EEHRAETAR EEHTIKIIN , FIRENSIRE
EIRASESE  ETRE GERHMED TSRS EMEL
e

HEFRRAETAREER TR , FIFRENSIK
EEINASESSE  HRE GRS TSRS HMK
B9

(1) ERINRER GJ 3470b BFIASHERI T HHFIEEGY
BIYGEIEE | G) 3470b 28t M BUZENKE. RENX
FERNIFIMTE. FIA 104 K GTC BixiRk OSIRIS
FEEENEN TIZITEN 3 XRENS AN THREN
KSEFHE. ZESEROESAIRSH=ErIEHT ST
=5 ZRF AT RERE T a9 F , BATRERE T/\
NI  BEXSEETNETHGI—ERS  ZTREMHES
MBI SIS FRE. XMERRBBARERL
REMFFEHRERNRE. BNIRIPTERTITH ME
RENTERRBSRUEARNEER R XEERFIA
WEBETREMNEIASES (IRFIKTLEE ) FRIR

JEIMTE.

(2) RIERNZIROERRFRORECES | RIVABARS
HARE WASP-52b FIREFAERSIELR | IRELARTER
BEE WASP-127b FASEIN T S ARERRIEERFIAY
5. #IRT. TiO/VO TERRIFEICERAE | ERARAE
WASP-48b FIASHAIL T TiO/VO HIRJREIEYR., FIFE 10.4
K GTC ExiRAY OSIRIS JeFHEEMN , SRENTHRAZE
WASP-52b RIS H#EL9)9 30 FIRSIEFHE ZEEN
EEEETERSPEEAFENRE | Fl izt E R
REFRAREXSHATREHIAIF =B, MAUEIEER
BRSO TSR T SR ATMAL GE S HIERLR 370 1Y
KEEGHE ZERW 7 REWEFRY, EENRRKELD
R FRIHIRIUE H ATRER D FF SR T . XL DR
B RBREFDCEENZER [RENEDRESS |
“E RS R F IR R RE T IR NZIRY. $RIRRTAY
IR RN  TERASEFTRNZINESEER  BE
S0 1km |, BEFSFAE 0.88K , BRARFERARE.
XS TFHRARBERSHIIRWE, TEIMNPENRNEE
RN,

4-02 HEMXXSEREE
Fepl T EFRINE (RBRREANIT) RISRT I

ExRtrE (RBAREFIT) AIERT TR —
PERALIE. REEHREBMEMTHFEERDE 2
HERFADRATHRIEERKE  HEGREE. 451
EAHRESEEELTEANEREN. RHHBHRHF
ERET APRFI R IREUASHRIRAE  HREREARENE
. ATEREPRBIEAERERRIEEYE. S8
Wi APERFRREFAOERE  PERNFERESIIXR
XE&ET 2014 FHELFETHEERMENERS TIAN

(RHBEREFNTWRERRTIE . Sd 2ER. FHiE.
B, RASREXNTEERAFTEHHEASS | %rET
S5 5 BIEXUts , B 0REE  KIRFIR BRI ETR
B EERMFFSERR G S RYAIAGEEE | LR K
5 B ERRI AR AN T .

toh EERREREF BAESEEHCEARRICE.
AISNTERSELREEMHAINRE | LARIEE. MIEEMZE
ERR , FINUTERR | KIRRITE. RABENIMTE
FEFNFRRSEBMY T KERRTE  FLHR
BERE T —LRENENIER HLAERT 8 BFALX.

4-03 XIEFABRESFEFSHREH
1) FIEREIESR 7 FRSREIRTFNSHE ;

2 )RR R F IR - R R ST AR 5156
IRSTRAHIERNE ;
3) RHABR RN AT LA SRR KA E RS ]

EsRER,
19
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AEERA TEREARANATISEMIE  ZAHR
T RIRIGE R s RR R & A RS E R IRV TR
SRR |, LIRwiERECT I |, BUSZ S mRIErRK
8.

APBRXPAIZRSTRER TS

FEZRITIERERL E | FIF Ulysses BEF—FSHTIH
EFRIRERSORERREEN R, BT %295
EETFREEE | TLOGERRGA S | BRI CHYL TS
EXSXESRAPTINE | IRIEHESERINAI  JLERIE
F Walen RE=E9RESIMERRIGRIRIBLLEREREL. [
VIRIFAZRSE | BRIRSEEENER | ZRERILER OIER
SRR | I XERERERISGRIREE B
EX ;B RHEESAT SRR IMER B AEE
WFEREIN., H—PRITARERR , ABERSERPIME
ESHR R ERLERIARGERES (HIEX
29 83%RYAHE) ). Z It ERIBERLLRABRYTE | fHE
VARIRHSRITS AR SR E R | AN SRS
FARRISEIRER. PIEESHIPT/RIAIAERTE SRS
PR/RSIHEN SR AOLL Bt e B/ OSERS SRiEIE N AEXT 4AU
ZJaf Voyager 2 SUEERAIMELAL, XELERMEN
FMEERIEET 7 PR SIERETIUSHE  XHEIIAR
R AR CRORBLUR M T R ROBR BRI

AR SENDZE/RIGRT

R T BRI DZR RIS E AN S Z
—  REREFRR-ERAST BRI ELRATR-
RRE(ER | aiFMISORREMERSE . 5
REERFA | FEAATESERE(R beta (E-HIELL ) F

BFET , SREFEERMEE SRR ORER |,

ARV RIGEALABRER. siFMRSGRATERENE
ERBFREZANEATIEA |, EEEREEIEATIR/.
P RRHEEAREERKAIE HAE, XLERIEES
EHRASE FAP RSB FINERREEE
ERBTEN RINME.

WIKHEEEE RN S5 T S8 ARz DIeRE

BT RN ES RO HIREE SR ST
REHEBHE FREERAIRE. LRSS FEiEREE
BHAIRAN 187 7 AP T RN E R F B A
FERHTHALE | BSCiR R F AN A LA SR RASIERIE
EEFRF bR,

4-04 TERFSFRSHRNSTIEE

(1) ERESBEIMTERFRERAE "+/\K" LiskhR
Bl R

2) IMTEFRTHENIFHRZ X ANEHER F el
X ERA

(1) MTERERWIEMLR
20

Dembowska( 349 YMTER—TE®/IMTE BER= .
BiERNR B SEREEAR) ; BRIRIINRET
IESHHERGE DI  FTLARTE R AR S RIE .
TRISERERER 292379 AU, EIEAMER "S4" , BT
LATREEKKEIFTE. BRE  ESALE , BT FIXEUIMT
ENEANBEERNATEHRE. FIB ATPM o
Dembowska FI=(EHETINNNIEER KIS THERMMES |
FAREE , RIBRSEAPWIRES (X 1) EFLULEESR
HEAHYIREBENEERNENZNRE AR KRR
EIRE (B 1-3), HRERAM Dembowska FRERIILE
MRETHERAK (40~ 200K ), FRERETMERN (150 ~
180K ), {BERERKMEIRERT 150 K , FRLAREAKRT
BEfRTRKIK, FARATL : Dembowska FIILRERE—ERE
LI GRESAR 150 K LA KT LRRERFE(YY, Yang &
Ji et al. MNRAS,2017),

2% 1. Dembowska BIEABWIESEL

Properties lo value 30 value
Thermal inertia I'( Jm™2s™0 K1) 207 20708
Roughness fraction f; 0.4104 04108
Geometric albedo p, ()3]7:::{;” (’-317i:]‘ :u"
Effective diameter Dy (km) 154;‘ 154 + 10

[ 1.Dembowska HLEA RN ZIFERE EBIIRE D,

Subsurface temperature

o 10 20 30

40 50 80 70 80
Depth (cm)

2. Dembowska XREREHTH.

Apophis MTEE—BRI IR E A B BRI
Aty MTE , MENEEHNRNES o EENEN.
AT Apophis RN, FERAHIN | (FEHEEEEMN
Yarkovsky $UBEREAN. FTLUMEE Apophis BIEEER
BREERTTNENESHNENR. A TMHE Apophis B9
NEZBEER  FENERLRMNVER | 1ERE | RIBRSE
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EXRYWESH ( 11 ), M1 A Advanced
thermophysical model % #t 7 Herschel/PACS #0
CanariCam/GTC 3KEXAY Apophis RUALTIMIUEER |, 35
18 Apophis FIEAZWIIESE (F2) (Yu, Ji &Ip, RAA,
2017),

= 2. Apophis FIEAFWIESE

Properties Value
Thermal inertia I'( Jm 25" K1) 1007340
Roughness fraction f; 0.48~1.0
Geometric albedo p, [],ZKj:':’,fj
Effective diameter D g (m) 382:{:
Mass (kg) (5.541709%) > 10"

024 025 026 027 028 029 03 031 032
Geometric albedo p

& 3. pv~ x2 HiELAH AR AEZRAY 1ofEl.
2.Bennu MTERIRFZEL

FIFA N-body #yE#EE! Mass-spring F2 B T /MK
REAEELN Bennu REFEEIMENHARES
Bennu FAREWRIXE | 7E Scheeres S ATIERIERE L ,
BH—PHRRE T IRERARRTHERSERIR ( Zhao et al, in prep.

2017a),
S s
S

L+

& 4. £E : Bennu B9RIEERL, 5 LA : Bennu EFE

BRST , G TE  FREESTT4EN Bennu REZEMREE
o,

3. BN =HHESIHBIERIAR 67P BEATKDFOH
5

A =4EESTHER8TE R LIME, BT Haser AR HIE
RIEEL 33 Rosetta WINHIHAM EREGERFIK D FRIIEEN
MOEETTOW , WIET Hapi thEENRIZINEES

(Zhao et al., in prep. 2017b ),

& 5. 2014-07-11T22:02:33 67p EEXRMEEFIKD
FrEEHT,

4. 187 4179 Toutatis /MTERTREAIFZEAH

4179 Toutatis BEAEHFIIATHEREEIBEE | E
BIATEE _ SHERGYEM/MTEEGERENE
BEXIMTES ( BFNRER ), FHEIESAIFESHE
K E. EENZMT 2R B ISR T —IRREE S LEHaRY
{REESL. MR Toutatis FIBHAE—FUAMIVIMTE | &
VTEEES WM ERAOIE R |, BT HEEKRYS | 0 TiZXIMT
ENEENE  FErREMINZRARTENEE2NB T
K. BRZESKANESEVIMTE | DEENEEREE
B A BEEFR FERSOIERARTIMAERT
MB35 DB R FEREMRRTAER. FIFA pkdgrav 2 , &
BT HREKEHTRE, EREH  ESENSHT | XM
TRBBHMEREVIMTE (ERIIRE Z BRI EERHER
R PRSI AR T AL FRRYLEN, AT FE CBEEEEAY 1.4-1.5
EHERFERERT , PKE—H5BRI Toutatis FARIEIARY
BREWIMTE | RIFIZANFIRTLAERRE Toutatis BRTAIAZR

(Huetal,in prep.2017),

& 6. Toutatis FIZZEVVIMTER K.
5. {TEEKSENIRGERIFIE

B E BT ENE KT ERRNTEZ AHNRIGE
0 I RE MM — BT RN TERD
BEARR—EERR. BUEEXEERNE , 7
BENTERERMERIN AIMIBETBRIEAEN 3:24L
IR AERITEERBATIEHRUE | BEFEN
BETTERAIHRGE RTEFERIMITETEN
RKIRBHEN 3:2 HIRAMIER | REERIRVTEZ RRERE
KESBRIRIMUESAERF(Wang & Ji, AJ, 2017),

......

E7. TEREBKIENHAN 2 : 1713 : 2 HRAOFNE,
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6. ITEZIEHNAIHRIBLAIFZ AN IR

ErXtERI Kepler iTXINDUZEIRIZ1TE RSP HEEHARY
SDEREIN KO RMTEEENIRPHARLRE SR
BEHRIIKEIHRGEL, IR T — e ReR R REX
—dE, TEEHAREEHREEER | MtESE
AR A TEBRTHAHRMAER AR ORISR
il , SHERNTEESEIMEERNETRIIRE , N
HIRENX B RIRNAIHRAEL, FEHRZAANEIERE EFR 13T
TRENHETE Mg BRI HIET LA ERIRNE
HIRMIBIRIFZEL ( Wang et al., in prep. 2017a ),

* -

,m
i

8. {TERMLREERIER SR TENERIIXER.

7. SITERFRELHAR

BRIRRNZTERRIERSZU T HIRSE LR
R | JTEHEME Trappist-1 RFEIAN , HZREGES L
BT ERMZIAERRR TR  EItHiREE
ARER S TERAKIREREN—MIE, EERTSIA
BT MIENNEIRERE 00T STERFISE
FENFM. FRRNSARATHREREIRIER FTRSR
BRSRE  BEHRUATRGISERERN. HBRSA
FEETERRSERSNRERAN KA SEHRER
BLHFFEE (Wang et al,, in prep. 2017b ),

& 9. Trappist-1 RFHIEIEEI SHIRDEIF/ B
8. Proxima Centauri RFEshFRIEEM

£ Proxima b RIS BB EANER |, Proxima b
0 Proxima ¢ B9 L ESBIEY 0. 90, 180 #1270 &,
RZF MEGNO SEHMHER . XMIERmEIBH S TEIITE
183 16 3 €Ol CO%h) prmmrarepEe, BT HLABE(R
B (£ ) F1 MEGNO FEtR& (A ), IIEHK
FTERERAANBSEXIEXIEEE MEGNO EXATRSE
BRXE  RBEE ARG ES S RERFREI
&, RETRSHEANEEY. SENSMERETF
HARSLE |, LAE HAEEIAL/NF O HEHR | FITFRISRS

22

BIREE | XX Proxima Centauri (TERAREITESECT
BEHRRAEZEGEEMNEN (Meng et al, in prep.
2017),

E 10. IEHEIBAER , EERHBEGF MEGNO BYE
TS E BRI,

9.187 Kepler IRINE R FH1TERTHNER AN

Kepler EETEN— M EXERNEREETFNERE
RITINERTE ( CBP ), {TEEETINTBREIEE
TRIFAERE Kepler-34b 71 Kepler-413b AUSEMIEL, A
R T —FERRIHLEI- BN ERTALNEIAY CBP FIBHZLRNY
ERFPTESTEERTREIHIFTEL XZ5 CBP £
FIFRIEITIESRR | XEXRAESSHANERIRG
B msEREPSEES  BlilZAsRERS. AR
R, TENREFIWIRIERERRETENES
BSHNENEERE |, T2 S1TEENEEIWHIRITHE
BT 7 BRI Kepler FTILNZEIRY CBP HEMEY, HIgN
Kepler-34b (a3 2 (Gong & Ji, AJ, 2017),

¥

o
""E Kepler—34b

B 11. Kepler-34b MIFRISHE. LIRELH
Keple-34 ( AB ) BENASELR , BrEgk/7 BaiAINIL
s,

10. IERERTERTSENRNEED ST

LA IRS 48 disk Al , £ LA-COMPASS #Q
RADMC-3D j#4T 2D RUFRMMENIT 3D AUEESIHAEITE
FHER CASA 1=l ALMA 5 EHESTHININ | 45 HHEERE
ARG FRRERITERE PRIBISIHLE | RIEE T #nhE
RERTERTRIRUENNFARER. B 12 SHARE



Annual Research Report’2017

ST EEEIRIMRESTE | CO Sk J=3-2 HalR GRS
R EBEDE  EERE. W\PRERRRIER TIER
B, NTIAERITEZP N IERR A T HERKE
(Huang P, et al. , in prep., 2017),

FEEER)
cOcec
00000

B L2 NEET , DENSRESIE , CO Sk J=3-2 #af
REIELANELIRE | REDRE  BERS. MAEEAATR
EREE R, SR | ERVE | SERIRA
K, BERREDHERAEEL, RS EEAMERRIER
feSlINIve=1

11 MEIBIRA TR T SR RRMERSHT

A Wang #1 Jacobsen ( 2016a ) RITAEISHEEH
BEMURUETSE D 7 RE= M RBCEXRG/NEEIR
ARYEREMUERS . A RIERARIEREMS 2 EE
% ( 641KBSE: -0.10 £ 0.03%0 ZE 0.16 + 0.04%0 ), 54
FAEEERNMR KX ROE—NESER A IBIK

(BSE) TR (E 13), RiESMNERMTREURARE
IFEIRAT A BRERZBRINILL  BATAER TR
ERAPEXRINHINRMMZEANE Tk, BahiER
FEERRM T BB AIE RS B4RHIE ( Wang and
Jacobsen , 2016b ), MIB¥kA Cu #1 Zn AL RES
AIRE R aRK F R MGHREL I TRIER, HRMERELLA
HIRRBEGEFITES RIVERIERI T R(iang et al., in
prep. 2017),

AT T
08 06 04 @2 0 02 04 06 08
541K pee(%o)

13. FERANERMVERD . KEEFRAERAE
MIEE S ( Kfh. HIEIFIF+HE ) =Mt H SR
BEIZERLS (Wang and Jacobsen, 2016a ), fERETE
A, FRZEESFERARN RN RN D THEER.

12. MBI E RS MR T — eI NKARS | 1351t
BI5E

MTERSHRUMESF | IMTENIEAEIHDZREXT
RNsSENMEXEE, EHTIREREZ  FIF
(R RER TR AN S EIA 5 A8 E— L.
EXANTEh | IBET—Fh=42Sa (BE= B ) B
BRI EIGE e RTRRTE A=A ER ST
FEMIE. BIX Toutatis MHAIRNISSHESMER T YT
b2 /e | RENZS AL AV SR AT SR ( AiEF
BE LTS ) FRIREE—EBR FaILUEZ( Hu etal,
RAA, 2017),

14. ERRISHT | FIRZITEER Toutatis By
EAHESETHENES (RE )

13 fFH MWA IRUZSERE R

EXRENMEES |, AT T HIABRISTRENNS , £
ERMNEEENE BESHR. BIERIESS
DEHEHITEHHRIA , BRUINSR/NEERIFTE

(cubesat ) HUBRESS 600 km , KNTEAER, XIE
BRTAIA FM TR ESRiRN=EE R 20T, B 158
KTREIAEIIRNEIRSZSEE | Duchifat-1, ERIRES
ESEEIFEANEAEEHS | SSKEGRINRSREN 27, &
BEBRAFRRMEEENEREEEHNEER 2 MRS
EIFFHERTRIAIE. TR NS RIESIT AR | XBEH
KRB GHIZEER (Zhang et al., submitted
to MNRAS, 2017) ,

| l I

E 15. BREAREAIEFIRNEIRISZ7T PE Duchifat-1,
4-05 RIFECFHITERFIIEE

EEBHRRIRA PHE 7 APAR R H =R ;
KIT BERARHES TR AEBEFE  NEIMTE

™o

1 ik EREEaNAZE , MIEERAR | £
EXREEEYEOARMEANIEER  SRPBSHAERY
EPRBIRRSEGEX. SERMVEFNRS | RELHET
I EERRERBLRET 4.55 Ga, REUMHERFE—
~4.1-4.2 Ga RO HERIER , SRR EFSEPRIIE
BEFEA—E , RPN KIERE~4.1-4.3 Ga ZEHRATREFAE
—HArZAOERUP TR, ERAMSRART Geochimica et
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Cosmochimica Acta 204, 159-178. AEEIIRAERELIT 10 MU MTE 8
514 Aten B 4 4 Apollo E 5 4 Amor B4, Er 2017
BL3 22— Apollo BUBERNTE (HIERE :
a=1.61AU,e=0.69,i=12.28,q=0.50AU ), &l EEnHAE
HERREERIT 15 MR MTE, 2017518
IR R R RPN R TE_ ER-PERE R (ES)
— (REULRXIEFEN=FERBNIAMTE)Y |
LTRSS QR RIEITTZERRNHE. B
3. BEINAMEZ GRS RRERRREERIR #Y) , B REEERSASESHAHE.
EMER. A, BINTIER~FESORAaRR&Ra U-Pb
EURARZEERESSFETEEEERENERX ,

2. L BERkKIBRA NWA 7251 A9BEBRENC S 7 AR
REFRS | —HBE9 440 Ga, 3—Hi/9 047 Ga ; 047 Ga &
ERPERIERREFE NWA 7251 RAETIARE. L BEIRAIRR
A NWA 7251 haiariahadstca CI/F LUESHEEL
WK, FJRESISIERBEX, BXMRE Meteoritics &
Planetary Science &g,

% 1. 2017 FEFTRINA MM TR

REZEHEITEDR P-T-t AN, HEXKRRE R HIEER AIEEA
Meteoritics & Planetary Science B+,
2017 BK3 Amor 2017/1/21

4. INBYRARZ RIRSE S aTRe T AT R B RIAE(E
SERMEMES  EMELGME D emEnER, @y 2017 BL3 Apollo (PHA) 2017/1/21
MR FRNERATRR A EAM T HEEEEE |, as Aten 2017/1/22
U-Pb EIRIZRAERL , NRRX—ETIRARR, 1EXRED
B, 2017 DC120 Amor 2017/2/28

5. &I HED ThFfE 4.530 Ga EAM—HIEERERS 2017 GS4 Apollo 2017/4/1
HEMH | Rulse SERENNERRER. HHENHER
REVRFTAEREERE, ERFERAIHL HED BIREaR 2017 KR27 Apollo 2017/5/26
SIS RIS IR | SEIAZEIRRIME HED R 017 op1 Amor 2017/7/19
IRAETPURZNEFEEINNEIEFIHE—. XFHRIAB
id HED £ Ar-Ar EEESRISH) 4.48 Ga IGEEFRHRATAEN 2017 QS17 Apollo 2017/8/23
%Hﬁ?&%ﬁﬂ’?iﬁé 5% iﬁﬁﬁﬂfﬁﬂ@iﬁ%ﬁiﬁﬁio TEX SR 2017 QQ32 Amor 2017/8/27
1£ Geochimica et Cosmochimica Acta Fig4.

6. B NWA 11042 hy—Horamply Bspempgn 12017 RUL7 Amor 2017/9/12
A HES R ERST S X EREHEE , ERRRER 2017 % 3 B 1 BiEtRASTEATER /2017 E2
5 L BIRAIRA—E, SEMEy EREMEFREDT (Tsuchinshan) , ZES 7iZEZE2000E | SEHMA i=79
HEIZFER/IRE L BBk SARIERI=Y  FHHERT B, PEETESERA AR NKEEEMISE, 2K
A FHOTEHERRIR N, B ARADISIRTS. RiEFIH 2017 FEETEE FRRHRIS AR

TE AR TARORR | RERIRR S SEIANRIE IRIEIRE.

EET  BRMSS TR SHNRT AR EE) , 2
B : 1) SEREREMIYURRERABLE+EXRM

"RIMNERBESRAR" | RiH£9E 10 AZSESW. 2
RESITEERE ARG | IR T X ARAKREAPAFRAIRE
REFITAIR, ENETIUIRIR. ERENESRMNRE | 1§
RIGHRERBAE AR | BUS T RIFAIRIZFEREHR.
2) 25EREAHEEDN "EE" RMFRRUR  5Sm
Mt AT TERIFERRIA L  IEFRPFERTRIR
MBHRIFERS AT ERN RN AR EEE T ERm T
HE.

4-06 At K{FERE FHE

1) IRt RAEREHFAN 10 NawTE , Hh—
EXHEO R BRI MTE.

2) ImRREIREH AT 1 NEE,
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& 1. C/2017 E2 (Tsuchinshan)E21HiEffs

2017 FHEIENT 416 MEHYIMTER] 2276 MUBHEE |

B BRI R ETR SIS T 1552 MNEHIMTE |
52T 9938 MuBEHERE. FRAPAFNKAKIIN | £
THERIG 244211 D OR)ABRZ/INKIART 990452 N ILNELSE |
LR 425 M EUETIINEES 7 EMNERZH+At
BN EHER S (IR ATLAS B iGZ
&) 2017 FEHARIT 600 NMAIMTE , B 51 VM7
ERETENRS.

FRTRERNMTENRTKX , 2017 FEHITHHFET
12277 N MTER) 51720 &¢Iz, IR TIRERR/N
172 ( Fast Rotate Asteroids ) BHEZE , FAIM T — 1NN
B 2006 DZ6 A—MRUEBRRIVMTE. FIFEEHTRES /N
TESARRE T BEF USRI SRR,

TR ETR IR 7RI, BRAFRT "8
B-BEEmEKXIT" (PTSS), HREHMERRSE
B4&5emAEX SDSS-r, SDSS-i, VR & 3 MNEERILRLEX
B R XA B IR BB REGRL R | A
EHHRIEREIREAER 60 1.

FRT/IMTEBEHENBIAR LABLRT 4 244 LS &8
SRABEZY Hapke 188, £ Cellinoid REVIMTERIK
REFEE TRFIER  FHEFIF LS BRSHNERS
DHTRBHT C/S IMTENEEIRID . BIMXIIMTERF
RRE , BIOARTRRAGEE T REILL/IMTERN
cellinoid FARERIRITS % , 733 Hebe, Toutatis, Eros iX
=NMTEIRT T ETLRMINEHRIEEEN Re 78
R B E RS HNREEE.,

A FSER SRS DR it R R i SR AT SR TR AR
HERFENTHE DO R B G ARG RGN EE
WAEBERRPSINREZIGE. B THETRGNRS

(Bobey ), FERNZL LT , JATRERIBERRE T IR
RIS | @ T EE ERRBIREHENERS ( Tsar ),
FRUSBA TR ER | IR 7 ATRINAURER. Sohk
Tt RABTRE R RS BFHR |, 5ol 78R
ERREHHRAREIAR]T 200TB (RIlE T R4S RS
KTpEEN ST T R SR I E R RAISERT &R, 2017
FREFERIERIAEUESE) 13.5TB,

KIS HIHEMN , FFET LUGO 3|HiKEANE
SIS RIS R | 5ok 720t 8 1k 2017 FER
ARY LIGO iR, ESFHNIBE 8ERR VAR
KRNI, Fast rotate asteroid #Z. 5|JJiKEMAXIRL
i Li-Paczynski EFFEMMHAT. PRFBHFEIIRR
BR. IEsEENlE. Sk rRAREEShiHER
FHFRASED R,

4-07 TENEFHREA (&)

SENANESHAKIRNSIEREE=SEMX RS
S

IR =SERXRAMEHRR
1. EE=SEAIRNEIERADHT. LIESNARR

IRE =5 BERFHEHAVIIMNGEYSII T BIR B EIRAL
FEEMR, B ERRAERBEENERINENA R FERE
Pl RIREIHEREEATRAEIN FIFRFRIAREIL)
PRERIXSYEERIEZN 2 AR R T EMAFRIEER.
BERHT MARNEIETR  MEREREREX M. 18
B=SAINGERUBIES KRR (209K, iH
EAERITS ) M Y. BEREARSSH  BREEES. it
BRESRATINKEOER LT 8-10um , TIBIKTE 2.3um BAT
RYVHFPAINL, FEE=SAIOEMETE 2.2um [BF 2.3
m FHEFHFAERE XA SRNER 2.2um IRIZRTEL , T
RRAFRMEGIATEL

ET BAYGEERMEAR | O =Sa/MNGETRE
TRNIESAE K18 7 HEN RO HEE =S5
RIEAFNERBEERR (Wu, AJ, 2018 ). RIETHIE
YKEESE (Wang et al, 2017, GRL ), RETMRERE
IBEFIASIE (Wu et al, EPSL, 2018 ) SERHMEMR.

2, HE=SEMKIE. WG MoEEHHR

EEER SR NS B NERNSIETER =S5
AAIRUEEE | S EH =S EMX AR T S tmMR | K
BTHRHERRET Y (R THENXRESEMEA | 5K
B, 2017 , R ). AW TER=SERRFRNNE
& ( <50Ma, ITEINKBEK 31 {ZERMFET , ARIIERA
BAGMETERSERIR | BrEX AL St SRR
KESHAR  ES%ERT Y 28— FEsit—
SREERTSI MH ( Wu et al,, Icarus, 2018 ),

3. EE=SEMXRPAXRERAEESHRLE

BBREEHINME RIRT BIERNR O BRIEREIRX A
REMNHRARXEENRENECEEEERN. &
HTY BRXREMHIREEAERRE. M TREREES
WA AR | RASEER BRI SEVEREE ; X
TraEmEarI RS KEFEXRE E38G)
STRENE ( ESNEA ) SOEHIRRR |, FIRR/\RG
I (REFIEER ) FIEARAT (BFTEE ) RIR
ANERSRELXR  RERPXHEHEEE. BidX
ATTE  aH TR X R AR O HEREESEH AR T
{&%3 ( Chen, JGR, 2018 ),

=. PARRSEE
1. EFSIESEREER
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SFNEHTHE 210 R ( BEREIL 27 AR, i
FEGEXEEN 20 AR ) £FERGFREEERS
SN 124 0%, IR 2-3 0K ; KA 153 AR,
BiEskn 11 AR, thEhED/EDERSIN 437,

2. FEEGFSERBHE
1B=B3REIHR FRERAY TeV BFFHEIEEES

EESXATEELRIENRARBERENDHHI
FRRATFIRIRATTE  SE T XI=6E( 5 GeV-10TeV )
BT, MSSEN "EHaEmEa” Wl

EESETERFRTERFRRCSEINEAER
EREHRZSIRNSHEHARRT 2005 FHEH , &+
ERPEFEERS. RGBS G T REAL. 2011
£ 12 B 21 Az BHRIERFINPER F ARt SEm-
TERFEW  BHARRIEEPENERERTR. 228
FRNERAREIIRYE, FEREERAKRE. TR
RFT. SRIEARFSERTERIFHOKSHE. Rkt
NEREAZ. BEXFEREERRR TS S TEFR
fRAUA. DEFERPRIBVNEEMRFITA | IR
FNARKARS R EEL , PEREERAKRE. BR
RAFESERUHSSTEIRF MBS IRERIRA
i T BRI,

RERAERHR( EiF LA BRI R /RiE
B AMS-02, ZERDESHIFER 2012, 712%=), B=
S "BRFETF. MIDHERRENEERE" LK "XD
FRFSERFAIAT" XA AISR A EHFRRE |
NEHESSHREY R FERS R LR — IR RGN
BEIE (BEIETERUEFE FHERERERIIRMLER ) 55,

fB=SF 2015 12 B 17 BRI 2T EAIEM
RAXBE. %ZPENSIES T LIBMEERERF AT,
FUXEB 973 BSERIFRTHENE. ERBANFESER
2-FERFRTARFEERKSES. ERESENLS
FEE/MAEFFES. TERZFER "BAUK" FHEN
KI3THE.

B EENITHIRT 530 RIRE TH 28 (ZHEREFH
Hi2k , Hh@ 549 150 1 25GeV LI ERIBFFEEIE.
BEFXLUEIERF A RKIR T BRlEr LEE RS
TeV BB PR EHEIEIRNESR | 918 1 s, ZAR TR
18 2017 £F 11 A 30 Bt Nature ZXE1ELE AR,
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1) E=SHBRFFHITLNEENE TR LEEIMNY
FEIFNIEE ( AMS-02, Fermi-LAT ) EEZES , I8
TERINERFHENED.

2) EE=SMERR TeV BFRIREESRE. "H0F" EE
&= (BHERTFREANNETHESRD )

() BE=SEXEENER THFFHNEEEE~L
TeV 4bRUIBHT | iRt RIR Y FHPSREE FiRSRATEE
IEEED EHERI IR T A THIERRD( BERRT 1 TeV)
EFFHLRGRE TRYREE XL ER.

LtEoh , FE=SHEIEL B~ 14 TeV AFaeE
KB, BRIFTSSETINSIRE | ERSEEE | —
EZEREHSEIARIE SRR AR AR A E
KK,

2. FERRBIR R IIBERS | DIKREARIF R

BEE 2015 GF5|0iRAENIN_ W ERSEST , SHkr%E
3| DN FEERERRA N SRR EZRGEENREE
HHES. FERZREZS IR EERIRERNETEHE
—E BB | RREE MRS, 2017 & 8
B 17 B ,LIGO 1 VIRGO ( RUM "=4EE" 5| F7iEmues )
HERUZIRS RS GW170817 , R AKEIRERIR
MEIBRERPFEHETEMNS 1 IiKSM. LR 2017
F 88 18 H 21:10# BIEEES |0 ALE 24/\NEf5 ),
FERMIRK KRBTGS FEFIAEETERIRE CIHE
1THYEE 2 BEimiE AST3-2 X GW170817 FFE T EXHIW
M, HRVLUESE 10 X |, 3RETAENEEHUE | IRUE
RS | IR ES. XERENE R REES
SHNAEREARNERESM  FNEIT 35N
ESTR | EBRENRSIFEE NERRSHTS.

2016 £ 2 A 11 H , EEMESEHESCTE S | NKRX S
LIGO EfmRNEIRENERFH G5 R4ET  —28IEK
T XABHOA RIS DK ATRS. 2017 £ 10
RENRIEFIZT LIGO N=(UEEE,

2017 &£ 8 B 17 B , LIGO #0 VIRGO ( ERi| "=2zkE"
S|F7iRdRNIES ) HERNEIRYS I0iKEHE GW 170817 , 2
ALEREERNE BRI FEH SRS 1 0IKE M.
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BEERIVSZ A, EEFARRE Fermi fIIBStE4 B EFRUH
INTEGRAL BEFRUET—MEISHUSHHRMIIIZE GRB
170817A, £¥BJL+EXIEEX GW 170817 FET
JEHEYLR | BEREIXORRYS | RSB R AL TERE R IR 1.3 125%
FZINIRSI NGC 4993 ER S,

E1:AST3-2 72 8 B 18 BMINE MRS IIREHES
(LIETTHER )

BdtmedE 2017 & 8 A 18 H 21:10 i ( RBPEERIRS1A
IREHRE 24 /1N\IIfE ) FERRKRERE AST3 G1FHE
AR FBIEAE ERR B CUAE 7RIS 2 B BImR AST3-2 3¢
GW 170817 FET BRI , EORNLNFEE 8 B 28

HREBRIE T REMEEENE | FHRNZILIRS I3RS
E’JJ‘G—?— 55 (B 1) XEHEMEREMR SRS
KRBT T AR PFEFEHMIEH 1 %ERAIERE
(81 3000 /MUBKERE ) AR , IXLADIRLA 0.3 f5RIYE
TR ERRTE) , f SRRSO YRR RS |, IR
EESREERITTER. B  IRE ISR ARIAIR | IE
ITWHFEASEHREFHTAPIEETE (£, R)

SR,

_vj%
“‘?{ i\‘_@

’}" 3’& io =,

B 2 : EAmRkiKKEIRE AST3-2,

AST3-2 EREER CILENE SRtk RERE (
2), HEMSELOR 50 BEX , EEikIERANFSE R
&, HEXLLU TIRGIKE T ABTFE BN,
AST3 BB ARG HRR TR/ R T AZAHRHIARER
%, RS GW 170817 B9 , EFRBRAEEH
RHROHNMIAEIERE T EXMA.
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I. Dark Matter & Space Astronomy

‘ \
.{ 1-01 Cosmic Gamma Ray Bursts, |
! !
! !

Neutron Stars, and Relevant Physics

81K, H 286 %

A parameterized energy correction method for
electromagnetic showers in BGO-ECAL of DAMPE

Yue, C (Yue, Chuan); Zang, JJ (Zang, Jingjing); Dong, TK (Dong,
Tiekuang); Li, X (Li, Xiang); Zhang, ZY (Zhang, Zhiyong); Zimmer,
S (Zimmer, Stephan); Jiang, W (Jiang, Wei); Zhang, YL (Zhang,
Yunlong); Wei, DM (Wei, Daming)

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH
SECTION A-ACCELERATORS SPECTROMETERS DETECTORS AND
ASSOCIATED EQUIPMENT

#:: 856 Ti: 11-16

DAMPE is a space-based mission designed as a high energy
particle detector measuring cosmic-rays and gamma-rays
which was successfully launched on Dec.17, 2015. The BGO
electromagnetic calorimeter is one of the key sub detectors of
DAMPE for energy measurement of electromagnetic showers
produced by e(+/-)/gamma. Due to energy loss in dead
material and energy leakage outside the calorimeter, the
deposited energy in BGO underestimates the primary energy of
incident e(+/-)/gamma In this paper, based on detailed MC
simulations, a parameterized energy correction method using
the lateral and longitudinal information of electromagnetic
showers has been studied and verified with data of electron
beam test at CERN. The measurements of energy linearity and
resolution are significant improved by applying this correction
method for electromagnetic showers.

2%, 4286 %

Revealing Physical Activity of GRB Central Engine with
Macronova/Kilonova Data

Shen, ZQ (Shen, Zhao-Qiang); Jin, ZP (Jin, Zhi-Ping); Liang, YF
(Liang, Yun-Feng); Li, X (Li, Xiang); Fan, YZ (Fan, Yi-Zhong); Wei,
DM (Wei, Da-Ming)

ASTROPHYSICAL JOURNAL LETTERS

%: 835 M 2 k5 122

The modeling of Li-Paczynski macronova/kilonova signals gives
a reasonable estimate on the neutron-rich material ejected
during the neutron star mergers. Usually the accretion disk is
more massive than the macronova ejecta, with which the
efficiencies of converting the disk mass into prompt emission
of three merger-driven GRBs can hence be directly constrained.
Supposing the macronovae/kilonovae associated with GRB
050709, GRB 060614, and GRB 130603B arose from radioactive
decay of the r-process material, the upper limit on energy
conversion efficiencies are found to be as low as similar to
10(-6) -10(-4). Moreover, for all three events, neutrino
annihilation is likely powerful enough to account for the brief
gamma-ray flashes. Neutrino annihilation can also explain the
"extended" emission lasting similar to 100 s in GRB 050709,
but does not work for the one in GRB 060614. These
progresses demonstrate that the macronova can serve as a
novel probe of the central engine activity.

B|3K, H 286 %

GRB 111005A at z=0.0133 and the Prospect of Establishing
Long-Short GRB/GW Association

Wang, YZ (Wang, Yuan-Zhu); Huang, YJ (Huang, Yong-Jia); Liang,
YF (Liang, Yun-Feng); Li, X (Li, Xiang); Jin, ZP (Jin, Zhi-Ping);
Zhang, FW (Zhang, Fu-Wen); Zou, YC (Zou, Yuan-Chuan); Fan,
YZ (Fan, Yi-Zhong); Wei, DM (Wei, Da-Ming)

ASTROPHYSICAL JOURNAL LETTERS

%: 851 #: 1 LWk 5: L20

GRB 111005A, a long-duration gamma-ray burst (GRB) that
occurred within a metal-rich environment that lacks massive
stars with MZAMS >= 15M(circle dot), is not coincident with
supernova emission down to a stringent limit and thus should
be classified as a "long-short" GRB (IsGRB; also known as an
SN-less long GRB or hybrid GRB), like GRB 060505 and GRB
060614. In this work, we show that in the neutron star merger
model the non-detection of the optical/infrared emission of
GRB 111005A requires sub-relativistic neutron-rich ejecta with
a mass of <= 0.01 M-circle dot, which is (significantly) less
massive than that of GRB 130603B, GRB 060614, GRB 050709,
and GRB 170817A. The IsGRBs are found to have a high rate
density and the neutron star merger origin model can be
unambiguously tested by the joint observations of the
second-generation gravitational-wave (GW) detectors and the
full-sky gamma-ray monitors such as Fermi-GBM and the
proposed GECAM. If no IsGRB/GW association is observed in
the 2020s, alternative scenarios have to be systematically
investigated. With the detailed environmental information
achievable for the nearby events, a novel kind of merger or
explosion origin may be identified.

4%, 4286 %

Multi-messenger Observations of a Binary Neutron Star
Merger

Abbott, BP (Abbott, B. P.); Abbott, R (Abbott, R.); Abbott, TD
(Abbott, T. D.); Acernese, F (Acernese, F.); Ackley, K (Ackley, K.);
Adams, C (Adams, C.); Adams, T (Adams, T.); Addesso, P
(Addesso, P.); Adhikari, RX (Adhikari, R. X.); Adya, VB (Adya, V.
B.); Affeldt, C (Affeldt, C.); Afrough, M (Afrough, M.); Agarwal,
B (Agarwal, B.); Agathos, M (Agathos, M.); Agatsuma, K
(Agatsuma, K.); Aggarwal, N (Aggarwal, N.); Aguiar, OD (Aguiar,
0. D.); Aiello, L (Aiello, L.); Ain, A (Ain, A.); Ajith, P (Ajith, P.);
Allen, B (Allen, B.); Allen, G (Allen, G.); Allocca, A (Allocca, A.);
Altin, PA (Altin, P. A.); Amato, A (Amato, A.); Ananyeva, A
(Ananyeva, A.); Anderson, SB (Anderson, S. B.); Anderson, WG
(Anderson, W. G.); Angelova, SV (Angelova, S. V.); Antier, S
(Antier, S.); Appert, S (Appert, S.); Arai, K (Arai, K.); Araya, MC
(Araya, M. C.); Areeda, JS (Areeda, J. S.); Arnaud, N (Arnaud, N.);
Arun, KG (Arun, K. G.); Ascenzi, S (Ascenzi, S.); Ashton, G
(Ashton, G.); Ast, M (Ast, M.); Aston, SM (Aston, S. M.); Astone,
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P (Astone, P.); Atallah, DV (Atallah, D. V.); Aufmuth, P (Aufmuth,
P.); Aulbert, C (Aulbert, C.); AultONeal, K (AultONeal, K.); Austin,
C (Austin, C.); Avila-Alvarez, A (Avila-Alvarez, A.); Babak, S
(Babak, S.); Bacon, P (Bacon, P.); Bader, MKM (Bader, M. K. M.);
Bae, S (Bae, S.); Baker, PT (Baker, P. T.); Baldaccini, F (Baldaccini,
F.); Ballardin, G (Ballardin, G.); Ballmer, SW (Ballmer, S. W.);
Banagiri, S (Banagiri, S.); Barayoga, JC (Barayoga, J. C.); Barclay,
SE (Barclay, S. E.); Barish, BC (Barish, B. C.); Barker, D (Barker,
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On 2017 August 17 a binary neutron star coalescence
candidate (later designated GW170817) with merger time
12:41:04 UTC was observed through gravitational waves by the
Advanced LIGO and Advanced Virgo detectors. The Fermi
Gamma-ray Burst Monitor independently detected a
gamma-ray burst (GRB 170817A) with a time delay of similar to
1.7 s with respect to the merger time. From the
gravitational-wave signal, the source was initially localized to a
sky region of 31 deg(2) at a luminosity distance of 40(-8)(+8)
Mpc and with component masses consistent with neutron stars.
The component masses were later measured to be in the range
0.86 to 2.26 M-circle dot. An extensive observing campaign
was launched across the electromagnetic spectrum leading to
the discovery of a bright optical transient (SSS17a, now with
the IAU identification of AT 2017gfo) in NGC 4993 (at similar to
40 Mpc) less than 11 hours after the merger by the One-Meter,
Two Hemisphere (1M2H) team using the 1 m Swope Telescope.
The optical transient was independently detected by multiple
teams within an hour. Subsequent observations targeted the
object and its environment. Early ultraviolet observations
revealed a blue transient that faded within 48 hours. Optical
and infrared observations showed a redward evolution over
similar to 10 days. Following early non-detections, X-ray and
radio emission were discovered at the transient's position
similar to 9 and similar to 16 days, respectively, after the
merger. Both the X-ray and radio emission likely arise from a
physical process that is distinct from the one that generates the
UV/optical/near-infrared emission. No ultra-high-energy
gamma-rays and no neutrino candidates consistent with the
source were found in follow-up searches. These observations
support the hypothesis that GW170817 was produced by the
merger of two neutron stars in NGC4993 followed by a short
gamma-ray burst (GRB 170817A) and a kilonova/macronova
powered by the radioactive decay of r-process nuclei
synthesized in the ejecta.
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The GW170817/GRB 170817A/AT 2017gfo Association: Some
Implications for Physics and Astrophysics
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ZP (Jin, Zhi-Ping); Yuan, Q (Yuan, Qiang); Zou, YC (Zou,
Yuan-Chuan); Fan, YZ (Fan, Yi-Zhong); Wei, DM (Wei, Da-Ming)
ASTROPHYSICAL JOURNAL LETTERS
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On 2017 August 17, a gravitational-wave event (GW170817)
and an associated short gamma-ray burst (GRB 170817A) from
a binary neutron star merger had been detected. The follow-up
optical/infrared observations also identified the

macronova/kilonova emission (AT 2017gfo). In this work, we
discuss some implications of the remarkable GW170817/GRB
170817A/AT 2017gfo association. We show that the similar to
1.7 s time delay between the gravitational-wave (GW) and GRB
signals imposes very tight constraints on the superluminal
movement of gravitational waves (i.e., the relative departure of
GW velocity from the speed of light is. <= 4.3 x 10(-16)) or the
possible violation of the weak equivalence principle (i.e., the
difference of the gamma-ray and GW trajectories in the
gravitational field of the galaxy and the local universe should
be within a factor of similar to 3.4 x 10(-9)). The so-called Dark
Matter Emulators and a class of contender models for cosmic
acceleration ("Covariant Galileon") are ruled out as well. The
successful identification of lanthanide elements in the
macronova/kilonova spectrum also excludes the possibility that
the progenitors of GRB 170817A are a binary strange star
system. The high neutron star merger rate (inferred from both
the local sGRB data and the gravitational-wave data) together
with the significant ejected mass strongly suggest that such
mergers are the prime sites of heavy r-process nucleosynthesis.
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Shapes of Ne-20 de-excitation line in solar flare

Chen, W (Chen, Wei); Gan, WQ (Gan, Wei Qun)

ASTROPHYSICS AND SPACE SCIENCE
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Since almost all de-excitation lines from nuclear states excited
by flare-accelerated protons and a-particles are emitted
promptly after nuclear collisions, the emission photon's energy
depends on the velocity of the recoiling nucleus. The energies
and widths of gamma-ray lines provide a wealth of information
on the directionality and spectra of ions in solar flares. In this
paper, we use TALYS code to improve the cross sections of
gamma-ray lines production, and calculate the shapes of the
1.634 MeV line from de-excitation of Ne-20 as a function of
ion's energy spectra and the heliocentric angle. Taking this line
shape as an example, we try to develop a new method of line
shape analysis to study the properties of accelerated ions in
solar flares.
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The Confined X-class Flares of Solar Active Region 2192 (vol
801, L23, 2015)

Thalmann, JK (Thalmann, J. K.); Su, Y (Su, Y.); Temmer, M
(Temmer, M.); Veronig, AM (Veronig, A. M.)

ASTROPHYSICAL JOURNAL LETTERS
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react-text: 252 We report high-cadence H-alpha observations
of a distinct Moreton wave observed at Kanzelhoehe Solar
Observatory associated with the 3B/X3.8 flare and CME event
of 2005 January 17. The Moreton wave can be identified in
about 40 H-alpha frames over a period of 7 min. The EIT wave
is observed in only one frame but the derived propagation
distance is close to that of the simultaneously measured.
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On the time evolution of brightness, volume and height of a
coronal source in an M-class flare

Firoz, KA (Firoz, Kazi A.); Gan, WQ (Gan, W. Q.); Li, YP (Li, Y. P.);
Rodriguez-Pacheco, J (Rodriguez-Pacheco, J.); Su, Y (Su, Y.)
ASTROPHYSICS AND SPACE SCIENCE
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We study brightness, volume and heights of the X-ray thermal
emission components for an M-class solar flare on 17 May
2012. Based on the RHESSI data availability, we present the
results for 01:42-01:58 UT over the lateflare phase. It is
observed that the spatial evolution of the thermal emission
components 6-12 and 12-18 keV are well associated with the
hottest plasma in the corona. Results show that the ascending
height (similar to 1.35x10(4) km) and speed (similar to 14.0
kms(-1)) of coronal source component 6-12 keV is slightly
smaller than the ascending height (similar to 1.45x10(4) km)
and speed (similar to 15.1 kms(-1)) of the coronal source
component 12-18 keV. Mean flux intensity (I-mean) of the 6-12
keV maintained a good fit (chi(2) = 0.41) with the
corresponding volume (V) following strongly the power law
[I-mean = (15.8 +/- 0.21) V-1.28 +/- 0.03]. In contrast, the
12-18 keV maintained a weak fit (chi(2) = 2.37) following still
the power law [I-mean = (0.19 +/- 0.01) V-1.88 +/- 0.16]. The
power law indices (-1.28 +/- 0.03;-1.88 +/- 0.16) obtained by
the observation
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Generation Mechanisms of Quasi-parallel and Quasi-circular
Flare Ribbons in a Confined Flare

Hernandez-Perez, A (Hernandez-Perez, Aaron); Thalmann, JK
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c)

ASTROPHYSICAL JOURNAL
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We analyze a confined multiple-ribbon M2.1 flare
(SOL2015-01-29T11:42) that originated from a fan-spine
coronal magnetic field configuration, within active region
NOAA 12268. The observed ribbons form in two steps. First,
two primary ribbons form at the main flare site, followed by
the formation of secondary ribbons at remote locations. We
observe a number of plasma flows at extreme-ultraviolet
temperatures during the early phase of the flare (as early as 15
minutes before the onset) propagating toward the formation
site of the secondary ribbons. The secondary ribbon formation
is co-temporal with the arrival of the pre-flare generated
plasma flows. The primary ribbons are co-spatial with Ramaty
High Energy Spectroscopic Imager (RHESSI) hard X-ray sources,
whereas no enhanced X-ray emission is detected at the
secondary ribbon sites. The (E)UV emission, associated with
the secondary ribbons, peaks similar to 1 minute after the last
RHESSI hard X-ray enhancement. A nonlinear force-free model
of the coronal magnetic field reveals that the secondary flare
ribbons are not directly connected to the primary ribbons, but
to regions nearby. Detailed analysis suggests that the
secondary brightenings are produced due to dissipation of
kinetic energy of the plasma flows (heating due to
compression), and not due to non-thermal particles
accelerated by magnetic reconnection, as is the case for the
primary ribbons.
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Formation and Initiation of Erupting Flux Rope and Embedded
Filament Driven by Photospheric Converging Motion

Zhao, XZ (Zhao, Xiaozhou); Xia, C (Xia, Chun); Keppens, R
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ASTROPHYSICAL JOURNAL

4 841 3: 2 Wk 5 106

In this paper, we study how a flux rope (FR) is formed and
evolves into the corresponding structure of a coronal mass
ejection (CME) numerically driven by photospheric converging
motion. A two-and-a-half-dimensional magnetohydrodynamics
simulation is conducted in a chromosphere-transition-corona
setup. The initial arcade-like linear force-free magnetic field is
driven by an imposed slow motion converging toward the
magnetic inversion line at the bottom boundary. The
convergence brings opposite-polarity magnetic flux to the
polarity inversion, giving rise to the formation of an FR by
magnetic reconnection and eventually to the eruption of a
CME. During the FR formation, an embedded prominence gets
formed by the levitation of chromospheric material. We
confirm that the converging flow is a potential mechanism for
the formation of FRs and a possible triggering mechanism for
CMEs. We investigate the thermal, dynamical, and magnetic
properties of the FR and its embedded prominence by tracking
their thermal evolution, analyzing their force balance, and
measuring their kinematic quantities. The phase transition
from the initiation phase to the acceleration phase of the
kinematic evolution of the FR was observed in our simulation.
The FR undergoes a series of quasi-static equilibrium states in
the initiation phase; while in the acceleration phase the FR is
driven by Lorentz force and the impulsive acceleration occurs.
The underlying physical reason for the phase transition is the
change of the reconnection mechanism from the Sweet-Parker
to the unsteady bursty regime of reconnection in the evolving
current sheet underneath the FR.

% 11 %, Jt 286 %

Search for the gamma-ray emission from M33 with the Fermi
Large Area Telescope

Fu, L (Fu, L.); Xia, ZQ (Xia, Z. Q.); Shen, ZQ (Shen, Z. Q.)
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
451471 #1: 2 71: 1737-1742

We searched for the gamma-ray signal from M33, one of the
largest galaxies in the Local Group, using the Pass8 data from
the Fermi Large Area Telescope (LAT). No statistically
significant gamma-ray emission has been detected in the
direction of M33, and we report a new upper limit of the
high-energy (>100 MeV) photon flux of 2.3 x 10(-9) ph cm(-2)
s(-1), which is stricter than previous constraints and implies a
cosmic ray density for M33 that is lower than that suggested
previously. The current limit is still, however, in agreement
with the correlation of star formation rate and gamma-ray
luminosity inferred from the Local group galaxies and a few
nearby starburst galaxies.

%12 %, It 286 %

Molecular Gas toward the Gemini OB1 Molecular Cloud
Complex. I. Observation Data

Wang, C (Wang, Chen); Yang, J (Yang, Ji); Xu, Y (Xu, Ye); Li, FC
(Li, Facheng); Su, Y (Su, Yang); Zhang, SB (Zhang, Shaobo)
ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES
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We present a large-scale mapping toward the GEM OB1
association in the galactic anti-center direction. The 9 degrees
x 6 degrees.5 area was mapped in (CO)-C-12, (CO)-C-13, and
(CO)-0-18 with similar to 50" angular resolution at 30"
sampling. The region was divided into four main components
based on spatial distribution and velocity: the Gemini OB1
Giant Molecular Cloud (GGMC) Complex, the Lynds Dark
Clouds and the West Front Clouds, the Swallow and Horn, and
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the Remote Clouds. The GGMC Complex is located in the
Perseus arm, while the Lynds Dark Clouds and the West Front
Clouds are located in the Local arm. Swallow and Horn are
revealed for the first time in this paper. The two clouds have a
similar velocity interval ([11, 21] km s(-1)) and have similar
sizes (0.6 and 0.8 deg(2)). We analyzed the structure of these
clouds in detail and calculated their parameters (mass,
temperature, etc.). Two elongated structures were discovered
in a longitude-velocity map in the velocity interval [11, 30] km
s(-1). We also found an interesting filament that shows a 0.8
km s(-1) pc(-1) gradient perpendicular to the direction of the
long axis.

13 4%, L 286 %

The Molecular Structures of the Local Arm and Perseus Arm in
the Galactic Region of | = [139 degrees.75, 149 degrees.75], b
= [-5 degrees.25, 5 degrees.25]

Du, XY (Du, Xinyu); Xu, Y (Xu, Ye); Yang, J (Yang, Ji); Sun, Y (Sun,
Yan)

ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES
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Using the Purple Mountain Observatory Delingha (PMODLH)
13.7m telescope, we report a 96 deg(2)
(C0O)-C-12/(C0O)-C-13/(CO)-0-18 mapping observation toward
the Galactic region of | = [139 degrees. 75,149 degrees. 75], b =
[-5 degrees. 25, 5 degrees. 25]. The molecular structures of the
Local Arm and Perseus Arm are presented. Combining H | data
and part of the Outer Arm results, we obtain that the warp
structure of both atomic and molecular gas is obvious, while
the flare structure only exists in atomic gas in this observing
region. In addition, five filamentary giant molecular clouds on
the Perseus Arm are identified. Among them, four are newly
identified. Their relations with the Milky Way large-scale
structure are discussed.

% 14 %, 3t 286 %

Characteristics of events with metric-to-decahectometric type
Il radio bursts associated with CMEs and flares in relation to
SEP events

Prakash, O (Prakash, O.); Feng, L (Feng, Li); Michalek, G
(Michalek, G.); Gan, WQ (Gan, Weiqun); Lu, L (Lu, Lei);
Shanmugaraju, A (Shanmugaraju, A.); Umapathy, S (Umapathy,
S.)
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A gradual solar energetic particle (SEP) event is thought to
happen when particles are accelerated at a shock due to a fast
coronal mass ejection (CME). To quantify what kind of solar
eruptions can result in such SEP events, we have conducted
detailed investigations on the characteristics of CMEs, solar
flares and metric-to-decahectometric wavelength type Il radio
bursts (herein after m-to-DH type Il bursts) for SEP-associated
and non-SEP-associated events, observed during the period of
1997-2012. Interestingly, 65% of m-to-DH type Il bursts
associated with CMEs and flares produced SEP events. The
SEP-associated CMEs have higher sky-plane mean speed,
projection corrected speed, and sky-plane peak speed than
those of non-SEP-associated CMEs respectively by 30%, 39%,
and 25%, even though the two sets of CMEs achieved their
sky-plane peak speeds at nearly similar heights within LASCO
field of view. We found Pearson's correlation coefficients
between the speeds of CMEs (sky-plane speed and corrected
speed) and logarithmic peak intensity of SEP events are cc =
0.62 and cc = 0.58, respectively. We also found that the
SEPassociated CMEs are on average of three times more
decelerated (-21.52 ms(-2)) than the non-SEP-associated CMEs
(-5.63 ms(-2)). The SEP-associated flares have a mean peak flux

(1.85 x 10(-4) Wm(-2)) three times larger than that of
non-SEP-associated flares, even though the flare duration (rise
time) of both sets of events is similar. The SEPassociated m
type Il bursts have higher frequency drift rate and associated
shock speed than those of the non-SEPassociated events by 70%
and 25% respectively. The average formation heights of m and
DH type Il radio bursts for SEP-associated events (1.31 R-o and
3.54 R-o, respectively) are lower than for non-SEP-associated
events (1.61 R-o and 3.91 R-o, respectively). 93% of
SEP-associated events originate from the western hemisphere
and 65% of SEPassociated events are associated with
interacting CMEs. The obtained results indicate that, at least
for the set of CMEs associated with m-to-DH type Il bursts,
SEP-associated CMEs are more energetic than those not
associated with SEPs, thus suggesting that they are effective
particle accelerators.
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Observational Evidence of Magnetic Reconnection for
Brightenings and Transition Region Arcades in IRIS
Observations

Zhao, J (Zhao, Jie); Schmieder, B (Schmieder, Brigitte); Li, H (Li,
Hui); Pariat, E (Pariat, Etienne); Zhu, XS (Zhu, Xiaoshuai); Feng,
L (Feng, Li); Grubecka, M (Grubecka, Michalina)
ASTROPHYSICAL JOURNAL
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By using a new method of forced-field extrapolation, we study
the emerging flux region AR11850 observed by the Interface
Region Imaging Spectrograph and Solar Dynamical Observatory.
Our results suggest that the bright points(BPs) in this emerging
region exhibit responses in lines formed from the upper
photosphere to the transition region, which have relatively
similar morphologies. They have an oscillation of several
minutes according to the Atmospheric Imaging Assembly data
at 1600 and 1700 angstrom. The ratio between the BP
intensities measured in 1600 and 1700 angstrom filtergrams
reveals that these BPs are heated differently. Our analysis of
the Helioseismic and Magnetic Imager vector magnetic field
and the corresponding topology in AR11850 indicates that the
BPs are located at the polarity inversion line and most of them
are related to magnetic reconnection or cancelation. The
heating of the BPs might be different due to different magnetic
topology. We find that the heating due to the magnetic
cancelation would be stronger than the case of bald patch
reconnection. The plasma density rather than the magnetic
field strength could play a dominant role in this process. Based
on physical conditions in the lower atmosphere, our
forced-field extrapolation shows consistent results between
the bright arcades visible in slit-jaw image 1400 angstrom and
the extrapolated field lines that pass through the bald patches.
It provides. reliable observational evidence for testing the
mechanism of magnetic reconnection for the BPs and arcades
in the. emerging flux region, as proposed in simulation studies.
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Spectroscopic Observations of Magnetic Reconnection and
Chromospheric Evaporation in an X-shaped Solar Flare

Li, Y (Li, Y.); Kelly, M (Kelly, M.); Ding, MD (Ding, M. D.); Qiu, J
(Qiu, J.); Zhu, XS (zhu, X. S.); Gan, WQ (Gan, W. Q.)
ASTROPHYSICAL JOURNAL
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We present observations of distinct UV spectral properties at
different locations during an atypical X-shaped flare
(SOL2014-11-09T15:32) observed by the Interface Region
Imaging Spectrograph (IRIS). In this flare, four chromospheric
ribbons appear and converge at an X-point where a separator
is anchored. Above the X-point, two sets of non-coplanar
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coronal loops approach laterally and reconnect at the
separator. The IRIS. slit was located close to the X-point,
cutting across some of the flare ribbons and loops. Near the
location of the separator, the Si IV 1402.77 angstrom line
exhibits significantly broadened line wings extending to 200
km s(-1) with an unshifted line core. These spectral features
suggest the presence of bidirectional flows possibly related to
the separator reconnection. While at the flare ribbons, the hot
Fe XXI 1354.08 angstrom line shows blueshifts and the cool Si
IV 1402.77 angstrom, C I 1335.71 angstrom, and Mg Il 2803.52
angstrom lines show evident redshifts up to a velocity of 80 km
s(-1), which are consistent with the scenario of chromospheric
evaporation/condensation.
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Spectroscopic Observations of Magnetic Reconnection and
Chromospheric Evaporation in an X-shaped Solar Flare

Li, Y (Li, Y.); Kelly, M (Kelly, M.) ; Ding, MD (Ding, M. D.) ; Qiu, J
(Qiu, J.) ; Zhu, XS (Zhu, X. S.)[ ; Gan, WQ (Gan, W. Q.)
ASTROPHYSICAL JOURNAL
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We present observations of distinct UV spectral properties at
different locations during an atypical X-shaped flare
(SOL2014-11-09T15:32) observed by the Interface Region
Imaging Spectrograph (IRIS). In this flare, four chromospheric
ribbons appear and converge at an X-point where a separator
is anchored. Above the X-point, two sets of non-coplanar
coronal loops approach laterally and reconnect at the
separator. The IRIS. slit was located close to the X-point,
cutting across some of the flare ribbons and loops. Near the
location of the separator, the Si IV 1402.77 angstrom line
exhibits significantly broadened line wings extending to 200
km s(-1) with an unshifted line core. These spectral features
suggest the presence of bidirectional flows possibly related to
the separator reconnection. While at the flare ribbons, the hot
Fe XXI 1354.08 angstrom line shows blueshifts and the cool Si
1V 1402.77 angstrom, C 11 1335.71 angstrom, and Mg 11 2803.52
angstrom lines show evident redshifts up to a velocity of 80 km
s(-1), which are consistent with the scenario of chromospheric
evaporation/condensation.
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A Study of Fermi-LAT GeV gamma-Ray Emission toward the
Magnetar-harboring Supernova Remnant Kesteven 73 and Its
Molecular Environment

Liu, B (Liu, Bing); Chen, Y (Chen, Yang); Zhang, X (Zhang, Xiao);
Liu, QC (Liu, Qian-Cheng); He, TL (He, Ting-Lan); Zhou, X (Zhou,
Xin); Zhou, P (Zhou, Ping); Su, Y (Su, Yang)

ASTROPHYSICAL JOURNAL
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We report our independent Gey gamma-ray study the young
shell-type supernova remnant (SNR) Kes 73, which harbors a
central magnetar, and CO-line millimeter observations toward
the SNR. Using 7.6 years of Fermi-LAT observation data, we
detected an extended gamma-ray source ("source A") with
centroid on the west of the SNR, with a significance of 21

sigma in 0.1-300 GeV and an error circle of 5'.4n angular radius.

The gamma-ray spectrum cannot be reproduced by a pure
leptonic emission or a pure emission from the magnetar, and
thus a hadronic emission component is needed. The CO-line
observations reveal a molecular cloud (MC) at V-LSR similar to
90 km s(-1), which  demonstrates  morphological
correspondence with the western boundary of the SNR
brightened in multiwavelength. The (CO)-C-12 (J-1)/(CO)-C-12
(J-1-0)retioin the left (blue) wing 85-88 km s(-1) is prominently
elevated to similar to 1.1 along the northwestern boundary,
44

providing kinematic evidence of the SNR-MC interaction. This
SNR-MC association yields a kinematic distance 9 kpc to Kes 73.
The MC is shown to be capable of accounting for the hadronic
gamma ray emission component. The gamma-ray spectrum
can be interpreted with a pure hadronic emission or a
magnetar+ hadronic hybrid emission. In the case of pure
hadronic emission, the spectral index of the protons is 2.4,
very similar to that of the radio-emitting electrons, essentially
consistent with the diffusive shock acceleration theory. In the
case of magnetar+ hadronic hybrid emission, a magnetic field
decay rate. 1036 erg s(-1) is needed to power the magnetar's
curvature radiation.
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Generation Mechanisms of Quasi-parallel and Quasi-circular
Flare Ribbon in a Confined Flare

Hernandez-Perez, A (Hernandez-Perez, Aaron) ; Thalmann, JK
(Thalmann, Julia K.) ; Veronig, AM (Veronig, Astrid M.); Su, Y
(Su, Yang); Gomory, P (Gomory, Peter) ; Dickson, EC (Dickson,
Ewan C.)

ASTROPHYSICAL JOURNAL
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We analyze a confined multiple-ribbon M2.1 flare
(SOL2015-01-29T11:42) that originated from a fan-spine
coronal magnetic field configuration, within active region
NOAA 12268. The observed ribbons form in two steps. First,
two primary ribbons form at the main flare site, followed by
the formation of secondary ribbons at remote locations. We
observe a number of plasma flows at extreme-ultraviolet
temperatures during the early phase of the flare (as early as 15
minutes before the onset) propagating toward the formation
site of the secondary ribbons. The secondary ribbon formation
is co-temporal with the arrival of the pre-flare generated
plasma flows. The primary ribbons are co-spatial with Ramaty
High Energy Spectroscopic Imager (RHESSI) hard X-ray sources,
whereas no enhanced X-ray emission is detected at the
secondary ribbon sites. The (E)UV emission, associated with
the secondary ribbons, peaks similar to 1 minute after the last
RHESSI hard X-ray enhancement. A nonlinear force-free model
of the coronal magnetic field reveals that the secondary flare
ribbons are not directly connected to the primary ribbons, but
to regions nearby. Detailed analysis suggests that the
secondary brightenings are produced due to dissipation of
kinetic energy of the plasma flows (heating due to
compression), and not due to non-thermal particles
accelerated by magnetic reconnection, as is the case for the
primary ribbons.

20 %, 3t 286 %%

Statistical study of co-rotating interaction region properties
with STEREO and ACE observations

Huang, Y (Huang, Yu); Song, QW (Song, Qi-Wu); Li, D (Li, Dong)
RESEARCH IN ASTRONOMY AND ASTROPHYSICS
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We analyzed the data on co-rotating interaction regions (CIRs)
measured by the Advanced Composition Explorer (ACE) and
Solar TErrestrial RElations Observatory (STEREO) from 2007 to
2010. The CIRs were observed by STEREO B (STB), ACE and
STEREO A (STA) one after another, and a total of 28 CIRs were
identified in this work. Since the same characteristics of CIRs
were detected by these three spacecraft at three different
locations and times, these data can help us to study the
evolutions of CIRs. For a single event, the properties of CIRs
observed by the three spacecraft were quite different and
could be explained by spatial or temporal variations. For all
these 28 CIRs, STA and STB observed similar mean parameters,
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such as peak magnetic field strength (offset 11%), peak and
change in solar wind speed (offset 3% and 10% respectively),
peak proton temperature (offset 14%) and peak perpendicular
pressure (offset 15%). Surprisingly, STA detected much higher
(41%) peak density of protons than STB.

1-03 Multi-Band Observation Solar

| Activity ,
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Simultaneous Transverse and Longitudinal Oscillations in a
Quiescent Prominence Triggered by a Coronal Jet

Zhang, QM (Zhang, Q. M.); Li, D (Li, D.); Ning, ZJ (Ning, Z. J.)
ASTROPHYSICAL JOURNAL
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In this paper, we report our multiwavelength observations of
the simultaneous transverse and longitudinal oscillations in a
quiescent prominence. The prominence was observed by the
Global Oscillation Network Group and by the Atmospheric
Imaging Assembly on board the Solar Dynamics Observatory
on 2015 June 29. A GOES C2.4 flare took place in NOAA active
region 12373, which was associated with a pair of short
ribbons and a remote ribbon. During the impulsive phase of
the flare, a coronal jet spurted out of the primary flare site and
propagated in the northwest direction at an apparent speed of
similar to 224 km s(-1). Part of the jet stopped near the remote
ribbon. The remaining part continued moving forward before
stopping to the east of the prominence. Once the jet
encountered the prominence, it pushed the prominence to
oscillate periodically. The transverse oscillation of the eastern
part (EP) of prominence can be divided into two phases. In
phase |, the initial amplitude, velocity, period, and damping
timescale are similar to 4.5 Mm, similar to 20 km s(-1), similar
to 25 minutes, and similar to 7.5 hr, respectively. The
oscillation lasted for two cycles. In phase I, the initial
amplitude increases to similar to 11.3 Mm, while the initial
velocity halves to similar to 10 km s(-1). The period increases
by a factor of similar to 3.5. With a damping timescale of
similar to 4.4 hr, the oscillation lasted for about three cycles.
The western part of prominence also experienced transverse
oscillation. The initial amplitude is only similar to 2 Mm and
the velocity is less than 10 km s(-1). The period (similar to 27
minutes) is slightly longer than that of the EP in phase I. The
oscillation lasted for about four cycles with the shortest
damping timescale (similar to 1.7 hr). To the east of
prominence, a handful of horizontal threads experienced
longitudinal oscillation. The initial amplitude, velocity, period,
and damping timescale are similar to 52 Mm, similar to 50 km
s(-1), similar to 99 minutes, and 2.5 hr, respectively. To our
knowledge, this is the first report of simultaneous transverse
and longitudinal prominence oscillations triggered by a coronal
jet.
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INITIATION PROCESSES FOR THE 2013 MAY 13 X1.7 LIMB
FLARE

Shen, JH (Shen, Jinhua); Wang, Y (Wang, Ya); Zhou, TH (Zhou,
Tuanhui); Ji, HS (Ji, Haisheng)

ASTROPHYSICAL JOURNAL
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For the X1.7 class flare on 2013 May 13 (SOL2013-05-13T01:
53), its initiation process was well observed by the

Atmospheric Imaging Assembly (AIA) on board the Solar
Dynamic Observatory. and the Extreme UltraViolet Imager
(EUVI) on board STEREO-B. The initiation process incorporates
the following phenomena: an X-ray precursor that started
similar to 9 minutes before flare onset, two hot magnetic loops
(as seen with AIA hot channels) forming a sigmoidal core
magnetic structure (as seen with the EUVI), a rapidly formed
magnetic flux rope (MFR) that expands outward, and a flare
loop that contracts inward. The two hot magnetic loops were
activated after the occurrence of the X-ray precursor. After
activation, magnetic reconnection occurred between the two
hot magnetic loops (inside the sigmoid structure), which
produced the expanding MFR and the contracting flare loop
(CFL). The MFR and CFL can only be seen with AIA hot and cool
channels, respectively. For this flare, the real initiation time
can be regarded as being from the starting time of the
precursor, and its impulsive phase started when the MFR
began its fast expansion. In addition, the CFL and the growing
postflare magnetic loops are different loop systems, and the
CFL was the product of magnetic reconnection between
sheared magnetic fields that also produced the MFR.
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THE INTERPRETATION OF THE MULTI-WAVELENGTH
AFTERGLOW EMISSION OF SHORT GRB 140903A

Zhang, S (zhang, Shuai); Jin, ZP (Jin, Zhi-Ping); Wang, YZ (Wang,
Yuan-Zhu); Wei, DM (Wei, Da-Ming)

ASTROPHYSICAL JOURNAL
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GRB 140903A, a short duration gamma-ray burst (SGRB)
detected by Swift, is characterized by its long-lasting radio
emission among SGRBs. In addition to the similar to 10(6) s
radio afterglow emission, the afterglow of GRB 140903A
displays a plateau from 10(3) s to 7 x 10(3) s in the X-rays. In
this work, we attribute the X-ray plateau to the energy
injection into the decelerating blast wave and then model the
later radio/optical/X-ray afterglow emission within the
standard fireball afterglow model. The afterglow emission has
been well reproduced with reasonable physical parameters,
including a jet half-opening angle of similar to 0.05.
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NIHAO - VIII. Circum-galactic medium and outflows - The
puzzles of H I and O VI gas distributions Gutcke,

TA (Gutcke, Thales A.); Stinson, GS (Stinson, Greg S.); Maccio,
AV (Maccio, Andrea V.); Wang, L (Wang, Liang); Dutton, AA
(Dutton, Aaron A.)
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We study the hot and cold circum-galactic medium (CGM) of
86 galaxies of the cosmological, hydrodynamical simulation
suite, Numerical Investigation of a Hundred Astrophysical
Objects (NIHAO). NIHAO allows a study of how the z = 0 CGM
varies across five orders of magnitude of stellar mass using O
VI and HI as proxies for hot and cold gas. The cool HI covering
fraction and column density profiles match observations well,
particularly in the inner CGM. O VI shows increasing column
densities with mass, a trend seemingly echoed in the
observations. As in multiple previous simulations, the O VI
column densities in simulations are lower than observed and
optically thick HI does not extend as far out as in observations.
We take a look at the collisional ionization fraction of O VI as a
function of halo mass. We make observable predictions of the
bipolarity of outflows and their effect on the general shape of
the CGM. Bipolar outflows can be seen out to around 40 kpc in
intermediate-and low-mass haloes (M-Halo < 10(11) M-circle
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dot), but outside that radius, the CGM is too well mixed to
detect an elongated shape. Larger haloes have extended gas
discs beyond the stellar disc that dominate the shape of the
inner CGM. The simulated CGM is remarkably spherical even in
low-mass simulations. The chemical enrichment of both halo
and disc gas follow expected increasing trends as a function of
halo mass that are well fit with power laws. These relations can
be used in non-hydrodynamic models, such as semi-analytic
models.
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Quasi-periodic  pulsations with periods that change
depending on whether the pulsations have thermal or
nonthermal components

Li, D (Li, D.); Zhang, QM (Zhang, Q. M.); Huang, Y (Huang, Y.);
Ning, ZJ (Ning, Z. J.); Su, YN (Su, Y. N.)
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Context. Quasi-periodic pulsations (QPPs) typically display
periodic and regular peaks in the light curves during the flare
emissions. Sometimes, QPPs show multiple periods at the
same wavelength. However, changing periods in various
channels are rare.

Aims. We report QPPs in a solar flare on 2014 October 27.
They showed a period change that depended on whether
thermal or nonthermal components were included. The flare
was simultaneously observed by many instruments.

Methods. Using the fast Fourier transform (FFT), we
decomposed the light curves at multiple wavelengths into
slowly varying and rapidly varying signals. Then we identified
the QPPs as the regular and periodic peaks from the rapidly
varying signals. The periods are derived with the wavelet
method and confirmed based on the FFT spectra of the rapidly
varying signals.

Results. We find a period of similar to 50 s from the thermal
emissions during the impulsive phase of the flare, that is, in the
soft X-ray bands. At the same time, a period of about 100 s is
detected from the nonthermal emissions, such as hard X-ray
and microwave channels. The period ratio is exactly 2.0, which
might be due to the modulations of the magnetic reconnection
rate by the fundamental and harmonic modes of
magnetohydrodynamic waves. Our results further show that
the similar to 100 s period is present over a broad wavelength,
such as hard X-rays, extreme-UV/UV, and microwave emissions,
indicating the periodic magnetic reconnection in this flare.
Conclusions. To our knowledge, this is the first report about
period changes from thermal to nonthermal components in a
single flare that occur at almost the same time. This new
observational finding could be a challenge to the theory of
flare QPPs.
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One-Minute Quasi-Periodic Pulsations Seen in a Solar Flare

Ning, Z (Ning, Z.)

SOLAR PHYSICS
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We study quasi-periodic pulsations (QPPs) in the
SOL2014-09-10 event that was detected by the Geostationary
Operational Environmental Satellites (GOES), the Atmospheric
Imaging Assembly (AIA) and the Extreme Ultraviolet Variability
Experiment (EVE) onboard the Solar Dynamics Observatory
(SDO), and the Gamma Ray Burst Monitor (GBM) onboard the
Fermi satellite. Previous studies have found that this flare
displays four-minute QPPs in a broad range of wavelengths. In
this article, we find that this event also shows QPPs with a
period of around one minute. Using the Fast Fourier Transform
(FFT) method, the light curves are decomposed into fast- and
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slowly varying components with a separation at approximate
to 100 seconds. The four-minute QPPs are in the slowly varying
component, and the one-minute QPPs are identified with the
fast-varying components in the impulsive and maximum
phases. Similarly as the four-minute QPPs, the one-minute
QPPs are simultaneously found in soft X-rays (SXR), extreme
ultraviolet (EUV), and hard X-ray (HXR) emission. High
correlations are found between the fast-varying components
at the different wavelengths, especially between SXR and HXR.
The spatial location of the sources of one-minute QPPs differ
from those of the four-minute QPPs. The four-minute QPPs
appear in the whole flare region, while the one-minute QPPs
tend to originate from the flare loop footpoints. This finding
provides an observational constraint for the physical origin of
the QPPs.
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The Eruption of a Small-scale Emerging Flux Rope as the
Driver of an M-class Flare and of a Coronal Mass Ejection

Yan, XL (Yan, X. L.); Jiang, CW (Jiang, C. W.); Xue, ZK (Xue, Z. K.);
Wang, JC (Wang, J. C.); Priest, ER (Priest, E. R.); Yang, LH (Yang,
L. H.); Kong, DF (Kong, D. F.); Cao, WD (Cao, W. D.); Ji, HS (Ji, H.
S.)
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Solar flares and coronal mass ejections are the most powerful
explosions in the Sun. They are major sources of potentially
destructive space weather conditions. However, the possible
causes of their initiation remain controversial. Using
high-resolution data observed by the New Solar Telescope of
Big Bear Solar Observaotry, supplemented by Solar Dynamics
Observatory observations, we present unusual observations of
a small-scale emerging flux rope near a large sunspot, whose
eruption produced an M-class flare and a coronal mass
ejection. The presence of the small-scale flux rope was
indicated by static nonlinear force-free field extrapolation as
well as data-driven magnetohydrodynamics modeling of the
dynamic evolution of the coronal three-dimensional magnetic
field. During the emergence of the flux rope, rotation of
satellite sunspots at the footpoints of the flux rope was
observed. Meanwhile, the Lorentz force, magnetic energy,
vertical current, and transverse fields were increasing during
this phase. The free energy from the magnetic flux emergence
and twisting magnetic fields is sufficient to power the M-class
flare. These observations present, for the first time, the
complete process, from the emergence of the small-scale flux
rope, to the production of solar eruptions.

i 28 %, 3t 286 %

High-resolution Observations of Sympathetic Filament
Eruptions by NVST

Li, SW (Li, Shangwei); Su, YN (Su, Yingna); Zhou, TH (Zhou,
Tuanhui); van Ballegooijen, A (van Ballegooijen, Adriaan); Sun,
XD (Sun, Xudong); Ji, HS (Ji, Haisheng)

ASTROPHYSICAL JOURNAL

%: 844 M: 1 LWk 70

We investigate two sympathetic filament eruptions observed
by the New Vacuum Solar Telescope on 2015 October 15. The
full picture of the eruptions is obtained from the
corresponding Solar Dynamics Observatory (SDO)/Atmospheric
Imaging Assembly (AIA) observations. The two filaments start
from active region NOAA 12434 in the north and end in one
large quiescent filament channel in the south. The left filament
erupts first, followed by the right filament eruption about 10
minutes later. Clear twist structure and rotating motion are
observed in both filaments during the eruption. Both eruptions
failed, since the filaments first rise up, then flow toward the
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south and merge into the southern large quiescent filament.
We also observe repeated activations of mini filaments below
the right filament after its eruption. Using magnetic field
models constructed based on SDO/ HMI magnetograms via the
flux rope insertion method, we find that the left filament
eruption is likely to be triggered by kink instability, while the
weakening of overlying magnetic fields due to magnetic
reconnection at an X-point between the two filament systems
might play an important role in the onset of the right filament
eruption.

29 %, Lt 286 %

Large-amplitude Longitudinal Oscillations in a Solar Filament

Zhang, QM (Zhang, Q. M.); Li, T (Li, T.); Zheng, RS (Zheng, R. S.);
Su, YN (Su, Y. N.); Ji, HS (Ji, H. S.)
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In this paper, we report our multiwavelength observations of
the large-amplitude longitudinal oscillations of a filament
observed. on 2015 May 3. Located next to active region 12335,
the sigmoidal filament was observed by the ground-based H
alpha telescopes from the Global Oscillation Network Group
and by the Atmospheric Imaging Assembly instrument on.
board the Solar Dynamics Observatory. The filament
oscillations were most probably triggered by the magnetic
reconnection in the filament channel, which is characterized by
the bidirectional flows, brightenings in EUV and soft X-ray, and
magnetic cancellation in the photosphere. The directions of
oscillations have angles of 4 degrees-36 degrees with respect
to the filament axis. The whole filament did not oscillate in
phase as a rigid body. Meanwhile, the oscillation. periods
(3100-4400 s). have a spatial dependence, implying that the
curvature radii (R) of the magnetic dips are different at
different positions. The values of R are estimated to be
69.4-133.9 Mm, and the minimum transverse magnetic field of
the dips is estimated to be 15 G. The amplitudes of S5-S8 grew
with time, while the amplitudes of S9-S14 damped with time.
The oscillation. amplitudes. range from a few to ten Mm, and
the maximum. velocity can reach 30 km s(-1). Interestingly, the
filament experienced mass drainage southward. at a speed of
similar to 27 km s(-1). The oscillations continued after the mass
drainage and lasted for more than 11 hr. After the mass
drainage, the oscillation. phases. did not change much. The
periods of S5-S8 decreased, while the periods of S9-S14
increased. The amplitudes of S5-S8 damped with time, while
the amplitudes of S9-514 grew. Most of the damping (growing)
ratios are between -9 and 14. We offer. a schematic cartoon to
explain the complex behaviors of oscillations by introducing
thread-thread interaction.
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Solar Tornadoes Triggered by Interaction between Filaments
and EUV Jets

Chen, HD (Chen, Huadong); Zhang, J (Zhang, Jun); Ma, SL (Ma,
Suli); Yan, XL (Yan, Xiaoli); Xue, JC (Xue, Jianchao)
ASTROPHYSICAL JOURNAL LETTERS
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We investigate the formations and evolutions of two
successive solar tornadoes in/near AR 12297 during 2015
March 19-20. Recurrent EUV jets close to two filaments were
detected along a large-scale coronal loop prior to the
appearances of the tornadoes. Under the disturbances from
the activities, the filaments continually ascended and finally
interacted with the loops tracked by the jets. Subsequently,
the structures of the filaments and the loop were merged
together, probably via magnetic reconnections, and formed
tornado-like structures with a long spiral arm. Our

observations suggest that solar tornadoes can be triggered by
the interaction between filaments and nearby coronal jets,
which has rarely been reported before. At the earlier
development phase of the first tornado, about 30 small-scale
sub-jets appeared in the tornado's arm, accompanied by local
EUV brightenings. They have an ejection direction
approximately vertical to the axis of the arm and a typical
maximum speed of similar to 280 km s(-1). During the
ruinations of the two tornadoes, fast plasma outflows from the
strong EUV brightenings inside tornadoes are observed, in
company with the untangling or unwinding of the highly
twisted tornado structures. These observational features
indicate that self reconnections probably occurred between
the tangled magnetic fields of the tornadoes and resulted in
the rapid disintegrations and disappearances of the tornadoes.
According to the reconnection theory, we also derive the field
strength of the tornado core to be similar to 8G.
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Explosive Chromospheric Evaporation Driven by Nonthermal
Electrons around One Footpoint of a Solar Flare Loop

Li, D (Li, D.); Ning, ZJ (Ning, Z. J.); Huang, Y (Huang, Y.); Zhang,
QM (Zhang, Q. M.)

ASTROPHYSICAL JOURNAL LETTERS
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We explore the temporal relationship  between
microwave/hard X-ray (HXR) emission and Doppler velocity
during the impulsive phase of a solar flare on 2014 October 27
(SOL2014-10-27) that displays a pulse on the light curves in the
microwave (34 GHz) and HXR (25-50 keV) bands before the
flare maximum. Imaging observation shows that this pulse
mainly comes from one footpoint of a solar flare loop. The slit
of the Interface Region Imaging Spectrograph (IRIS) stays at
this footpoint during this solar flare. The Doppler velocities of
Fe XXI. 1354.09 angstrom and Si IV. 1402.77. angstrom are
extracted from the Gaussian fitting method. We find that the
hot line of Fe XXI. 1354.09 angstrom (log T similar to 7.05) in
the corona exhibits blueshift, while the cool line of Si IV.
1402.77 angstrom (log T similar to 4.8) in the transition region
exhibits  redshift, indicating explosive chromospheric
evaporation. Evaporative upflows along the flare loop are also
observed in the AIA 131 angstrom image. To our knowledge,
this is the first report of chromospheric evaporation evidence
from both spectral and imaging observations in the same flare.
Both microwave and HXR pulses are well correlated with the
Doppler velocities, suggesting that the chromospheric
evaporation is driven by nonthermal electrons around this
footpoint of a solar flare loop.
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Blob Formation and Ejection in Coronal Jets due to the
Plasmoid and Kelvin-Helmholtz Instabilities

Ni, L (Ni, Lei); Zhang, QM (Zhang, Qing-Min); Murphy, NA
(Murphy, Nicholas A.); Lin, J (Lin, Jun)

ASTROPHYSICAL JOURNAL
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We perform 2D resistive magnetohydrodynamic simulations of
coronal jets driven by flux emergence along the lower
boundary. The reconnection layers are susceptible to the
formation of blobs that are ejected in the jet. Our simulation
with low plasma beta (Case 1) shows that magnetic islands
form easily and propagate upward in the jet. These islands are
multithermal and thus are predicted to show up in hot
channels (335 angstrom and 211 angstrom) and the cool
channel (304 angstrom) in observations by the Atmospheric
Imaging Assembly (AIA) on the Solar Dynamics Observatory.
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The islands have maximum temperatures of 8 MK, lifetimes of
120 s, diameters of 6 Mm, and velocities of 200 km s(-1). These
parameters are similar to the properties of blobs observed in
extreme-ultraviolet (EUV) jets by AIA. The Kelvin-Helmholtz
instability develops in our simulation with moderately high
plasma beta (Case Il) and leads to the formation of bright
vortex-like blobs above the multiple high magnetosonic Mach
number regions that appear along the jet. These vortex-like
blobs can also be identified in the AIA channels. However, they
eventually move downward and disappear after the high
magnetosonic Mach number regions disappear. In the lower
plasma beta case, the lifetime for the jet is shorter, the jet and
magnetic islands are formed with higher velocities and
temperatures, the current-sheet fragments are more chaotic,
and more magnetic islands are generated. Our results show
that the plasmoid instability and Kelvin-Helmholtz instability
along the jet are both possible causes of the formation of blobs
observed at EUV wavelengths.
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Steep Decay Phase Shaped by the Curvature Effect. Il. Spectral
Evolution

Lin, DB (Lin, Da-Bin); Mu, HJ (Mu, Hui-Jun); Liang, YF (Liang,
Yun-Feng); Liu, T (Liu, Tong); Gu, WM (Gu, Wei-Min); Lu, RJ (Lu,
Rui-Jing); Wang, XG (Wang, Xiang-Gao); Liang, EW (Liang,
En-Wei)
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We derive a simple analytical formula to describe the evolution
of spectral index beta in the steep decay phase shaped by the
curvature effect with the. assumption that the spectral
parameters and Lorentz factor of the. jet shell are. the same
for different latitudes. Here, the value of beta is estimated in
the 0.3-10 keV energy band. For a spherical thin shell with a
cutoff power-law (CPL) intrinsic radiation spectrum, the
spectral evolution can be read as a linear function of observer
time. For the situation with the. Band function intrinsic
radiation spectrum, the spectral evolution may be complex. If
the observed break energy of the. radiation spectrum is larger
than 10 keV, the spectral evolution is the same as that shaped
by jet shells with a CPL spectrum. If the observed break energy
is less than 0.3 keV, the value of beta would be a constant. For
others, the spectral evolution can be approximated as a
logarithmal function of the observer time in general.
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Steep Decay Phase Shaped by the Curvature Effect. I. Flux
Evolution

Lin, DB (Lin, Da-Bin); Mu, HJ (Mu, Hui-Jun); Lu, RJ (Lu, Rui-Jing);
Liu, T (Liu, Tong); Gu, WM (Gu, Wei-Min); Liang, YF (Liang,
Yun-Feng); Wang, XG (Wang, Xiang-Gao); Liang, EW (Liang,
En-Wei)
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The curvature effect may be responsible for the steep decay
phase observed in gamma-ray bursts. To test the curvature
effect with observations, the zero time point t(0) adopted to
plot the observer time and flux on a logarithmic scale should
be appropriately selected. In practice, however, the true tO
cannot be directly constrained from the data. Thus, we move
t0 to a certain time in the steep decay phase, which can be
easily identified. In this situation, we derive an analytical

formula to describe the flux evolution of the steep decay phase.

The analytical formula reads as F-v proportional to (1 +(t) over
bar obs /(t) over bar obs) (-alpha,) with alpha((t) over bar (obs)
=2 + integral(0) log(1+(t) over bar obs /(t) over barc) ss(T )d[log
(1 +(t) over barc)]/1+(t) over bar obs /(t) over barc) F-v is the
48

flux observed at frequency v, (t) over bar obs is the observer
time by setting t(0) at a certain time in the steep decay phase,
beta is the spectral index estimated around v, (t) over bar c
and is the decay timescale of the phase with (t) over bar obs
We test the analytical formula with the data from numerical
calculations. It is found that the analytical formula presents a
good estimate of the evolution of the flux shaped by the
curvature effect. Our analytical formula can be used to
confront the curvature effect with observations and estimate
the decay timescale of the steep decay phase.

% 35 %, 1k 286 %

Statistical properties of bipolar magnetic regions

Li, D (Li, Dong)
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Using observations from the Michelson Doppler Imager (MDI)
onboard Solar and Heliospheric Observatory (SOHO), we
develop a computational algorithm to automatically identify
bipolar magnetic regions (BMRs) in active regions (ARs), and
then study their statistical properties. The individual magnetic
(positive or negative) pole of a BMR is determined from the
region with an absolute strength above 55G and with an area
larger than 250 pixel(2) (similar to 495 Mm(2)), while a BMR is
identified as a pair of positive and negative poles with the
shortest area-weight distance between them. Based on this
method, 2234 BMRs are identified fromMDI synoptic
magnetograms between Carrington Rotations 1909 (1996 May
06) and 2104 (2010 December 10). 1005 of them are located in
the northern hemisphere, while the other 1229 are in the
southern hemisphere. We find that the BMR parameters (e.g.,
latitude, separation, fragment number and strength) are
similar to those of ARs. Moreover, based on the maximum
likelihood estimation (MLE) method, the frequency
distributions representing the occurrence of these BMRs as
functions of area and magnetic flux exhibit a power-law
behavior, i.e., dN/d x alpha x (-alpha x), with indices of alpha(A)
= 1.98 +/- 0.06 and alpha(F) = 1.93 +/- 0.05 respectively. We
also find that their orientation angles (theta) follow "Hale's
Polarity Law" and deviate slightly toward the direction of the
solar equator. Consistent with previous findings, we obtain the
dependence of orientation angles on latitudes for normal
BMRs during the 23rd solar cycle. The north-south asymmetry
of these BMRs is also detected here.

% 36 %, Jt 286 %

Terrestrial planet formation under migration: systems near
the 4:2:1 mean motion resonance

Sun, Z (Sun, Zhao); Ji, JH (Ji, Jianghui); Wang, S (Wang, Su); Jin,
S (Jin, Sheng)
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In this work, we investigate extensively the formation of near
4:2:1 mean motion resonance (MMR) configurations by
performing two sets of N-body simulations. We model the
eccentricity damping, gas drag, type | and type Il planetary
migration of planetesimals, planetary embryos and giant
planets in the first set. For simulations of giant planets with
type Il migration, massive terrestrial planets with a mass up to
several Earth masses are likely produced in these systems. We
further show that by shepherding and/ or scattering
mechanisms through a Jovian planet's type Il migration, the
terrestrial and giant planets in the systems can be evolved into
near 4:2:1 MMRs. Moreover, the models are applicable to the
formation of the Kepler-238 and 302 systems. In the second
set of simulations, we study 4:2:1 MMR formation in terrestrial
planetary systems, where the planets undergo type | migration
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and eccentricity damping. By considering type | migration,
similar to 17.1 per cent of the simulations indicate that
terrestrial planets are evolved into 4:2:1 MMRs. However, this
probability should depend on the initial conditions of the
planets. Hence, we conclude that both type | and type Il
migration can play a crucial role in close-in terrestrial planet
formation.
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Interaction of Two Filaments in a Long Filament Channel
Associated with Twin Coronal Mass Ejections

Zheng, RS (Zheng, Ruisheng);_Zhang, QM (Zhang, Qingmin);
Chen, Y (Chen, Yao); Wang, B (Wang, Bing); Du, GH (Du,
Guohui); Li, CY (Li, Chuanyang); Yang, K (Yang, Kai)
ASTROPHYSICAL JOURNAL
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Using the high-quality observations of the Solar Dynamics
Observatory, we present the interaction of two filaments (F1
and F2) in a long filament channel associated with twin coronal
mass ejections (CMEs) on 2016 January 26. Before the eruption,
a sequence of rapid cancellation and emergence of the
magnetic flux has been observed, which likely triggered the
ascending of the west filament (F1). The east footpoints of
rising F1 moved toward the east far end of the filament
channel, accompanied by post-eruption loops and flare ribbons.
This likely indicated a large-scale eruption involving the long
filament channel, which resulted from the interaction between
F1 and the east filament (F2). Some bright plasma flew over F2,
and F2 stayed at rest during the eruption, likely due to the
confinement of its overlying lower magnetic field. Interestingly,
the impulsive F1 pushed its overlying magnetic arcades to form
the first CME, and F1 finally evolved into the second CME after
the collision with the nearby coronal hole. We suggest that the
interaction of F1 and the overlying magnetic field of F2 led to
the merging reconnection that forms a longer eruptive
filament loop. Our results also provide a possible picture of the
origin of twin CMEs and show that the large-scale magnetic
topology of the coronal hole is important for the eventual
propagation direction of CMEs.
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Location of energy source for coronal heating on the
photosphere

Hong, ZX (Hong, Zhen-Xiang); Yang, X (Yang, Xu); Wang, Y
(Wang, Ya); Ji, KF (Ji, Kai-Fan); Ji, HS (Ji, Hai-Sheng); Cao, WD
(Cao, Wen-Da)
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It is reported that ultra-fine dynamic ejections along magnetic
loops of an active region originate from intergranular lanes and
they are associated with subsequent heating in the corona. As
continuing work, we analyze the same set of data but focus on
a quiet region and the overlying EUV/UV emission as observed
by the Atmospheric Imaging Assembly (AIA) on board Solar
Dynamics Observatory (SDO). We find that there appear to be
dark patches scattered across the quiet region and the dark
patches always stay along intergranular lanes. Over the dark
patches, the average UV/EUV emission at 131, 171, 304 and
1600 angstrom (middle temperature) is more intense than that
of other regions and EUV brightness is negatively correlated
with 10830 angstrom intensity, though, such a trend does not
exist for high temperature lines at 94, 193, 211 and 335
angstrom. For the same quiet region, where both TiO 7057
angstrom broad band images and 10830 angstrom filtergrams
are available, contours for the darkest lane areas on TiO
images and dark patches on 10830 angstrom filtergrams
frequently differ in space. The results suggest that the dark

patches do not simply reflect the areas with the darkest lanes
but are associated with a kind of enhanced absorption (EA) at
10830 angstrom. A strict definition for EA with narrow band
10830 angstrom filtergrams is found to be difficult. In this
paper, we define enhanced absorption patches (EAPs) of a
quiet region as the areas where emission is less than similar to
90% of the mean intensity of the region. The value is
equivalent to the average intensity along thin dark loops
connecting two moss regions of the active region. A more strict
definition for EAPs, say 88%, gives even more intense UV/EUV
emission over those in the middle temperature range. The
results provide further observational evidence that energy for
heating the upper solar atmosphere comes from the
intergranular lane area where the magnetic field is constantly
brought in by convection motion in granules.
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Pre-flare coronal dimmings

Zhang, QM (Zhang, Q. M.); Su, YN (Su, Y. N.); Ji, HS (Ji, H. S.)
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Context. Coronal dimmings are regions of decreased
extreme-ultravoilet (EUV) and/or X-ray (originally Skylab, then
Yohkoh/SXT) intensities, which are often associated with flares
and coronal mass ejections (CMEs). The large-scale impulsive
dimmings have been thoroughly observed and investigated.
The pre-flare dimmings before the flare impulsive phase,
however, have rarely been studied in detail.

Aims. We focus on the pre-flare coronal dimmings. We report
our multiwavelength observations of the GOES X1.6 solar flare
and the accompanying halo CME that was produced by the
eruption of a sigmoidal magnetic flux rope (MFR) in NOAA
active region (AR) 12158 on 2014 September 10.

Methods. The eruption was observed by the Atmospheric
Imaging Assembly (AIA) on board the Solar Dynamic
Observatory  (SDO). The  photospheric  line-of-sight
magnetograms were observed by the Helioseismic and
Magnetic Imager (HMI) on board SDO. The soft X-ray (SXR)
fluxes were recorded by the GOES spacecraft. The halo CME
was observed by the white-light coronagraphs of the Large
Angle Spectroscopic Coronagraph (LASCO) on board SOHO.
Results. About 96 min before the onset of the flare /CME,
narrow pre-flare coronal dimmings appeared at the two ends
of the twisted MFR. They extended very slowly, with their
intensities decreasing with time, while their apparent widths (8
9 Mm) continued to be nearly constant. During the impulsive
and decay phases of flare, typical fan-like twin dimmings
appeared and expanded, with a much larger extent and lower
intensities than the pre-flare dimmings. The percentage of the
171 angstrom intensity decrease reac40%. The pre-flare
dimmings are most striking in 171, 193, and 211 angstrom with
formation temperatures 0.6-2.5 MK. The northern part of the
pre-flare dimmings could also be recognized in 131 and 335
angstrom.

Conclusions. To our knowledge, this is the first detailed study
of pre-flare coronal dimmings; they can be explained by
density depletion as a result of the gradual expansion of the
coronal loop system surrounding the MFR during the slow rise
of the MFR.
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Design Study on the Digital Correlator Using for Radio
Holography

Xu, LF (Xu, Linfen); Zuo, YX (Zuo, Yingxi)

Xhafa, F (Xhafa, F); Patnaik, S (Patnaik, S); Yu, Z (Yu, Z)

RECENT DEVELOPMENTS IN INTELLIGENT SYSTEMS AND
INTERACTIVE APPLICATIONS (I1ISA2016)
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In this paper the author presents a digital correlation design
for the radio holography receiver of DATES (the 5-m Dome A
Terahertz Explorer). Signal digitization is made at the IF
outputs of the receiver and correlation is implemented in time
domain. A 4-component algorithm for complex correlation is
proposed. With this algorithm, the systematic error is much
lower and the SNR is expected to have a 3 dB improvement
comparing with the previous 3-component algorithm.
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Metal enrichment signatures of the first stars on high-z DLAs

Ma, Q (Ma, Q.); Maio, U (Maio, U.); Ciardi, B (Ciardi, B.);
Salvaterra, R (Salvaterra, R.)
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We use numerical N-body hydrodynamical simulations with
varying Poplll stellar models to investigate the possibility of
detecting first star signatures with observations of
high-redshift damped Lya absorbers (DLAs). The simulations
include atomic and molecular cooling, star formation, energy
feedback and metal spreading due to the evolution of stars
with a range of masses and metallicities. Different initial mass
functions (IMFs) and corresponding metaldependent yields
and lifetimes are adopted to model primordial stellar
populations. The DLAs in the simulations are selected
according to either the local gas temperature (temperature
selected) or the host mass (mass selected). We find that 3 per
cent (40 per cent) of mass (temperature)-selected high-z (z =
5.5) DLAs retain signatures of pollution from Poplll stars,
independent of the first star model. Such DLAs have low halo
mass (< 109.6 M-circle dot), metallicity (< 10(-3) Z(circle dot))
and star formation rate (< 10(-1.5) M-circle dot yr(-1)). Metal
abundance ratios of DLAs imprinted in the spectra of
quasi-stellar object can be useful as tools to infer the
properties of the polluting stellar generation and to constrain
the first star mass ranges. Comparing the abundance ratios
derived from our simulations to those observed in DLAsatz =5,
we find that most of these DLAs are consistent within errors
with Popll star dominated enrichment and strongly disfavour
the pollution pattern of very massive first stars (i.e. 100-500
M-circle dot). However, some of them could still result from
the pollution of first stars in the mass range [0.1, 100] M-circle
dot. In particular, we find that the abundance ratios from SDSS
J1202+ 3235 are consistent with those expected from Poplll
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enrichment dominated by massive (but not extreme) first
stars.

% 43 %, 3t 286 %
Doppler Shift Oscillations from a Hot Line Observed by IRIS

Li, D (Li, D.); Ning, ZJ (Ning, Z. J.); Huang, Y (Huang, Y.); Chen,
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We present a detailed investigation of the Doppler shift
oscillations in a hot loop during an M7.1 flare on 2014 October
27 observed by the Interface Region Imaging Spectrograph.
The periodic oscillations are observed in the Doppler shift of Fe
XXI. 1354.09 angstrom (log T similar to 7.05), and the dominant
period is about 3.1. minutes. However, such 3.1 minute
oscillations are not found in the line-integrated intensity of Fe
XXI. 1354.09 angstrom, AIA EUV fluxes, or microwave
emissions. Solar Dynamics Observatory/AIA and Hinode/XRT
imaging observations indicate that the Doppler shift
oscillations locate at the hot loop-top region (>= 11 MK).
Moreover, the differential emission measure results show that
the temperature is increasing rapidly when the Doppler shift
oscillates, but the number density does not exhibit the
corresponding increases nor oscillations, implying that the
flare loop is likely to oscillate in an incompressible mode. All of
these facts suggest that the Doppler shift oscillations at the
shorter period are most likely the standing kink oscillations in a
flare loop. Meanwhile, a longer period of about 10. minutes is
identified in the time series of Doppler shift and line-integrated
intensity, GOES SXR fluxes, and AIA EUV light curves, indicating
the periodic energy release in this flare, which may be caused
by a slow mode wave.
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Quasi-periodic pulsations with multiple periods in hard X-ray
emission

Li, D (Li, D.); Zhang, QM (Zhang, Q. M.)
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We explore quasi-periodic pulsations with multiple periods in
hard X-ray (HXR) emission from the Fermi Gamma-ray Burst
Monitor during the impulsive phase of a solar flare
(SOL2014-09-10). The completely new observational result is
that the shorter periods appear at lower energies of the X-ray
photons at the beginning and the longer periods appear at
higher energies at the end, with some intersection of the
periods at medium energies. We also find shorter and then
longer periods during the same phase of this flare. Using the
wavelet power spectrum and fast Fourier transform spectrum,
we analyse the normalized rapidly varying signal divided by its
slowly varying signal, which is the smoothed original HXR flux.
The periods of 27 and 37 s are derived at lower-energy
channels between 17: 25 and 17: 29 UT (i.e. 12.0-27.3 and
27.3-50.9 keV). Then, the periods of 27, 46 and 60 s are
observed at the medium-energy channel from 17: 26 to 17: 33
UT, such as 50.9-102.3 keV. Also, the period of 80 s is detected
at the higher-energy channel from 17: 28 to 17: 33 UT, such as
102.3-296.4 keV.
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Large-amplitude Longitudinal Oscillations Triggered by the
Merging of Two Solar Filaments: Observations and Magnetic
Field Analysis

Luna, M (Luna, M.); Sy, Y (Su, Y.); Schmieder, B (Schmieder, B.);
Chandra, R (Chandra, R.); Kucera, TA (Kucera, T. A.)
ASTROPHYSICAL JOURNAL
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We follow the eruption of two related intermediate filaments
observed in Ha (from GONG) and EUV (from Solar Dynamics
Observatory SDO/Atmospheric Imaging assembly AlA) and the
resulting large-amplitude longitudinal oscillations of the
plasma in the filament channels. The events occurred in and

around the decayed active region AR12486 on 2016 January 26.

Our detailed study of the oscillation reveals that the periods of
the oscillations are about one hour. In H alpha, the period
decreases with time and exhibits strong damping. The analysis
of 171 angstrom images shows that the oscillation has two
phases: an initial long-period phase and a subsequent
oscillation with a shorter period. In this wavelength, the
damping appears weaker than in Ha. The velocity is the largest
ever detected in a prominence oscillation, approximately 100
km s(-1). Using SDO/HMI magnetograms, we reconstruct the
magnetic field of the filaments, modeled as flux ropes by using
a flux-rope insertion method. Applying seismological
techniques, we determine that the radii of curvature of the
field lines in which cool plasma is condensed are in the range
75-120. Mm, in agreement with the reconstructed field. In
addition, we infer a field strength of >= 7 to 30 Gauss,
depending on the electron density assumed, that is also in
agreement with the values from the reconstruction (8-20
Gauss). The poloidal flux is zero and the axis flux is on the
order of 10(20) to 10(21) Mx, confirming the high shear
existing even in a non-active filament.
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EVOLUTION OF HIGH-ENERGY PARTICLE DISTRIBUTION IN
MATURE SHELL-TYPE SUPERNOVA REMNANTS

Zeng, HD (Zeng, Houdun); Xin, YL (Xin, Yuliang); Liu, SM (Liu,
Siming); Jokipii, JR (Jokipii, J. R.); Zhang, L (Zhang, Li); Zhang, SN
(Zhang, Shuinai)
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Multi-wavelength observations of mature supernova remnants
(SNRs), especially with recent advances in gamma-ray
astronomy, make it possible to constrain energy distribution of
energetic particles within these remnants. In consideration of
the SNR origin of Galactic cosmic rays and physics related to
particle acceleration and radiative processes, we use a simple
one-zone model to fit the nonthermal emission spectra of
three shell-type SNRs located within 2 degrees on the sky: RX
J1713.7-3946, CTB 37B, and CTB 37A. Although radio images of
these three sources all show a shell (or half-shell) structure,
their radio, X-ray, and gamma-ray spectra are quite different,
offering an ideal case to explore evolution of energetic particle
distribution in SNRs. Our spectral fitting shows that (1) the
particle distribution becomes harder with aging of these SNRs,
implying a continuous acceleration process, and the particle
distributions of CTB 37A and CTB 37B in the GeV range are
harder than the hardest distribution that can be produced at a

shock via the linear diffusive shock particle acceleration
process, so spatial transport may play a role; (2) the energy
loss timescale of electrons at the high-energy cutoff due to
synchrotron radiation appears to be always a bit (within a
factor of a few) shorter than the age of the corresponding
remnant, which also requires continuous particle acceleration;
(3) double power-law distributions are needed to fit the
spectra of CTB 37B and CTB 37A, which may be attributed to
shock interaction with molecular clouds.
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Anomalous Distributions of Primary Cosmic Rays as Evidence
for Time-dependent Particle Acceleration in Supernova
Remnants

Zhang, YR (Zhang, Yiran); Liu, SM (Liu, Siming); Yuan, Q (Yuan,
Qiang)

ASTROPHYSICAL JOURNAL LETTERS
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Recent precise measurements of cosmic-ray (CR) spectra show
that the energy distribution of protons is softer than those of
heavier nuclei, and there are spectral hardenings for all nuclear
compositions above similar to 200 GV. Models proposed for
these anomalies generally assume steady-state solutions of the
particle acceleration process. We show that if the diffusion
coefficient has a weak dependence on the particle rigidity near
shock fronts of supernova remnants (SNRs), time-dependent
solutions of the linear diffusive shock acceleration at two
stages of SNR evolution can naturally account for these
anomalies. The high-energy component of CRs is dominated by
acceleration in the free expansion and adiabatic phases with
enriched heavy elements and a high shock speed. The
low-energy component may be attributed to acceleration by
slow shocks propagating in dense molecular clouds with low
metallicity in the radiative phase. Instead of a single power-law
distribution, the spectra of time-dependent solutions soften
gradually with the increase of energy, which may be
responsible for the "knee" of CRs.
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Evaluation of dimension of fractal time series with the least
square method

Qiao, BQ (Qiao, BingQiang); Liu, SM (Liu, SiMing); Zeng, HD
(Zeng, HouDun); Li, X (Li, Xiang); Dai, BZ (Dai, BenZhong)
SCIENCE CHINA-PHYSICS MECHANICS & ASTRONOMY
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Properties of fractional Brownian motions (fBms) have been
investigated by researchers in different fields, e.g. statistics,
hydrology, biology, finance, and public transportation, which
has helped us better understand many complex time series
observed in nature [1-4]. The Hurst exponent H (0 < H < 1) is
the most important parameter characterizing any given time
series F(t), where t represents the time steps, and the fractal
dimension D is determined via the relation D = 2 - H. The Hurst
exponent H is defined with the following expression [5]:
log(h|F(t + t) - F(t)|i) = Hlog(t), (1) where “hi” represents
averaging over t. Using the Lowen method for 0 < H < 0.5 and
the circulant embedding method for 0.5 < H < 1, Qjao and Liu
[5] carried out extensive simulations of fBms with different H
to obtain the standard deviation of the re-scaled range h| A
Ft]i = h|F(t + t) - F(t)|i for different sampling methods. This
letter extends this study to apply the commonly used least
square (LS) method to the log(h|F(t + T) - F(t)]i) v.s. log(t) plot
for evaluation of H.
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Measure the Propagation of a Halo CME and Its Driven Shock
with the Observations from a Single Perspective at Earth

Lu, L (Lu, Lei); Inhester, B (Inhester, Bernd); Feng, L (Feng, Li);
Liu, SM (Liu, Siming); Zhao, XH (Zhao, Xinhua)

ASTROPHYSICAL JOURNAL
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We present a detailed study of an Earth-directed coronal mass
ejection (full-halo CME) event that happened on 2011 February
15, making use of white-light observations by three
coronagraphs and radio observations by Wind/WAVES. We
applied three different methods to reconstruct the
propagation direction and traveling distance of the CME and its
driven shock. We measured the kinematics of the CME leading
edge from white-light images observed by Solar Terrestrial
Relations Observatory (STEREO) Aand B, tracked the
CME-driven shock using the frequency drift observed by
Wind/WAVES together with an interplanetary density model,
and obtained the equivalent scattering centers of the CME by
the polarization ratio (PR) method. For the first time, we
applied the PR method to different features distinguished from
LASCO/C2 polarimetric observations and calculated their
projections onto white-light images observed by STEREO-A and
STEREO-B. By combining the graduated cylindrical shell (GCS)
forward modeling with the PR method, we proposed a new
GCS-PR method to derive 3D parameters of a CME observed
from a single perspective at Earth. Comparisons between
different methods show a good degree of consistence in the
derived 3D results.
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Calibration of the Mengcheng Solar Radio Spectrometer

Wang Lu; Zhang Ping; Liu Siming; Liu Rui; Pan Zonghao; Song
Qiwu; Ning Zongjun; Ma Kaixue

Acta Astronomica Sinica
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Observations of solar radio bursts are one of the most
important tools to study solar activities. Based on the analysis
of the Mengcheng Solar Radio Spectrometer observations of
an M2.9 class flare occurred on 2015 August 27,we find that
the classical calibration method does not give satisfactory
results, due to the influence of the electronic apparatuses of
the instrument. By using the X-ray and radio data of
Geostationary Operational Environmental Satellites (GOES),
and Nobeyama Radio Polarimeter (NoRP)/Nobeyama
Radioheliograph (NoRH), and combined with the relevant
radiative mechanisms, the calibration method is improved.
Compared to the classical method, the improved calibration
method provides better results, which are consistent with the
NoRP/NoRH observations and reveal the typical evolution of
the radio spectrum for a flare.
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A gamma-ray Quasi-periodic Modulation in the Blazar PKS
0301-243?

Zhang, PF (Zhang, Peng-Fei); Yan, DH (Yan, Da-Hai); Zhou, JN
(zhou, Jia-Neng); Fan, YZ (Fan, Yi-Zhong); Wang, JC (Wang,
Jian-Cheng); Zhang, L (Zhang, Li)

ASTROPHYSICAL JOURNAL
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We report a nominally high-confidence gamma-ray
quasi-periodic modulation in the blazar PKS 0301-243. For this
target, we analyze its Fermi-LAT Pass 8 data from 2008 August
to 2017 May. Two techniques, i.e., maximum likelihood
optimization and exposure-weighted aperture photometry, are
used to build the gamma-ray light curves. Then, both the
Lomb-Scargle periodogram and the weighted wavelet
Z-transform are applied to the light curves to search for period
signals. A quasi-periodicity with a period of 2.1 +/- 0.3 yr
appears at the significance level of similar to 5 sigma, although
it should be noted that this putative quasi-period variability is
seen in a data set that is barely four times longer. We
speculate that this gamma-ray quasi-periodic modulation may
be evidence of a binary supermassive black hole.
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Neutron Star-Black Hole Coalescence Rate Inferred from
Macronova Observations

Li, X (Li, Xiang); Hu, YM (Hu, Yi-Ming); Jin, ZP (Jin, Zhi-Ping); Fan,
YZ (Fan, Yi-Zhong); Wei, DM (Wei, Da-Ming)

ASTROPHYSICAL JOURNAL LETTERS
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Neutron star-black hole (NS-BH) coalescences are widely
believed to be promising gravitational-wave sources in the era
of advanced detectors of LIGO/Virgo, but the rate of this
population is highly uncertain due to the lack of direct
detection of such binaries. There is growing evidence for the
connection between the observed three luminous macronova
(also known as kilonova) events and NS-BH mergers. In this
work, we propose, for the first time based on such a link, a
fiducial lower limit of NS-BH coalescence rate density R-nsbh
approximate to 18.8(-8.6)(+12.5) Gpc(-3) yr(-0.1) (theta(j)/0.1
rad)(-2) ,where theta(j) is the typical half-opening angle of the
GRB ejecta. After marginalizing over distributions of black hole
masses and spins, we find a rate density R-nsbh >= 10(2)
Gpc(-3) yr(-1), depending upon the equation of state (EoS) of
NS material and the properties of the NS-BH system. With the
01 non-observation by advanced LIGO, we show a preference
for NS-BH systems with a stiffer NS EoS and a larger
contribution from low-mass/high-spin BHs. Our estimate
predicts the first detection of an NS-BH system can be as early
as the late 02 run or the early O3 run. We expect that future
multi-messenger observations can much better constrain
NS-BH systems' properties.
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Possible Correlations between the Emission Properties of
SGRBs and Their Offsets from the Host Galaxies

Zhang, S (Zhang, Shuai); Jin, ZP (Jin, Zhi-Ping); Zhang, FW
(zhang, Fu-Wen); Li, X (Li, Xiang); Fan, YZ (Fan, Yi-Zhong); Wei,
DM (Wei, Da-Ming)
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Short gamma-ray bursts (SGRBs) are widely believed to be
from mergers of binary compact objects involving at least one
neutron star and hence have a broad range of spatial offsets
from their host galaxies. In this work, we search for possible
correlations between the emission properties of 18 SGRBs and
their offsets from the host galaxies. The SGRBs with and
without extended emission do not show significant differences
between their offset distributions, in agreement with some
previous works. There are, however, possible correlations
between the optical and X-ray afterglow emission and the
offsets. The underlying physical origins are examined.
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Revisiting SNR Puppis A with Seven Years of Fermi Large Area
Telescope Observations

Xin, YL (Xin, Yu-Liang); Guo, XL (Guo, Xiao-Lei); Liao, NH (Liao,
Neng-Hui); Yuan, Q (Yuan, Qiang); Liu, SM (Liu, Si-Ming); Wei,
DM (Wei, Da-Ming)

ASTROPHYSICAL JOURNAL
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Puppis A is a very famous and extensively studied supernova
remnant that shows strong evidence of shock-cloud interaction.
We reanalyze its GeV gamma-ray emission using seven years of
Pass 8 data recorded by the Fermi Large Area Telescope. The
morphology of the gamma-ray emission is more compatible
with that of the thermal X-ray and IR emissions than the radio
image, which suggests a possible correlation between the
gamma-ray-emitting region and dense clouds. The gamma-ray
spectrum in the energy range of 1-500 GeV shows a break at
7.92 +/- 1.91 GeV, with photon indices of 1.81 +/- 0.08 below
the break and 2.53 +/- 0.12 above the break, which can
naturally explain the lack of TeV gamma-ray emission from
Puppis A. The multi-wavelength observations favor a hadronic
origin for the gamma-ray emission.

5 55 %, 4k 286 %
Millimeter observations of the disk around GW Orionis

Fang, M (Fang, M.); Sicilia-Aguilar, A (Sicilia-Aguilar, A.); Wilner,
D (Wilner, D.); Wang, Y (Wang, Y.); Roccatagliata, V
(Roccatagliata, V.); Fedele, D (Fedele, D.); Wang, JZ (Wang, J.
zZ)
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The GW Ori system is a pre-main sequence triple system (GW
Ori A/B/C) with companions (GW Ori B/C) at similar to 1AU and
similar to 8AU, respectively, from the primary (GW Ori A). The
primary of the system has a mass of 3.9 M-circle dot, but
shows a spectral type of G8. Thus, GW Ori A could be a
precursor of a B star, but it is still at an earlier evolutionary
stage than Herbig Be stars. GW Ori provides an ideal target for
experiments and observations (being a "blown-up" solar
system with a very massive sun and at least two upscaled
planets). We present the first spatially resolved millimeter
interferometric observations of the disk around the triple
pre-main sequence system GW Ori, obtained with the
Submillimeter Array, both in continuum and in the (CO)-C-12 J
=2-1, (CO)-C-13J =2 1, and (CO)-0-18 J = 2-1 lines. These new
data reveal a huge, massive, and bright disk in the GW Ori
system. The dust continuum emission suggests a disk radius of
around 400AU, but the 12CO J = 2 1 emission shows a much
more extended disk with a size around 1300AU. Owing to the
spatial resolution (similar to 1"), we cannot detect the gap in
the disk that is inferred from spectral energy distribution (SED)
modeling. We characterize the dust and gas properties in the
disk by comparing the observations with the predictions from
the disk models with various parameters calculated with a
Monte Carlo radiative transfer code RADMC-3D. The disk mass
is around 0.12 M-circle dot, and the disk inclination with
respect to the line of sight is around similar to 35 degrees. The
kinematics in the disk traced by the CO line emission strongly
suggest that the circumstellar material in the disk is in
Keplerian rotation around GW Ori. Tentatively substantial
(CO)-0-18 depletion in gas phase is required to explain the
characteristics of the line emission from the disk.
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Possible Quasi-periodic Modulation in the z=1.1 Gamma-Ray
Blazar PKS 0426-380

Zhang, PF (Zhang, Peng-fei); Yan, DH (Yan, Da-hai); Liao, NH

(Liao, Neng-hui); Zeng, W (Zeng, Wei); Wang, JC (Wang,
Jian-cheng); Cao, U (Cao, Li-jia)

ASTROPHYSICAL JOURNAL
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We search for gamma-ray and optical periodic modulations in
distant flat-spectrum radio quasar (FSRQ) PKS 0426-380 (the
redshift z = 1.1). Using two techniques (i. e., the maximum
likelihood optimization and the exposure-weighted aperture
photometry), we obtain gamma-ray light curves from
Fermi-LAT Pass 8 data covering from 2008 August to 2016
December. We then analyze the light curves with the
Lomb-Scargle periodogram and the weighted wavelet
Z-transform. A gamma-ray quasi-periodicity with a period of
3.35 +/- 0.68 yr is found at the significance level of. 3.6 s. The
optical-UV flux covering from 2005 August to 2013 April
provided by the ASI Science Data Center is also analyzed, but
no significant quasi-periodicity is found. It should be pointed
out that the result of the optical-UV data could be tentative
because of the incompleteness of the data. Further long-term
multiwavelength monitoring of this FSRQ is needed to confirm
its quasi-periodicity.
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Possible Dark Matter Annihilation Signal in the AMS-02
Antiproton Data

Cui, MY (Cui, Ming-Yang); Yuan, Q (Yuan, Qiang); Tsai, YLS (Tsai,
Yue-Lin Sming); Fan, YZ (Fan, Yi-Zhong)

PHYSICAL REVIEW LETTERS
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Using the latest AMS-02 cosmic-ray antiproton flux data, we
search for a potential dark matter annihilation signal. The
background parameters about the propagation, source
injection, and solar modulation are not assumed a priori but
based on the results inferred from the recent B/C ratio and
proton data measurements instead. The possible dark matter
signal is incorporated into the model self-consistently under a
Bayesian framework. Compared with the astrophysical
background-only hypothesis, we find that a dark matter signal
is favored. The rest mass of the dark matter particles is similar
to 20-80 GeV, and the velocity-averaged hadronic annihilation
cross section is about (0.2-5) x 10(-26) cm(3) s(-1), in
agreement with that needed to account for the Galactic center
GeV excess and/or the weak GeV emission from dwarf
spheroidal galaxies Reticulum 2 and Tucana Ill. Tight
constraints on the dark matter annihilation models are also set
in a wide mass region.
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Light bending in infinite derivative theories of gravity

Feng, L (Feng, Lei)

PHYSICAL REVIEW D
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Light bending is one of the significant predictions of general
relativity (GR) and it has been confirmed with great accuracy
during the past one hundred vyears. In this paper, we
semiclassically calculate the deflection angle for the photons
that just graze the Sun in the infinite derivative theories of
gravity (IDG) which is a ghost and singularity free theory of
gravity. From our calculations, we find that the deflection
angle. only depends on Lambda/E. theta -> theta(E) when
Lambda/E -> infinity and decrease to zero when Lambda/E -> 0.
The transition interval occurs at 10(4) < E/Lambda < 10(7). It
should be pointed out that this model can be tested by the
Chandra X-ray Observatory if 0.01 eV < Lambda < 0.1 eV.
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Constraining the Poplll IMF with high-z GRBs

Ma, Q (Ma, Q.); Maio, U (Maio, U.); Ciardi, B (Ciardi, B.);
Salvaterra, R (Salvaterra, R.)

MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
4 466 H: 1 71: 1140-1148

We study the signatures of enrichment from Poplll stars in
observations of Popll GRBs (GRBIIs) at high redshift by using
numerical N-body/hydrodynamical simulations including
atomic and molecular cooling, star formation and metal
spreading from stellar populations with different initial mass
functions (IMFs), yields and lifetimes. Poplll and Popll star
formation regimes are followed simultaneously and both a
top-heavy and a Salpeter-like IMF for pristine Poplll star
formation are adopted. We find that the fraction of GRBIIs
hosted in a medium previously enriched by Poplll stars
(Poplll-dominated) is model-independent. Typical abundance
ratios, such as [Si/O] versus[C/O] and [Fe/C] versus[Si/C], can
help to disentangle enrichment from massive and intermediate
Poplll stars, while low-mass first stars are degenerate with
regular Popll generations. The properties of galaxies hosting
Poplll-dominated GRBIIs are not very sensitive to the particular
assumption on the mass of the first stars.
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Limits on dark matter annihilation cross sections to
gamma-ray lines with subhalo distributions in N-body
simulations and Fermi LAT data

Liang, YF (Liang, Yun-Feng); Xia, ZQ (Xia, Zi-Qing); Duan, KK
(Duan, Kai-Kai); Shen, ZQ (Shen, Zhao-Qiang); Li, X (Li, Xiang);
Fan, YZ (Fan, Yi-Zhong)
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In this work, we simulate a set of realizations of the local
volume dark matter subhalo population based on the
distributions and relations derived from Via Lactea Il N-body
simulation. We calculate the J-factors of these subhalos, and
find that the low mass subhalos contribute a lot to the total
J-factors. Combining with 91 months of the Fermi LAT
observation, we constrain on the cross section of dark matter
annihilating directly to two gamma rays. This is the first work
combining numerical simulation results and Fermi LAT
observations to constrain the dark matter cross section to the
gamma-ray line with the subhalo population. Though the
constraints derived from the subhalo population are weaker
than those from the Fermi LAT observation of the Galactic
center, they are supportive of and complementary to these
other results.
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gamma-Ray emission signals in the massive graviton
mediated dark matter model

Zhang, C (Zhang, Cun); Cui, MY (Cui, Ming-Yang); Feng, L (Feng,
Lei); Fan, YZ (Fan, Yi-Zhong); Ren, ZZ (Ren, Zhong-Zhou)
NUCLEAR PHYSICS B
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Dark matter may interact with Standard Model (SM) particle
through the exchange of a massive spin-2 graviton producing
signals that can be detected. In this work we examine the
gamma-ray emission signals, including the line emission and
the continuous spectrum component in such a massive
graviton-mediated dark matter model. The constraints of LHC
data, dark matter relic density as well as the dark matter
indirect detection data have been applied to narrow down the
parameter space. We focus on the vector dark matter model
which could produce detectable gamma-ray line signal. It is
found that the gamma-ray line data is effective on constraining
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the model parameters and the ongoing and upcoming space or
ground-based gamma-ray experiments can constrain the
model further. As for the continuous gamma-ray emission, the
total effective annihilation cross section is similar to 10(-26)
cm(3) s(-1) except at the region where dark matter mass is
around the graviton mass or half of it, which is consistent with
current observational data and will be reliably probed by the
upcoming CTA. (C) 2017 The Authors. Published by Elsevier
B.V.
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Evaluating the Bulk Lorentz Factors of Outflow Material:
Lessons Learned from the Extremely Energetic Outburst GRB
160625B

Wang, YZ (Wang, Yuan-Zhu); Wang, H (Wang, Hao); Zhang, S
(zhang, Shuai); Liang, YF (Liang, Yun-Feng); Jin, ZP (Jin, Zhi-Ping);
He, HN (He, Hao-Ning); Liao, NH (Liao, Neng-Hui); Fan, YZ (Fan,
Yi-Zhong); Wei, DM (Wei, Da-Ming)
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GRB 160625B is an extremely bright outburst with
well-monitored afterglow emission. The geometry-corrected
energy is high, up to similar to 5.2 x 10(52) erg or even similar
to 8 x 10(52) erg, rendering it the most energetic GRB prompt
emission recorded so far. We analyzed the time-resolved
spectra of the prompt emission and found that in some
intervals there were likely thermal-radiation components and
the high energy emission was characterized by significant
cutoff. The bulk Lorentz factors of the outflow material are
estimated accordingly. We found out that the Lorentz factors
derived in the thermal- radiation model are consistent with the
luminosity-Lorentz factor correlation found in other bursts, as
well as in GRB 090902B for the time-esolved thermal-radiation
components, while the spectral cutoff model yields much
lower Lorentz factors that are in tension with the constraints
set by the electron pair Compton scattering process. We then
suggest that these spectral cutoffs are more likely related to
the particle acceleration process and that one should be
careful in estimating the Lorentz factors if the spectrum cuts at
a rather low energy (e.g., similar to tens of MeV). The nature of
the central engine has also been discussed, and a stellarmass
black hole is favored.
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Revisiting Quasi-periodic Modulation in gamma- Ray Blazar
PKS 2155-304 with Fermi Pass 8 Data

Zhang, PF (Zhang, Peng-fei); Yan, DH (Yan, Da-hai); Liao, NH
(Liao, Neng-hui); Wang, JC (Wang, Jian-cheng)

ASTROPHYSICAL JOURNAL
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We examine the gamma-ray quasi-periodic variability of PKS
2155-304 with the latest publicly available Fermi-LAT Pass 8
data, which covers the years from 2008 August to 2016
October. We produce the light curves in two ways: the
exposure-weighted aperture photometry and the maximum
likelihood optimization. The light curves are then analyzed by
using Lomb-Scargle Periodogram (LSP) and Weighted Wavelet
Z-transform, and the results reveal a significant
quasi-periodicity with a period of 1.74. +/- 0.13 years and a
significance of similar to 4.9 sigma. The constraint of
multifrequencies quasi-periodic variabilities on blazar emission
model is discussed.
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Spectroscopic identification of r-process nucleosynthesis in a
double neutron-star merger

Pian, E (Pian, E.); D'Avanzo, P (D'Avanzo, P.); Enetti, SB (Enetti,
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Klose, S (Klose, S.); Lisi, M (Lisi, M.); Longo, F (Longo, F.);
Aiorano, EM (Aiorano, E. M.); Apelli, MM (Apelli, M. M.); Asetti,
NM (Asetti, N. M.); Ava, LN (Ava, L. N.); Patricelli, B (Patricelli,
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Testa, V (Testa, V.); Troja, E (Troja, E.); Turatto, M (Turatto, M.);
Ergani, SDV (Ergani, S. D. V.); Ergani, DV (Ergani, D. V.)
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The merger of two neutron stars is predicted to give rise to
three major detectable phenomena: a short burst of
gamma-rays, a gravitational-wave signal, and a transient
optical-near-infrared source powered by the synthesis of large
amounts of very heavy elements via rapid neutron capture
(the r-process)(1-3). Such transients, named 'macronovae' or
'kilonovae'(4-7), are believed to be centres of production of
rare elements such as gold and platinum(8). The most
compelling evidence so far for a kilonova was a very faint
near-infrared rebrightening in the afterglow of a short
gamma-ray burst(9,10) at redshift z = 0.356, although findings
indicating bluer events have been reported(11). Here we
report the spectral identification and describe the physical
properties of a bright kilonova associated with the
gravitational-wave source(12) GW170817 and gamma-ray
burst(13,14) GRB 170817A associated with a galaxy at a
distance of 40 megaparsecs from Earth. Using a series of
spectra from ground-based observatories covering the
wavelength range from the ultraviolet to the near-infrared, we
find that the kilonova is characterized by rapidly expanding
ejecta with spectral features similar to those predicted by
current models(15,16). The ejecta is optically thick early on,
with a velocity of about 0.2 times light speed, and reaches a
radius of about 50 astronomical units in only 1.5 days. As the
ejecta expands, broad absorption-like lines appear on the
spectral continuum, indicating atomic species produced by
nucleosynthesis that occurs in the post-merger fast-moving
dynamical ejecta and in two slower (0.05 times light speed)
wind regions. Comparison with spectral models suggests that

the merger ejected 0.03 to 0.05 solar masses of material,
including high-opacity lanthanides.

% 65 %k, It 286 %

An X-Ray Periodicity of similar to 1.8 hr in Narrow-line Seyfert
1 Galaxy Mrk 766

Zhang, P (Zhang, Peng); Zhang, PF (Zhang, Peng-fei); Yan, JZ
(Yan, Jing-zhi); Fan, YZ (Fan, Yi-zhong); Liu, QZ (Liu, Qing-zhong)
ASTROPHYSICAL JOURNAL
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In the narrow-line Seyfert 1 galaxy Mrk 766, a quasi-periodic
oscillation (QPO) signal with a period of similar to 6450 s is
detected in the XMM-Newton data collected on 2005 May 31.
This QPO signal is highly statistically significant at the similar to
5 sigma confidence level, with a quality factor of Q = f / Delta f >
13.6. The X-ray intensity changed by a factor of 3, with a root
mean square fractional variability of 14.3%. Furthermore, this
QPO signal is present in the data of all three EPIC detectors
and two RGS cameras and its frequency follows the
f(QPO)-M-BH relation spanning from stellar-mass to
supermassive black holes. Interestingly, a possible QPO signal
with a period of similar to 4200 s had been reported in the
literature. The frequency ratio of these two QPO signals is
similar to 3:2. Our result is also in support of the hypothesis
that the QPO signals can just be transient. The spectral analysis
reveals that the contribution of the soft excess component
below similar to 1 keV is different between epochs with and
without QPO. This property, as well as the former frequency
ratio, are well-detected in X-ray BH binaries, which may shed
some light on the physical origins of our event.
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Direct detection of a break in the teraelectronvolt cosmic-ray
spectrum of electrons and positrons

Ambrosi, G (Ambrosi, G.); An, Q (An, Q.); Asfandiyarov, R
(Asfandiyarov, R.); Azzarello, P (Azzarello, P.); Bernardini, P
(Bernardini, P.); Bertucci, B (Bertucci, B.); Cai, MS (Cai, M. S.);
Chang, J (Chang, J.); Chen, DY (Chen, D. Y.); Chen, HF (Chen, H.
F.); Chen, JL (Chen, J. L.);_ Chen, W (Chen, W.); Cui, MY (Cui, M.
Y.); Cui, TS (Cui, T. S.); D'Amone, A (D'Amone, A.); De Benedittis,
A (De Benedittis, A.); De Mitri, | (De Mitri, I.); Di Santo, M (Di
Santo, M.); Dong, JN (Dong, J. N.); Dong, TK (Dong, T. K.); Dong,
YF (Dong, Y. F.); Dong, ZX (Dong, Z. X.); Donvito, G (Donvito, G.);
Droz, D (Droz, D.); Duan, KK (Duan, K. K.); Duan, JL (Duan, J. L.);
Duranti, M (Duranti, M.); D'Urso, D (D'Urso, D.); Fan, RR (Fan, R.
R.); Fan, YZ (Fan, Y. Z.); Fang, F (Fang, F.); Feng, CQ (Feng, C. Q.);
Feng, L (Feng, L.); Fusco, P (Fusco, P.); Gallo, V (Gallo, V.); Gan,
FJ (Gan, F. J.); Gao, M (Gao, M.); Gao, SS (Gao, S. S.); Gargano,
F (Gargano, F.); Garrappa, S (Garrappa, S.); Gong, K (Gong, K.);
Gong, YZ (Gong, Y. Z.); Guo, DY (Guo, D. Y.); Guo, JH (Guo, J. H.);
Hu, YM (Hu, Y. M.); Huang, GS (Huang, G. S.); Huang, YY (Huang,
Y. Y.); lonica, M (lonica, M.); Jiang, D (Jiang, D.); Jiang, W (Jiang,
W.); Jin, X (Jin, X.); Kong, J (Kong, J.); Lei, SJ (Lei, S. J.); Li, S (Li,
S.); Li, X (Li, X.); Li, WL (Li, W. L.); Li, Y (Li, Y.); Liang, YF (Liang, Y.
F.); Liang, YM (Liang, Y. M.); Liao, NH (Liao, N. H.); Liu, H (Liu,
H.); Liu, J (Liu, J.); Liu, SB (Liu, S. B.); Liu, WQ (Liu, W. Q.); Liu, Y
(Liu, Y.); Loparco, F (Loparco, F.); Ma, M (Ma, M.); Ma, PX (Ma,
P.X.); Ma, SY (Ma, S. Y.); Ma, T (Ma, T.); Ma, XQ (Ma, X. Q.); Ma,
XY (Ma, X. Y.); Marsella, G (Marsella, G.); Mazziotta, MN
(Mazziotta, M. N.); Mo, D (Mo, D.); Niu, XY (Niu, X. Y.); Peng, XY
(Peng, X. Y.); Peng, WX (Peng, W. X.); Qiao, R (Qiao, R.); Rao, JN
(Rao, J. N.); Salinas, MM (Salinas, M. M.); Shang, GZ (Shang, G.
Z.); Shen, WH (Shen, W. H.); Shen, ZQ (Shen, Z. Q.); Shen, ZT
(Shen, Z. T.); Song, JX (Song, J. X.); Su, H (Su, H.); Su, M (Su, M.);
Sun, ZY (Sun, Z. Y.); Surdo, A (Surdo, A.); Teng, XJ (Teng, X. J.);
Tian, XB (Tian, X. B.); Tykhonov, A (Tykhonov, A.); Vagelli, V
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(Vagelli, V.); Vitillo, S (Vitillo, S.); Wang, C (Wang, C.); Wang, H
(Wang, H.); Wang, HY (Wang, H. Y.); Wang, JZ (Wang, J. Z.);
Wang, LG (Wang, L. G.); Wang, Q (Wang, Q.); Wang, S (Wang,
S.); Wang, XH (Wang, X. H.); Wang, XL (Wang, X. L.); Wang, YF
(Wang, Y. F.); Wang, YP (Wang, Y. P.); Wang, YZ (Wang, Y. Z.);
Wen, SC (Wen, S. C.); Wang, ZM (Wang, Z. M.); Wei, DM (Wei,
D. M.); Wei, JJ (Wei, J. .); Wei, YF (Wei, Y. F.); Wu, D (Wu, D.);
Wu, J (Wu, J.); Wu, LB (Wu, L. B.); Wu, SS (Wu, S. S.); Wu, X
(Wu, X.); Xi, K (Xi, K.); Xia, ZQ (Xia, Z. Q.); Xin, YL (Xin, Y. L.); Xu,
HT (Xu, H. T.); Xu, ZL (Xu, Z. L.); Xu, ZZ (Xu, Z. Z.); Xue, GF (Xue,
G. F.); Yang, HB (Yang, H. B.); Yang, P (Yang, P.); Yang, YQ (Yang,
Y. Q.); Yang, ZL (Yang, Z. L.); Yao, HJ (Yao, H. J.); Yu, YH (Yu, Y.
H.); Yuan, Q (Yuan, Q.); Yue, C (Yue, C.); Zang, JJ (Zang, J. J.);
Zhang, C (Zhang, C.); Zhang, DL (Zhang, D. L.); Zhang, F (Zhang,
F.); Zhang, JB (Zhang, J. B.); Zhang, JY (Zhang, J. Y.); Zhang, JZ
(zhang, J. Z.); Zhang, L (Zhang, L.); Zhang, PF (Zhang, P. F.);
Zhang, SX (Zhang, S. X.); Zhang, WZ (Zhang, W. Z.); Zhang, Y
(Zhang, Y.); Zhang, YJ (Zhang, Y. J.); Zhang, YQ (Zhang, Y. Q.);
Zhang, YL (Zhang, Y. L.); Zhang, YP (Zhang, Y. P.); Zhang, Z
(Zhang, Z.); Zhang, ZY (Zhang, Z. Y.); Zhao, H (Zhao, H.); Zhao,
HY (Zhao, H. Y.); Zhao, XF (Zhao, X. F.); Zhou, CY (Zhou, C. Y.);
Zhou, Y (Zhou, Y.); Zhu, X (Zhu, X.); Zhu, Y (Zhu, Y.); Zimmer, S
(Zimmer, S.)
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High-energy cosmic-ray electrons and positrons (CREs), which
lose energy quickly during their propagation, provide a probe
of Galactic high-energy processes(1-7) and may enable the
observation of phenomena such as dark-matter particle
annihilation or decay(8-10). The CRE spectrum has been
measured directly up to approximately 2 teraelectronvolts in
previous balloon-or space-borne experiments(11-16), and
indirectly up to approximately 5 teraelectronvolts using
ground-based Cherenkov gamma-ray telescope arrays(17,18).
Evidence for a spectral break in the teraelectronvolt energy
range has been provided by indirect measurements(17,18),
although the results were qualified by sizeable systematic
uncertainties. Here we report a direct measurement of CREs in
the energy range 25 gigaelectronvolts to 4.6 teraelectronvolts
by the Dark Matter Particle Explorer (DAMPE)(19) with
unprecedentedly high energy resolution and low background.
The largest part of the spectrum can be well fitted by a
'smoothly broken power-law' model rather than a single
power-law model. The direct detection of a spectral break at
about 0.9 teraelectronvolts confirms the evidence found by
previous indirect measurements(17,18), clarifies the behaviour
of the CRE spectrum at energies above 1 teraelectronvolt and
sheds light on the physical origin of the sub-teraelectronvolt
CREs.
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The unpolarized macronova associated with the gravitational
wave event GW 170817

Covino, S (Covino, S.); Wiersema, K (Wiersema, K.); Fan, YZ
(Fan, Y. Z.); Toma, K (Toma, K.); Higgins, AB (Higgins, A. B.);
Melandri, A (Melandri, A.); D'Avanzo, P (D'Avanzo, P.); Mundell,
CG (Mundell, C. G.); Palazzi, E (Palazzi, E.); Tanvir, NR (Tanvir, N.
R.); Bernardini, MG (Bernardini, M. G.); Branchesi, M
(Branchesi, M.); Brocato, E (Brocato, E.); Campana, S (Campana,
S.); Alighieri, SD (Alighieri, S. di Serego); Gotz, D (Gotz, D.);
Fynbo, JPU (Fynbo, J. P. U.); Gao, W (Gao, W.); Gomboc, A
(Gomboc, A.); Gompertz, B (Gompertz, B.); Greiner, J (Greiner,
J.); Hjorth, J (Hjorth, J.); Jin, ZP (Jin, Z. P.); Kaper, L (Kaper, L.);
Klose, S (Klose, S.); Kobayashi, S (Kobayashi, S.); Kopac, D
(Kopac, D.); Kouveliotou, C (Kouveliotou, C.); Levan, AJ (Levan,
A. J.); Mao, J (Mao, J.); Malesani, D (Malesani, D.); Pian, E (Pian,
E.); Rossi, A (Rossi, A.); Salvaterra, R (Salvaterra, R.); Starling,
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RLC (Starling, R. L. C.); Steele, | (Steele, 1.); Tagliaferri, G
(Tagliaferri, G.); Troja, E (Troja, E.); van der Horst, AJ (van der
Horst, A. J.); Wijers, RAMJ (Wijers, R. A. M. J.)
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The merger of two dense stellar remnants including at least
one neutron star is predicted to produce gravitational waves
(GWs) and short-duration gamma ray burststs. In the process,
neutron-rich material is ejected from the system and heavy
elements are synthesized by r-process nucleosynthesis(1,3).
The radioactive decay of these heavy elements produces
additional  transient  radiation termed kilonova or
macronova(4-10). We report the detection of linear optical
polarization, P= (0.50 +/- 0.07)%, 1.46 days after detection of
the GWs from GW170817-a double neutron star merger
associated with an optical macronova counterpart and a short
gamma ray burst(11-14). The optical emission from a
macronova is expected to be characterized by a blue, rapidly
decaying component and a red, more slowly evolving
component due to material rich in heavy elements-the
lanthanidess(15). The polarization measurement was made
when the macronova was still in its blue phase, during which
there was an important contribution from a lanthanide-free
outflow. The low degree of polarization is consistent with
intrinsically unpolarized emission scattered by galactic dust,
suggesting a symmetric geometry of the emitting region and
low inclination of the merger system. Stringent upper limits to
the polarization degree from 2.45-9.48 days post-burst are
consistent with the lanthanides-rich macronova interpretation.
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GRB 111005A at z = 0.0133 and the Prospect of Establishing
Long-Short GRB/GW Association

Wang, Yuan-Zhu; Huang, Yong-lia; Liang, Yun-Feng; Li, Xiang;
Jin, Zhi-Ping; Zhang, Fu-Wen; Zou, Yuan-Chuan; Fan, Yi-Zhong;
Wei, Da-Ming

ASTROPHYSICAL JOURNAL LETTERS
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GRB 111005A, a long-duration gamma-ray burst (GRB) that
occurred within a metal-rich environment that lacks massive
stars with MZAMS >= 15M(circle dot), is not coincident with
supernova emission down to a stringent limit and thus should
be classified as a "long-short" GRB (IsGRB; also known as an
SN-less long GRB or hybrid GRB), like GRB 060505 and GRB
060614. In this work, we show that in the neutron star merger
model the non-detection of the optical/infrared emission of
GRB 111005A requires sub-relativistic neutron-rich ejecta with
a mass of <= 0.01 M-circle dot, which is (significantly) less
massive than that of GRB 130603B, GRB 060614, GRB 050709,
and GRB 170817A. The IsGRBs are found to have a high rate
density and the neutron star merger origin model can be
unambiguously tested by the joint observations of the
second-generation gravitational-wave (GW) detectors and the
full-sky gamma-ray monitors such as Fermi-GBM and the
proposed GECAM. If no IsGRB/GW association is observed in
the 2020s, alternative scenarios have to be systematically
investigated. With the detailed environmental information
achievable for the nearby events, a novel kind of merger or
explosion origin may be identified.
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LIKEDM: Likelihood calculator of dark matter detection

Huang, XY (Huang, Xiaoyuan); Tsai, YLS (Tsai, Yue-Lin Sming);
Yuan, Q (Yuan, Qiang)

COMPUTER PHYSICS COMMUNICATIONS
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With the large progress in searches for dark matter (DM)
particles with indirect and direct methods, we develop a
numerical tool that enables fast calculations of the likelihoods
of specified DM particle models given a number of
observational data, such as charged cosmic rays from
space-borne  experiments  (e.g., PAMELA, AMS-02),
gamma-rays from the Fermi space telescope, and underground
direct detection experiments. The purpose of this tool -
LIKEDM, likelihood calculator for dark matter detection - is to
bridge the gap between a particle model of DM and the
observational data. The intermediate steps between these two,
including the astrophysical backgrounds, the propagation of
charged particles, the analysis of Fermi gamma-ray data, as
well as the DM velocity distribution and the nuclear form
factor, have been dealt with in the code. We release the first
version (v1.0) focusing on the constraints from indirect
detection of DM with charged cosmic and gamma rays. Direct
detection will be implemented in the next version. This manual
describes the framework, usage, and related physics of the
code.

Program summary

Program Title: LIKEDM

Program Files doi: http://dx.doi.org/10.17632/p93d3ksfvd.1
Licensing provisions: GPLv3

Programming language: FORTRAN 90 and Python

Nature of problem: Dealing with the intermediate steps
between a dark matter model and data.

Solution method: Fast computation of the likelihood of a given
dark matter model (defined by a mass, cross section or decay
rate, and annihilation or decay yield spectrum), without
digging into the details of cosmic-ray propagation, Fermi-LAT
data analysis, or related astrophysical backgrounds. (C) 2017
Elsevier B.V. All rights reserved.
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HESS J1427-608: AN UNUSUAL HARD, UNBROKEN gamma-RAY
SPECTRUM IN A VERY WIDE ENERGY RANGE

Guo, XL (Guo, Xiao-Lei); Xin, YL (Xin, Yu-Liang); Liao, NH (Liao,
Neng-Hui); Yuan, Q (Yuan, Qiang); Gao, WH (Gao, Wei-Hong);
He, HN (He, Hao-Ning); Fan, YZ (Fan, Yi-Zhong); Liu, SM (Liu,
Si-Ming)
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We report the detection of a GeV gamma-ray source that.
spatially overlaps. and is. thus very likely associated with the
unidentified very. high. energy (VHE) gamma-ray source HESS
J1427-608 with the Pass 8 data recorded by the Fermi Large
Area Telescope. The photon spectrum of this source is best
described by a power law with an index of 1.85 +/- 0.17 in the
energy range of 3-500 GeV, and the measured flux connects
smoothly with that of HESS J1427 -608 at a few hundred
gigaelectronvolts. This source shows no significant extension
and time variation. The broadband GeV to TeV emission over

four decades of energies can be well fitted by a single
power-law function with an index of 2.0, without obvious
indication of spectral cutoff toward high energies. Such a result
implies that HESS J1427-608 may be a PeV particle accelerator.
We discuss the possible nature of HESS J1427-608 according to
the multiwavelength spectral fittings. Given the relatively large
errors, either a leptonic or a hadronic model can explain the
multiwavelength data from radio to VHE gamma-rays. The
inferred magnetic field strength is a few micro-Gauss, which is
smaller than the. typical values of supernova remnants (SNRs).
and is consistent with some pulsar wind nebulae (PWNe). On
the other hand, the flat gamma-ray spectrum is slightly
different from typical PWNe but is. similar to that of some
known SNRs.
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On-orbit Status and Light Attenuation Behavior of the
DAMPE-PSD

Li Yao; Zhang Yapeng; Zhang Yongjie; Sun Zhiyu; Yu Yuhong;
Dong Tiekuang; Ma Pengxiong; Wang Yuanpeng; Yuan Qiang
Acta Astronomica Sinica
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The DArk Matter Particle Explorer(DAMPE) is a high-resolution
multi-purpose  space-borne device for detecting the
high-energy cosmic-rays like e, gamma-rays, protons, and
heavy-ions, which was launched on 2015 December 17th. The
Plastic Scintillator Detector(PSD) is the top-most sub-detector
of DAMPE. The PSD is designed to measure the charge of
incident high-energy particles, and to serve as a veto detector
for discriminating gamma-rays from the charged particles. In
this paper, the on-orbit status of the PSD after launching in
terms of high voltage(HV) and temperature stabilities is
presented. The temperature and the HV variations of the PSD
are less than 1°C and 0.5%, respectively. By using the on-orbit
data, the attenuation lengths of PSD bars are obtained
according to an empirical formula. A preliminary charge
spectrum reconstructed from the X-layer of the PSD is
obtained.
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A radiation transfer model for the Milky Way: I. Radiation
fields and application to high-energy astrophysics

Popescu, CC (Popescu, C. C.); Yang, R (Yang, R.); Tuffs, RJ (Tuffs,
R. J.); Natale, G (Natale, G.); Rushton, M (Rushton, M.);
Aharonian, F (Aharonian, F.)

MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
% 470 H): 3 TU: 2539-2558

We present a solution for the ultraviolet - submillimetre
(submm) interstellar radiation fields (ISRFs) of the Milky Way
(MW), derived from modelling COBE, IRAS and Planck maps of
the all-sky emission in the near-, mid-, far-infrared and submm.
The analysis uses the axisymmetric radiative transfer model
that we have previously implemented to model the
panchromatic spectral energy distributions (SEDs) of
star-forming galaxies in the nearby universe, but with a new
methodology allowing for optimization of the radial and
vertical geometry of stellar emissivity and dust opacity, as
deduced from the highly resolved emission seen from the
vantage point of the Sun. As such, this is the first
self-consistent model of the broad-band continuum emission
from the MW. In this paper, we present model predictions for
the spatially integrated SED of the MW as seen from the Sun,
showing good agreement with the data, and give a detailed
description of the solutions for the distribution of ISRFs, as well
as their physical origin, throughout the volume of the galaxy.
We explore how the spatial and spectral distributions of our
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new predictions for the ISRF in the MW affects the amplitude
and spectral distributions of the gamma rays produced via
inverse Compton scattering for cosmic ray (CR) electrons
situated at different positions in the galaxy, as well as the
attenuation of the gamma rays due to interactions of the
gamma-ray photons with photons of the ISRF. We also
compare and contrast our solutions for the ISRF with those
incorporated in the GALPROP package used for modelling the
high-energy emission from CR in the MW.
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Compact Resolved Ejecta in the Nearest Tidal Disruption
Event

Perlman, ES (Perlman, Eric S.); Meyer, ET (Meyer, Eileen T.);
Wang, QD (Wang, Q. Daniel); Yuan, Q (Yuan, Qiang); Henriksen,
R (Henriksen, Richard); Irwin, J (Irwin, Judith); Krause, M
(Krause, Marita); Wiegert, T (Wiegert, Theresa); Murphy, EJ
(Murphy, Eric J.); Heald, G (Heald, George); Dettmar, RJ
(Dettmar, Ralf-Juergen)

ASTROPHYSICAL JOURNAL
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Tidal disruption events (TDEs) occur when a star or substellar
object passes close enough to a galaxy's supermassive black
hole to be disrupted by tidal forces. NGC 4845 (d - 17 Mpc) was
host to a TDE, IGR J12580 vertical bar 0134, detected in 2010
November. Its proximity offers us a unique close-up of the TDE
and its aftermath. We discuss new Very Long Baseline Array
(VLBA) and Karl G. Jansky Very Large Array observations, which
show that the radio flux from the active nucleus created by the
TDE has decayed in a manner consistent with predictions from
a jet-circumnuclear medium interaction model. This model
explains the source's broadband spectral evolution, which
shows a spectral peak that has moved from the submillimeter
(at the end of 2010) to GHz radio frequencies (in 2011-2013) to
< 1 GHz in 2015. The milliarcsecond-scale core is circularly
polarized at 1.5 GHz but not at 5 GHz, consistent with the
model. The VLBA images show a complex structure at 1.5 GHz
that includes an east-west extension that is similar to 40 mas
(3 pc) long, as well as a resolved component that is 52 mas (4.1
pc) northwest of the flat-spectrum core, which is all that can
be seen at 5 GHz. If ejected in 2010, the northwest component
must have had v = 0.96c over five years. However, this is
unlikely, as our model suggests strong deceleration to speeds <
0.5¢ within months and a much smaller, sub-parsec size. In this
interpretation, the northwest component could have either a
non-nuclear origin or be from an earlier event.
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3FGL J1924.8-1034: A spatially extended stable unidentified
GeV source?

Xia, ZQ (Xia, Zi-Qing); Duan, KK (Duan, Kai-Kai); Li, S (Li, Shang);
Liang, YF (Liang, Yun-Feng); Shen, ZQ (Shen, Zhao-Qiang); Yue,
C (Yue, Chuan); Wang, YP (Wang, Yuan-Peng); Yuan, Q (Yuan,
Qiang); Fan, YZ (Fan, Yi-Zhong); Wu, J (Wu, Jian); Chang, J
(Chang, Jin)

PHYSICAL REVIEW D

#: 95 #]: 10 3CHk 5: 102001

Milky Way-like galaxies are predicted to host a very large
number of dark matter subhalos. Some massive and nearby
subhalos could generate detectable gamma rays, appearing as
unidentified, spatially extended and stable gamma-ray sources.
We search for such sources in the third Fermi Large Area
Telescope source list (3FGL) and report the identification of a
new candidate, 3FGL J1924.8-1034. With the Fermi-LAT Pass 8
data, we find that 3FGL J1924.8-1034 is spatially extended at a
high confidence level of 5.4 sigma, with a best-fit extension
radius of similar to 0.15 degrees. No significant variability has
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been found and its gammaray spectrum is well fitted by the
dark matter annihilation into b (b) over bar with a mass of
similar to 43 GeV. All these facts make 3FGL J1924.8-1034 a
possible dark matter subhalo candidate. However, due to the
limited angular resolution, the possibility of that the spatial
extension of 3FGL J1924.8-1034 is caused by the
contamination from the other unresolved point source cannot
be ruled out.
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Quality control of mass production of PMT modules for
DAMPE

Dong, JN (Dong, J. N.); Zhang, YL (Zhang, Y. L.); Zhang, ZY
(zhang, Z. Y.); Wei, YF (Wei, Y. F.); Wu, LB (Wu, L. B.); Wang, C
(Wang, C.); Shen, ZT (Shen, Z. T.); Feng, CQ (Feng, C. Q.); Gao,
SS (Gao, S. S.); Gan, FJ (Gan, F. J.); Wen, SC (Wen, S. C.); Hu, YM
(Hu, Y. M.); Chen, DY (Chen, D. Y.); Gong, YZ (Gong, Y. Z.);
Huang, HS (Huang, H. S.); Wang, XL (Wang, X. L.); Xu, ZZ (Xu, Z.
Z.); Liu, SB (Liu, S. B.); An, Q (An, Q.)

JOURNAL OF INSTRUMENTATION

% 12 JCHkS: T05004

Photomultiplier tube (PMT) modules were selected to read out
the signals in the BGO electromagnetic calorimeter for the
Dark Matter Particle Explorer satellite. The test procedure and
the related quality control of mass production PMT modules
are described, with a summary of PMT module quality and the
results from tests. With strict quality control throughout the
production and test process, over 88% of the PMT modules
meet the criteria required by DAMPE.
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Propagation of cosmic rays in the AMS-02 era

Yuan, Q (Yuan, Qiang); Lin, SJ (Lin, Su-Jie); Fang, K (Fang, Kun);
Bi, XJ (Bi, Xiao-Jun)
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In this work we use the newly reported boron-to-carbon ratio
(B/C) from AMS-02 and the time-dependent proton fluxes
from PAMELA and AMS-02 to constrain the source and
propagation parameters of cosmic rays in the Milky Way. A
linear correlation of the solar modulation parameter with solar
activities is assumed to account for the time-varying cosmic ray
fluxes. A comprehensive set of propagation models, with or
without reacceleration or convection, has been discussed and
compared. We find that only the models with reacceleration
can self-consistently fit both the proton and B/C data. The
rigidity dependence slope of the diffusion coefficient, delta, is
found to be about 0.38-0.50 for the diffusion-reacceleration
models. The plain diffusion and diffusion-convection models fit
the data poorly. We compare different model predictions of
the positron and antiprotonfluxes with the data. We find that
the diffusion-reacceleration models overproduce low energy
positrons, while nonreacceleration models give better fit to the
data. As for antiprotons, reacceleration models tend to
underpredict low energy antiproton fluxes, unless a
phenomenological modification of the velocity dependence of
the diffusion coefficient is applied. Our results suggest that
there could be important differences of the propagation for
nuclei and leptons, in either the Milky Way or the solar
heliosphere.
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Calibrating a physical model based on Geant4 to calculate
cosmogenic nuclide production rates on lunar surface

Chen, J (Chen, Jian); Dong, TK (Dong, Tiekuang); Ren, ZZ (Ren,
Zhongzhou)
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A physical model based on the open-source toolkit Geant4 for
production rates of cosmogenic nuclei on the lunar surface is
proposed and calibrated. The fluxes of proton and neutron
beneath the lunar surface are obtained by simulating the
physical processes between the cosmic-ray particles and the
lunar surface material. By combining the experimental proton
cross sections and the a posteriori neutron cross sections, we
calculate the production rate depth profiles of long-lived nuclei
(Be-10, C-14, Al-26, CI-36, and Mn-53). Through comparing
experimental and theoretical data for these nuclei, we find
that for all the selected nuclei, experimental and theoretical
production rate depth profiles agree well with each other by
introducing a single normalization factor. It means that the
physical model based on Geant4 can also reproduce the depth
profiles of cosmogenic nuclei, and that this model can be used
by everyone worldwide. In addition, we predict the production
rates of three stable nuclei (Ne-21, Ne-22, and Ar-38).
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AMS-02 positron excess and indirect detection of three-body
decaying dark matter

Cheng, HC (Cheng, Hsin-Chia); Huang, WC (Huang, Wei-Chih);
Huang, XY (Huang, Xiaoyuan); Low, | (Low, lan); Tsai, YLS (Tsai,
Yue-Lin Sming); Yuan, Q (Yuan, Qiang)
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We consider indirect detection of meta-stable dark matter
particles decaying into a stable neutral particle and a pair of
standard model fermions. Due to the softer energy spectra
from the three-body decay, such models could potentially
explain the AMS-02 positron excess without being constrained
by the Fermi-LAT gamma-ray data and the cosmic ray
anti-proton measurements. We scrutinize over different final
state fermions, paying special attention to handling of the
cosmic ray background and including various contributions
from cosmic ray propagation with the help of the Like DM
package. It is found that primary decays into an
electron-positron pair and a stable neutral particle could give
rise to the AMS-02 positron excess and, at the same time, stay
unscathed against the gamma-ray and antiproton constraints.
Decays to a muon pair or a mixed flavor electron-muon pair
may also be viable depending on the propagation models.
Decays to all other standard model fermions are severely
disfavored.
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Thermal Design and Validation of DAMPE BGO Calorimeter

Hu Yiming; Chang Jin; Chen Dengyi; Liu Shubin; Feng Changging;
Zhang Yunlong

Chinese Journal of Space Science
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Dark Matter Particle Explorer (DAMPE) is one of the first
scientific exploration satellites of China, aiming to search dark
matter by measuring the spectrum of electron/positron and
gamma ray. DAMPE mainly consists of four sub-detectors
including Plastic Scintillator Detector (PSD), Silicon Tungsten
Tracker (STK), BGO Calorimeter (BGO) and Neutron Detector
(NUD). As the most important sub-detector of DAMPE, BGO
calorimeter plays a key role in precisely measuring energy of
the incident cosmic ray and identifying particles. In this paper,
thermal design of the calorimeter is introduced. Based on this
design, the Finite Element Analysis (FEA) on temperature field
of the BGO calorimeter is performed with the given on-orbit
conditions. In the end, Thermal Vacuum (TV) test has been

carried out in March, 2015 to prove the FEA is correct and the
methodology in this paper is effective.
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Synthesis of ZnO nanoporous structure materials by two-step
thermal oxidation of Zn film

Xu, Q (Xu, Qiang); Hong, RD (Hong, Rongdun); Chen, XP (Chen,
Xiaping); Wei, JJ (Wei, Jiaju); Wu, ZY (Wu, Zhengyun)
CERAMICS INTERNATIONAL
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We describe the synthesis of ZnO nanostructures materials on
quartz substrates by a simple two-step thermal oxidation
process. Firstly, a thin layer of metallic Zn films are oxidized in
nitrogen atmosphere at 350 degrees C, and then the samples
annealed at high temperature (from 600 to 800 degrees C) to
improve the crystal quality. The properties of the materials are
characterized with X-ray diffraction (XRD), scanning electron
microscopy (SEM), Raman spectroscopy and UV-Visible
spectroscopy at room temperature. The results show that
nano porous structure materials have been formed after the
samples annealed at high temperature. Since the small grain
size and grain boundary induced effect of conduction band
bending, the optical band gap shifts to low energy.
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CALIFA reveals prolate rotation in massive early-type galaxies:
A polar galaxy merger origin?

Tsatsi, A (Tsatsi, A.); Lyubenova, M (Lyubenova, M.); de Ven,
GV (de Ven, G. van); Chang, J (Chang, J.); Aguerri, JAL (Aguerri,
J. A. L.); Falcon-Barroso, J (Falcon-Barroso, J.); Maccio, AV
(Maccio, A. V.)
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We present new evidence for eight early-type galaxies (ETGs)
from the CALIFA Survey that show clear rotation around their
major photometric axis ("prolate rotation"). These are
LSBCF560-04, NGC 0647, NGC 0810, NGC 2484, NGC 4874, NGC
5216, NGC 6173, and NGC 6338. Including NGC 5485, a known
case of an ETG with stellar prolate rotation, as well as UGC
10695, a further candidate for prolate rotation, we report ten
CALIFA galaxies in total that show evidence for such a feature
in their stellar kinematics. Prolate rotators correspond to
similar to 9% of the volume-corrected sample of CALIFA ETGs,
a fraction much higher than previously reported. We find that
prolate rotation is more common (similar to 27%) among the
most massive ETGs (M* greater than or similar to 2x 10(11) M
circle dot). We investigated the implications of these findings
by studying N-body merger simulations, and we show that a
prolate ETG with rotation around its major axis could be the
result of a major polar merger, with the amplitude of prolate
rotation depending on the initial bulgeto-total stellar mass
ratio of its progenitor galaxies. Additionally, we find that
prolate ETGs resulting from this formation scenario show a
correlation between their stellar line-of-sight velocity and
higher order moment h(3), opposite to typical oblate ETGs, as
well as a double peak of their stellar velocity dispersion along
their minor axis. Finally, we investigated the origin of prolate
rotation in polar galaxy merger remnants. Our findings suggest
that prolate rotation in massive ETGs might be more common
than previously expected, and can help toward a better
understanding of their dynamical structure and formation
origin.
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The DArk Matter Particle Explorer mission

Chang, J (Chang, J.); Ambrosi, G (Ambrosi, G.); An, Q (An, Q.);
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HY (Zhao, H. Y.); Zhao, XF (Zhao, X. F.); Zhou, CY (Zhou, C. Y.);
Zhou, Y (Zhou, Y.); Zhu, X (Zhu, X.); Zhu, Y (Zhu, Y.); Zimmer, S
(Zimmer, S.)
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The DArk Matter Particle Explorer (DAMPE), one of the four
scientific space science missions within the framework of the
Strategic Pioneer Program on Space Science of the Chinese
Academy of Sciences, is a general purpose high energy
cosmic-ray and gamma-ray observatory, which was
successfully launched on December 17th, 2015 from the
Jiuguan Satellite Launch Center. The DAMPE scientific
objectives include the study of galactic cosmic rays up to
similar to 10 TeV and hundreds of TeV for electrons/gammas
and nuclei respectively, and the search for dark matter
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signatures in their spectra. In this paper we illustrate the
layout of the DAMPE instrument, and discuss the results of
beam tests and calibrations performed on ground. Finally we
present the expected performance in space and give an
overview of the mission key scientific goals. (C) 2017 Elsevier
B.V. All rights reserved.
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Offline software for the DAMPE experiment

Wang, C (Wang, Chi); Liu, D (Liu, Dong); Wei, YF (Wei, Yifeng);
Zhang, ZY (Zhang, Zhiyong); Zhang, YL (Zhang, Yunlong); Wang,
XL (Wang, Xiaolian); Xu, ZZ (Xu, Zizong); Huang, GS (Huang,
Guangshun); Tykhonov, A (Tykhonov, Andrii); Wu, X (Wu, Xin);
Zang, JJ (Zang, Jingjing); Liu, Y (Liu, Yang); Jiang, W (Jiang, Wei);
Wen, SC (Wen, Sicheng); Wu, J (Wu, Jian); Chang, J (Chang, Jin)
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A software system has been developed for the DArk Matter
Particle Explorer (DAMPE) mission, a satellite-based
experiment. The DAMPE software is mainly written in C++ and
steered using a Python script. This article presents an overview
of the DAMPE offline software, including the major
architecture design and specific implementation for simulation,
calibration and reconstruction. The whole system has been
successfully applied to DAMPE data analysis. Some results
obtained using the system, from simulation and beam test
experiments, are presented.
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Temperature effects on MIPs in the BGO calorimeters of
DAMPE

Wang, YP (Wang, Yuan-Peng); Wen, SC (Wen, Si-Cheng); Jiang,
W (Jiang, Wei); Yue, C (Yue, Chuan); Zhang, ZY (Zhang,
Zhi-Yong); Wei, YF (Wei, Yi-Feng); Zhang, YL (Zhang, YunLong);
Zang, JJ (Zang, Jing-Jing); Wu, J (Wu, Jian)
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In this paper, we present a study of temperature effects on
BGO calorimeters using proton MIPs collected in the first year
of operation of DAMPE. By directly comparing MIP calibration
constants used by the DAMPE data production pipe line, we
find an experimental relation between the temperature and
signal amplitudes of each BGO bar: a general deviation of
-1.162%/degrees C, and -0.47%/degrees C to -1.60%/degrees C
statistically for each detector element. During 2016, DAMPE's
temperature changed by similar to 8 degrees C due to solar
elevation angle, and the corresponding energy scale bias is
about 9%. By frequent MIP calibration operation, this kind of
bias is eliminated to an acceptable value.
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Validation of the Ability of Full Configuration Interaction
Quantum Monte Carlo for Studying the 2D Hubbard Model

Yun, SJ (Yun, Su-Jun); Dong, TK (Dong, Tie-Kuang); Zhu, SN (Zhu,
Shi-Ning)

CHINESE PHYSICS LETTERS
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To validate the ability of full configuration interaction quantum
Monte Carlo (FCIQMC) for studying the 2D Hubbard model
near half-filling regime, the ground state energies of a 4 x 4
square lattice system with various interaction strengths are
calculated. It is found that the calculated results are in good
agreement with those obtained by exact diagonalization (i.e.,
the exact values for a given basis set) when the population of
psi particles (psips) is higher than the critical population
required to correctly sample the ground state wave function.
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In addition, the variations of the average computational time
per 20 Monte Carlo cycles with the coupling strength and the
number of processors are also analyzed. The calculated results
show that the computational efficiency of an FClIQMC
calculation is mainly affected by the total population of psips
and the communication between processors. These results can
provide useful references for understanding the FCIQMC
algorithm, studying the ground state properties of the 2D
Hubbard model for the larger system size by the FCIQMC
method and using a computational budget as effectively as
possible.
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Statistical study of co-rotating interaction region properties
with STEREO and ACE observations

Yu Huang Qi-WuSong DongLi

Research in Astronomy and Astrophysics
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We analyzed the data on co-rotating interaction regions(CIRs)
measured by the Advanced Composition Explorer(ACE) and
Solar TErrestrial RElations Observatory(STEREO) from 2007
t02010. The CIRs were observed by STEREO B(STB), ACE and
STEREO A(STA) one after another, and a total of 28 CIRs were
identified in this work. Since the same characteristics of CIRs
were detected by these three spacecraft at three different
locations and times, these data can help us to study the
evolutions of CIRs. For a single event, the properties of CIRs
observed by the three spacecraft were quite different and
could be explained by spatial or temporal variations. For all
these 28 CIRs,STA and STB observed similar mean parameters,
such as peak magnetic field strength(offset 11%), peak and
change in solar wind speed(offset 3% and 10% respectively),
peak proton temperature(offset 14%) and peak perpendicular
pressure(offset 15%). Surprisingly, STA detected much
higher(41%) peak density of protons than STB.

A timing view of the heartbeat state of GRS 1915+105

Yan, SP (Yan, Shu-Ping); Ji L (Ji, Li); Mendez, M (Mendez,
Mariano); Liu, SM (Liu, Si-Ming); Wang, N (Wang, Na); Li, XD (Li,
Xiang-Dong); Ge, MY (Ge, Ming-Yu); Liao, JY (Liao, Jin-Yuan);
Niu, S (Niu, Shu); Qu, JL (Qu, lJin-Lu); Ding, GQ (Ding,
Guo-Qiang); Liu, QZ (Liu, Qing-Zhong); Sun, W (Sun, Wei)
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
%: 465 : 2 71: 1926-1933

We present a timing analysis of two Rossi X-ray Timing
Explorer observations of the micro-quasar GRS 1915+ 105
during the heartbeat state. The phase-frequency-power maps
show that the intermediate-frequency aperiodic X-ray
variability weakens as the source softens in the slow rise phase,
and when the quasi-periodic oscillation disappears in the rise
phase of the pulse of the double-peaked class, its
sub-harmonic is still present with a hard phase lag. In the slow
rise phase, the energy-frequency-power maps show that most
of the aperiodic variability is produced in the corona, and may
also induce the aperiodic variability observed at low energies
from an accretion disc, which is further supported by the soft
phase lag especially in the intermediate-frequency range (with

a time delay up to 20 ms). In the rise phase of the pulse, the
low-frequency aperiodic variability is enhanced significantly
and there is a prominent hard lag (with a time delay up to 50
ms), indicating that the variability is induced by extension of
the disc towards small radii as implied by the increase in flux
and propagates into the corona. However, during the hard
pulse of the double-peaked class, the variability shows no
significant lag, which may be attributed to an optically thick
corona. These timing results are generally consistent with the
spectral results presented by Neilsen, Remillard & Lee which
indicated that the slow rise phase corresponds to a local
Eddington limit and the rise phase of the pulse corresponds to
a radiation pressure instability in the disc.
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Joint fit of Warm Absorbers in COS and HETG spectra of NGC
3783

Fu, XD (Fu, Xiao-Dan); Zhang, SN (Zhang, Shui-Nai); Sun, W (Sun,
Wei); Niu, S (Niu, Shu); Ji, L (Ji, Li)

RESEARCH IN ASTRONOMY AND ASTROPHYSICS
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Warm Absorbers (WAs), as an important form of AGN outflows,
show absorption in both the UV and X-ray bands. Using XSTAR
generated photoionization models, for the first time we
present a joint fit to the simultaneous observations of HST/COS
and Chandra/HETG on NGC 3783. A total of five WAs explain
well all absorption features from the AGN outflows, which are
spread over a wide range of parameters: ionization parameter
log xi from 0.6 to 3.8, column density log N-H from 19.5 to 22.3
cm(-2), velocity v from 380 to 1060 km s(-1), and covering
factor from 0.33 to 0.75. Not all the five WAs are consistent in
pressure. Two of them are likely different parts of the same
absorbing gas, and two of the other WAs may be smaller
discrete clouds that are blown out from the inner region of the
torus at different periods. The five WAs suggest a total mass
outflowing rate within the range of 0.22-4.1 solar mass per
year.
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Current Investigations on Young Star Cluster NGC 3603 in
X-ray

Wang Qian; Sun Wei; Ji Li

Progress in Astronomy
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NGC 3603 is a dense young cluster located in the Carina spiral
arm of the Milky Way. The mechanical energy released by the
winds from massive stars alters the property of the ambient
medium, and has very important influences on the star
formation and the galaxy evolution process. The X-ray
emission in massive star formation region is produced by the
pre-main sequence star, OB star, and diffuse hot gas etc. In this
paper, we reviewed the X-ray radiation mechanisms of those
three kinds of sources and presented the X-ray radiation of
point sources and diffuse hot gas in NGC 3603, respectively.
For the point sources, Moffat et al.(2002)detected the X-rays
from 43 early-type sources, and found that they follow the
canonical relationship between the X-ray luminosity and the
bolometric luminosity: L_X/L_(bol) ~ 10~(-7). They also found
that MTT 68 and MTT 71, two O stars far away from the core
region, have enhanced X-ray emission: L_X/L_(bol) ~ 10-5. For
the diffuse emission, Townsley et al.(2011)found that the
diffuse plasma in NGC 3603 is in nonequilibrium state. Ji et
al.(2006)fitted the diffuse X-rays in the central annulus region
with the 1-D self-consistent non-equilibrium ionization cluster
wind model, and determined related stellar wind parameters.
Besides that, they both found that the X-rays from un-resolved
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pre-main sequence stars contribute ~ 10% in total X-ray the end.
luminosity. The prospect of X-ray research on NGC 3603 based
on the archival 0.5 Ms Chandra observation is also discussed in
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On the effect of turbulent anisotropy on pulsation stability
of stars

Zhang, CG (Zhang, Chun-Guang); Deng, LC (Deng, Li-Cai);
Xiong, DR (Xiong, Da-Run)

RESEARCH IN ASTRONOMY AND ASTROPHYSICS
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Within the framework of a non- local time- dependent
stellar convection theory, we study in detail the effect of
turbulent anisotropy on stellar pulsation stability. The
results show that anisotropy has no substantial influence on
pulsation stability of g modes and low- order (radial order
n(r) < 5) p modes. The effect of turbulent anisotropy
increases as the radial order increases. When turbulent
anisotropy is neglected, most high- order ( n(r) > 5) p modes
of all low-temperature stars become unstable. Fortunately,
within a wide range of the anisotropic parameter c(3), stellar
pulsation stability is not sensitive to the specific value of ¢(3.)
Therefore it is safe to say that calibration errors of the
convective parameter c (3) do not cause any uncertainty in
the calculation of stellar pulsation stability.
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Turbulent Convection and Pulsation Stability of Stars

Xiong Darun

Acta Astronomica Sinica
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The controversies about the excitation mechanism for cool
variables are reviewed: (1) Most people believe that gamma
Doradus stars are excited by so called convective blocking.
Our researches show that the excitation of gamma Doradus
has no difference from that of delta Scuti. They are two
subgroups of a broader type of delta Stuti-gamma Doradus
stars: delta Scuti is the p-mode subgroup, while gamma
Doradus is the g-mode subgroup. (2) Most people believe
that the Solar- and Solar-like oscillations of stars are damped
by convection, and they are excited by so called stochastic
effects of turbulence. Our researches show that convection
is not solely a damping mechanism for stellar oscillations,
otherwise it is not able to explain the excitation of Mira and
Mira-like stars. It can be repeated not only the delta Scuti
and gamma Doradus strip, but also the characteristics of
Solar-like and Mira-like oscillations, respectively, for the low-
and high- luminosity red stars by using our non-local and
time-dependent theory of convection.
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INTERSTELLAR-MEDIUM MAPPING IN M82 THROUGH
LIGHT ECHOES AROUND SUPERNOVA 2014

JYang, Y (Yang, Yi); Wang, LF (Wang, Lifan); Baade, D (Baade,
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We present multiple-epoch measurements of the size and
surface brightness of the light echoes from supernova (SN)
2014J) in the nearby starburst galaxy M82. Hubble Space
Telescope (HST) ACS/WFC images were taken similar to 277
and similar to 416 days after B-band maximum in the filters
F475W, F606W, and F775W. Observations with HST
WEFC3/UVIS images at epochs similar to 216 and similar to
365 days are included for a more complete analysis. The
images reveal the temporal evolution of at least two major
light-echo components. The first one exhibits a filled ring
structure with position-angle-dependent intensity. This
radially extended, diffuse echo indicates the presence of an
inhomogeneous interstellar dust cloud ranging from similar
to 100 to similar to 500 pc in the foreground of the SN. The
second echo component appears as an unresolved luminous
quarter-circle arc centered on the SN. The wavelength
dependence of scattering measured in different dust
components suggests that the dust producing the luminous
arc favors smaller grain sizes, while that causing the diffuse
light echo may have sizes similar to those of the Milky Way
dust. Smaller grains can produce an optical depth consistent
with that along the supernova-Earth line of sight measured
by previous studies around maximum light. Therefore, it is
possible that the dust slab from which the luminous arc
arises is also responsible for most of the extinction toward
SN. 2014J. The optical depths determined from the Milky
Way-like dust in the scattering matters are lower than the
optical depth produced by the dust slab.

% 93 %, Lt 286 %

Optical Sky Brightness and Transparency during the Winter
Season at Dome A Antarctica from the Gattini-All-Sky
Camera

Yang, Y (Yang, Yi); Moore, AM (Moore, Anna M.); Krisciunas,
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K (Krisciunas, Kevin); Wang, LF (Wang, Lifan); Ashley, MCB
(Ashley, Michael C. B.); Fu, JN (Fu, Jianning); Brown, PJ
(Brown, Peter J.); Cui, XQ (Cui, Xiangqun); Feng, LL (Feng,
Long-Long); Gong, XF (Gong, Xuefei); Hu, ZW (Hu,
Zhongwen); Lawrence, JS (Lawrence, Jon S.); Luong-Van, D
(Luong-Van, Daniel); Riddle, RL (Riddle, Reed L.); Shang, ZH
(Shang, Zhaohui); Sims, G (Sims, Geoff); Storey, JWV (Storey,
John W. V.); Suntzeff, NB (Suntzeff, Nicholas B.); Tothill, N
(Tothill, Nick); Travouillon, T (Travouillon, Tony); Yang, HG
(Yang, Huigen); Yang, J (Yang, Ji); Zhou, X (Zhou, Xu); Zhu, ZX
(Zhu, Zhenxi)

ASTRONOMICAL JOURNAL
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The summit of the Antarctic plateau, Dome A, is proving to
be an excellent site for optical, near-infrared, and terahertz
astronomical observations. Gattini is a wide-field camera
installed on the PLATO instrument module as part of the
Chinese-led traverse to Dome A in 2009 January. We present
here the measurements of sky brightness with the Gattini
ultra-large field of view (90 degrees X 90 degrees) in the
photometric B-, V-, and R-bands; cloud cover statistics
measured during the 2009 winter season; and an estimate
of the sky transparency. A cumulative probability
distribution indicates that the darkest 10% of the nights at
Dome A have sky brightness of S-B = 22.98, S-V = 21.86, and
S-R = 21.68 mag arcsec(-2). These values were obtained
during the year 2009 with minimum aurora, and they are
comparable to the faintest sky brightness at Maunakea and
the best sites of northern Chile. Since every filter includes
strong auroral lines that effectively contaminate the sky
brightness measurements, for instruments working around
the auroral lines, either with custom filters or with high
spectral resolution instruments, these values could be easily
obtained on a more routine basis. In addition, we present
example light curves for bright targets to emphasize the
unprecedented observational window function available
from this ground-based site. These light curves will be
published in a future paper.

594 %, 4k 286 %
1C 630: Piercing the Veil of the Nuclear Gas

Durre, M (Durre, Mark); Mould, J (Mould, Jeremy);
Schartmann, M (Schartmann, Marc); Uddin, SA (Uddin, Syed
Ashraf); Cotter, G (Cotter, Garrett)

ASTROPHYSICAL JOURNAL
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IC 630 is a nearby early-type galaxy with a mass of 6 x 10(10)
M-circle dot with an intense burst of recent (6Myr) star
formation (SF). It shows strong nebular emission lines, with
radio and X-ray emission, which classifies it as an active
galactic nucleus (AGN). With VLT-SINFONI and Gemini
North-NIFS adaptive optics observations (plus
supplementary ANU 2.3m WiFeS optical IFU observations),
the excitation diagnostics of the nebular emission species
show no sign of standard AGN engine excitation; the stellar
velocity dispersion also indicates that a supermassive black
hole (if one is present) is small (M. = 2.25 x 10(5)M(circle
dot)). The luminosity at all wavelengths is consistent with SF
at a rate of about 1-2M(circle dot) yr(-1). We measure gas
outflows driven by SF at a rate of 0.18M(circle dot) yr(-1) in
a face-on truncated cone geometry. We also observe a
nuclear cluster or disk and other clusters. Photoionization
from young, hot stars is the main excitation mechanism for
[Fe 1] and hydrogen, whereas shocks are responsible for the
H-2 excitation. Our observations are broadly comparable
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with simulations where a Toomre-unstable, self-gravitating
gas disk triggers a burst of SF, peaking after about 30 Myr
and possibly cycling with a period of about 200 Myr.

95 %, 1k 286 %

Evolution of Mass and Velocity Field in the Cosmic Web:
Comparison Between Baryonic and Dark Matter

Zhu, WS (Zhu, Weishan); Feng, LL (Feng, Long-Long)
ASTROPHYSICAL JOURNAL
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We investigate the evolution of the cosmic web since z. =. 5
in grid-based cosmological hydrodynamical simulations,
focusing on the mass and velocity fields of both baryonic
and cold dark matter. The tidal tensor of density is used as
the main method for web identification, with lambda(th). =.
0.2-1.2. The evolution trends in baryonic and dark matter
are similar, although moderate differences are observed.
Sheets appear early, and their large-scale pattern may have
been set up by z. =. 3. In terms of mass, filaments supersede
sheets as the primary collapsing structures from z. similar to
2-3. Tenuous filaments assembled with each other to form
prominent ones at z. <.. 2. In accordance with the
construction of the frame of the sheets, the cosmic
divergence velocity, vdiv, was already welldeveloped above
2-3 Mpc by z. =. 3. Afterwards, the curl velocity, vcurl, grew
dramatically along with the rising of filaments, becoming
comparable to vdiv, for < 2-3 Mpc at z. =. 0. The scaling of
veurl can be described by the hierarchical turbulence model.
The alignment between the vorticity and the eigenvectors of
the shear tensor in the baryonic matter field resembles that
in the dark matter field, and is even moderately stronger
between w and el, and. and e3. Compared with dark matter,
there is slightly less baryonic matter found residing in
filaments and clusters, and its vorticity developed more
significantly below 2-3 Mpc. These differences may be
underestimated because of the limited resolution and lack
of star formation in our simulation. The impact of the
change of dominant structures in overdense regions at z.
similar to 2-3 on galaxy formation and evolution is shortly
discussed.

% 96 %, L 286 %
Superluminous Supernovae at High Redshift

Abbott, T (Abbott, Tim); Cooke, J (Cooke, Jeff); Curtin, C
(Curtin, Chris); Joudaki, S (Joudaki, Shahab); Katsianis, A
(Katsianis, Antonios); Koekemoer, A (Koekemoer, Anton);
Mould, J (Mould, Jeremy); Tescari, E (Tescari, Edoardo);
uUddin, S (Uddin, Syed); Wang, LF (Wang, Lifan)
PUBLICATIONS OF THE ASTRONOMICAL SOCIETY OF
AUSTRALIA

134 WiikS: e012

Superluminous supernovae are beginning to be discovered
at redshifts as early as the epoch of reionisation. A number
of candidate mechanisms is reviewed, together with the
discovery programmes.

% 97 %4, It 286 %

Variable Stars Observed in the Galactic Disk by AST3-1 from
Dome A, Antarctica

Wang, LZ (Wang, Lingzhi); Ma, B (Ma, Bin); Li, G (Li, Gang);
Hu, Y (Hu, Yi); Fu, JN (Fu, Jianning); Wang, LF (Wang, Lifan);
Ashley, MCB (Ashley, Michael C. B.); Cui, XQ (Cui, Xiangqun);
Du, FJ (Du, Fujia); Gong, XF (Gong, Xuefei); Li, XY (Li, Xiaoyan);
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Li, ZY (Li, Zhengyang); Liu, Q (Liu, Qiang); Pennypacker, CR
(Pennypacker, Carl R.); Shang, ZH (Shang, Zhaohui); Yuan, XY
(Yuan, Xiangyan); York, DG (York, Donald G.); Zhou, JL (Zhou,
Jilin)

ASTRONOMICAL JOURNAL
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AST3-1 is the second-generation wide-field optical
photometric telescope dedicated to time-domain astronomy
at Dome A, Antarctica. Here, we present the results of an
i-band images survey from AST3-1 toward one Galactic disk
field. Based on time-series photometry of 92,583 stars, 560
variable stars were detected with i magnitude <= 16.5 mag
during eight days of observations; 339 of these are
previously unknown variables. We tentatively classify the
560 variables as 285 eclipsing binaries ( EW, EB, and EA), 27
pulsating variable stars (delta Scuti, gamma Doradus, delta
Cephei variable, and RR Lyrae stars), and 248 other types of
variables ( unclassified periodic, multiperiodic, and aperiodic
variable stars). Of the eclipsing binaries, 34 show O'Connell
effects. One of the aperiodic variables shows a plateau light
curve and another variable shows a secondary maximum
after peak brightness. We also detected a complex binary
system with an RS CVn-like light-curve morphology; this
object is being followed-up spectroscopically using the
Gemini South telescope.

98 %, It 286 %

Cosmological Inference from Host-Selected Type la
Supernova Samples

Uddin, SA (Uddin, Syed A.); Mould, J (Mould, Jeremy);
Lidman, C (Lidman, Chris); Ruhlmann-Kleider, V
(Ruhlmann-Kleider, Vanina); Hardin, D (Hardin, Delphine)
PUBLICATIONS OF THE ASTRONOMICAL SOCIETY OF
AUSTRALIA
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We compare two Type la supernova samples that are drawn
from a spectroscopically confirmed Type la supernova
sample: a host-selected sample in which SNe la are
restricted to those that have a spectroscopic redshift from
the host; and a broader, more traditional sample in which
the redshift could come from either the SN or the host. The
host-selected sample is representative of SN samples that
will use the redshift of the host to infer the SN redshift, long
after the SN has faded from view. We find that SNe la that
are selected on the availability of a redshift from the host
differ from SNe Ila that are from the broader sample. The
former tend to be redder, have narrower light curves, live in
more massive hosts, and tend to be at lower redshifts. We
find that constraints on the equation of state of dark energy,
omega, and the matter density, Omega(M), remain
consistent between these two types of samples. Our results
are important for ongoing and future supernova surveys,
which unlike previous supernova surveys, will have limited
real-time follow-up to spectroscopically classify the SNe they
discover. Most of the redshifts in these surveys will come
from the hosts.

%99 %, 3t 286 %

Detection of a possible superluminous supernova in the
Epoch of Reionization

Mould, J (Mould, Jeremy); Abbott, T (Abbott, Tim); Cooke, J
(Cooke, Jeff); Curtin, C (Curtin, Chris); Katsianis, A (Katsianis,
Antonios); Koekemoer, A (Koekemoer, Anton); Tescari, E
(Tescari, Edoardo); Uddin, S (Uddin, Syed); Wang, LF (Wang,

Lifan); Wyithe, S (Wyithe, Stuart)

SCIENCE BULLETIN
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An interesting transient has been detected in one of our
three Dark Energy Camera deep fields. Observations of these
deep fields take advantage of the high red sensitivity of
DECam on the Cerro Tololo Interamerican Observatory
Blanco telescope. The survey includes the Y band with rest
wavelength 1430{\AA} at z = 6. Survey fields (the Prime field
0555-6130, the 16hr field 1600-75 and the SUDSS New
Southern Field) are deeper in Y than other infrared surveys.
They are circumpolar, allowing all night to be used efficiently,
exploiting the moon tolerance of 1 micron observations to
minimize conflict with the Dark Energy Survey. As an i-band
dropout (meaning that the flux decrement shortward of
Lyman alpha is in the i bandpass), the transient we report
here is a supernova candidate with z ~ 6, with a luminosity
comparable to the brightest known current epoch
superluminous supernova (i.e., ~ 2 x 10711 solar
luminosities).

100 %, 3t 286 %

0zDES multifibre spectroscopy for the Dark Energy Survey:
3-yr results and first data release

Childress, MJ (Childress, M. J.); Lidman, C (Lidman, C.); Davis,
TM (Davis, T. M.); Tucker, BE (Tucker, B. E.); Asorey, J
(Asorey, J.); Yuan, F (Yuan, F.); Abbott, TMC (Abbott, T. M.
C.); Abdalla, FB (Abdalla, F. B.); Allam, S (Allam, S.); Annis, J
(Annis, J.); Banerji, M (Banerji, M.); Benoit-Levy, A
(Benoit-Levy, A.); Bernard, SR (Bernard, S. R.); Bertin, E
(Bertin, E.); Brooks, D (Brooks, D.); Buckley-Geer, E
(Buckley-Geer, E.); Burke, DL (Burke, D. L.); Rosell, AC (Rosell,
A. Carnero); Carollo, D (Carollo, D.); Kind, MC (Kind, M.
Carrasco); Carretero, J (Carretero, J.); Castander, FJ
(Castander, F. J.); Cunha, CE (Cunha, C. E.); da Costa, LN (da
Costa, L. N.); D'Andrea, CB (D'Andrea, C. B.); Doel, P (Doel,
P.); Eifler, TF (Eifler, T. F.); Evrard, AE (Evrard, A. E.); Flaugher,
B (Flaugher, B.); Foley, RJ (Foley, R. J.); Fosalba, P (Fosalba,
P.); Frieman, J (Frieman, J.); Garcia-Bellido, J (Garcia-Bellido,
J.); Glazebrook, K (Glazebrook, K.); Goldstein, DA (Goldstein,
D. A.); Gruen, D (Gruen, D.); Gruend|, RA (Gruendl, R. A.);
Gschwend, J (Gschwend, J.); Gupta, RR (Gupta, R. R.);
Gutierrez, G (Gutierrez, G.); Hinton, SR (Hinton, S. R.);
Hoormann, JK (Hoormann, J. K.); James, DJ (James, D. J.);
Kessler, R (Kessler, R.); Kim, AG (Kim, A. G.); King, AL (King, A.
L.); Kovacs, E (Kovacs, E.); Kuehn, K (Kuehn, K.); Kuhimann, S
(Kuhlmann, S.); Kuropatkin, N (Kuropatkin, N.); Lagattuta, DJ
(Lagattuta, D. J.); Lewis, GF (Lewis, G. F.); Li, TS (Li, T. S.);
Lima, M (Lima, M.); Lin, H (Lin, H.); Macaulay, E (Macaulay,
E.); Maia, MAG (Maia, M. A. G.); Marriner, J (Marriner, J.);
March, M (March, M.); Marshall, JL (Marshall, J. L.); Martini,
P (Martini, P.); McMahon, RG (McMahon, R. G.); Menanteau,
F (Menanteau, F.); Miquel, R (Miquel, R.); Moller, A (Moller,
A.); Morganson, E (Morganson, E.); Mould, J (Mould, J.);
Mudd, D (Mudd, D.); Muthukrishna, D (Muthukrishna, D.);
Nichol, RC (Nichol, R. C.); Nord, B (Nord, B.); Ogando, RLC
(Ogando, R. L. C.); Ostrovski, F (Ostrovski, F.); Parkinson, D
(Parkinson, D.); Plazas, AA (Plazas, A. A.); Reed, SL (Reed, S.
L.); Reil, K (Reil, K.); Romer, AK (Romer, A. K.); Rykoff, ES
(Rykoff, E. S.); Sako, M (Sako, M.); Sanchez, E (Sanchez, E.);
Scarpine, V (Scarpine, V.); Schindler, R (Schindler, R.);
Schubnell, M (Schubnell, M.); Scolnic, D (Scolnic, D.);
Sevilla-Noarbe, | (Sevilla-Noarbe, 1.); Seymour, N (Seymour,
N.); Sharp, R (Sharp, R.); Smith, M (Smith, M.); Soares-Santos,
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M (Soares-Santos, M.); Sobreira, F (Sobreira, F.); Sommer,
NE (Sommer, N. E.); Spinka, H (Spinka, H.); Suchyta, E
(Suchyta, E.); Sullivan, M (Sullivan, M.); Swanson, MEC
(Swanson, M. E. C.); Tarle, G (Tarle, G.); Uddin, SA (Uddin, S.
A.); Walker, AR (Walker, A. R.); Wester, W (Wester, W.);
Zhang, BR (Zhang, B. R.)

MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
%: 472 J1: 1 71: 273-288

We present results for the first three years of 0zDES, a six
year programme to obtain redshifts for objects in the Dark
Energy Survey (DES) supernova fields using the 2dF fibre
positioner and AAOmega  spectrograph on the
Anglo-Australian Telescope. OzDES is a multi-object
spectroscopic survey targeting multiple types of targets at
multiple epochs over a multiyear baseline and is one of the
first multi-object spectroscopic surveys to dynamically
include transients into the target list soon after their
discovery. At the end of three vyears, OzDES has
spectroscopically confirmed almost 100 supernovae, and has
measured redshifts for 17 000 objects, including the
redshifts of 2566 supernova hosts. We examine how our
ability to measure redshifts for targets of various types
depends on signal-to-noise ratio (S/N), magnitude and
exposure time, finding that our redshift success rate
increases significantly at a S/N of 2-3 per 1-angstrom bin.
We also find that the change in S/N with exposure time
closely matches the Poisson limit for stacked exposures as
long as 10 h. We use these results to predict the redshift
yield of the full OzDES survey, as well as the potential yields
of future surveys on other facilities such as (i.e. the 4-m
Multi-Object Spectroscopic Telescope, the Subaru Prime
Focus Spectrograph and the Maunakea Spectroscopic
Explorer). This work marks the first OzDES data release,
comprising 14 693 redshifts. OzDES is on target to obtain
over 30 000 redshifts over the 6-yr duration of the survey,
including a vyield of approximately 5700 supernova
host-galaxy redshifts.

% 101 %, 3L 286 %

The Influence of Host Galaxies in Type la Supernova
Cosmology

Uddin, SA (Uddin, Syed A.); Mould, J (Mould, Jeremy);
Lidman, C (Lidman, Chris); Ruhlmann-Kleider, V
(Ruhlmann-Kleider, Vanina); Zhang, BR (Zhang, Bonnie R.)
ASTROPHYSICAL JOURNAL
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We use a sample of 1338 spectroscopically confirmed and
photometrically classified Type la supernovae (SNe la)
sourced from Carnegie Supernova Project, Center for
Astrophysics Supernova Survey, Sloan Digital Sky Survey-ll,
and SuperNova Legacy Survey SN samples to examine the
relationships between SNe la and the galaxies that host
them. Our results provide confirmation with improved
statistical significance that SNe la, after standardization, are
on average more luminous in massive hosts (significance. > 5
sigma), and decline more rapidly in massive hosts
(significance. > 9 sigma) and in hosts with low specific star
formation rates (significance. > 8 sigma). We study the
variation of these relationships with redshift and detect no
evolution. We split SNe la into pairs of subsets that are
based on the properties of the hosts and fit cosmological
models to each subset. Including both systematic and
statistical uncertainties, we do not find any significant shift

in the best-fit cosmological parameters between the subsets.

Among different SN la subsets, we find that SNe la in hosts
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with high specific star formation rates have the least
intrinsic scatter (sigma(int) = 0.08 +/- 0.01) in luminosity
after standardization.

% 102 %, 3t 286 %

A hybrid type la supernova with an early flash triggered by
helium-shell detonation

Jiang, JA (Jiang, Ji-an); Doi, M (Doi, Mamoru); Maeda, K
(Maeda, Keiichi); Shigeyama, T (Shigeyama, Toshikazu);
Nomoto, K (Nomoto, Ken'ichi); Yasuda, N (Yasuda, Naoki);
Jha, SW (Jha, Saurabh W.); Tanaka, M (Tanaka, Masaomi);
Morokuma, T (Morokuma, Tomoki); Tominaga, N (Tominaga,
Nozomu); Ivezic, Z (Ivezic, Zeljko); Ruiz-Lapuente, P
(Ruiz-Lapuente,  Pilar);  Stritzinger, MD (Stritzinger,
Maximilian D.); Mazzali, PA (Mazzali, Paolo A.); Ashall, C
(Ashall, Christopher); Mould, J (Mould, Jeremy); Baade, D
(Baade, Dietrich); Suzuki, N (Suzuki, Nao); Connolly, AJ
(Connolly, Andrew J.); Patat, F (Patat, Ferdinando); Wang, LF
(Wang, Lifan); Yoachim, P (Yoachim, Peter); Jones, D (Jones,
David); Furusawa, H (Furusawa, Hisanori); Miyazaki, S
(Miyazaki, Satoshi)

NATURE
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Type la supernovae arise from the thermonuclear explosion
of white-dwarf stars that have cores of carbon and
oxygen(1,2). The uniformity of their light curves makes these
supernovae powerful cosmological distance indicators(3,4),
but there have long been debates about exactly how their
explosion is triggered and what kind of companion stars are
involved(2,5,6). For example, the recent detection of the
early ultraviolet pulse of a peculiar, subluminous type la
supernova has been claimed as evidence for an interaction
between a red-giant or a main-sequence companion and
ejecta from a whited-warf explosion(7,8). Here we report
observations of a prominent but red optical flash that
appears about half a day after the explosion of a type la
supernova. This supernova shows hybrid features of
different supernova subclasses, namely a light curve that is
typical of normal-brightness supernovae, but with strong
titanium absorption, which is commonly seen in the spectra
of subluminous ones. We argue that this early flash does not
occur through previously suggested mechanisms such as the
companion-ejecta interaction(8-10). Instead, our simulations
show that it could occur through detonation of a thin helium
shell either on a near-Chandrasekhar- mass white dwarf, or
on a sub-Chandrasekhar-mass white dwarf merging with a
less-massive white dwarf. Our finding provides evidence that
one branch of previously proposed explosion models-the
helium-ignition branch- does exist in nature, and that such a
model may account for the explosions of white dwarfs in a
mass range wider than previously supposed(11-14).

% 103 %, L 286 %

Preheating of the Intergalactic Medium by Gravitational
Collapse and Ultraviolet Background

Zhu, WS (Zhu, Weishan); Feng, LL (Feng, Long-Long)
ASTROPHYSICAL JOURNAL
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The preheating of the intergalactic medium by structure
collapse and ultraviolet background (UVB) is investigated in
cosmological hydrodynamical simulations. When
gravitational collapse is the sole heating mechanism, we find
that (1) 60% and 45% of the IGM are heated up to S > 8 and
17 keV cm(2), respectively, at z = 0, but the fractions drop
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rapidly to a few percent at z = 2; (2) the entropy of the
circumhalo gas S-cir is higher than the virial entropy for
more than 75% of the halos with masses M < 10(11.5)
M-circle dot since z = 2, but the fraction higher than the
entropy, S-pr, required in the preventive model of galaxy
formation is only 15%-20% for halos with M < 10(10.5)
M-circle dot at z = 0, and decreases as redshift increases; (3)
assuming a metallicity of Z <= 0.03 Z(circle dot), the fraction
of halos whose circumhalo gas has a cooling time longer
than the Hubble time t(cool,cir) > t(H) is merely 5%-10% at z
less than or similar to 0.5, and even less at z >= 1 for halos
with M < 10(10.5) M-circle dot; and (4) gas in the filaments
undergoes the strongest preheating. Furthermore, we show
that the UVB cannot enhance the fraction of the IGM with S >
17 keV cm(2), but can increase the fraction of low-mass
halos (<10(10.5) M-circle dot) having S-cir > S-pr to similar to
70% at z = 0 and that having t(cool,cir) > t(H) to 15%-30% at
z less than or similar to 0.5. Our results indicate that
preheating due to gravitational collapse and UVB s
inadequate to fulfill the needs of the preventative model,
especially for halos with 10(10.5) M-circle dot < M< 10(11.5)
M-circle dot. Nevertheless, these two mechanisms might
cause large-scale galactic conformity.
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Follow Up of GW170817 and Its Electromagnetic
Counterpart by Australian-Led Observing Programmes

Andreoni, | (Andreoni, I.); Ackley, K (Ackley, K.); Cooke, J
(Cooke, J.); Acharyya, A (Acharyya, A.); Allison, JR (Allison, J.
R.); Anderson, GE (Anderson, G. E.); Ashley, MCB (Ashley, M.
C. B.); Baade, D (Baade, D.); Bailes, M (Bailes, M.); Bannister,
K (Bannister, K.); Beardsley, A (Beardsley, A.); Bessell, MS
(Bessell, M. S.); Bian, F (Bian, F.); Bland, PA (Bland, P. A.);
Boer, M (Boer, M.); Booler, T (Booler, T.); Brandeker, A
(Brandeker, A.); Brown, IS (Brown, I. S.); Buckley, DAH
(Buckley, D. A. H.); Chang, SW (Chang, S. -W.); Coward, DM
(Coward, D. M.); Crawford, S (Crawford, S.); Crisp, H (Crisp,
H.); Crosse, B (Crosse, B.); Cucchiara, A (Cucchiara, A.);
Cupak, M (Cupak, M.); de Gois, JS (de Gois, J. S.); Deller, A
(Deller, A.); Devillepoix, HAR (Devillepoix, H. A. R.); Dobie, D
(Dobie, D.); Elmer, E (Elmer, E.); Emrich, D (Emrich, D.); Farah,
W (Farah, W.); Farrell, TJ (Farrell, T. J.); Franzen, T (Franzen,
T.); Gaensler, BM (Gaensler, B. M.); Galloway, DK (Galloway,
D. K.); Gendre, B (Gendre, B.); Giblin, T (Giblin, T.); Goobar, A
(Goobar, A.); Green, J (Green, J.); Hancock, PJ (Hancock, P. J.);
Hartig, BAD (Hartig, B. A. D.); Howell, EJ (Howell, E. J.);
Horsley, L (Horsley, L.); Hotan, A (Hotan, A.); Howie, RM
(Howie, R. M.); Hu, L (Hu, L.); Hu, Y (Hu, Y.); James, CW
(James, C. W.); Johnston, S (Johnston, S.); Johnston-Hollitt,
M (Johnston-Hollitt, M.); Kaplan, DL (Kaplan, D. L.); Kasliwal,
M (Kasliwal, M.); Keane, EF (Keane, E. F.); Kenney, D (Kenney,
D.); Klotz, A (Klotz, A.); Lau, R (Lau, R.); Laugier, R (Laugier,
R.); Lenc, E (Lenc, E.); Li, X (Li, X.); Liang, E (Liang, E.); Lidman,
C (Lidman, C.); Luvaul, LC (Luvaul, L. C.); Lynch, C (Lynch, C.);
Ma, B (Ma, B.); Macpherson, D (Macpherson, D.); Mao, J
(Mao, J.); McClelland, DE (McClelland, D. E.); McCully, C
(McCully, C.); Moller, A (Moller, A.); Morales, MF (Morales,
M. F.); Morris, D (Morris, D.); Murphy, T (Murphy, T.);
Noysena, K (Noysena, K.); Onken, CA (Onken, C. A.); Orange,
NB (Orange, N. B.); Oslowski, S (Oslowski, S.); Pallot, D
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The discovery of the first electromagnetic counterpart to a
gravitational wave signal has generated follow-up
observations by over 50 facilities world-wide, ushering in the
new era of multi-messenger astronomy. In this paper, we
present follow-up observations of the gravitational wave
event GW170817 and its electromagnetic counterpart
S$SS17a/DLT17ck (IAU label AT2017gfo) by 14 Australian
telescopes and partner observatories as part of
Australian-based and Australian-led research programs. We
report early- to late-time multi-wavelength observations,
including optical imaging and spectroscopy, mid-infrared
imaging, radio imaging, and searches for fast radio bursts.
Our optical spectra reveal that the transient source emission
cooled from approximately 6 400 K to 2 100 K over a 7-d
period and produced no significant optical emission lines.
The spectral profiles, cooling rate, and photometric light
curves are consistent with the expected outburst and
subsequent processes of a binary neutron star merger. Star
formation in the host galaxy probably ceased at least a Gyr
ago, although there is evidence for a galaxy merger. Binary
pulsars with short (100 Myr) decay times are therefore
unlikely progenitors, but pulsars like PSR B1534+12 with its
2.7 Gyr coalescence time could produce such a merger. The
displacement (similar to 2.2 kpc) of the binary star system
from the centre of the main galaxy is not unusual for stars in
the host galaxy or stars originating in the merging galaxy,
and therefore any constraints on the kick velocity imparted
to the progenitor are poor.
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Optical observations of LIGO source GW 170817 by the
Antarctic Survey Telescopes at Dome A, Antarctica
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The LIGO detection of gravitational waves (GW) from
merging black holes in 2015 marked the beginning of a new
era in observational astronomy. The detection of an
electromagnetic signal from a GW source is the critical next
step to explore in detail the physics involved. The Antarctic
Survey Telescopes (AST3), located at Dome A, Antarctica, is
uniquely situated for rapid response time-domain
astronomy with its continuous night-time coverage during
the austral winter. We report optical observations of the GW
source (GW 170817) in the nearby galaxy NGC 4993 using
AST3. The data show a rapidly fading transient at around 1
day after the GW trigger, with the i-band magnitude
declining from 17.23 +/- 0.13 magnitude to 17.72 +/- 0.09
magnitude in similar to 1.8 h. The brightness and time
evolution of the optical transient associated with GW
170817 are broadly consistent with the predictions of
models involving merging binary neutron stars. We infer
from our data that the merging process ejected about
similar to 10(-2) solar mass of radioactive material at a
speed of up to 30% the speed of light. (C) 2017 Science
China Press. Published by Elsevier B.V. and Science China
Press. All rights reserved.
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Average Spectral Properties of Type la Supernova Host
Galaxies

Uddin, SA (Uddin, Syed A.); Mould, J (Mould, Jeremy); Wang,
LF (Wang, Lifan)
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We construct the average spectra of host galaxies of slower,
faster, bluer, and redder Type la supernovae (SNe la) from
the SDSS-Il supernova survey. The average spectrum of
slower declining (broader light curve width or higher stretch)
SN la hosts shows stronger emission lines compared to the
average spectrum of faster declining (narrower light curve
width or lower stretch) SN la hosts. Using pPXF, we find that
hosts of slower declining SNe la have metallicities that are,
on average, 0.24 dex lower than average metallicities of
faster declining SN la hosts. Similarly, redder SN la hosts
have slightly higher metallicities than bluer SN Ia hosts. Lick
index analysis of metallic lines and Balmer lines shows that
faster declining SN la hosts have relatively higher metal
content and have relatively older stellar populations
compared with slower declining SN la hosts. We calculate
average Ha star formation rate (SFR), stellar mass, and the
specific SFR (sSFR) of host galaxies in these subgroups of SNe
la. We find that slower declining SN la hosts have
significantly higher (> 5 sigma) sSFR than faster declining SN
la hosts. A Kolmogorov-Smirnov test shows that these two
types of hosts originate from different parent distributions.
Our results, when compared with the models of Childress et
al., indicate that slower declining SNe la, being hosted in
actively star-forming galaxies, are young (prompt) SNe la,
originating from similar progenitor age groups.
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Average Spectral Properties of Type la Supernova Host
Galaxies
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We construct the average spectra of host galaxies of slower,
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faster, bluer, and redder Type la supernovae (SNe la) from
the SDSS-Il supernova survey. The average spectrum of
slower declining (broader light curve width or higher stretch)
SN la hosts shows stronger emission lines compared to the
average spectrum of faster declining (narrower light curve
width or lower stretch) SN la hosts. Using pPXF, we find that
hosts of slower declining SNe la have metallicities that are,
on average, 0.24 dex lower than average metallicities of
faster declining SN la hosts. Similarly, redder SN la hosts
have slightly higher metallicities than bluer SN Ia hosts. Lick
index analysis of metallic lines and Balmer lines shows that
faster declining SN la hosts have relatively higher metal
content and have relatively older stellar populations
compared with slower declining SN la hosts. We calculate
average Ha star formation rate (SFR), stellar mass, and the
specific SFR (sSFR) of host galaxies in these subgroups of SNe
la. We find that slower declining SN la hosts have
significantly higher (> 5 sigma) sSFR than faster declining SN
la hosts. A Kolmogorov-Smirnov test shows that these two
types of hosts originate from different parent distributions.
Our results, when compared with the models of Childress et
al., indicate that slower declining SNe la, being hosted in
actively star-forming galaxies, are young (prompt) SNe la,
originating from similar progenitor age groups.
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Backflows by active galactic nuclei jets: global properties
and influence on supermassive black hole accretion

Cielo, S (Cielo, S.); Antonuccio-Delogu, V (Antonuccio-Delogu,
V.); Silk, J (Silk, J.); Romeo, AD (Romeo, A. D.)
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Jets from active galactic nuclei (AGN) inflate large cavities in
the hot gas environment around galaxies and galaxy clusters.
The large-scale gas circulation promoted within such cavities
by the jet itself gives rise to backflows that propagate back
to the centre of the jet-cocoon system, spanning all the
physical scales relevant for the AGN. Using an adaptive mesh
refinement code, we study these backflows through a series
of numerical experiments, aiming at understanding how
their global properties depend on jet parameters. We are
able to characterize their mass flux down to a scale of a few
kiloparsecs to about 0.5 M(circle dot)yr(-1) for as long as 15
or 20 Myr, depending on jet power. We find that backflows
are both spatially coherent and temporally intermittent,
independently of jet power in the range 10(43)-10(45) erg
s(-1). Using the mass flux thus measured, we model
analytically the effect of backflows on the central accretion
region, where a magnetically arrested disc lies at the centre
of a thin circumnuclear disc. Backflow accretion on to the
disc modifies its density profile, producing a flat core and tail.
We use this analytic model to predict how accretion beyond
the black hole magnetopause is modified, and thus how the
jet power is temporally modulated. Under the assumption
that the magnetic flux stays frozen in the accreting matter,
and that the jets are always launched via the
Blandford-Znajek mechanism, we find that backflows are
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capable of boosting the jet power up to tenfold during
relatively short time episodes (a few Myr).

e
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NIHAO XII: galactic uniformity in a Lambda CDM universe
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We use a sample of 83 high-resolution cosmological zoom-in
simulations and a semi-analytic model (SAM) to study the
stochasticity of galaxy formation in haloes ranging from
dwarf to Milky Way masses. Our simulated galaxies
reproduce the observed inefficiency of galaxy formation as
expressed through the stellar, gas and baryonic Tully-Fisher
relations. For HI velocities in the range (70 less than or
similar to V less than or similar to 220 km s(-1)), the scatter
is just 0.08 to 0.14 dex, consistent with the observed
intrinsic scatter at these scales. At low velocities (20 less
than or similar to V less than or similar to 70 km s(-1)), the
simulated scatter is 0.2-0.25 dex, which could be tested with
future observations. The scatter in the stellar mass versus
dark halo velocity relation is constant for 30 less than or
similar to V less than or similar to 180 km s(-1), and smaller
(similar or equal to 0.17 dex) when using the maximum
circular velocity of the dark-matter-only simulation,
V-max(DMO), compared to the virial velocity (V-200 or
V-200(DMO)). The scatter in stellar mass is correlated with
halo concentration, and is minimized when using a circular
velocity at a fixed fraction of the virial radius similar or equal
to 0.4R(200) or with V-alpha = V-200(DMO)(V-max(DMO) /
V-200(DMO))(alpha) with alpha similar or equal to 0.7,
consistent with constraints from halo clustering. Using the
SAM we show the correlation between halo formation time
and concentration is essential in order to reproduce this
result. This uniformity in galaxy formation efficiency we see
in our hydrodynamical simulations and an SAM proves the
simplicity and self-regulating nature of galaxy formation in a
Lambda cold dark matter (Lambda CDM) universe.
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NIHAO VII: predictions for the galactic baryon budget in
dwarf to Milky Way mass haloes
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We use the Numerical Investigation of a Hundred
Astrophysical Objects (NIHAO) galaxy formation simulations
to make predictions for the baryonic budget in present day
galaxies ranging from dwarf (M-200 similar to 10(10)M circle
dot) toMilkyWay (M-200 similar to 10(12)M circle dot)
masses. The sample is made of 88 independent
high-resolution cosmological zoom-in simulations. NIHAO
galaxies reproduce key properties of observed galaxies, such
as the stellar mass versus halo mass and cold gas versus
stellar mass relations. Thus they make plausible predictions
for the baryon budget. We present the mass fractions of
stars, cold gas (T< 10(4) K), cool gas (10(4) < T< 10(5) K),
warm-hot gas (10(5) < T < 5 x 10(6) K) and hot gas (T > 5 x

10(6) K), inside the virial radius, R200. Compared to the
predicted baryon mass, using the dark halo mass and the
universal baryon fraction, f(b) = Omega(b)/Omega(m) = 0.15,
we find that all of our haloes are missing baryons. The
missing mass has been relocated past 2 virial radii, and cool
gas dominates the corona at low mass (M-200 Alpha less
than or similar to 3 x 10(11)M circle dot) while the warm-hot
gas dominates at high mass (M-200 less than or similar to 3 x
10(11)M circle dot). Haloes of mass M-200 greater than or
similar to 10(10)M circle dot are missing similar to 90 per
cent of their baryons. More massive haloes (M-200 similar
to 10(12)M circle dot) retain a higher fraction of their
baryons, with similar to 30 per cent missing, consistent with
recent observational estimates. Moreover, these more
massive haloes reproduce the observed fraction of cold,
warm-hot and hot gases. The fraction of cool gas we predict
(0.11 +/- 0.06) is significantly lower than the observation
from COS-Halos (0.3-0.47), but agrees with the alternative
analysis of Stern et al. (2016).
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Constraints on the Evolution of the Galaxy Stellar Mass
Function. I. Role of Star Formation, Mergers, and Stellar
Stripping

Contini, E (Contini, E.); Kang, X (Kang, Xi); Romeo, AD
(Romeo, A. D.); Xia, Q (Xia, Q.)
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We study the connection between the observed star
formation rate-stellar mass (SFR-M-*) relation and the
evolution of the stellar mass function (SMF) by means of a
subhalo abundance matching technique coupled to merger
trees extracted from an N-body simulation. Our approach,
which considers both galaxy mergers and stellar stripping, is
to force the model to match the observed SMF at redshift z >
2, and let it evolve down to the present time according to
the observed SFR-M-* relation. In this study, we use two
different sets of SMFs and two SFR-M-* relations: a simple
power law and a relation with a mass-dependent slope. Our
analysis shows that the evolution of the SMF is more
consistent with an SFR-M-* relation with a mass-dependent
slope, in agreement with predictions from other models of
galaxy evolution and recent observations. In order to fully
and realistically describe the evolution of the SMF, both
mergers and stellar stripping must be considered, and we
find that both have almost equal effects on the evolution of
SMF at the massive end. Taking into account the systematic
uncertainties in the observed data, the high-mass end of the
SMF obtained by considering stellar stripping results in good
agreement with recent observational data from the Sloan
Digital Sky Survey. At log M-* < 11.2, our prediction atz=0.1
is close to Li & White data, but the high-mass end (log M-* >
11.2) is in better agreement with D'Souza et al. data which
account for more massive galaxies.
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What is the right way to quench star formation in
semi-analytic models of galaxy formation?

Luo, Y (Luo, Yu); Kang, X (Kang, Xi)
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Semi-analytic models of galaxy formation are powerful tools
to study the evolution of a galaxy population in a
cosmological context. However, most models overpredict
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the number of lowmass galaxies at high redshifts and the
colors of model galaxies are not right in the sense that
low-mass satellite galaxies are too red and centrals are too
blue. The recent version of the L-Galaxies model by
Henriques et al. (H15) is a step forward to solve these
problems by reproducing the evolution of stellar mass
function and the overall fraction of red galaxies. In this
paper we compare the two model predictions of L-Galaxies
( the other is Guo et al., G13) to SDSS data in detail. We find
that in the H15 model the red fraction of central galaxies
now agrees with the data due to their implementation of
strong AGN feedback, but the stellar mass of centrals in
massive halos is now slightly lower than what is indicated by
the data. For satellite galaxies, the red fraction of low-mass
galaxies (log M+/M-circle dot < 10) also agrees with the data,
but the color of massive satellites (10 < log M-*/M-circle dot
< 11) is slightly bluer. The correct color of centrals and the
bluer color of massive satellites indicate that quenching in
massive satellites is not strong enough. We also find that
there are too many red spirals and less bulge-dominated
galaxies in both H15 and G13 models. Our results suggest
that additional mechanisms, such as more minor mergers or
disk instability, are needed to slightly increase the stellar
mass of the central galaxy in massive galaxies, mainly in the
bulge component, and bulge dominated galaxies will be
quenched not only by minor mergers, but also by some
other mechanisms.
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The spatial alignment of galaxies on different scales:A
review on the theoretical and observational progress

Kang Xi; Wang Peng; Luo Yu; Xia Qianli; Pan Hengxing
Scientia Sinica Physica, Mechanica & Astronomica
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The spatial distribution of galaxies in our universe is not
random, and they demonstrate different alignment patterns
on different scales. On the scale of galaxy and galaxy clusters,
satellite galaxies tend to be distributed along the major axis
of the central galaxy. On large scales, major axis of a central
galaxy tends to point towards large scale matter distribution,
for example, along the large scale filamentary structure.
Even on larger scales, the major axes of different galaxies
still have non-negligible correlations. Besides, the angular
momentums of galaxies are also correlated with the mass
distribution on large scales, with different correlations. This
article will review the relative theories and observational
developments in galaxies alignment and spatial distribution,
it will show that the anisotropic distributions of galaxies on
small scales are determined by the non-spherical nature of
dark matter halo, and the correlations with large-scale mass
distribution are also the natural predictions of cold dark
matter theory, and this article also indicates that studies of
galaxy alignment help us to understand the physics of galaxy
formation and could be used to constrain the nature of dark
matter and dark energy.
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The Frontier Fields lens modelling comparison project
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P.); Coe, D (Coe, D.); Contini, E (Contini, E.); De Lucia, G (De
Lucia, G.); Giocoli, C (Giocoli, C.); Acebron, A (Acebron, A.);
Borgani, S (Borgani, S.); Bradac, M (Bradac, M.); Diego, JM
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Gravitational lensing by clusters of galaxies offers a powerful
probe of their structure and mass distribution. Several
research groups have developed techniques independently
to achieve this goal. While these methods have all provided
remarkably high-precision mass maps, particularly with
exquisite imaging data from the Hubble Space Telescope
(HST), the reconstructions themselves have never been
directly compared. In this paper, we present for the first
time a detailed comparison of methodologies for fidelity,
accuracy and precision. For this collaborative exercise, the
lens modelling community was provided simulated cluster
images that mimic the depth and resolution of the ongoing
HST Frontier Fields. The results of the submitted
reconstructions with the un-blinded true mass profile of
these two clusters are presented here. Parametric,
free-form and hybrid techniques have been deployed by the
participating groups and we detail the strengths and
trade-offs in accuracy and systematics that arise for each
methodology. We note in conclusion that several properties
of the lensing clusters are recovered equally well by most of
the lensing techniques compared in this study. For example,
the reconstruction of azimuthally averaged density and mass
profiles by both parametric and free-form methods matches
the input models at the level of similar to 10 per cent.
Parametric techniques are generally better at recovering the
2D maps of the convergence and of the magnification. For
the best-performing algorithms, the accuracy in the
magnification estimate is similar to 10 per cent at mu(true) =
3 and it degrades to similar to 30 per cent at mu(true)
similar to 10.
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Halo Intrinsic Alignment: Dependence on Mass, Formation
Time, and Environment
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In this paper we use high-resolution cosmological
simulations to study halo intrinsic alignment and its
dependence on mass, formation time, and large-scale
environment. In agreement with previous studies using
N-body simulations, it is found that massive halos have
stronger alignment. For the first time, we find that for a
given halo mass older halos have stronger alignment and
halos in cluster regions also have stronger alignment than
those in filaments. To model these dependencies, we extend
the linear alignment model with inclusion of halo bias and
find that the halo alignment with its mass and formation
time dependence can be explained by halo bias. However,
the model cannot account for the environment dependence,
as it is found that halo bias is lower in clusters and higher in
filaments. Our results suggest that halo bias and
environment are independent factors in determining halo
alignment. We also study the halo alignment correlation
function and find that halos are strongly clustered along
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their major axes and less clustered along the minor axes.
The correlated halo alignment can extend to scales as large
as 100 h(-1) Mpc, where its feature is mainly driven by the
baryon acoustic oscillation effect.
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A general explanation on the correlation of dark matter
halo spin with the large-scale environment

Wang, P (Wang, Peng); Kang, X (Kang, Xi)
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Both simulations and observations have found that the spin
of halo/galaxy is correlated with the large-scale environment,
and particularly the spin of halo flips in filament. A
consistent picture of halo spin evolution in different
environments is still lacked. Using N-body simulation, we
find that halo spin with its environment evolves
continuously from sheet to cluster, and the flip of halo spin
happens both in filament and nodes. The flip in filament can
be explained by halo formation time and migrating time
when its environment changes from sheet to filament. For
low-mass haloes, they form first in sheets and migrate into
filaments later, so their mass and spin growth inside
filament are lower, and the original spin is still parallel to
filament. For high-mass haloes, they migrate into filaments
first, and most of their mass and spin growth are obtained in
filaments, so the resulted spin is perpendicular to filament.
Our results well explain the overall evolution of cosmic web
in the cold dark matter model and can be tested using
high-redshift data. The scenario can also be tested against
alternative models of dark matter, such as warm/hot dark
matter, where the structure formation will proceed in a
different way.
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How to co-add images? I. A new iterative method for image
reconstruction of dithered observations

Wang, L (Wang, Lei); Li, GL (Li, Guo-Liang)
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By employing the previous Voronoi approach and replacing
its nearest neighbor approximation with Drizzle in iterative
signal extraction, we develop a fast iterative Drizzle
algorithm, named fiDrizzle, to reconstruct the underlying
band-limited image from undersampled dithered frames.
Compared with the existing iDrizzle, the new algorithm
improves rate of convergence and accelerates the
computational speed. Moreover, under the same conditions
(e.g. the same number of dithers and iterations), fiDrizzle
can make a better quality reconstruction than iDrizzle, due
to the newly discovered High Sampling caused Decelerating
Convergence (HSDC) effect in the iterative signal extraction
process. fiDrizzle demonstrates its powerful ability to
perform image deconvolution from undersampled dithers.
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Constraints on the Evolution of the Galaxy Stellar Mass

Function. Il. The Quenching Timescale of Galaxies and Its
Implication for Their Star Formation Rates

Contini, E (Contini, E.); Kang, X (Kang, X.); Romeo, AD
(Romeo, A. D.); Xia, Q (Xia, Q.); Yi, SK(Yi, S. K.)
ASTROPHYSICAL JOURNAL

4 849 #: 2 CHR S 156

We study the connection between the observed star
formation rate-stellar mass (SFR-M-*) relation and the
evolution of the stellar mass function (SMF) by means of a
subhalo abundance matching technique coupled to merger
trees extracted from an N-body simulation. Our approach
consists of forcing the model to match the observed SMF at
redshift z similar to 2.3, and letting it evolve down to z
similar to 0.3 according to a tau model, an exponentially
declining functional form that describes the star formation
rate decay of both satellite and central galaxies. In this study,
we use three different sets of SMFs: ZFOURGE data from
Tomczak et al., UltraVISTA data from llbert et al.,, and
COSMOS data from Davidzon et al. We also build a mock
survey combining UltraVISTA with ZFOURGE. Our modeling
of quenching timescales is consistent with the evolution of
the SMF down to z similar to 0.3, with different accuracy
depending on the particular survey used for calibration. We
tested our model against the observed SMFs at low redshift,
and it predicts residuals (observation versus model) within 1
sigma observed scatter along most of the stellar mass range
investigated, and with mean residuals below 0.1 dex in the
range similar to[10(8.7)-10(11.7)]M-circle dot. We then
compare the SFR-M-* relation predicted by the model with
the observed one at different redshifts. The predicted
SFR-M-* relation underpredicts the median SFR at fixed
stellar mass relative to observations at all redshifts.
Nevertheless, the shapes are consistent with the observed
relations up to intermediate-mass galaxies, followed by a
rapid decline for massive galaxies.
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The Sloan Lens ACS Survey. Xlll. Discovery of 40 New
Galaxy-scale Strong Lenses
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Bolton, AS (Bolton, Adam S.); Koopmans, LVE (Koopmans,
Leon V. E.); Treu, T (Treu, Tommaso); Montero-Dorta, AD
(Montero-Dorta, Antonio D.); Auger, MW (Auger, Matthew
W.); Czoske, O (Czoske, Oliver); Gavazzi, R (Gavazzi, Raphael);
Marshall, PJ (Marshall, Philip J.); Moustakas, LA (Moustakas,
Leonidas A.)
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We present the full sample of 118 galaxy-scale strong-lens
candidates in the Sloan Lens ACS (SLACS) Survey for the
Masses (S4TM) Survey, which are spectroscopically selected
from the final data release of the Sloan Digital Sky Survey.
Follow-up Hubble Space Telescope (HST) imaging
observations confirm that 40 candidates are definite strong
lenses with multiple lensed images. The foreground-lens
galaxies are found to be early-type galaxies (ETGs) at
redshifts  0.06-0.44, and background sources are
emission-line galaxies at redshifts 0.22-1.29. As an extension
of the SLACS Survey, the S4TM Survey is the first attempt to
preferentially search for strong-lens systems with relatively
lower lens masses than those in the pre-existing strong-lens
samples. By fitting HST data with a singular isothermal
ellipsoid model, we find that the total projected mass within
the Einstein radius of the S4TM strong-lens sample ranges
from 3 x 10(10) M-circle dot to 2 x 10(11) M-circle dot. In
Shu et al.,, we have derived the total stellar mass of the
S4TM lenses to be 5 x 10(10) M-circle dot to 1 x 10(12)
M-circle dot. Both the total enclosed mass and stellar mass
of the S4TM lenses are on average almost a factor of 2
smaller than those of the SLACS lenses, which also represent
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the typical mass scales of the current strong-lens samples.
The extended mass coverage provided by the S4TM sample
can enable a direct test, with the aid of strong lensing, for
transitions in scaling relations, kinematic properties, mass
structure, and dark-matter content trends of ETGs at
intermediate-mass scales as noted in previous studies.
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The Sloan Lens ACS Survey. Xlll. Discovery of 40 New
Galaxy-scale Strong Lenses

Shu, YP (Shu, Yiping); Brownstein, JR (Brownstein, Joel R.);
Bolton, AS (Bolton, Adam S.); Koopmans, LVE (Koopmans,
Leon V. E.); Treu, T (Treu, Tommaso); Montero-Dorta, AD
(Montero-Dorta, Antonio D.); Auger, MW (Auger, Matthew
W.); Czoske, O (Czoske, Oliver); Gavazzi, R (Gavazzi, Raphael);
Marshall, PJ (Marshall, Philip J.); Moustakas, LA (Moustakas,
Leonidas A.)
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We present the full sample of 118 galaxy-scale strong-lens
candidates in the Sloan Lens ACS (SLACS) Survey for the
Masses (S4TM) Survey, which are spectroscopically selected
from the final data release of the Sloan Digital Sky Survey.
Follow-up Hubble Space Telescope (HST) imaging
observations confirm that 40 candidates are definite strong
lenses with multiple lensed images. The foreground-lens
galaxies are found to be early-type galaxies (ETGs) at
redshifts  0.06-0.44, and background sources are
emission-line galaxies at redshifts 0.22-1.29. As an extension
of the SLACS Survey, the S4TM Survey is the first attempt to
preferentially search for strong-lens systems with relatively
lower lens masses than those in the pre-existing strong-lens
samples. By fitting HST data with a singular isothermal
ellipsoid model, we find that the total projected mass within
the Einstein radius of the S4TM strong-lens sample ranges
from 3 x 10(10) M-circle dot to 2 x 10(11) M-circle dot. In
Shu et al.,, we have derived the total stellar mass of the
S4TM lenses to be 5 x 10(10) M-circle dot to 1 x 10(12)
M-circle dot. Both the total enclosed mass and stellar mass
of the S4TM lenses are on average almost a factor of 2
smaller than those of the SLACS lenses, which also represent
the typical mass scales of the current strong-lens samples.
The extended mass coverage provided by the S4TM sample
can enable a direct test, with the aid of strong lensing, for
transitions in scaling relations, kinematic properties, mass
structure, and dark-matter content trends of ETGs at
intermediate-mass scales as noted in previous studies.
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Lu, TH (Lu, Tianhuan); Zhang, J (Zhang, Jun); Dong, FY (Dong,
Fuyu); Li, YK (Li, Yingke); Liu, DZ (Liu, Dezi); Fu, LP (Fu, Liping);
Li, GL (Li, Guoliang); Fan, ZH (Fan, Zuhui)
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Reconstruction of the point-spread function (PSF) is a critical
process in weak lensing measurement. We develop a
real-data based and galaxy-oriented pipeline to compare the
performances of various PSF reconstruction schemes.
Making use of a large amount of the CFHTLenS data, the
performances of three classes of interpolating
schemes-polynomial, Kriging, and Shepard-are evaluated.
We find that polynomial interpolations with optimal orders
and domains perform the best. We quantify the effect of the
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residual PSF reconstruction error on shear recovery in terms
of the multiplicative and additive biases, and their spatial
correlations using the shear measurement method of Zhang
et al. We find that the impact of PSF reconstruction
uncertainty on the shear-shear correlation can be
significantly reduced by cross correlating the shear
estimators from different exposures. It takes only 0.2 stars
(S/N greater than or similar to > 100) per square arcmin on
each exposure to reach the best performance of PSF
interpolation, a requirement that is satisfied in most of the
CFHTlenS data.

| 2-04 Star Formation in Galaxies
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Dense gas in low-metallicity galaxies

Braine, J (Braine, J.); Shimajiri, Y (Shimajiri, Y.); Andre, P
(Andre, P.); Bontemps, S (Bontemps, S.); Gao, Y (Gao, Yu);
Chen, H (Chen, Hao); Kramer, C (Kramer, C.)
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Stars form out of the densest parts of molecular clouds.
Far-IR emission can be used to estimate the star formation
rate (SFR) and high dipole moment molecules, typically HCN,
trace the dense gas. A strong correlation exists between
HCN and far-IR emission, with the ratio being nearly
constant, over a large range of physical scales. A few recent
observations have found HCN to be weak with respect to the
far-IR and CO in subsolar metallicity (low-Z) objects. We
present observations of the Local Group galaxies M 33, IC 10,
and NGC 6822 with the IRAM 30 m and NRO 45 m
telescopes, greatly improving the sample of low-Z galaxies
observed. HCN, HCO+, CS, C2H, and HNC have been
detected. Compared to solar metallicity galaxies, the
nitrogen-bearing species are weak (HCN, HNC) or not
detected (CN, HNCO, N2H+) relative to far-IR or CO emission.
HCO+ and C2H emission is normal with respect to CO and
far-IR. While (CO)-C-13 is the usual factor 10 weaker than
(CO)-C-12, (CO)-0-18 emission was not detected down to
very low levels. Including earlier data, we find that the
HCN/HCO+ ratio varies with metallicity (O/H) and attribute
this to the sharply decreasing nitrogen abundance. The
dense gas fraction, traced by the HCN/CO and HCO+/CO
ratios, follows the SFR but in the low-Z objects the HCO+ is
much easier to measure. Combined with larger and smaller
scale measurements, the HCO+ line appears to be an
excellent tracer of dense gas and varies linearly with the SFR
for both low and high metallicities.
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HIFI Spectroscopy of H20 Submillimeter Lines in Nuclei of
Actively Star-forming Galaxies

Liu, L (Liu, L.); Weiss, A (Weiss, A.); Perez-Beaupuits, JP
(Perez-Beaupuits, J. P.); Gusten, R (Guesten, R.); Liu, D (Liu,
D.); Gao, Y (Gao, Y.); Menten, KM (Menten, K. M.); van der
Werf, P (van der Werf, P.); Israel, FP (Israel, F. P.); Harris, A
(Harris, A.); Martin-Pintado, J (Martin-Pintado, J.);
Requena-Torres, MA (Requena-Torres, M. A.); Stutzki, J
(Stutzki, J.)
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We present a systematic survey of multiple velocity-resolved
H20 spectra using Herschel/Heterodyne Instrument for the
Far Infrared (HIFI) toward nine nearby actively star-forming
galaxies. The ground-state and low-excitation lines (E-up <=
130 K) show profiles with emission and absorption blended
together, while absorption-free medium-excitation lines
(130 K <= E-up <= 350 K) typically display line shapes similar
to CO. We analyze the HIFI observation together with
archival SPIRE/PACS H20 data using a state-of-the-art 3D
radiative transfer code that includes the interaction
between continuum and line emission. The water excitation
models are combined with information on the dust and CO
spectral line energy distribution to determine the physical
structure of the interstellar medium (ISM). We identify two
ISM components that are common to all galaxies: a warm
(T-dust similar to 40-70 K), dense (n(H) similar to 10(5)-10(6)
cm(-3)) phase that dominates the emission of
medium-excitation H20 lines. This gas phase also dominates
the far-IR emission and the CO intensities for J(up) > 8. In
addition, a cold (T-dust similar to 20-30 K), dense (n(H)
similar to 10(4)-10(5)cm(-3)), more extended phase is
present. It outputs the emission in the low-excitation H20
lines and typically also produces the prominent line
absorption features. For the two ULIRGs in our sample (Arp
220 and Mrk 231) an even hotter and more compact (R-s <=
100 pc) region is present, which is possibly linked to AGN
activity. We find that collisions dominate the water
excitation in the cold gas and for lines with E-up <= 300 K
and E-up <= 800 K in the warm and hot component,
respectively. Higher-energy levels are mainly excited by IR
pumping.
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ALMA Maps of Dust and Warm Dense Gas Emission in the
Starburst Galaxy IC 5179

Zhao, YH (Zhao, Yinghe); Lu, NY (Lu, Nanyao); Diaz-Santos, T
(Diaz-Santos, Tanio); Xu, CK (Xu, C. Kevin); Gao, Y (Gao, Yu);
Charmandaris, V (Charmandaris, Vassilis); van der Werf, P
(van der Werf, Paul); Zhang, ZY (Zhang, Zhi-Yu); Cao, C (Cao,
Chen)
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We present our high-resolution (0."15 x 0."13, similar to
34pc) observations of the CO (6-5) line emission, which
probes the warm and dense molecular gas, and the 434 mu
m dust continuum emission in the nuclear region of the
starburst galaxy IC 5179, conducted with the Atacama Large
Millimeter Array (ALMA). The CO. (6-5) emission is spatially
distributed in filamentary structures with many dense cores
and shows a velocity field that is characteristic of a
circumnuclear rotating gas disk, with 90% of the rotation
speed arising within a radius of less than or similar to 150 pc.
At the scale of our spatial resolution, the CO. (6-5) and dust
emission peaks do not always coincide, with their surface
brightness ratio varying by a factor of similar to 10. This
result suggests that their excitation mechanisms are likely
different, as further evidenced by the southwest to
northeast spatial gradient of both CO-to-dust continuum
ratio and Pa-alpha equivalent width. Within the nuclear
region (radius similar to 300 pc) and with a resolution of
similar to 34 pc, the CO line flux (dust flux density) detected
in our ALMA observations is 180 +/- 18 Jy km s(-1) (71 +/- 7
mly), which accounts for 22% (2.4%) of the total value
measured by Herschel.
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Testing the universality of the star-formation efficiency in
dense molecular gas

Shimajiri, Y (Shimajiri, Y.); Andre, P (Andre, Ph.); Braine, J
(Braine, J.); Konyves, V (Koenyves, V.); Schneider, N
(Schneider, N.); Bontemps, S (Bontemps, S.); Ladjelate, B
(Ladjelate, B.); Roy, A (Roy, A.); Gao, Y (Gao, Y.); Chen, H
(Chen, H.)
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Context. Recent studies with, for example, Spitzer and
Herschel have suggested that star formation in dense
molecular gas may be governed by essentially the same
"law" in Galactic clouds and external galaxies. This
conclusion remains controversial, however, in large part
because different tracers have been used to probe the mass
of dense molecular gas in Galactic and extragalactic studies.
Aims. We aimed to calibrate the HCN and HCO + lines
commonly used as dense gas tracers in extragalactic studies
and to test the possible universality of the star-formation
efficiency in dense gas (greater than or similar to 10(4)
cm(-3)), SFEdense.

Methods. We conducted wide-field mapping of the Aquila,
Ophiuchus, and Orion B clouds at similar to 0.04 pc
resolution in the J = 1-0 transition of HCN, HCO+, and their
isotopomers. For each cloud, we derived a reference
estimate of the dense gas mass M-Herschel(AV > 8), as well
as the strength of the local far-ultraviolet (FUV) radiation
field, using Herschel Gould Belt survey data products, and
estimated the star-formation rate from direct counting of
the number of Spitzer young stellar objects.

Results. The (HCO+)-C-13 (1-0) and (HCN)-C-13(1-0) lines
were observed to be good tracers of the dense star-forming
filaments detected with Herschel. Comparing the
luminosities L-HCN and LHCO+ measured in the HCN and
HCO+ lines with the reference masses M-Herschel(AV > 8),
the empirical conversion factors alpha(Herschel-HCN)
(=M-Herschel(AV > 8)/ L-HCN) and alpha(Herschel-HCO+)
(=M-Herschel(AV > 8)/LHCO+) were found to be significantly
anti-correlated with the local FUV strength. In agreement
with a recent independent study of Orion B by Pety et al.,
the HCN and HCO+ lines were found to trace gas down to
A(V) greater than or similar to 2. As a result, published
extragalactic HCN studies must be tracing all of the
moderate density gas down to n(H2) less than or similar to
10(3) cm(-3). Estimating the contribution of this moderate
density gas from the typical column density probability
distribution functions in nearby clouds, we obtained the
following G(0)-dependent HCN conversion factor for
external galaxies: alpha(fit)(Herschel)' (HCN) = 64 x
G(0)(0.340). Re-estimating the dense gas masses in external
galaxies with alpha(fit)(Herschel)' (HCN) (G(0)), we found
that SFEdense is remarkably constant, with a scatter of less
than 1.5 orders of magnitude around 4.5 x 10(-8) yr(-1), over
eight orders of magnitude in dense gas mass.

Conclusions. Our results confirm that SFEdense of galaxies is
quasi-universal on a wide range of scales from similar to
1-10 pc to >10 kpc. Based on the tight link between star
formation and filamentary structure found in Herschel
studies of nearby clouds, we argue that SFEdense is
primarily set by the "microphysics" of core and star
formation along filaments.

St
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ALMA [N [1I] 205 mu m Imaging Spectroscopy of the
Interacting Galaxy System BRI 1202-0725 at Redshift 4.7

Lu, NY (Lu, Nanyao); Zhao, YH (Zhao, Yinghe); Diaz-Santos, T
(Diaz-Santos, Tanio); Xu, CK (Kevin Xu, C.); Charmandaris, V
(Charmandaris, Vassilis); Gao, Y (Gao, Yu); van der Werf, PP
(van der Werf, Paul P.); Privon, GC (Privon, George C.); Inami,
H (Inami, Hanae); Rigopoulou, D (Rigopoulou, Dimitra);
Sanders, DB (Sanders, David B.); Zhu, L (Zhu, Lei)
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We present the results from Atacama Large
Millimeter/submillimeter Array imaging in the [N II] 205 mu
m fine-structure line (hereafter [N Il]) and the underlying
continuum of BRI 1202-0725, an interacting galaxy system at
z = 4.7, consisting of a quasi-stellar object (QSO), a
submillimeter galaxy (SMG), and two Ly alpha emitters, all
within similar to 25 kpc of the QSO. We detect the QSO and
SMG in both [N Il] and continuum. At the similar to 1 "' (or
6.6 kpc) resolution, both the QSO and SMG are resolved in
[N 1], with the de-convolved major axes of similar to 9 and
similar to 14 kpc, respectively. In contrast, their continuum
emissions are much more compact and unresolved even at
an enhanced resolution of similar to 0 ".7. The ratio of the
[N 1] flux to the existing CO(7-6) flux is used to constrain the
dust temperature (T-dust) for a more accurate
determination of the FIR luminosity L-FIR. Our best
estimated T-dust equals 43 (+/- 2) K for both galaxies
(assuming an emissivity index beta = 1.8). The resulting
LCO(7-6)/LFIR ratios are statistically consistent with that of
local luminous infrared galaxies, confirming that LCO(7-6)
traces the star formation (SF) rate (SFR) in these galaxies.
We estimate that the ongoing SF of the QSO (SMG) has an
SFR of 5.1 (6.9) x 10(3) M-circle dot yr(-1) (+/- 30%) assuming
Chabrier initial mass function, takes place within a diameter
(at half maximum) of 1.3 (1.5) kpc, and will consume the
existing 5 (5) x 10(11) M-circle dot of molecular gas in 10 (7)
x 10(7) years.
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Neutral Carbon Emission in Luminous Infrared Galaxies:
The [CI] Lines as Total Molecular Gas Tracers

Jiao, Q (Jiao, Qian); Zhao, YH (Zhao, Yinghe); Zhu, M (Zhu,
Ming); Lu, NY (Lu, Nanyao); Gao, Y (Gao, Yu); Zhang, ZY
(zhang, Zhi-Yu)
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We present a statistical study of the [C I] (P-3(1) (R) P-3(0)),
[C 1] (P-3(2) (R) P-3(1)) lines (hereafter [C I] (1-0) and [C I]
(2-1), respectively) and the CO(1-0) line for a sample of
(ultra-) luminous infrared galaxies ((U) LIRGs). We explore
the correlations between the luminosities of CO(1-0) and [C I]
lines, and find that L'(CO(1-0)) correlates almost linearly with
both L'[C I] (1-0) and L'[C 1] (2-1), suggesting that [C I] lines
can trace total molecular gas mass, at least for (U) LIRGs. We
also investigate the dependence of L'([C I] (1-0))/L'(CO (1-0)),
L'([C 1] (2-1))/L'(CO (1-0)), and L'([C 1] (2-1))/L'([C 1] (1-0)) on
the far-infrared color of 60-to-100 mu m, and find
non-correlation, a weak correlation, and a modest
correlation, respectively. Under the assumption that these
two carbon transitions are optically thin, we further
calculate the [C I] line excitation temperatures, atomic
carbon masses, and mean [C 1] line flux-to-H-2 mass
conversion factors for our sample. The resulting H-2 masses
using these [C I]-based conversion factors roughly agree
with those derived from L'(CO (1-0)) and CO-to-H-2
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conversion factor.
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A Herschel Space Observatory Spectral Line Survey of Local
Luminous Infrared Galaxies from 194 to 671 Microns

Lu, NY (Lu, Nanyao); Zhao, YG (Zhao, Yinghe); Diaz-Santos, T
(Diaz-Santos, Tanio); Xu, CK (Kevin Xu, C.); Gao, Y (Gao, Yu);
Armus, L (Armus, Lee); Isaak, KG (Isaak, Kate G.); Mazzarella,
JM (Mazzarella, Joseph M.); van der Werf, PP (van der Werf,
Paul P.); Appleton, PN (Appleton, Philip N.); Charmandaris, V
(Charmandaris, Vassilis); Evans, AS (Evans, Aaron S.); Howell,
J (Howell, Justin); lwasawa, K (Iwasawa, Kazushi); Leech, J
(Leech, Jamie); Lord, S (Lord, Steven); Petric, AO (Petric,
Andreea 0.); Privon, GC (Privon, George C.); Sanders, DB
(Sanders, David B.); Schulz, B (Schulz, Bernhard); Surace, JA
(Surace, Jason A.)
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We describe a Herschel Space Observatory 194-671 mu m
spectroscopic survey of a sample of 121 local luminous
infrared galaxies and report the fluxes of the CO J to J-1
rotational transitions for 4 <=J <= 13, the [N 1l] 205 mu m
line, the [C I] lines at 609 and 370 mu m, as well as
additional and usually fainter lines. The CO spectral line
energy distributions (SLEDs) presented here are consistent
with our earlier work, which was based on a smaller sample,
that calls for two distinct molecular gas components in
general: (i) a cold component, which emits CO lines primarily
at J less than or similar to 4 and likely represents the same
gas phase traced by CO (1-0), and (ii) a warm component,
which dominates over the mid-J regime (4 < J less than or
similar to 10) and is intimately related to current star
formation. We present evidence that the CO line emission
associated with an active galactic nucleus is significant only
at J > 10. The flux ratios of the two [C I] lines imply modest
excitation temperatures of 15-30 K; the [C I] 370 mu m line
scales more linearly in flux with CO (4-3) than with CO (7-6).
These findings suggest that the [C 1] emission is
predominantly associated with the gas component defined
in (i) above. Our analysis of the stacked spectra in different
far-infrared (FIR) color bins reveals an evolution of the SLED
of the rotational transitions of H20 vapor as a function of
the FIR color in a direction consistent with infrared photon
pumping.
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HC3N observations of nearby galaxies

Jiang, XJ (Jiang, Xue-Jian); Wang, JZ (Wang, Jun-Zhi); Gao, Y
(Gao, Yu); Gu, QS (Gu, Qiu-Sheng)
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Aims. We aim to systematically study the properties of the
different transitions of the dense molecular gas tracer HC3N
in galaxies.

Methods. We have conducted single-dish observations of
HC3N emission lines towards a sample of nearby gas-rich
galaxies. HC3N(J = 2-1) was observed in 20 galaxies with the
Effelsberg 100-m telescope. HC3N(J = 24-23) was observed
in nine galaxies with the 10-m Submillimeter Telescope
(SMT).

Results. HC3N 2-1 is detected in three galaxies: IC 342, M 66,
and NGC 660 (>3 sigma). HC3N 24-23 is detected in three
galaxies: IC 342, NGC 1068, and IC 694. These are the first
measurements of HC3N 2-1 in a relatively large sample of
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external galaxies, although the detection rate is low. For the
HC3N 2-1 non-detections, upper limits (2 sigma) are derived
for each galaxy, and stacking the non-detections is
attempted to recover the weak signal of HC3N. The stacked
spectrum, however, does not show any significant signs of
HC3N 2-1 emission. The results are also compared with
other transitions of HC3N observed in galaxies.

Conclusions. The low detection rate of both transitions
suggests low abundance of HC3N in galaxies, which is
consistent with other observational studies. The comparison
between HC3N and HCN or HCO+ shows a large diversity in
the ratios between HC3N and HCN or HCO+. More
observations are needed to interpret the behavior of HC3N
in different types of galaxies.
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Dense Gas in the Outer Spiral Arm of M51

Chen, H (Chen, Hao); Braine, J (Braine, Jonathan); Gao, Y
(Gao, Yu); Koda, J (Koda, Jin); Gu, QS (Gu, Qiusheng)
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There is a linear relation between the mass of dense gas
traced by the HCN(1- 0) luminosity and the star formation
rate (SFR) traced by the far-infrared luminosity. Recent
observations of galactic disks have shown some systematic
variations. In order to explore the SFR-dense gas link at high
resolution (similar to 4 ", similar to 150 pc) in the outer disk
of an external galaxy, we have mapped a region about 5 kpc
from the center along the northern spiral arm of M51 in the
HCN(1- 0), HCO+(1- 0), and HNC(1- 0) emission lines using
the Northern Extended Millimeter Array interferometer. The
HCN and HCO+ lines were detected in six giant molecular
associations (GMAs), while HNC emission was only detected
in the two brightest GMAs. One of the GMAs hosts a
powerful H Il region, and HCN is stronger than HCO+ there.
Comparing observations of GMAs in the disks of M31 and
M33 at similar angular resolution (similar to 100 pc), we find
that GMAs in the outer disk of M51 are brighter in both the
HCN and the HCO+ lines by a factor of 3, on average.
However, the I-HCN /I-CO and |-HCO(+) /I-CO ratios are
similar to the ratios in nearby galactic disks and the Galactic
plane. Using the Herschel 70 mu m data to trace the total IR
luminosity at the resolution of the GMAs, we find that both
the LIR/LHCN and LIR/LHCO+ relations in the outer disk
GMAs are consistent with the proportionality between the
LIR and the dense gas mass established globally in galaxies
within the scatter. The IR/HCN and IR/HCO+ ratios of the
GMaAs vary by a factor of 3, probably depending on whether
massive stars are forming.
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Extinction Correction Significantly Influences the Estimate
of the Ly alpha Escape Fraction

An, FX (An, Fang Xia); Zheng, XZ (Zheng, Xian Zhong); Hao,
CN (Hao, Cai-Na); Huang, JS (Huang, Jia-Sheng); Xia, XY (Xia,
Xiao-Yang)
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The Ly alpha escape fraction is a key measure to constrain
the neutral state of the intergalactic medium and then to
understand how the universe was fully reionized. We
combine deep narrowband imaging data from the
custom-made filter NB393 and the H2S1 filter centered at
2.14 mu m to examine the Ly alpha emitters and H alpha

emitters at the same redshift z - 2.24. The combination of
these two populations allows us to determine the Ly alpha
escape fraction at z = 2.24. Over an area of 383 arcmin(2) in
the Extended Chandra Deep Field South (ECDFS), 124 Ly
alpha emitters are detected down to NB393 = 26.4 mag at
the 5 sigma level, and 56 H alpha emitters come from An et
al. Of these, four have both Ly alpha and H alpha emissions
(LAHAEs). We also collect the Ly alpha emitters and H alpha
emitters at z = 2.24 in the COSMOS field from the literature,
and increase the number of LAHAEs to 15 in total. About
one-third of them are AGNs. We measure the
individual/volumetric Ly alpha escape fraction by comparing
the observed Ly alpha luminosity/luminosity density to the
extinction-corrected Ha luminosity/luminosity density. We
revisit the extinction correction for H alpha emitters using
the Galactic extinction law with color excess for nebular
emission. We also adopt the Calzetti extinction law together
with an identical color excess for stellar and nebular regions
to explore how the uncertainties in extinction correction
affect the estimate of individual and global Ly alpha escape
fractions. In both cases, an anti-correlation between the Ly
alpha escape fraction and dust attenuation is found among
the LAHAEs, suggesting that dust absorption is responsible
for the suppression of the escaping Ly alpha photons.
However, the estimated Ly alpha escape fraction of
individual LAHAEs varies by up to similar to 3 percentage
points between the two methods of extinction correction.
We find the global Ly alpha escape fraction at z = 2.24 to be
(3.7 +/- 1.4)% in the ECDFS. The variation in the color excess
of the extinction causes a discrepancy of similar to 1
percentage point in the global Ly alpha escape fraction.
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High Dense Gas Fraction in Intensely Star-forming Dusty
Galaxies

Oteo, | (Oteo, I.);_Zhang, ZY (Zhang, Z-Y.); Yang, C (Yang, C.);
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(Cooray, A.); Cox, P (Cox, P.); Dannerbauer, H (Dannerbauer,
H.); Dunne, L (Dunne, L.); Eales, S (Eales, S.); Furlanetto, C
(Furlanetto, C.); Gavazzi, R (Gavazzi, R.); Gao, Y (Gao, Y.);
Greve, TR (Greve, T. R.); Nayyeri, H (Nayyeri, H.); Negrello, M
(Negrello, M.); Neri, R (Neri, R.); Riechers, D (Riechers, D.);
Tunnard, R (Tunnard, R.); Wagg, J (Wagg, J.); Van der Werf, P
(Van der Werf, P.)

ASTROPHYSICAL JOURNAL
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We present ALMA J = 3-2 and VLA J = 1-0 observations of the
dense molecular gas tracers HCN, HCO+, and HNC in two
lensed, high-redshift starbursts selected from the
Herschel-ATLAS survey: H-ATLAS J090740.0 -004200 (SDP.9,
z(spec) = 1.575) and H-ATLAS J091043.1-000321 (SDP.11,
z(spec) = 1.786). In SDP.9 we have detected all J = 3-2
transitions and also HCN(1-0) and HCO+(1-0). In SDP.11 we
have detected HCN(3-2) and HCO+(3-2). The amplification
factors for both galaxies have been determined from
subarcsecond-resolution CO and dust emission observations
carried out with NOEMA and the SMA. The
HNC(1-0)/HCN(1-0) line ratio in SDP.9 suggests the presence
of photon-dominated regions, as happens in most local
(U)LIRGs. The CO, HCN, and HCO+ spectral line energy
distribution (SLEDs) of SDP. 9 are compatible to those found
for many local, IR-bright galaxies, indicating that the
molecular gas in local and high-redshift dusty starbursts can
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have similar excitation conditions. We obtain that the
correlation between total IR (L-IR) and dense line (L-dense)
luminosity in SDP.9 and SDP.11 and local star-forming
galaxies can be represented by a single relation. We argue
that the scatter of the L-IR-L-dense correlation, together
with the lack of sensitive dense molecular gas tracer
observations for a homogeneous sample of high-redshift
galaxies, prevents us from distinguishing differential trends
with redshift. Our results suggest that the intense star
formation found in some high-redshift, dusty, luminous
starbursts is associated with more massive dense molecular
gas reservoirs and higher dense molecular gas fractions.
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VALES: IV. Exploring the transition of star formation
efficiencies between normal and starburst galaxies using
APEX/SEPIA Band-5 and ALMA at low redshift

CCheng , Elbar , TM Hughes , VVillanueva , R Leiton
In this work we present new APEX/SEPIA Band-5
observations targeting the CO (SJ=2\text{-}1S$) emission line
of 24 Herschel-detected galaxies at $z=0.1-0.2$. Combining
this sample {with} our recent new Valpara\'iso ALMA Line
Emission Surve...
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Molecular gas in the Herschel-selected strongly lensed
submillimeter galaxies at z 2-4 as probed by multi-J CO lines

CYang », AOmont , ABeelen , YGao , PVDWerf
Astronomy & Astrophysics, 2017 , 608

We present the IRAM-30 m observations of multiple-J CO
(Jup mostly from 3 up to 8) and [C1](3P2 — 3P1) ([CI](2-1)
hereafter) line emissi...
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Molecular gas in the Herschel-selected strongly lensed
submillimeter galaxies at z similar to 2-4 as probed by
multi-J CO lines

Yang, C (Yang, C.); Omont, A (Omont, A.); Beelen, A (Beelen,
A.); Gao, Y (Gao, Y.); van der Werf, P (van der Werf, P.);
Gavazzi, R (Gavazzi, R.); Zhang, ZY (Zhang, Z. -Y.); Ivison, R
(lvison, R.); Lehnert, M (Lehnert, M.); Liu, D (Liu, D.); Oteo, |
(Oteo, l.); Gonzalez-Alfonso, E (Gonzalez-Alfonso, E.);
Dannerbauer, H (Dannerbauer, H.); Cox, P (Cox, P.); Krips, M
(Krips, M.); Neri, R (Neri, R.); Riechers, D (Riechers, D.);
Baker, AJ (Baker, A. J.); Michalowski, MJ (Michalowski, M. J.);
Cooray, A (Cooray, A.); Smail, | (Smail, I.)

ASTRONOMY & ASTROPHYSICS
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We present the IRAM-30m observations of multiple-J CO
(J(up) mostly from 3 up to 8) and [CI](P-3(2) -> P-3(1))
([CI](2-1) hereafter) line emission in a sample of redshift
similar to 2-4 submillimeter galaxies (SMGs). These SMGs
are selected among the brightest-lensed galaxies discovered
in the Herschel-Astrophysical Terahertz Large Area Survey
(H-ATLAS). Forty-seven CO lines and 7 [CI](2-1) lines have
been detected in 15 lensed SMGs. A non-negligible effect of
differential lensing is found for the CO emission lines, which
could have caused significant underestimations of the
linewidths, and hence of the dynamical masses. The CO
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spectral line energy distributions (SLEDs), peaking around
J(up) similar to 5-7, are found to be similar to those of the
local starburst-dominated ultra-luminous infrared galaxies
and of the previously studied SMGs. After correcting for
lensing amplification, we derived the global properties of
the bulk of molecular gas in the SMGs using non-LTE
radiative transfer modelling, such as the molecular gas
density n(H2) similar to 10(2.5)-10(4.1) cm(-3) and the
kinetic temperature T-k similar to 20-750 K. The gas thermal
pressure P-th ranging from similar to 10(5) Kecm(-3) to 10(6)
Kem(-3) is found to be correlated with star formation
efficiency. Further decomposing the CO SLEDs into two
excitation components, we find a low-excitation component
with n(H2) similar to 10(2.8)-10(4.6) cm(-3) and T-k similar to
20-30 K, which is less correlated with star formation, and a
high-excitation one (n(H2) similar to 10(2.7)-10(4.2) cm(-3),
T-k similar to 60-400 K) which is tightly related to the
on-going star-forming activity. Additionally, tight linear
correlations between the far-infrared and CO line
luminosities have been confirmed for the J(up) >=5 CO lines
of these SMGs, implying that these CO lines are good tracers
of star formation. The [C 1](2-1) lines follow the tight linear
correlation between the luminosities of the [C 1](2-1) and
the CO(1-0) line found in local starbursts, indicating that [C I]
lines could serve as good total molecular gas mass tracers
for high-redshift SMGs as well. The total mass of the
molecular gas reservoir, (1-30) x 10(10) M circle dot, derived
based on the CO(3-2) fluxes and alpha(CO(1-0)) = 0.8 M
circle dot (K km s(-1) pc(2))(-1), suggests a typical molecular
gas depletion time t(dep) similar to 20-100 Myr and a gas to
dust mass ratio delta(GDR) similar to 30-100 with similar to
20%-60% uncertainty for the SMGs. The ratio between CO
line luminosity and the dust mass L'(CO)/M-dust appears to
be slowly increasing with redshift for high-redshift SMGs,
which need to be further confirmed by a more complete
SMG sample at various redshifts. Finally, through comparing
the linewidth of CO and H20 lines, we find that they agree
well in almost all our SMGs, confirming that the emitting
regions of the CO and H20 lines are co-spatially located.
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Molecular gas in the Herschel-selected strongly lensed
submillimeter galaxies at z similar to 2-4 as probed by
multi-J CO lines

Yang, C (Yang, C.); Omont, A (Omont, A.); Beelen, A (Beelen,
A.); Gao, Y (Gao, Y.); van der Werf, P (van der Werf, P.);
Gavazzi, R (Gavazzi, R.); Zhang, ZY (Zhang, Z. -Y.); Ilvison, R
(lvison, R.); Lehnert, M (Lehnert, M.); Liu, D (Liu, D.); Oteo, |
(Oteo, l.); Gonzalez-Alfonso, E (Gonzalez-Alfonso, E.);
Dannerbauer, H (Dannerbauer, H.); Cox, P (Cox, P.); Krips, M
(Krips, M.); Neri, R (Neri, R.); Riechers, D (Riechers, D.);
Baker, AJ (Baker, A. J.); Michalowski, MJ (Michalowski, M. J.);
Cooray, A (Cooray, A.); Smail, | (Smail, I.)
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We present the IRAM-30m observations of multiple-J CO
(J(up) mostly from 3 up to 8) and [CI](P-3(2) -> P-3(1))
([CI](2-1) hereafter) line emission in a sample of redshift
similar to 2-4 submillimeter galaxies (SMGs). These SMGs
are selected among the brightest-lensed galaxies discovered
in the Herschel-Astrophysical Terahertz Large Area Survey
(H-ATLAS). Forty-seven CO lines and 7 [CI](2-1) lines have
been detected in 15 lensed SMGs. A non-negligible effect of
differential lensing is found for the CO emission lines, which
could have caused significant underestimations of the
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linewidths, and hence of the dynamical masses. The CO
spectral line energy distributions (SLEDs), peaking around
J(up) similar to 5-7, are found to be similar to those of the
local starburst-dominated ultra-luminous infrared galaxies
and of the previously studied SMGs. After correcting for
lensing amplification, we derived the global properties of
the bulk of molecular gas in the SMGs using non-LTE
radiative transfer modelling, such as the molecular gas
density n(H2) similar to 10(2.5)-10(4.1) cm(-3) and the
kinetic temperature T-k similar to 20-750 K. The gas thermal
pressure P-th ranging from similar to 10(5) Kecm(-3) to 10(6)
Kem(-3) is found to be correlated with star formation
efficiency. Further decomposing the CO SLEDs into two
excitation components, we find a low-excitation component
with n(H2) similar to 10(2.8)-10(4.6) cm(-3) and T-k similar to
20-30 K, which is less correlated with star formation, and a
high-excitation one (n(H2) similar to 10(2.7)-10(4.2) cm(-3),
T-k similar to 60-400 K) which is tightly related to the
on-going star-forming activity. Additionally, tight linear
correlations between the far-infrared and CO line
luminosities have been confirmed for the J(up) >=5 CO lines
of these SMGs, implying that these CO lines are good tracers
of star formation. The [C 1](2-1) lines follow the tight linear
correlation between the luminosities of the [C 1](2-1) and
the CO(1-0) line found in local starbursts, indicating that [C I]
lines could serve as good total molecular gas mass tracers
for high-redshift SMGs as well. The total mass of the
molecular gas reservoir, (1-30) x 10(10) M circle dot, derived
based on the CO(3-2) fluxes and alpha(CO(1-0)) = 0.8 M
circle dot (K km s(-1) pc(2))(-1), suggests a typical molecular
gas depletion time t(dep) similar to 20-100 Myr and a gas to
dust mass ratio delta(GDR) similar to 30-100 with similar to
20%-60% uncertainty for the SMGs. The ratio between CO
line luminosity and the dust mass L'(CO)/M-dust appears to
be slowly increasing with redshift for high-redshift SMGs,
which need to be further confirmed by a more complete
SMG sample at various redshifts. Finally, through comparing
the linewidth of CO and H20 lines, we find that they agree
well in almost all our SMGs, confirming that the emitting
regions of the CO and H20 lines are co-spatially located.
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Homologous Circular-ribbon Flares Driven by Twisted Flux
Emergence

Xu, Z (Xu, Z.); Yang, K (Yang, K.); Guo, Y (Guo, Y.); Zhao, J
(zhao, J.); Zhao, ZJ (zhao, Z. J.); Kashapova, L (Kashapova, L.)

ASTROPHYSICAL JOURNAL
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In this paper, we report two homologous circular-ribbon
flares associated with two filament eruptions. They were
well observed by the New Vacuum Solar Telescope and the
Solar Dynamics Observatory on 2014 March 5. Prior to the
flare, two small-scale filaments enclosed by a circular
pre-flare brightening lie along the circular polarity inversion
line around the parasitic polarity, which has shown a
continuous rotation since its first appearance. Two filaments
eventually erupt in sequence associated with two
homologous circular-ribbon flares and display an apparent
writhing signature. Supplemented by the nonlinear
force-free field extrapolation and the magnetic field
squashing factor investigation, the following are revealed. (1)
This event involves the emergence of magnetic flux ropes
into a pre-existing polarity area, which yields the formation
of a 3D null-point topology in the corona. (2) Continuous
input of the free energy in the form of a flux rope from

beneath the photosphere may drive a breakout-type
reconnection occurring high in the corona, supported by the
pre-flare brightening. (3) This initiation reconnection could
release the constraint on the flux rope and trigger the MHD
instability to first make filament F1 lose equilibrium. The
subsequent more violent magnetic reconnection with the
overlying flux is driven during the filament rising. In return,
the eruption of filament F2 is further facilitated by the
reduction of the magnetic tension force above. These two
processes form a positive feedback to each other to cause
the energetic mass eruption and flare.

i 2-05 Molecular Clouds and Star
| Formation j
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A simple criterion for selecting disks with evidence for dust
growth and settling

Liu, Y (Liu, Yao); Wang, HC (Wang, Hongchi); Henning, T
(Henning, Thomas)

ASTROPHYSICS AND SPACE SCIENCE
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Dust growth and settling, as an initial step of planet
formation in protoplanetary disks, have an important impact
on the appearance of the spectral energy distribution (SED).
Selecting a promising sample of disks with signs of these
processes helps to guide future observations towards a
better understanding of the initial conditions for planet
formation and disk evolution. Using a standard flared disk
model, we conducted a large parameter study to investigate
the effects of various disk parameters on the overall shape
of the SED. We found that the flaring index and scale height
can be used to mimic the effects of dust evolution on the
SED. The influences of these two parameters on the infrared
excess are very similar to that caused by dust evolution
which have been shown in previous simulations where grain
growth and settling are treated directly. Based on a statistic
analysis of all the models in our grid, we proposed a
criterion of Psi >= 0.6 to diagnose signs of dust evolution,
where Psi is a ratio defined by dividing a linearly
interpolated (between 24 mu m and 1.3 mm) flux at 70 mu
m by the observed 70 mu m photometry. We tested the
applicability of our criterion with the class Il disks in the
Taurus star formation region.

St
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Kinetic temperature of massive star-forming molecular
clumps measured with formaldehyde IIl. The Orion
molecular cloud 1

Tang, XD (Tang, X. D.); Henkel, C (Henkel, C.); Menten, KM
(Menten, K. M.); Wyrowski, F (Wyrowski, F.); Brinkmann, N
(Brinkmann, N.); Zheng, XW (Zheng, X. W.); Gong, Y (Gong,
Y.); Lin, YX (Lin, Y. X.); Esimbek, J (Esimbek, J.); Zhou, JJ (Zhou,
J.).); Yuan, Y (Yuan, Y.); Li, DL (Li, D. L.); He, YX (He, Y. X.)
ASTRONOMY & ASTROPHYSICS
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We mapped the kinetic temperature structure of the Orion
molecular cloud 1 (OMC-1) with para-H2CO(J(KaKc) = 3(03)-
2(02), 3(22)- 2(21), and 3(21)-2(20)) using the APEX 12m
telescope. This is compared with the temperatures derived
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from the ratio of the NH3 (2, 2)/(1, 1) inversion lines and the
dust emission. Using the RADEX non-LTE model, we derive
the gas kinetic temperature modeling the measured
averaged line ratios of para-H(2)C03(22)-2(21)/3(03)-2(02)
and 3(21)-2(20)/3(03)-2(02). The gas kinetic temperatures
derived from the para-H(2)COline ratios are warm, ranging
from 30 to > 200K with an average of 62 +/- 2K at a spatial
density of 105 cm(-3). These temperatures are higher than
those obtained from NH3 (2, 2) /(1, 1) and CH3CCH(6-5) in
the OMC-1 region. The gas kinetic temperatures derived
from para-H2CO agree with those obtained from warm dust
components measured in the mid infrared (MIR), which
indicates that the para-H2CO(3-2) ratios trace dense and
warm gas. The cold dust components measured in the far
infrared (FIR) are consistent with those measured with NH3
(2, 2) /(1, 1) and the CH3CCH(6-5) line series. With dust at
MIR wavelengths and para-H2CO(3-2) on one side, and dust
at FIR wavelengths, NH3 (2, 2) /(1, 1), and CH3CCH(6-5) on
the other, dust and gas temperatures appear to be
equivalent in the dense gas (n(H-2) greater than or similar to
104 cm 3) of the OMC-1 region, but provide a bimodal
distribution, one more directly related to star formation
than the other. The non-thermal velocity dispersions of
para-H2CO are positively correlated with the gas kinetic
temperatures in regions of strong non-thermal motion
(Mach number > greater than or similar to 2 : 5) of the
OMC-1, implying that the higher temperature traced by
para-H2CO is related to turbulence on a similar to 0.06 pc
scale. Combining the temperature measurements with
para-H2CO and NH3 (2, 2) /(1, 1) line ratios, we find direct
evidence for the dense gas along the northern part of the
OMC-1 10 km s(-1) filament heated by radiation from the
central Orion nebula.
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L1188: A Promising Candidate for Cloud-Cloud Collisions
Triggering the Formation of Low-and Intermediate-mass
Stars

Gong, Y (Gong, Yan); Fang, M (Fang, Min); Mao, RQ (Mao,
Ruiqing); Zhang, SB (Zhang, Shaobo); Wang, Y (Wang, Yuan);
Su, Y (Su, Yang); Chen, XP (Chen, Xuepeng); Yang, J (Yang, Ji);
Wang, HC (Wang, Hongchi); Lu, DR (Lu, Dengrong)
ASTROPHYSICAL JOURNAL LETTERS
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We present a new large-scale (2 degrees x 2 degrees)
simultaneous (CO)-C-12, (CO)-C-13, and (CO)-0-18 (J = 1-0)
mapping of L1188 with the Purple Mountain Observatory
13.7 m telescope. Our observations have revealed that
L1188 consists of two nearly orthogonal filamentary
molecular clouds at two clearly separated velocities. Toward
the intersection showing large velocity spreads, we find
several bridging features connecting the two clouds in
velocity, and an open arc structure that exhibits high
excitation temperatures, enhanced (CO)-C-12 and (CO)-C-13
emission, and broad (CO)-C-12 line wings. This agrees with
the scenario that the two clouds are colliding with each
other. The distribution of young stellar object (YSO)
candidates implies an enhancement of star formation in the
intersection of the two clouds. We suggest that a
cloud-cloud collision happened in L1188 about 1 Myr ago,
possibly  triggering  the  formation of low-and
intermediate-mass YSOs in the intersection.
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On the local stellar populations

Fuhrmann, K (Fuhrmann, Klaus); Chini, R (Chini, Rolf);
Kaderhandt, L (Kaderhandt, Lena); Chen, ZW (Chen, Zhiwei)
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
#: 464 ]: 3 71: 2610-2621

We present a study of the local stellar populations from a
volume-complete all-sky survey of the about 500 bright stars
with distances less than 25 pc and down to main-sequence
effective temperatures T-eff >= 5300 K. The sample is
dominated by a 93 per cent fraction of Population | stars,
only 22 sources (5 per cent) are Population Il stars, and 9
sources (2 per cent) are intermediate-disc stars. No source
belongs to the halo. By following the mass of the stars
instead of their light, the resulting subset of 136 long-lived
stars distributes as 22 (16.2 per cent): 6 (4.4 per cent): 108
(79.4 per cent) for the Population II: intermediate disc:
Population 1, respectively. Along with the much larger
scaleheight reached by Population Il, this unbiased census of
long-lived stars provides plain evidence for a starburst epoch
in the early Milky Way, with the formation of a massive,
rotationally supported, and dark Population Il. The same
conclusion arises from the substantial early chemical
enrichment levels, exemplified here by the elements
magnesium and iron, as it arises also from the local
Population 1l white dwarfs. The kinematics, metallicity
distribution functions, star formation rates, age-metallicity
relations, the inventory of young stars, and the occurrence
of blue straggler stars are discussed. A potentially new
aspect of the survey is the possibility for substructure among
the local Population Il stars that may further subdivide into
metal-poor and metal-rich sources.
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The barium-to-iron enrichment versus age relation of
ancient disc stars

Fuhrmann, K (Fuhrmann, K.); Chini, R (Chini, R.); Kaderhandt,
L (Kaderhandt, L.); Chen, Z (Chen, Z.); Lachaume, R
(Lachaume, R.)

MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
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We report an intrinsically precise relation of the
barium-to-iron enrichment as a function of age for a local,
volume-complete (N = 30) sample of ancient Population I
(tau >= 12 Gyr) and intermediate-disc stars (tau similar or
equal to 10 Gyr), which suggests a common,
r-process-dominated nucleosynthesis site for both elements
in the early stages of the Milky Way. Deviants from this
empirical relation are to a large extent identified as formerly
known or new blue straggler stars. We report in particular
the striking case of the Population Il star HD159062, whose
barium overabundance is difficult to explain without wind
accretion of s-process material from a former asymptotic
giant branch (AGB) primary that very likely survived as a
white dwarf companion. The weak but significant barium
enhancement that we measure for HR3578 and 104 Tau also
suggests that both may be accompanied by faint degenerate
companions. If confirmed through precision astrometry or
direct imaging observations, this would mean a very efficient
method to uncover ancient stellar remnant companions
around solar-type stars.

St
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SiS in the Circumstellar Envelope of IRC+10216: Maser and
Quasi-thermal Emission

Gong, Y (Gong, Y.); Henkel, C (Henkel, C.); Ott, J (Ott, J.);
Menten, KM (Menten, K. M.); Morris, MR (Morris, M. R.);
Keller, D (Keller, D.); Claussen, MJ (Claussen, M. J.);
Grasshoff, M (Grasshoff, M.); Mao, RQ (Mao, R. Q.)
ASTROPHYSICAL JOURNAL
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We present new Effelsberg 100-m, Australia Telescope
Compact Array (ATCA), and Very Large Array observations of
rotational SiS transitions in the circumstellar envelope (CSE)
of IRC +10216. Thanks to the high angular resolution
achieved by the ATCA observations, we unambiguously
confirm that the molecule's J= 1 (R) O transition exhibits
maser action in this CSE, as first suggested more than 30
years ago. The maser emission's radial velocity, peaking at a
local standard of rest velocity of -39.862 +/- 0.065 km s-1,
indicates that it arises from an almost fully accelerated shell.
Monitoring observations show time variability of the SiS (1
(R) 0) maser. The two lowest-J SiS quasi-thermal emission
lines trace a much more extended emitting region than
previous high-J SiS observations. Their distributions show
that the SiS quasi-thermal emission consists of two
components: one is very compact (radius < 1."5,
corresponding to <3 x 10(15) cm), and the other extends out
to a radius >11". An incomplete shell-like structure is found
in the northeast, which is indicative of existing SiS shells.
Clumpy structures are also revealed in this CSE. The gain of
the SiS (1 (R) 0) maser (optical depths of about -5 at the
blueshifted side and, assuming inversion throughout the
entire line's velocity range, about -2 at the redshifted side)
suggests that it is unsaturated. The SiS (1 (R) 0) maser can be
explained in terms of ro-vibrational excitation caused by
infrared pumping, and we propose that infrared continuum
emission is the main pumping source.
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First Results from BISTRO: A SCUBA-2 Polarimeter Survey of
the Gould Belt

Ward-Thompson, D (Ward-Thompson, Derek); Pattle, K
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Jungmi); Lee, CW (Lee, Chang Won); Li, D (Li, Di); Matthews,
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(van Loo, Sven); Aso, Y (Aso, Yusuke); Byun, DY (Byun,
Do-Young); Eswaraiah, C (Eswaraiah, Chakali); Chen, HR
(Chen, Huei-Ru); Chen, MCY (Chen, Mike C. -Y.); Chen, WP
(Chen, Wen Ping); Ching, TC (Ching, Tao-Chung); Cho, J (Cho,
Jungyeon); Chrysostomou, A (Chrysostomou, Antonio);
Chung, EJ (Chung, Eun Jung); Doi, YS (Doi, Yasuo);
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(Eyres, Stewart P. S.); Fiege, J (Fiege, Jason); Friesen, RK
(Friesen, Rachel K.); Fuller, G (Fuller, Gary); Gledhill, T
(Gledhill, Tim); Griffin, MJ (Griffin, Matt J.); Gu, QL (Gu,
Qilao); Hasegawa, T (Hasegawa, Tetsuo); Hatchell, J (Hatchell,

Jennifer); Hayashi, SS (Hayashi, Saeko S.); Holland, W
(Holland, Wayne); Inoue, T (Inoue, Tsuyoshi); Inutsuka, S
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SY (Liu, Sheng-Yuan); Liu, T (Liu, Tie); Lyo, AR (Lyo, A-Ran);
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(Nakanishi, Hiroyuki); Ohashi, N (Ohashi, Nagayoshi); Onaka,
T (Onaka, Takashi); Peretto, N (Peretto, Nicolas); Pyo, TS
(Pyo, Tae-Soo); Qian, L (Qian, Lei); Retter, B (Retter,
Brendan); Richer, J (Richer, John); Rigby, A (Rigby, Andrew);
Robitaille, JF (Robitaille, Jean-Francois); Savini, G (Savini,
Giorgio); Scaife, AMM (Scaife, Anna M. M.); Soam, A (Soam,
Archana); Tamura, M (Tamura, Motohide); Tang, YW (Tang,
Ya-Wen); Tomisaka, K (Tomisaka, Kohji); Wang, HC (Wang,
Hongchi); Wang, JW (Wang, Jia-Wei); Whitworth, AP
(Whitworth, Anthony P.); Yen, HW (Yen, Hsi-Wei); Yoo, H
(Yoo, Hyunju); Yuan, JH (Yuan, Jinghua); Zhang, CP (Zhang,
Chuan-Peng); Zhang, GY (Zhang, Guoyin); Zhou, JJ (Zhou,
Jianjun); Zhu, L (Zhu, Lei); Andre, P (Andre, Philippe); Dowell,
CD (Dowell, C. Darren); Falle, S (Falle, Sam); Tsukamoto, Y
(Tsukamoto, Yusuke)
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We present the first results from the B-fields In STar-forming
Region Observations (BISTRO) survey, using the
Sub-millimetre Common-User Bolometer Array. 2 camera,
with its associated polarimeter (POL-2), on the James Clerk
Maxwell Telescope in Hawaii. We discuss the survey's aims
and objectives. We describe the rationale behind the survey,
and the questions that. the survey will aim to answer. The
most important of these is the role of magnetic fields in the
star formation process on the scale of individual filaments
and cores in dense regions. We describe the data acquisition
and reduction processes for POL-2, demonstrating both
repeatability and consistency with previous data. We
present a first-look analysis of the first results from the
BISTRO survey in the OMC 1 region. We see that the
magnetic field lies approximately perpendicular to the
famous "integral filament" in the densest regions of that
filament. Furthermore, we see an "hourglass" magnetic field
morphology extending beyond the densest region of the
integral filament into the less-dense surrounding material,
and discuss possible causes for this. We also discuss the
more complex morphology seen along the Orion Bar region.
We examine the morphology of the field along the
lower-density northeastern filament. We find consistency
with previous theoretical models that predict magnetic
fields lying parallel to low-density, non-self-gravitating
filaments, and perpendicular  to  higher-density,
self-gravitating filaments.
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First Millimeter Detection of the Disk around a Young,
Isolated, Planetary-mass Object

Bayo, A (Bayo, Amelia); Joergens, V (Joergens, Viki); Liu, Y
(Liu, Yao); Brauer, R (Brauer, Robert); Olofsson, J (Olofsson,
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Paola); Wolf, S (Wolf, Sebastian); Ruge, JP (Ruge, Jan Philipp);
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Johnston, KG (Johnston, Katharine G.); Bonnefoy, M
(Bonnefoy, Mickael); Beuther, H (Beuther, Henrik); Chauvin,
G (Chauvin, Gael)
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0OTS44 is one of only four free-floating planets known to
have a disk. We have previously shown that it is the coolest
and least massive known free-floating planet (similar to 12
M-Jup) with a substantial disk that is actively accreting. We
have obtained Band 6 (233 GHz) ALMA continuum data of
this very young disk-bearing object. The data show a clear
unresolved detection of the source. We obtained disk-mass
estimates via empirical correlations derived for young,
higher-mass, central (substellar) objects. The range of values
obtained are between 0.07 and 0.63 M-circle plus (dust
masses). We compare the properties of this unique disk with
those recently reported around higher-mass (brown dwarfs)
young objects in order to infer constraints on its mechanism
of formation. While extreme assumptions on dust
temperature vyield disk-mass values that could slightly
diverge from the general trends found for more massive
brown dwarfs, a range of sensible values provide disk
masses compatible with a unique scaling relation between
M-dust and M* through the substellar domain down to
planetary masses.
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NGC 1980 Is Not a Foreground Population of Orion:
Spectroscopic Survey of Young Stars with Low Extinction in
Orion

Fang, M (Fang, Min); Kim, JS (Kim, lJinyoung Serena);
Pascucci, | (Pascucci, llaria); Apai, D (Apai, Daniel); Zhang, L
(zhang, Lan); Sicilia-Aguilar, A (Sicilia-Aguilar, Aurora);
Alonso-Martinez, M (Alonso-Martinez, Miguel); Eiroa, C
(Eiroa, Carlos); Wang, HC (Wang, Hongchi)
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We perform a spectroscopic survey of the foreground
population in Orion. A with MMT/Hectospec. We use these
data, along with archival spectroscopic data and
photometric data, to derive spectral types, extinction values,
and masses for 691 stars. Using the Spitzer Space Telescope
data, we characterize the disk properties of these sources.
We identify 37 new transition disk (TD) objects, 1 globally
depleted disk candidate, and 7 probable young debris disks.
We discover an object with a mass of. less than 0.018-0.030
M-circle dot, which harbors a flaring disk. Using the Ha
emission line, we characterize the accretion activity of the
sources with disks, and confirm that the. fraction of
accreting TDs is lower than that of optically thick disks (46%
+/- 7% versus 73% +/- 9%, respectively). Using kinematic
data from the Sloan Digital Sky Survey and APOGEE INfrared
Spectroscopy of the Young Nebulous Clusters program
(IN-SYNC), we confirm that the foreground population
shows similar kinematics to their local molecular clouds and
other young stars in the same regions. Using the isochronal
ages, we find that the foreground population has a median
age of. around 1-2 Myr, which is similar to that of other
young stars in Orion. A. Therefore, our results argue against
the presence of a large and old foreground cluster in front of
Orion. A.
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A Curved Magnetic Field in the Ring-like Shell of Bubble N4

Chen, ZW (Chen, Zhiwei); Jiang, ZB (Jiang, Zhibo); Tamura, M
(Tamura, Motohide); Kwon, J (Kwon, Jungmi); Roman-Lopes,
A (Roman-Lopes, A.)

ASTROPHYSICAL JOURNAL
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We report the detection of a curved magnetic field in the
ring-like shell of the bubble N4, derived from near-infrared
polarization of reddened diskless stars located behind this
bubble. The magnetic field in the shell is curved and parallel
to the ring-like shell, and its strength is estimated to be
similar to 120 mu G in the plane of the sky. The magnetic
field strength in the shell is significantly enhanced compared
to the local field strength. We calculate the mass-to-flux
ratio for the submillimeter clumps in the shell and find that
they are all magnetically subcritical. Our results demonstrate
that the magnetic field strengthens as the interstellar
medium is compressed into a shell, and suggest that the
magnetic field has the potential to hinder star formation
triggered by H Il region expansion.
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Multiplicity among Solar-type Stars

Fuhrmann, K (Fuhrmann, K.); Chini, R (Chini, R.); Kaderhandt,
L (Kaderhandt, L.); Chen, Z (Chen, Z.) ASTROPHYSICAL
JOURNAL
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We present a multiplicity census for a volume-complete
all-sky survey of 422 stars with distances less than 25 pc and
primary main-sequence effective temperatures T-eff >=
5300. K. Very similar to previous results that have been
presented for various subsets of this survey, we confirm the
positive correlation of the stellar multiplicities with primary
mass. We find for the F-and G-type Population. | stars that
58% are non-single and 21% are in triple or higher level
systems. For the old intermediate-disk and Population. Il
stars-virtually all of G type and less massive -even two out of
three sources prove to be non-single. These numbers being
lower limits because of the continuous flow of new
discoveries, the unbiased survey clearly demonstrates that
the standard case for solar-type field stars is a
hydrogen-burning source with at least one ordinary or
degenerate stellar companion, and a surprisingly large
number of stars are organized in multiple systems. A
principal consequence is that orbital evolution, including the
formation of blue straggler stars, is a potentially important
issue on all spatial scales and timescales for a significant
percentage of the stellar systems, in particular among
Population. Il stars. We discuss a number of recent
observations of known or suspected companions in the local
survey, including a new detection of a double- lined Ba- Bb
subsystem to the visual binary HR 8635.
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How Do Stars Gain Their Mass? A JCMT/SCUBA-2 Transient
Survey of Protostars in Nearby Star-forming Regions

Herczeg, GJ (Herczeg, Gregory J.); Johnstone, D (Johnstone,
Doug); Mairs, S (Mairs, Steve); Hatchell, J (Hatchell, Jennifer);
Lee, JE (Lee, Jeong-Eun); Bower, GC (Bower, Geoffrey C.);
Chen, HRV (Chen, Huei-Ru Vivien); Aikawa, Y (Aikawa, Yuri);
Yoo, H (Yoo, Hyunju); Kang, SJ (Kang, Sung-Ju); Kang, M
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Kim, KH (Kim, Kyoung Hee); Kuan, YJ (Kuan, Yi-Jehng); Kwon,
W (Kwon, Woojin); Lai, SP (Lai, Shih-Ping); Lalchand, B
(Lalchand, Bhavana); Lee, CW (Lee, Chang Won); Lee, CF (Lee,
Chin-Fei); Long, F (Long, Feng); Lyo, AR (Lyo, A-Ran); Qian, L
(Qian, Lei); Scicluna, P (Scicluna, Peter); Soam, A (Soam,
Archana); Stamatellos, D (Stamatellos, Dimitris); Takakuwa,
S (Takakuwa, Shigehisa); Tang, YW (Tang, Ya-Wen); Wang,
HC (Wang, Hongchi); Wang, YR (Wang, Yiren)
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Most protostars have luminosities that are fainter than
expected from steady accretion over the protostellar
lifetime. The solution to this problem may lie in episodic
mass accretion -- prolonged periods of very low accretion
punctuated by short bursts of rapid accretion. However, the
timescale and amplitude for variability at the protostellar
phase is almost entirely unconstrained. In "A JCMT/SCUBA-2
Transient Survey of Protostars in Nearby Star Forming
Regions", we are monitoring monthly with SCUBA-2 the
sub-mm emission in eight fields within nearby (<500 pc) star
forming regions to measure the accretion variability of
protostars. The total survey area of similar to 1.6 sqg.deg.
includes similar to 105 peaks with peaks brighter than 0.5
Jy/beam (43 associated with embedded protostars or disks)
and 237 peaks of 0.125-0.5 Jy/beam (50 with embedded
protostars or disks). Each field has enough bright peaks for
flux calibration relative to other peaks in the same field,
which improves upon the nominal flux calibration
uncertainties of sub-mm observations to reach a precision of
similar to 2-3% rms, and also provides quantified confidence
in any measured variability. The timescales and amplitudes
of any sub-mm variation will then be converted into
variations in accretion rate and subsequently used to infer
the physical causes of the variability. This survey is the first
dedicated survey for sub-mm variability and complements
other transient surveys at optical and near-IR wavelengths,
which are not sensitive to accretion variability of deeply
embedded protostars.
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A simple criterion for selecting disks with evidence for dust
growth and settling

Liu, Y (Liu, Yao); Wang, HC (Wang, Hongchi); Henning, T
(Henning, Thomas)

ASTROPHYSICS AND SPACE SCIENCE
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Dust growth and settling, as an initial step of planet
formation in protoplanetary disks, have an important impact
on the appearance of the spectral energy distribution (SED).
Selecting a promising sample of disks with signs of these

processes helps to guide future observations towards a
better understanding of the initial conditions for planet
formation and disk evolution. Using a standard flared disk
model, we conducted a large parameter study to investigate
the effects of various disk parameters on the overall shape
of the SED. We found that the flaring index and scale height
can be used to mimic the effects of dust evolution on the
SED. The influences of these two parameters on the infrared
excess are very similar to that caused by dust evolution
which have been shown in previous simulations where grain
growth and settling are treated directly. Based on a statistic
analysis of all the models in our grid, we proposed a
criterion of Psi >= 0.6 to diagnose signs of dust evolution,
where Psi is a ratio defined by dividing a linearly
interpolated (between 24 mu m and 1.3 mm) flux at 70 mu
m by the observed 70 mu m photometry. We tested the
applicability of our criterion with the class Il disks in the
Taurus star formation region.
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The properties of the inner disk around HL Tau:
Multi-wavelength modeling of the dust emission

Liu, Y (Liu, Yao); Henning, T (Henning, Thomas);
Carrasco-Gonzalez, C (Carrasco-Gonzalez, Carlos); Chandler,
CJ (Chandler, Claire J.); Linz, H (Linz, Hendrik); Birnstiel, T
(Birnstiel, Til); van Boekel, R (van Boekel, Roy); Perez, LM
(Perez, Laura M.); Flock, M (Flock, Mario); Testi, L (Testi,
Leonardo); Rodriguez, LF (Rodriguez, Luis F.); Galvan-Madrid,
R (Galvan-Madrid, Roberto)
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We conducted a detailed radiative transfer modeling of the
dust emission from the circumstellar disk around HL Tau.
The goal of our study is to derive the surface density profile
of the inner disk and its structure. In addition to the
Atacama Large Millimeter/submillimeter Array images at
Band 3 (2.9 mm), Band 6 (1.3 mm), and Band 7 (0.87 mm),
the most recent Karl G. Jansky Very Large Array (VLA)
observations at 7mm were included in the analysis. A
simulated annealing algorithm was invoked to search for the
optimum model. The radiative transfer analysis
demonstrates that most radial components (i.e., > 6AU) of
the disk become optically thin at a wavelength of 7 mm,
which allows us to constrain, for the first time, the dust
density distribution in the inner region of the disk. We found
that a homogeneous grain size distribution is not sufficient
to explain the observed images at different wavelengths
simultaneously, while models with a shallower grain size
distribution in the inner disk work well. We found clear
evidence that larger grains are trapped in the first bright ring.
Our results imply that dust evolution has already taken place
in the disk at a relatively young (i.e., similar to 1 Myr) age.
We compared the midplane temperature distribution,
optical depth, and properties of various dust rings with
those reported previously. Using the Toomre parameter, we
briefly discussed the gravitational instability as a potential
mechanism for the origin of the dust clump detected in the
first bright ring via the VLA observations.
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Stellar variability from Dome A, Antarctica

Wang, LZ (Wang, Lingzhi); Macri, LM (Macri, L. M.); Ma, B
(Ma, B.); Wang, LF (Wang, L. F.); Ashley, MCB (Ashley, M. C.
B.); Cui, X (Cui, X.); Du, FJ (Du, F. J.); Fu, JN (Fu, J. N.); Feng,
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(Storey, J. W. V.); Yang, H (Yang, H.); Yuan, X (Yuan, X.); York,
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WIDE-FIELD VARIABILITY SURVEYS: A 21ST CENTURY
PERSPECTIVE

EPJ Web of Conferences
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The Antarctic plateau is one of the best observing sites on
the surface of the Earth thanks to its extremely cold, dry,
stable and transparent atmosphere conditions. Various
astronomical activities are underway there and the Chinese
Center for Antarctic Astronomy (CCAA) is dedicated to
developing Antarctic astronomy at the highest point, Dome
A or the Chinese Kunlun station. So far a large number of
images have been collected from a 14.5-cm quad-telescope
called the Chinese Small Telescope AR-ray (CSTAR) and the
first two of a trio of 50-cm Antarctic Survey Telescopes
(AST3-1 and AST3-2).

2= % FR: 22nd Los Alamos Stellar Pulsation Conference
L H 31: NOV 28-DEC 02, 2016

2-06 Galaxy formation and wide Field
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THE QUENCHED MASS PORTION OF STAR-FORMING
GALAXIES AND THE ORIGIN OF THE STAR FORMATION
SEQUENCE SLOPE

Pan, ZZ (Pan, Zhizheng); Zheng, XZ (Zheng, Xianzhong); Kong,
X (Kong, Xu)

ASTROPHYSICAL JOURNAL
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Observationally, a massive disk galaxy can harbor a bulge

component that is comparably inactive as a quiescent galaxy.

It has been speculated that the quenched component
contained in star-forming galaxies (SFGs) is the reason why
the star formation main sequence (MS) has a shallow slope
at high masses. In this paper, we present a toy model to
quantify the quenched mass portion of SFGs (f(Q)) at fixed
stellar mass (M-*) and to reconcile the MS slopes in both the
low-and the high-mass regimes. In this model, each SFG is
composed of a star-forming plus a quenched component.
The mass of the star-forming component (M-SF) correlates
with the star formation rate (SFR) following a relation SFR
alpha M-SF(alpha SF), where alpha(SF) similar to 1.0. The
quenched component contributes to the stellar mass but
not to the SFR. It is thus possible to quantify f(Q) based on
the departure of the observed MS slope a from aSF.
Adopting the redshift-dependent MS slope reported by
Whitaker et al., we explore the evolution of the f(Q) -M-*
relations over z = [0.5, 2.5]. We find that Milky Way-like
SFGs (with M-* approximate to 10(10.7) M-circle dot)
typically have an f(Q) = 30%-40% at z similar to 2.25,
whereas this value rapidly rises up to 70%-80% at z similar to
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0.75. The origin of an alpha similar to 1.0 MS slope seen in
the low-mass regime is also discussed. We argue for a
scenario in which the majority of low-mass SFGs stay in a
"steady-stage" star formation phase. In this phase, the SFR is
mainly regulated by stellar feedback and not significantly
influenced by the quenching mechanisms, thus remaining
roughly constant over cosmic time. This scenario
successfully produces an alpha similar to 1.0 MS slope, as
well as the observed MS evolution fromz=2.5to z - 0 at low
masses.
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First Spectroscopic Confirmations of z similar to 7.0 Ly
alpha Emitting Galaxies in the LAGER Survey

Hu, WD (Hu, Weida); Wang, JX (Wang, Junxian); Zheng, ZY
(zheng, Zhen-Ya); Malhotra, S (Malhotra, Sangeeta); Infante,
L (Infante, Leopoldo); Rhoads, J (Rhoads, James); Gonzalez, A
(Gonzalez, Alicia); Walker, AR (Walker, Alistair R.); Jiang, LH
(Jiang, Linhua); Jiang, CY (Jiang, Chunyan); Hibon, P (Hibon,
Pascale); Barrientos, LF (Felipe Barrientos, L.); Finkelstein, S
(Finkelstein, Steven); Galaz, G (Galaz, Gaspar); Kang, WY
(Kang, Wenyong); Kong, X (Kong, Xu); Tilvi, V (Tilvi, Vithal);
Yang, H (Yang, Huan); Zheng, XZ (Zheng, XianZhong)
ASTROPHYSICAL JOURNAL LETTERS
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Narrowband imaging is a highly successful approach for
finding large numbers of high-redshift Ly alpha emitting
galaxies (LAEs) up to z similar to 6.6. However, at z greater
than or similar to 7 there are as of yet only three
narrowband selected LAEs with spectroscopic confirmations
(two at z similar to 6.9-7.0, one at z similar to 7.3), which
hinders extensive studies on cosmic reionization and galaxy
evolution at this key epoch. We have selected 23 candidate z
similar to 6.9 LAEs in COSMOS field with the large area
narrowband survey Lyman-Alpha Galaxies at the End of
Reionization (LAGER). In this work, we present spectroscopic
follow-up observations of 12 candidates using the Inamori
Magellan Areal Camera and Spectrograph on Magellan. For
nine of these, the observations are sufficiently deep to
detect the expected lines. Ly alpha emission lines are
identified in six sources (yielding a success rate of 2/3),
including three luminous LAEs with Ly alpha luminosities of
L-Ly alpha similar to 10(43.5) erg s(-1), the highest among
known spectroscopically confirmed galaxies at greater than
or similar to 7.0. This triples the sample size of
spectroscopically confirmed narrowband selected LAEs at z
greater than or similar to 7, and confirms the bright-end
bump in the Ly alpha luminosity function we previously
derived based on the photometric sample, supporting a
patchy reionization scenario. Two luminous LAEs appear
physically linked with a projected distance of 1.1 pMpc and
velocity difference of similar to 170 km s(-1). They likely sit
in @ common ionized bubble produced by themselves or
with close neighbors, which reduces the intergalactic
medium attenuation of Ly alpha. A tentative narrow N V
lambda 1240 line is seen in one source, hinting at activity of
a central massive black hole with metal-rich line-emitting
gas.
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The Origins of UV-optical Color Gradients in Star-forming
Galaxies at z similar to 2: Predominant Dust Gradients but
Negligible sSFR Gradients

Liu, FS (Liu, F. S.); Jiang, DF (Jiang, Dongfei); Faber, SM (Faber,
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JJ (Fang, Jerome J.); Barro, G (Barro, Guillermo); Zheng, XZ
(zheng, Xianzhong); Jia, M (Jia, Meng); Tong, W (Tong, Wei);
Liu, L (Liu, Lu); Meng, XM (Meng, Xianmin)
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The rest-frame UV-optical (i.e., NUV - B) color is sensitive to
both low-level recent star formation (specific star formation
rate-sSFR) and dust. In this Letter, we extend our previous
work on the origins of NUV - B color gradients in
star-forming galaxies (SFGs) at z similar to 1 to those at z
similar to 2. We use a sample of 1335 large (semimajor axis
radius R-SMA > 0." 18) SFGs with extended UV emission out
to 2R(SMA) in the mass range M-* = 10(9)-10(11) M-circle
dot at 1.5 < z < 2.8 in the CANDELS/GOODS-S and UDS fields.
We show that these SFGs generally have negative NUV - B
color gradients (redder centers), and their color gradients
strongly increase with galaxy mass. We also show that the
global rest-frame FUV - NUV color is approximately linear
with A(V), which is derived by modeling the observed
integrated FUV to NIR spectral energy distributions of the
galaxies. Applying this integrated calibration to our spatially
resolved data, we find a negative dust gradient (more dust
extinguished in the centers), which steadily becomes
steeper with galaxy mass. We further find that the NUV - B
color gradients become nearly zero after correcting for dust
gradients regardless of galaxy mass. This indicates that the
sSFR gradients are negligible and dust reddening is likely the
principal cause of negative UV-optical color gradients in
these SFGs. Our findings support that the buildup of the
stellar mass in SFGs at Cosmic Noon is self-similar inside
2R(SMA).
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An Imperfectly Passive Nature: Bright Submillimeter
Emission from Dust-obscured Star Formation in the z=3.717
"Passive" System, ZF 20115

Simpson, JM (Simpson, J. M.); Smail, | (Smail, lan); Wang,
WH (Wang, Wei-Hao); Riechers, D (Riechers, D.); Dunlop, JS
(Dunlop, J. S.); Ao, Y (Ao, Y.); Bourne, N (Bourne, N.); Bunker,
A (Bunker, A.); Chapman, SC (Chapman, S. C.); Chen, CC
(Chen, Chian-Chou); Dannerbauer, H (Dannerbauer, H.);
Geach, JE (Geach, J. E.); Goto, T (Goto, T.); Harrison, CM
(Harrison, C. M.); Hwang, HS (Hwang, H. S.); Ivison, RJ (lvison,
R. J.); Kodama, T (Kodama, Tadayuki); Lee, CH (Lee, C. -H.);
Lee, HM (Lee, H. -M.); Lee, M (Lee, M.); Lim, CF (Lim, C. -F.);
Michalowski, MJ (Michalowski, M. J.); Rosario, DJ (Rosario, D.
J.); Shim, H (Shim, H.); Shu, XW (Shu, X. W.); Swinbank, AM
(Swinbank, A. M.); Tee, WL (Tee, W. -L.); Toba, Y (Toba, Y.);
Valiante, E (Valiante, E.); Wang, JX (Wang, Junxian); Zheng,
XZ (Zheng, X. Z.)
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The identification of high-redshift, massive galaxies with old
stellar populations may pose challenges to some models of
galaxy formation. However, to securely classify a galaxy as
quiescent, it is necessary to exclude significant ongoing star
formation, something that can be challenging to achieve at
high redshifts. In this Letter, we analyze deep ALMA/870 mu
m and SCUBA-2/450 mu m imaging of the claimed
"post-starburst" galaxy ZF 20115 at z = 3.717 that exhibits a
strong Balmer break and absorption lines. The rest-frame
far-infrared imaging identifies a luminous starburst 0." 4 +/-

0." 1 (similar to 3 kpc in projection) from the position of the
ultraviolet/optical emission and is consistent with lying at
the redshift of ZF 20115. The star-forming component, with
an obscured star formation rate of 100(-70)(+15) M-circle
dot yr(-1), is undetected in the rest-frame ultraviolet but
contributes significantly to the lower angular resolution
photometry at rest-frame wavelengths greater than or
similar to 3500 angstrom. This contribution from the
obscured starburst, especially in the Spitzer/IRAC
wavebands, significantly complicates the determination of a
reliable stellar mass for the ZF 20015 system, and we
conclude that this source does not pose a challenge to
current models of galaxy formation. The multi-wavelength
observations of ZF 20115 unveil a complex system with an
intricate and spatially varying star formation history. ZF
20115 demonstrates that understanding high-redshift
obscured starbursts will only be possible with
multi-wavelength studies that include high-resolution
observations, available with the James Webb Space
Telescope, at mid-infrared wavelengths.
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First Results from the Lyman Alpha Galaxies in the Epoch of
Reionization (LAGER) Survey: Cosmological Reionization at
z similar to 7

Zheng, ZY (Zheng, Zhen-Ya); Wang, JX (Wang, Junxian);
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ASTROPHYSICAL JOURNAL LETTERS

%842 H: 2 kS 122

We present the first results from the ongoing Lyman Alpha
Galaxies in the Epoch of Reionization (LAGER) project, which
is the largest narrowband survey for z similar to 7 galaxies to
date. Using a specially built narrowband filter NB964 for the
superb large-area Dark Energy Camera (DECam) on the
NOAO/CTIO 4 m Blanco telescope, LAGER has collected 34 hr
NB964 narrowband imaging data in the 3 deg(2) COSMOS
field. We have identified 23 Ly alpha Emitter candidates at z
=6.9 in the central 2-deg(2) region, where DECam and public
COSMOS multi-band images exist. The resulting luminosity
function (LF) can be described as a Schechter function
modified by a significant excess at the bright end (four
galaxies with L-Ly alpha similar to 10(43.4 +/- 0.2) erg s(-1)).
The number density at L-Ly alpha similar to 10(43.4 +/- 0.2)
erg s(-1) is little changed from z = 6.6, while at fainter L-Ly
alpha it is substantially reduced. Overall, we see a fourfold
reduction in Ly alpha luminosity density from z = 5.7 to z =
6.9. Combined with a more modest evolution of the
continuum UV luminosity density, this suggests a factor of
similar to 3 suppression of Ly alpha by radiative transfer
through the z similar to 7 intergalactic medium (IGM). It
indicates an IGM neutral fraction of x(HI) similar to 0.4-0.6
(assuming Ly alpha velocity offsets of 100-200 km s(-1)). The
changing shape of the Ly alpha LF between z less than or
similar to 6.6 and z = 6.9 supports the hypothesis of ionized
bubbles in a patchy reionization at z similar to 7.
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AGN-host connection at 0.5 < z < 2.5: A rapid evolution of
AGN fraction in red galaxies during the last 10 Gyr
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G. -W.); Huang, JS (Huang, J. -S.); Luo, B (Luo, B.); Gu, QS (Gu,
Q.-S.)
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We explore the dependence of the incidence of
moderate-luminosity (L0.5-8 keV = 10(41.9-43.7) erg s(-1))
active galactic nuclei (AGNs) and the distribution of their
accretion rates on host color at 0.5 < z < 2.5. Based on the
deepest X-ray and UV-to-far-infrared data in the two The
Great Observatories Origins Deep Survey (GOODS) fields, we
identify 221 AGNs within a mass-complete parent galaxy
sample down to M-* > 10(10) M-circle dot. We use
extinction-corrected rest-frame U-V colors to divide both
AGN hosts and non-AGN galaxies into red sequence (red),
green valley (green), and blue cloud (blue) populations. We
find that the fraction of galaxies hosting an AGN at fixed
X-ray luminosity increases with stellar mass and redshift for
all the three galaxy populations, independent of their colors.
However, both the AGN fraction at fixed stellar mass and its
evolution with redshift are clearly dependent on host colors.
Most notably, red galaxies have the lowest AGN fraction
(similar to 5%) at z similar to 1 yet with most rapid evolution
with redshift, increasing by a factor of similar to 5 (24%) at z
similar to 2. Green galaxies exhibit the highest AGN fraction
across all redshifts, which is most pronounced at z similar to
2 with more than half of them hosting an AGN at M-* >
10(10.6) M-circle dot. Together with the high AGN fraction
in red galaxies at z similar to 2, this indicates that (X-ray)
AGNs could be important in both transforming (quenching)
star-forming galaxies into quiescent ones and subsequently
maintaining their quiescence at high redshift. Furthermore,
consistent with previous studies at lower redshifts, we show
that the probability of hosting an AGN for the total galaxy
population can be characterized by a universal Eddington
ratio (as approximated by L-X/M-*) distribution
(p(lambda(Edd)) similar to lambda(-0.4)(Edd) Edd), which is
independent on host mass. Yet consistent with their
different AGN fractions, galaxies with different colors appear
to also have different p(lambda(Edd)) with red galaxies
exhibiting more rapid redshift evolution compared with that
for green and blue galaxies. Evidence for a steeper
power-law distribution of p(lambda(Edd)) in red galaxies
(p(lambda(Edd)) similar to lambda(-0.6)(Edd) Edd) is also
presented, though larger samples are needed to confirm.
These results suggest that the AGN accretion or the growth
of supermassive black holes is related to their host
properties, and may also influence their hosts in a different
mode dependent on the host color.
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DEEP CFHT Y-BAND IMAGING OF VVDS-F22 FIELD. I. DATA
PRODUCTS AND PHOTOMETRIC REDSHIFTS
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We present our deep Y-band imaging data of a two square
degree field within the F22 region of the VIMOS VLT Deep
Survey. The observations were conducted using the WIRCam
instrument mounted at the Canada-France-Hawaii Telescope
(CFHT). The total on-sky time was 9 hours, distributed
uniformly over 18 tiles. The scientific goals of the project are
to select faint quasar candidates at redshift z > 2.2, and
constrain the photometric redshifts for quasars and galaxies.
In this paper, we present the observation and the image
reduction, as well as the photometric redshifts that we
derived by combining our Y-band data with the CFHTLenS
u*g'r'i'z' optical data and UKIDSS DXS JHK near-infrared data.
With J-band image as reference total similar to 80,000
galaxies are detected in the final mosaic down to Y-band 5
sigma point source limiting depth of 22.86 mag. Compared
with the similar to 3500 spectroscopic redshifts, our
photometric redshifts for galaxies with z < 1.5 and i'less than
or similar to 24.0 mag have a small systematic offset of
vertical bar Delta z vertical bar less than or similar to 0.2, 1
sigma scatter 0.03< (sigma)Delta(z) < 0.06, and less than 4.0%
of catastrophic failures. We also compare to the CFHTLenS
photometric redshifts, and find that ours are more reliable
at z greater than or similar to 0.6 because of the inclusion of
the near-infrared bands. In particular, including the Y-band
data can improve the accuracy at z similar to 1.0-2.0
because the location of the 4000 angstrom-break is better
constrained. The Y-band images, the multi-band photometry
catalog and the photometric redshifts are released at
http://astro.pku.edu.cn/astro/data/DYI.html.
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A Further Test of Lorentz Violation from the Rest-frame
Spectral Lags of Gamma-Ray Bursts

Wei, JJ (Wei, Jun-lie); Wu, XF (Wu, Xue-Feng)
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Lorentz invariance violation (LIV) can manifest itself by an
energy-dependent vacuum dispersion of light, which leads
to arrival time differences of photons with different energies
originating from the same astronomical source. The spectral
lags of gamma-ray bursts (GRBs) have been widely used to
investigate the possible LIV effect. However, all current
investigations used lags extracted in the observer frame only.
In this work, we present, for the first time, an analysis of the
LIV effect and its redshift dependence in the cosmological
rest frame. Using a sample of 56 GRBs with known redshifts,
we obtain a robust limit on LIV by fitting their rest-frame
spectral lag data using both a maximization of the likelihood
function and a minimum chi(2) statistic. Our analysis
indicates that there is no evidence of LIV. Additionally, we
test the LIV in different redshift ranges by dividing the full
sample into four redshift bins. We also find no evidence for
the redshift variation of the LIV effect.
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A New Measurement of the Spectral Lag of Gamma-Ray
Bursts and its Implications for Spectral Evolution Behaviors
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(Wang, Fu-Ri); Wu, XF (Wu, Xue-Feng); Cheng, YH (Cheng,
Ye-Hao); Zhang, X (Zhang, Xi); Yu, BY (Yu, Bang-Yao); Xi, BJ (Xi,
Bao-Jia); Wang, X (Wang, Xue); Feng, HX (Feng, Huan-Xue);
Zhang, M (Zhang, Meng); Xu, D (Xu, Dong)
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We carry out a systematical study of the spectral lag
properties of 50 single-pulsed gamma-ray bursts (GRBs)
detected by the Fermi Gamma-Ray Burst Monitor. By
dividing the light curves into multiple consecutive energy
channels, we provide a new measurement of the spectral lag
that is independent of energy channel selections. We
perform a detailed statistical study of our new
measurements. We find two similar power-law energy
dependencies of both the pulse arrival time and pulse width.
Our new results on the power-law indices would favor the
relativistic geometric effects for the origin of spectral lag.
However, a complete theoretical framework that can fully
account for the diverse energy dependencies of both arrival
time and pulse width revealed in this work is still lacking. We
also study the spectral evolution behaviors of the GRB
pulses. We find that a GRB pulse with negligible spectral lag
would usually have a shorter pulse duration and would
appear to have a "hardness-intensity tracking" behavior, and
a GRB pulse with a significant spectral lag would usually
have a longer pulse duration and would appear to have a
"hard-to-soft" behavior.
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Constraining Anisotropic Lorentz Violation via the
Spectral-lag Transition of GRB 160625B

Wei, JJ (Wei, Jun-lie); Wu, XF (Wu, Xue-Feng); Zhang, BB
(zhang, Bin-Bin); Shao, L (Shao, Lang); Meszaros, P
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Violations of Lorentz invariance can lead to an
energy-dependent vacuum dispersion of light, which results
in arrival-time differences of photons with different energies
arising from a given transient source. In this work,
direction-dependent dispersion constraints are obtained on
nonbirefringent Lorentz-violating effects using the observed
spectral lags of the gamma-ray burst GRB 160625B. This
burst has unusually large high-energy photon statistics, so
we can obtain constraints from the true spectral time lags of
bunches of high-energy photons rather than from the rough
time lag of a single highest-energy photon. Also, GRB
160625B is the only burst to date having a well-defined
transition from positive lags to negative lags, providing a
unique opportunity to distinguish Lorentz-violating effects
from any source-intrinsic time lag in the emission of photons
of different energy bands. Our results place comparatively
robust two-sided constraints on a variety of isotropic and
anisotropic coefficients for Lorentz violation, including the
first bounds on Lorentz-violating effects from operators of
mass dimension 10 in the photon sector.
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New test of weak equivalence principle using polarized
light from astrophysical events

Wu, XF (Wu, Xue-Feng); Wei, JJ (Wei, Jun-Jie); Lan, MX (Lan,
Mi-Xiang); Gao, H (Gao, He); Dai, ZG (Dai, Zi-Gao); Meszaros,
P (Meszaros, Peter)
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Einstein's weak equivalence principle (WEP) states that any
freely falling, uncharged test particle follows the same
identical trajectory independent of its internal structure and
composition. Since the polarization of a photon is
considered to be part of its internal structure, we propose
that polarized photons from astrophysical transients, such as
gamma-ray bursts (GRBs) and fast radio bursts (FRBs), can
be used to constrain the accuracy of the WEP through the
Shapiro time delay effect. Assuming that the arrival time
delays of photons with different polarizations are mainly
attributed to the gravitational potential of the Laniakea
supercluster of galaxies, we show that a strict upper limit on
the differences of the parametrized post-Newtonian
parameter. value for the polarized optical emission of GRB
120308A is Delta(gamma) < 1.2 x 10(-10), for the polarized
gamma-ray emission of GRB 100826A is Delta(gamma) < 1.2
x 10(-10), and for the polarized radio emission of FRB
150807 is Delta(gamma) < 2.2 x 10(-6). These are the first
direct verifications of the WEP for multiband photons with
different polarizations. In particular, the result from FRB
150807 provides the most stringent limit to date on a
deviation from the WEP, improving by one order of
magnitude the previous best result based on Crab pulsar
photons with different energies.
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An Improved Method to Measure the Cosmic Curvature

Wei, JJ (Wei, Jun-lie); Wu, XF (Wu, Xue-Feng)
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In this paper, we propose an improved model-independent
method to constrain the cosmic curvature by combining the
most recent Hubble parameter H(z) and supernovae la (SNe
la) data. Based on the H(z) data, we first use the
model-independent  smoothing  technique,  Gaussian
processes, to construct a distance modulus mu(H)(z) which is
susceptible to the cosmic curvature parameter Omega(k). In
contrary to previous studies, the light-curve-fitting
parameters, which account for the distance estimation of SN
(mu(SN)( z)), are set free to investigate whether Omega(k)
has a dependence on them. By comparing mu(H)(z) to
mu(SN)(z), we put limits on Omega(k). Our results confirm
that Omega(k) is independent of the SN light-curve
parameters. Moreover, we show that the measured
Omega(k) is in good agreement with zero cosmic curvature,
implying that there is no significant deviation from a flat
universe at the current observational data level. We also
test the influence of different H(z) samples and different
Hubble constant H-O values, finding that different H( z)
samples do not have a significant impact on the constraints.
However, different H-0 priors can affect the constraints of
Ok to some degree. The prior of H-0 = 73.24 +/- 1.74 km s(-1)
Mpc(-1) gives a value of Omega(k), a little bit above the 1
sigma confidence level away from 0, but H-0 = 69.6 +/-. 0.7
km s(-1) Mpc(-1) gives it below 1 sigma.
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Impact of a Locally Measured H-0 on the Interpretation of
Cosmic-chronometer Data
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Many measurements in cosmology depend on the use of
integrated distances or time, but. galaxies evolving passively
on a timescale much longer than their age difference allow
us to determine the expansion rate H(z) solely as a function
of the redshift-time derivative dz/dt. These
model-independent "cosmic chronometers" can therefore
be powerful discriminators for testing different cosmologies.
In previous applications, the available sources strongly
disfavored models (such as Lambda CDM) predicting a
variable acceleration, preferring instead a steady expansion
rate over the redshift range O less than or similar to z less
than or similar to 2. A more recent catalog of 30 objects
appears to suggest non-steady expansion. In this paper, we
show that such a result is entirely due to the inclusion of a
high, locally inferred value of the Hubble constant H-0 as an
additional datum in a set of otherwise pure
cosmic-chronometer measurements. This H-0, however, is
not the same as the background Hubble constant if the local
expansion rate is influenced by a Hubble Bubble. Used on
their own, the cosmic chronometers completely reverse this
conclusion, favoring instead a constant expansion rate out
to z similar to 2.
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New limits on the photon mass with radio pulsars in the
Magellanic clouds

Wei, JJ (Wei, Jun-lie); Zhang, EK (Zhang, Er-Kang); Zhang, SB
(zhang, Song-Bo); Wu, XF (Wu, Xue-Feng)
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A conservative constraint on the rest mass of the photon can
be estimated under the assumption that the frequency
dependence of dispersion from astronomical sources is
mainly contributed by the nonzero photon mass effect.
Photon mass limits have been set earlier through the optical
emissions of the Crab Nebula pulsar, but we demonstrate
that these limits can be significantly improved with the
dispersion measure (DM) measurements of radio pulsars in
the Large and Small Magellanic Clouds. The combination of
DM measurements of pulsars and distances of the
Magellanic Clouds provides a strict upper limit on the
photon mass as low as m(gamma) <= 2.0 x 10(-45) g, which
is at least four orders of magnitude smaller than the
constraint from the Crab Nebula pulsar. Although our limit is
not as tight as the current best result (similar to 10(-47) g)
from a fast radio burst (FRB 150418) at a cosmological
distance, the cosmological origin of FRB 150418 remains
under debate; and our limit can reach the same high
precision of FRB 150418 when it has an extragalactic origin
(similar to 10(-45) g).
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Gamma-ray burst cosmology: Hubble diagram and star
formation history

Wei, JJ (Wei, Jun-lie); Wu, XF (Wu, Xue-Feng)
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We briefly introduce the disadvantages for Type la
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supernovae (SNe la) as standard candles to measure the
universe, and suggest Gamma-ray bursts (GRBs) can serve as
a powerful tool for probing the properties of high redshift
universe. We use GRBs as distance indicators in constructing
the Hubble diagram at redshifts beyond the current reach of
SNe la observations. Since the progenitors of long GRBs
(LGRBs) are confirmed to be massive stars, they are deemed
as an effective approach to study the cosmic star formation
rate (SFR). A detailed representation of how to measure
high-z SFR using GRBs is presented. Moreover, first stars can
form only in structures that are suitably dense, which can be
parametrized by defining the minimum dark matter halo
mass M-min. Mmin must play a crucial role in star formation.
The association of LGRBs with the collapses of massive stars
also indicates that the GRB data can be applied to constrain
the minimum halo mass Mmin and to investigate star
formation in dark matter halos.
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A New Test of Lorentz Invariance Violation: The Spectral Lag
Transition of GRB 160625B
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Possible violations of Lorentz invariance (LIV) have been
investigated for a long time using the observed spectral lags
of gamma-ray bursts (GRBs). However, these generally have
relied on using a single photon in the highest energy range.
Furthermore, the search for LIV lags has been hindered by
our ignorance concerning the intrinsic time lag in different
energy bands. GRB 1606258, the only burst so far with a
well-defined transition from positive lags to negative lags
provides a unique opportunity to put new constraints on LIV.
Using multi-photon energy bands we consider the
contributions to the observed spectral lag from both the
intrinsic time lag and the lag by LIV effects, and assuming
the intrinsic time lag to have a positive dependence on the
photon energy, we obtain robust limits on LIV by directly
fitting the spectral lag data of GRB 160625B. Here we show
that these robust limits on the quantum gravity energy
scales are E-QG,E-1 >= 0.5 x 10(16) GeV for the linear, and
E-QG,E-2 >= 1.4 x 10(7) GeV for the quadratic LIV effects,
respectively. In addition, we give, for the first time, a
reasonable formulation of the intrinsic energy-dependent
time lag.
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The Observer's Guide to the Gamma-Ray Burst Supernova
Connection

Cano, Z (Cano, Zach); Wang, SQ (Wang, Shan-Qin); Dai, ZG
(Dai, Zi-Gao); Wu, XF (Wu, Xue-Feng)
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We present a detailed report of the connection between
long-duration gamma-ray bursts (GRBs) and their
accompanying supernovae (SNe). The discussion presented
here places emphasis on how observations, and the
modelling of observations, have constrained what we know
about GRB-SNe. We discuss their photometric and
spectroscopic properties, their role as cosmological probes,
including their measured luminosity-decline relationships,
and how they can be used to measure the Hubble constant.
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We present a statistical summary of their bolometric
properties and use this to determine the properties of the
"average" GRB-SN. We discuss their geometry and consider
the various physical processes that are thought to power the
luminosity of GRB-SNe and whether differences exist
between GRB-SNe and the SNe associated with
ultra-long-duration GRBs. We discuss how observations of
their environments further constrain the physical properties
of their progenitor stars and give a brief overview of the
current theoretical paradigms of their central engines. We
then present an overview of the radioactively powered
transients that have been photometrically associated with
short-duration GRBs, and we conclude by discussing what
additional research is needed to further our understanding
of GRB-SNe, in particular the role of binary-formation
channels and the connection of GRB-SNe with
superluminous SNe.
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Strongly lensed gravitational waves and electromagnetic
signals as powerful cosmic rulers

Wei, JJ (Wei, Jun-lie); Wu, XF (Wu, Xue-Feng)
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In this paper, we discuss the possibility of using strongly
lensed gravitational waves (GWs) and their electromagnetic
(EM) counterparts as powerful cosmic rulers. In the EM
domain, it has been suggested that joint observations of the
time delay (Delta tau) between lensed quasar images and
the velocity dispersion (sigma) of the lensing galaxy (i.e. the
combination Delta tau/sigma(2)) are able to constrain the
cosmological parameters more strongly than Delta tau or
sigma(2) separately. Here, for the first time, we propose that
this Delta tau/sigma(2) method can be applied to the
strongly lensed systems observed in both GW and EM
windows. Combining the redshifts, images and sigma
observed in the EM domain with the very precise Delta tau
derived from lensed GW signals, we expect that accurate
multimessenger cosmology can be achieved in the era of
third-generation GW detectors. Comparing with the
constraints from the Delta tau method, we prove that using
Delta tau/sigma(2) can improve the discrimination between
cosmological models. Furthermore, we demonstrate that
with similar to 50 strongly lensed GW-EM systems, we can
reach a constraint on the dark energy equation of state w
comparable to the 580 Union2.1 Type la supernovae data.
Much more stringent constraints on w can be obtained
when combining the Delta tau and Delta tau/sigma(2)
methods.

171 %, 3t 286 %

Hyperaccreting Black Hole as Gamma-Ray Burst Central
Engine. 1. Temporal Evolution of the Central Engine
Parameters during the Prompt and Afterglow Phases

Lei, WH (Lei, Wei-Hua); Zhang, B (Zhang, Bing); Wu, XF (Wu,
Xue-Feng); Liang, EW (Liang, En-Wei)
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A hyperaccreting stellar-mass black hole (BH) has been
proposed as the candidate central engine of gamma-ray
bursts (GRBs). The rich observations of GRBs by Fermi and
Swift make it possible to constrain the central engine model
by comparing the model predictions against data. This paper
is dedicated to studying the temporal evolution of the

central engine parameters for both the prompt emission and
afterglow phases. We consider two jet-launching
mechanisms, i.e., nu(nu) over bar annihilations and the
Blandford-Znajek (BZ) process, and obtain analytical
solutions to these two models. We then investigate the BH
central engine parameters, such as the jet power, the
dimensionless entropy eta, and the central engine
parameter mu(0) = eta (1 + sigma(0)) (where sigma(0) is the
initial magnetization of the engine) at the base of the jet.
The BH may be spun up by accretion or spun down by the BZ
process, leaving imprints in the GRB light curves. Usually, a
BZ jet is more powerful and is likely responsible for the
late-time central engine activities. However, an initially
non-spinning BH central engine may first launch a thermal
"fireball" via neutrino annihilations, and then launch a
Poynting-flux-dominated jet via the BZ process. Multiple
flares, giant bumps, and plateaus in GRB afterglows can be
produced as the result of late-time accretion onto the BH.
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Model-independent Constraints on Cosmic Curvature and
Opacity
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In this paper, we propose to estimate the spatial curvature
of the wuniverse and the cosmic opacity in a
model-independent way with expansion rate measurements,
H(z), and type la supernova (SNe la). On the one hand, using
a nonparametric smoothing method Gaussian process, we
reconstruct a function H(z) from opacity-free expansion rate
measurements. Then, we integrate the H(z) to obtain
distance modulus mu(H), which is dependent on the cosmic
curvature. On the other hand, distances of SNe la can be
determined by their photometric observations and thus are
opacity-dependent. In our analysis, by confronting distance
moduli mu(H) with those obtained from SNe la, we achieve
estimations for both the spatial curvature and the cosmic
opacity without any assumptions for the cosmological model.
Here, it should be noted that light curve fitting parameters,
accounting for the distance estimation of SNe la, are
determined in a global fit together with the cosmic opacity
and spatial curvature to get rid of the dependence of these
parameters on cosmology. In addition, we also investigate
whether the inclusion of different priors for the present
expansion rate (H-0: global estimation, 67.74 +/- 0.46 km
s(-1) Mpc(-1), and local measurement, 73.24 +/- 1.74 km s(-1)
Mpc(-1)) exert influence on the reconstructed H(z) and the
following estimations of the spatial curvature and cosmic
opacity. Results show that, in general, a spatially flat and
transparent universe is preferred by the observations.
Moreover, it is suggested that priors for H-O matter a lot.
Finally, we find that there is a strong degeneracy between
the curvature and the opacity.
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Lorentz factor - Beaming corrected energy/luminosity
correlations and GRB central engine models
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We work on a GRB sample whose initial Lorentz factors
(Gamma(0)) are constrained by the afterglow onset method
and the jet opening angles (theta j) are determined by the
jet break time. We confirm the Gamma(0)-E-gamma,E-iso
correlation by Liang etal.(2010), and the
Gamma(0)-L-gamma,L-iso correlation by Lu etal.(2012).
Furthermore, we find correlations between Gamma(0) and
the beaming corrected gamma-ray energy (E-gamma) and
mean gamma-ray luminosity (L-gamma). By also including
the kinetic energy of the afterglow, we find rough
correlations (with larger scatter) between Gamma(0) and
the total (gamma- ray plus kinetic) energy and the total
mean luminosity, both for isotropic values and beaming
corrected values: these correlations allow us to test the data
with GRB central engine models. Limiting our sample to the
GRBs that likely have a black hole central engine, we
compare the data with theoretical predictions of two types
of jet launching mechanisms from BHs, i. e. the
nonmagnetized v (v) over bar -annihilation mechanism, and
the strongly magnetized Blandford- Znajek (BZ) mechanism.
We find that the data are more consistent with the latter
mechanism, and discuss the implications of our findings for
GRB jet composition. (C) 2017 Elsevier B.V. All rights
reserved.
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Afterglows and Kilonovae Associated with Nearby
Low-luminosity  Short-duration = Gamma-Ray  Bursts:
Application to GW170817/GRB 170817A

Xiao, D (Xiao, Di); Liu, LD (Liu, Liang-Duan); Dai, ZG (Dai,
Zi-Gao); Wu, XF (Wu, Xue-Feng)

ASTROPHYSICAL JOURNAL LETTERS

%850 J#: 2 HR'S: 141

Very recently, the gravitational-wave (GW) event GW170817
was discovered to be associated with the short gamma-ray
burst (GRB) 170817A. Multi-wavelength  follow-up
observations were carried out, and X-ray, optical, and radio
counterparts to GW170817 were detected. The observations
undoubtedly indicate that GRB 170817A originates from a
binary neutron star merger. However, the GRB falls into the
low-luminosity class that could have a higher statistical
occurrence rate and detection probability than the normal
(high-luminosity) class. This implies the possibility that GRB
170817A is intrinsically powerful, but we are off-axis and
only observe its side emission. In this Letter, we provide a
timely modeling of the multi-wavelength afterglow emission
from this GRB and the associated kilonova signal from the
merger ejecta, under the assumption of a structured jet, a
two-component jet, and an intrinsically less-energetic
quasi-isotropic  fireball, respectively. Comparing the
afterglow properties with the multi-wavelength follow-up
observations, we can distinguish between these three
models. Furthermore, a few model parameters (e.g., the
ejecta mass and velocity) can be constrained.
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Multimessenger tests of the weak equivalence principle
from GW170817 and its electromagnetic counterparts

Wei, JJ (Wei, Jun-Jie); Zhang, BB (Zhang, Bin-Bin); Wu, XF
(Wu, Xue-Feng); Gao, H (Gao, He); Meszaros, P (Meszaros,
Peter); Zhang, B (Zhang, Bing); Dai, ZG (Dai, Zi-Gao); Zhang,
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SN (Zhang, Shuang-Nan); Zhu, ZH (Zhu, Zong-Hong)
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The coincident detection of a gravitational-wave (GW) event
GW170817 with electromagnetic (EM) signals (e.g., a short
gamma-ray burst SGRB 170817A or a macronova) from a
binary neutron star merger within the nearby galaxy NGC
4933 provides a new, multi-messenger test of the weak
equivalence principle (WEP), extending the WEP test with
GWs and photons. Assuming that the arrival time delay
between the GW signals from GWT70817 and the photons
from SGRB 170817A or the macronova is mainly attributed
to the gravitational potential of the Milky Way, we
demonstrate that the strict upper limits on the deviation
from the WEP are delta gamma < 1.4 x 10(-3) for
GW170817/macronova and delta gamma < 5.9 x 10(-8) for
GW170817/SGRB 170817A. A much more severe constraint
on the WEP accuracy can be achieved (similar to 0.9 x
10(-10)) for GW170817/SGRB 170817A when we consider
the gravitational potential of the Virgo Cluster, rather than
the Milky Way's gravity. This provides the tightest limit to
date on the WEP through the relative differential variations
of the gamma parameter for two different species of
particles. Compared with other multimessenger (photons
and neutrinos) results, our limit is 7 orders of magnitude
tighter than that placed by the neutrinos and photons from
supernova 1987A, and is almost as good as or is an
improvement of 6 orders of magnitude over the limits
obtained by the low-significance neutrinos correlated with
GRBs and a blazar flare.
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A Further Test of Lorentz Violation from the Rest-frame
Spectral Lags of Gamma-Ray Bursts

Wei, JJ (Wei, Jun-lie); Wu, XF (Wu, Xue-Feng)
ASTROPHYSICAL JOURNAL
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Lorentz invariance violation (LIV) can manifest itself by an
energy-dependent vacuum dispersion of light, which leads
to arrival time differences of photons with different energies
originating from the same astronomical source. The spectral
lags of gamma-ray bursts (GRBs) have been widely used to
investigate the possible LIV effect. However, all current
investigations used lags extracted in the observer frame only.
In this work, we present, for the first time, an analysis of the
LIV effect and its redshift dependence in the cosmological
rest frame. Using a sample of 56 GRBs with known redshifts,
we obtain a robust limit on LIV by fitting their rest-frame
spectral lag data using both a maximization of the likelihood
function and a minimum chi(2) statistic. Our analysis
indicates that there is no evidence of LIV. Additionally, we
test the LIV in different redshift ranges by dividing the full
sample into four redshift bins. We also find no evidence for
the redshift variation of the LIV effect.
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Is HESS J1912+101 Associated with an Old Supernova
Remnant?

Su, Y (Su, Yang); Zhou, X (Zhou, Xin); Yang, J (Yang, Ji); Chen,
Y (Chen, Yang); Chen, XP (Chen, Xuepeng); Gong, Y (Gong,
Yan); Zhang, SB (Zhang, Shaobo)

ASTROPHYSICAL JOURNAL
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HESS J1912+101 is a shell-like TeV source that has no clear
counterpart in multiwavelength. Using CO and H | data, we
reveal that V-LSR similar to + 60 km s(-1) molecular clouds
(MCs), together with shocked molecular gas and
high-velocity neutral atomic shells, are concentrated toward
HESS J1912+101. The prominent wing profiles up to V-LSR
similar to + 80 km s(-1) seen in (CO)-C-12 (J = 1-0 and J = 3-2)
data, as well as the high-velocity expanding H | shells up to
V-LSR similar to + 100 km s(-1), exhibit striking
redshifted-broadening relative to the quiescent gas. These
features provide compelling evidences for large-scale
perturbation in the region. We argue that the shocked MCs
and the high-velocity H | shells may originate from an old
supernova remnant (SNR). The distance to the SNR is
estimated to be similar to 4.1. kpc based on the H |
self-absorption method, which leads to a physical radius of
29.0 pc for the similar to(0.7-2.0) x 10(5). years old remnant
with an expansion velocity of >= 40 km s(-1). The +60 km s(-1)
MCs and the disturbed gas are indeed found to coincide
with the bright TeV emission, supporting the physical
association between them. Naturally, the shell-like TeV
emission comes from the decay of neutral pions produced
by interactions between the accelerated hadrons from the
SNR and the surrounding high-density molecular gas.
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Multifrequency VLBA polarimetry of the high-redshift GPS
quasar 0Q172

Liu, Y (Liu, Yi); Jiang, DR (Jiang, D. R.); Gu, MF (Gu, Minfeng);
Gurvits, LI (Gurvits, L. I.)

MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
45: 468 H]: 3 T71: 2699-2712

Multifrequency Very Long Baseline Array (VLBA) polarimetry
observation of the GHz-peaked spectrum (GPS) quasar
0Q172 (J1445+ 0958) has been performed at 1.6, 2.2, 4.8,
8.3 and 15.3 GHz in 2005. Core-jet structures are detected in
all bands with the jet strongly bent at about 3 mas from the
core. The radio emission of the source is polarized at all five
bands. We study the Faraday rotation in the core and jet
components at all five bands, and find good linear fits of
Faraday rotation in the core and jet components at 4.8 and
8.3 GHz. At these two frequencies, the rotation measure
(RM) is similar to 2000 rad m(-2) in the core and similar to
700 rad m(-2) in the inner jet components and continues to
decrease at the outer jet parts. We find that the
depolarization at 4.8 and 8.3 GHz might be caused by the
internal medium in the source. We investigate consistency
of the turnover spectra of VLBl components with the
synchrotron self-absorption and free-free absorption models.

Although these two models cannot be easily distinguished
due to the lack of low-frequency data, the physical
parameters can be constrained for each model. We find that
the large width of the [O 111](5007) line is likely caused by a
jet interaction with a narrow line region (NLR) medium. The
jet  bending, significant RM  variations, Faraday
depolarization, spectral turnover and broad line width of [O
1111(5007) could be closely related, likely caused by the same
nucleus medium, presumably NLR.
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Molecular Clouds in the Extreme Outer Galaxy between
1.=34 degrees.75 to 45 degrees.25

Sun, Y (Sun, Yan); Su, Y (Su, Yang); Zhang, SB (Zhang,
Shao-Bo); Xu, Y (Xu, Ye); Chen, XP (Chen, Xue-Peng); Yang, J
(Yang, Ji); Jiang, ZB (Jiang, Zhi-Bo); Fang, M (Fang, Min)
ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES

%230 M: 2 SCHk S 17

We present the results of an unbiased CO survey in the
Galactic range of 34 degrees 75..1..45 degrees 25 and -5
degrees.25 <= b <= 5 degrees 25, and the velocity range
beyond the Outer armA total of 168 molecular clouds (MCs)
are identified within the Extreme Outer Galaxy(EOG) region,
and 31 of these MCs are associated with 13CO.
emissionHowever, none of them show significant (CO)-0-18
emission under the current detection limitThe typical size
and mass of these MCs are 5pc and 3x10(3)M(circle dot),
implying a lack of large and massive MCs in the EOG
regionSimilar to MCs in the outer Galaxy, the velocity
dispersions of EOG clouds are also correlated with their sizes;
however, they are well displaced below the scaling
relationship defined by the inner Galaxy MCsThese MCs with
a median Galactocentric radius of 12.6 kpc show very
different distributions from those of the MCs in the Outer
arm published in our previous paper, while roughly following
the Outer Scutum-Centaurus arm defined by Dame &
ThaddeusThis result may provide robust evidence for the
existence of the Outer Scutum-Centaurus armThe lower
limit of the total mass of this segment is about 2.7x105Me,
which is about one magnitude lower than that of the Outer
armThe mean thickness of the gaseous disk is about 1
degrees 45 or 450pc, and the scale height is about 1 degrees
27, or 400pc above the b=0 degrees planeThe warp traced
by CO emission is very obvious in the EOG region and its
amplitude is consistent with the predictions by other warp
models using different tracers, such as dust, H I, and stellar
components of our Galaxy.

% 180 %, L 286 %

Kinematics of a Young Low-mass Star-forming Core:
Understanding the Evolutionary State of the First-core
Candidate L1451-mm

Maureira, MJ (Maureira, Maira Jose); Arce, HG (Arce, Hector
G.); Dunham, MM (Dunham, Michael M.); Pineda, JE (Pineda,
Jaime E.); Fernandez-Lopez, M (Fernandez-Lopez, Manuel);
Chen, XP (Chen, Xuepeng); Mardones, D (Mardones, Diego)
ASTROPHYSICAL JOURNAL
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We use 3 mm multiline and continuum CARMA observations
toward the first hydrostatic core (FHSC) candidate
L1451-mm to characterize the envelope kinematics at 1000
au scales and investigate its evolutionary state. We detect
evidence of infall and rotation in the NH2D(11,110,1),
N2H+(10), and HCN(10) molecular lines. We compare the
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positionvelocity diagram of the NH2D(11,110,1) line with a
simple kinematic model and find that it is consistent with an
envelope that is both infalling and rotating while conserving
angular momentum around a central mass of about 0.06
M-circle dot. The N2H+(10) LTE mass of the envelope along
with the inferred infall velocity leads to a mass infall rate of
approximately 6 x 10(-6) M-circle dot yr(-1), implying a
young age of 10(4) years for this FHSC candidate. Assuming
that the accretion onto the central object is the same as the
infall rate, we obtain a minimum source size of 1.55 au,
consistent with the size expected for a first core. We do not
see any evidence of outflow motions or signs of
outflowenvelope interaction at scales greater than or similar
to 2000 au. This is consistent with previous observations
that revealed a very compact outflow (less than or similar to
500 au). We conclude that L1451-mm is indeed at a very
early stage of evolution, either a first core or an extremely
young Class 0 protostar. Our results provide strong evidence
that L1451-mm is the best candidate for being a bona fide
first core.
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Molecular Environments of Three. Large Supernova
Remnants in the Third Galactic Quadrant: G205.5+0.5,
G206.9+2.3, and G213.0-0.6

Su, Y (Su, Yang); Zhou, X (Zhou, Xin); Yang, J (Yang, Ji); Chen,
XP (Chen, Xuepeng); Chen, Y (Chen, Yang); Liu, Y (Liu, Yi);
Wang, H (Wang, Hongchi); Li, C (Li, Chong); Zhang, SB (Zhang,
Shaobo)

ASTROPHYSICAL JOURNAL
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We present CO observations toward three large supernova
remnants (SNRs) in the third Galactic quadrant using the
Purple  Mountain  Observatory Delingha 13.7 m
millimeter-wavelength telescope. The observations are part
of the high-resolution CO survey of the Galactic plane
between Galactic longitudes | = -10 degrees to 250 degrees
and latitudes b = -5 degrees to 5 degrees CO emission was
detected toward the three SNRs: G205.5+0.5 (Monoceros
Nebula), G206.9+2.3 (PKS 0646+06), and G213.0-0.6. Both
SNRs G205.5+0.5 and G213.0-0.6 exhibit the morphological
agreement (or spatial correspondences) between the
remnant and the surrounding molecular clouds (MCs), as
well as kinematic signatures of shock perturbation in the
molecular gas. We confirm that the two SNRs are physically
associated with their ambient MCs and the shock of SNRs is
interacting with the dense, clumpy molecular gas. SNR
G206.9+2.3, which is close to the northeastern edge of the
Monoceros Nebula, displays the spatial coincidence with
molecular partial shell structures at V-LSR similar to 15 km
s(-1). While no significant line broadening has been detected
within or near the remnant, the strong morphological
correspondence between the SNR and the molecular cavity
implies that SNR G206.9+2.3 is probably associated with the
CO gas and is evolving in the low-density environment. The
physical features of individual SNRs, together with the
relationship between SNRs and their nearby objects, are also
discussed.
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A Turbulent Origin for the Complex Envelope Kinematics in
the Young Low-mass Core Per-bolo 58 Maureira,

MJ (Maureira, Maria Jose); Arce, HG (Arce, Hector G.);
Offner, SSR (Offner, Stella S. R.); Dunham, MM (Dunham,
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Michael M.); Pineda, JE (Pineda, Jaime E.); Fernandez-Lopez,
M (Fernandez-Lopez, Manuel); Chen, XP (Chen, Xuepeng);
Mardones, D (Mardones, Diego)

ASTROPHYSICAL JOURNAL
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We use CARMA 3 mm continuum and molecular lines (NH2D,
N2H+, HCO+, HCN, and CS) at similar to 1000 au resolution
to characterize the structure and kinematics of the envelope
surrounding the deeply embedded first core candidate
Per-bolo 58. The line profile of the observed species shows
two distinct peaks separated by 0.4-0.6 km. s(-1), which
most likely arise from two different optically thin velocity
components rather than the product of self-absorption in an
optically thick line. The two velocity components, each with
a mass of similar to 0.5-0.6 M circle dot, overlap spatially at
the position of the continuum emission and produce a
general gradient along the outflow direction. We investigate
whether these observations are consistent with infall in a
turbulent and magnetized envelope. We compare the
morphology and spectra of the N2H+ (1-0) with synthetic
observations of an MHD simulation that considers the
collapse of an isolated core that is initially perturbed with a
turbulent field. The proposed model matches the data in the
production of two velocity components, traced by the
isolated hyperfine line of the N2H+ (1-0) spectra, and shows
a general agreement in morphology and velocity field. We
also use large maps of the region to compare the kinematics
of the core with that of the surrounding large-scale
filamentary structure and find that accretion from the
large-scale filament could also explain the complex
kinematics exhibited by this young dense core.
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A Turbulent Origin for the Complex Envelope Kinematics in
the Young Low-mass Core Per-bolo 58

Maureira, MJ (Maureira, Maria Jose); Arce, HG (Arce, Hector
G.); Offner, SSR (Offner, Stella S. R.); Dunham, MM (Dunham,
Michael M.); Pineda, JE (Pineda, Jaime E.); Fernandez-Lopez,
M (Fernandez-Lopez, Manuel);_Chen, XP (Chen, Xuepeng);
Mardones, D (Mardones, Diego)
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We use CARMA 3 mm continuum and molecular lines (NH2D,
N2H+, HCO+, HCN, and CS) at similar to 1000 au resolution
to characterize the structure and kinematics of the envelope
surrounding the deeply embedded first core candidate
Per-bolo 58. The line profile of the observed species shows
two distinct peaks separated by 0.4-0.6 km. s(-1), which
most likely arise from two different optically thin velocity
components rather than the product of self-absorption in an
optically thick line. The two velocity components, each with
a mass of similar to 0.5-0.6 M circle dot, overlap spatially at
the position of the continuum emission and produce a
general gradient along the outflow direction. We investigate
whether these observations are consistent with infall in a
turbulent and magnetized envelope. We compare the
morphology and spectra of the N2H+ (1-0) with synthetic
observations of an MHD simulation that considers the
collapse of an isolated core that is initially perturbed with a
turbulent field. The proposed model matches the data in the
production of two velocity components, traced by the
isolated hyperfine line of the N2H+ (1-0) spectra, and shows
a general agreement in morphology and velocity field. We
also use large maps of the region to compare the kinematics
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of the core with that of the surrounding large-scale
filamentary structure and find that accretion from the
large-scale filament could also explain the complex
kinematics exhibited by this young dense core.
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Characterization of a Free-Standing Membrane Supported
Superconducting Ti Transition Edge Sensor

Zhang, W (Zhang, Wen); Miao, W (Miao, Wei); Wang, Z
(Wang, Zheng); Liu, D (Liu, Dong); Zhong, JQ (Zhong,
Jia-Qiang); Guo, XH (Guo, Xiao-Hui); Wu, F (Wu, F.); Yao, QJ
(Yao, QiJun); Shi, SC (Shi, Sheng-Cai)

IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY
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Superconducting transition edge sensors (TES) based on a Ti
microbridge on Si substrate have demonstrated a very low
noise equivalent power. Their effective response time,
however, is in the order of microseconds due to relatively
high transition temperature (i.e., 300-400 mK) of the Ti
microbridge, making it difficult to read out the signal of a
large Ti TES array with a SQUID-based multiplexer. We
propose a twin-slot antenna coupled superconducting Ti
microbridge separated from the antenna feed and
supported by a free-standing membrane. Its resistive
transition (R-T) and current-voltage (I-V) curves are
measured before and after KOH wet etching of the Si
substrate underneath the Ti microbridge. The free-standing
membrane supported Ti TES with a thickness of 40 nm
shows slightly lower transition temperature and higher
normal resistance. Its thermal conductance is reduced to
similar to 800 pW/ K from similar to 3000 pW/ K. In addition,
its effective response time measured with a current pulse
signal is about 5 mu s. The uniformity of the 8 x 8 TES array
is studied by measuring the distribution of normal resistance
and critical temperature. In order to improve the uniformity,
we increase the Ti film thickness to 64 nm, and characterize
its thermal and electrical features.

e
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Optoelectronic Control of an External Cavity Quantum
Cascade Laser Using a Graphene Loaded Metamaterial
Array

Kindness, SJ (Kindness, S. J.); Jessop, DS (Jessop, D. S.); Wei,
B (Wei, B.); Wallis, R (Wallis, R.); Kamboj, VS (Kamboj, V. S.);
Xiao, L (Xiao, L.); Ren, Y (Ren, Y.); Braeuninger-Weimer, P
(Braeuninger-Weimer, P.); Hofmann, S (Hofmann, S.); Beere,
HE (Beere, H. E.); Ritchie, DA (Ritchie, D. A.); Degl'Innocenti,
R (Degl'Innocenti, R.)
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2017 CONFERENCE ON LASERS AND ELECTRO-OPTICS (CLEO)
We present the optoelectronic frequency and amplitude
modulation of a terahertz quantum cascade laser, achieved
by implementing a graphene loaded split ring resonator
array into an external cavity feedback set-up. Amplitude

modulation depths as high as 100% are achieved and the
output frequency is lithographically and optoelectronically
tuned.
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Observations of the Hydroxyl Radical in C/2013 US10
(Catalina) at 18cm Wavelength

Wang, Z (Wang, Zhen); Chen, X (Chen, Xi); Gao, F (Gao, Feng);
Zhang, SB (Zhang, Shaobo); Zheng, XW (Zheng, Xing-Wu); Ip,
WH (Ip, Wing-Huen); Wang, N (Wang, Na); Liu, X (Liu, Xiang);
Zuo, XT (Zuo, Xiu-Ting); Gou, W (Gou, Wei); Chang, SQ
(Chang, Sheng-Qj)
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The hydroxyl (OH) radical produced by photodissociation of
water molecule is one of the most important indicators for
cometary outgassing activity. The absorption lines of the OH
radical at 1665 and 1667 MHz in the coma of comet C/2013
US10 Catalina were detected between 2015 December 3
and 5 by the Tian Ma Radio Telescope of Shanghai
Astronomical Observatory. The source flux intensity was
derived to be about - 209 mJy km s(-1) and -86 mJy km s(-1)
at 1665 MHz and 1667 MHz, respectively. The corresponding
gas production rate was estimated to be (8.78 +/- 1.47) x
10(28) H20 s(-1) and (5.94 +/- 1.27) x 10(28) H20 s(-1),
accordingly.
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THz Vector Field Measurement Comparison Between
On-the-Fly and Step Scan Method

Hu, J (Hu, Jie); Lou, Z (Lou, Zheng); Yao, QJ (Yao, Qi-Jun);
Miao, W (Miao, Wei); Yang, JP (Yang, Jin-Ping); Lin, ZH (Lin,
Zhen-Hui); Shi, SC (Shi, Sheng-Cai)

IEEE  TRANSACTIONS ON TERAHERTZ SCIENCE AND
TECHNOLOGY
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A fast terahertz vector field measurement system based on
the on-the-fly (OTF) scan method is investigated. Compared
with the step scan method, which samples at certain step,
the OTF scan obtains the data with the scanner moving
continuously, thus improving the measurement efficiency to
some extent. The phase stability of the system is fully
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studied. Demonstration at approximately 500 GHz is
compared with the result by the step scan method, showing
that the OTF method can improve the measurement speed
by a factor of 7 while the data accuracy is almost the same.
Measurements at different scanning speeds and with
different probes are also compared to understand their
effects.

2= il 4 FX : 27th International Symposium on Space
Terahertz Technology (ISSTT)

21 H A APR 12-15, 2016

2= T : Key Lab Radio Astron
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External amplitude and frequency modulation of a
terahertz quantum cascade laser using
metamaterial/graphene devices

Kindness, SJ (Kindness, S. J.); Jessop, DS (Jessop, D. S.); Wei,
B (Wei, B.); Wallis, R (Wallis, R.); Kamboj, VS (Kamboj, V. S.);
Xiao, L (Xiao, L.); Ren, Y (Ren, Y.); Braeuninger-Weimer, P
(Braeuninger-Weimer, P.); Aria, Al (Aria, A. I.); Hofmann, S
(Hofmann, S.); Beere, HE (Beere, H. E.); Ritchie, DA (Ritchie,
D. A.); Degl'Innocenti, R (Degl'Innocenti, R.)
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Active control of the amplitude and frequency of terahertz
sources is an essential prerequisite for exploiting a myriad of
terahertz applications in imaging, spectroscopy, and
communications. Here we present a optoelectronic, external
modulation technique applied to a terahertz quantum
cascade laser which holds the promise of addressing a
number of important challenges in this research area. A
hybrid metamaterial/graphene device is implemented into
an external cavity set-up allowing for optoelectronic tuning
of feedback into a quantum cascade laser. We demonstrate
powerful, all-electronic, control over the amplitude and
frequency of the laser output. Full laser switching is
performed by electrostatic gating of the
metamaterial/graphene device, demonstrating a modulation
depth of 100%. External control of the emission spectrum is
also achieved, highlighting the flexibility of this feedback
method. By taking advantage of the frequency dispersive
reflectivity of the metamaterial array, different modes of the
QCL output are selectively suppressed using lithographic
tuning and single mode operation of the multi-mode laser is
enforced. Side mode suppression is electrically modulated
from similar to 6 dB to similar to 21 dB, demonstrating
active, optoelectronic modulation of the laser frequency
content between multi-mode and single mode operation.
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Analysis of 220-GHz Low-Loss Quasi-Elliptic Waveguide
Bandpass Filter

Ding, JQ (Ding, Jiang-Qiao); Shi, SC (Shi, Sheng-Cai); Zhou, K
(Zhou, Kang); Liu, D (Liu, Dong); Wu, W (Wu, Wen)

IEEE MICROWAVE AND WIRELESS COMPONENTS LETTERS
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A 220-GHz low-loss and wideband waveguide bandpass filter
with fourth-order quasi-elliptic response is presented and
analyzed in this letter. An electric cross-coupling realized by
easily manufactured capacitive iris is introduced in the
classical folded quadruplet topology. The prototype
fabricated by conventional computer numerical control
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(CNC)-metal-milling technology exhibits meaningful results
of an insertion loss of around 0.6 dB and a 3-dB fractional
bandwidth of 9.8% centered at 214.3 GHz, which are in
excellent agreement with the simulated ones. The effects of
tolerance and surface roughness on the filter performance
are discussed in detail. All the results indicate that the
present CNC process can meet the accuracy and roughness
requirement of such waveguide filter in WR-4 band.
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WR-3 Band Quasi-Elliptical Waveguide Filters Using Higher
Order Mode Resonances

Ding, JQ (Ding, Jiang-Qiao); Shi, SC (Shi, Sheng-Cai); Zhou, K
(zhou, Kang); Zhao, Y (Zhao, Yun); Liu, D (Liu, Dong); Wu, W
(Wu, Wen)

IEEE  TRANSACTIONS ON TERAHERTZ SCIENCE AND
TECHNOLOGY
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Two types of WR-3 band quasi-elliptical waveguide bandpass
filters (BPFs) using higher order mode resonators are
presented based on physical cross coupling and modal
bypass coupling, respectively. Under the situation of physical
folded structure, a TE102-mode in an oversized waveguide
resonator is utilized to reverse the magnetic field direction
of main path to implement a negative cross coupling
(Filter-1). Limited to the structure of Filter-I itself, the
simulated 3 dB fractional bandwidth (FBW) of 8.5% is slightly
narrower than desired 10% FBW. For the other case, two
TE101/TE201 overmode resonant cavities with suitable input
and output coupling locations are employed to generate two
transmission zeros in the vicinity of the passband through
modal bypass couplings (Filter-1l). The benefit from the
realization of the wide-band source and load couplings in
the fringe first and fourth oversized cavities is that the FBW
of 10% is achieved in the Filter-Il. The two BPFs fabricated by
computer numerical control milling technology exhibit an
insertion loss (IL) of about 0.7 dB and a 3 dB FBW of 8.77%
centered at 257.7 GHz (Filter-1), IL of around 0.5 dB, and
FBW of 9.83% with center frequency of 256.3 GHz (Filter-l),
which are all in good agreement with the simulations. The
performance of the two BPFs based on one or two oversized
waveguide resonators is highlighted comparing with the
reported similar terahertz waveguide filters.

% 192 %, It 286 %

A 240-GHz Wideband Ridged Waveguide Filter Based on
MEMS Process

Ding, JQ (Ding, Jianggiao); Hu, J (Hu, Jie); Liu, D (Liu, Dong);
Wang, DW (Wang, Daowei); Shi, SC (Shi, Shengcai); Wu, W
(Wu, Wen)

JOURNAL OF INFRARED MILLIMETER AND TERAHERTZ
WAVES
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Terahertz (THz) bandpass filter (BPF) is one of important
components in some detectors for astronomical
observations. In this paper, a BPF with a relative bandwidth
of 50% centered at 240 GHz is presented. This wideband BPF
is made up of six ridged waveguide resonators and
developed by silicon-based micro-electro-mechanical
systems (MEMS) process. The transmission response of the
filter is measured by a quasi-optical setup incorporating a
sensitive superconducting mixer, and the result is in good
agreement with the simulated one. Details of the design,
simulation, and measurement are discussed in this paper.
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Development of ultra high sensitivity superconducting THz
detectors

Li Jing; Zhang Wen; Miao Wei; Shi Shengcai

Chinese Optics

.10 M- 1 T 122-130 X WK 5
2095-1531(2017)10:1<122:CGLMDT>2.0.TX;2-B

Nearly half of the photon energy is occupied in Terahertz
waveband after the cosmic microwave background(CMB)
radiation in space,which plays an irreplaceable role in the
study of astronomy. So the terahertz astronomy research
has extremely important scientific significance. In this
paper,we introduce the development of the terahertz
coherent detectors bosed on ultra high sensitivity
superconducting terahertz detection technology,including
superconducting tunnel junction the mixer(SIS) and
superconducting hot electron mixer (HEB),and non coherent
detectors such as superconducting dynamic inductance
detector(MKIDs) and superconducting transition edge
detector(TES). The future development trend is also
prospected. The review for superconducting THz detectors
has the reference significance for the development of
astronomical terahertz detection technique in our country.

194 %, 3t 286 %

Terahertz and far-infrared windows opened at Dome A in
Antarctica

Shi, SC (Shi, Sheng-Cai); Paine, S (Paine, Scott); Yao, QJ (Yao,
Qi-Jun); Lin, ZH (Lin, Zhen-Hui); Li, XX (Li, Xin-Xing); Duan, WY
(Duan, Wen-Ying); Matsuo, H (Matsuo, Hiroshi); Zhang, QZ

(zhang, Qizhou); Yang, J (Yang, Ji); Ashley, MCB (Ashley, M. C.

B.); Shang, ZH (Shang, Zhaohui); Hu, ZW (Hu, Zhong-Wen)
NATURE ASTRONOMY
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The terahertz and far-infrared band, ranging from
approximately 0.3 THz to 15 THz (1 mm to 20 mu m), is
important for astrophysics as it hosts the peak of the
thermal radiation of the cold component of the Universe as
well as many spectral lines that trace the cycle of interstellar
matterl-8. However, water vapour makes the terrestrial
atmosphere opaque to this frequency band over nearly all of
the Earth's surface9. Early radiometric measurements10
below 1 THz at Dome A (80 degrees 22'S, 77 degrees 21' E),
the highest point of the cold and dry Antarctic ice sheet,
suggest that this site may offer the best possible access for
ground-based astronomical observations in the terahertz
and far-infrared band. To fully assess the site conditions and
to address the uncertainties in radiative transfer modelling
of the atmosphere, we carried out measurements of
atmospheric radiation from Dome A with a Fourier
transform spectrometer, spanning the entire water vapour
pure rotation band from 20 mu m to 350 mu m. Our
measurements  reveal  substantial  transmission in
atmospheric windows throughout the whole band. By
combining our broad-band spectra with data on the
atmospheric state over Dome A, we set new constraints on
the spectral absorption of water vapour at upper
tropospheric temperatures, which is important for accurate
modelling of the terrestrial climate. We find that current
spectral models significantly underestimate the H20
continuum absorption.

e
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High Efficiency and Wideband 300 GHz Frequency Doubler
Based on Six Schottky Diodes

Ding, JQ (Ding, Jianggiao); Maestrini, A (Maestrini, Alain);
Gatilova, L (Gatilova, Lina); Cavanna, A (Cavanna, Antonella);
Shi, SC (Shi, Shengcai); Wu, W (Wu, Wen)

JOURNAL OF INFRARED MILLIMETER AND TERAHERTZ
WAVES
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A high efficiency and wideband 300 GHz frequency doubler
based on six Schottky diodes is presented in this paper. This
balanced doubler features a compact and robust circuit on a
5-mu  m-thick, 0.36-mm-wide, and 1-mm-long GaAs
membrane, fabricated by LERMA-C2N Schottky process. The
conversion efficiency is mainly better than 16% across the
wide bandwidth of 266-336 GHz (3 dB fractional bandwidth
of 24%) when pumping with 20-60 mW input power (P (in))
at the room temperature. A peak output power of 14.75
mW at 332 GHz with a 61.18 mW P (in), an excellent peak
efficiency of 30.5% at 314 GHz with 43.86 mW P (in) and
several frequency points with outstanding efficiency of
higher than 25% are delivered. This doubler served as the
second stage of the 600 GHz frequency multiplier chain is
designed, fabricated, and measured. The performance of
this 300 GHz doubler is highlighted comparing to the
state-of-art terahertz frequency doublers.

% 196 %, It 286 %
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Failure analysis of a frangible composite cover: A
transient-dynamics study

Cai, DA (Cai, Deng'an); Zhou, GM (Zhou, Guangming); Qian, Y
(Qian, Yuan); Silberschmidt, VV (Silberschmidt, Vadim V.)
JOURNAL OF COMPOSITE MATERIALS

%51 J: 18 Ti: 2607-2617

A transient-dynamics model based on the approximate
Riemann algorithm is proposed for the failure analysis of a
frangible composite canister cover. The frangible cover,
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manufactured with a traditional manual lay-up method, is
designed to conduct a simulated missile launch test using a
specially developed test device. Deformation of the cover's
centre is determined using a transient-dynamics finite
element model; failure pressure for the frangible cover is
obtained based on a failure criterion and compared with
simulated experimental results. Weak-zone position of the
frangible cover has a significant effect on failure pressure
compared to that of deformation of the cover's centre. With
the same structure of the weak-zone, an increase in its
height can first raise and then reduce the level of failure
pressure of the frangible cover. Close agreements between
the experimental and numerical results are observed.

198 %, Ft 286 %

Two Methods to Broaden the Bandwidth of a Nonlinear
Piezoelectric Bimorph Power Harvester

Hu, HP (Hu, Hongping); Dai, LX (Dai, Longxiang); Chen, H
(Chen, Hao); Jiang, S (Jiang, Shan); Wang, HR (Wang, Hairen);
Laude, V (Laude, Vincent)

JOURNAL OF VIBRATION AND ACOUSTICS-TRANSACTIONS
OF THE ASME
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We propose two methods to broaden the operation
bandwidth of a nonlinear pinned-pinned piezoelectric
bimorph power harvester. The energy-scavenging structure
consists of a properly poled and electroded flexible bimorph
with a metallic layer in the middle, and is subjected to
flexural vibration. Nonlinear effects at large deformations
near resonance are considered by taking the in-plane
extension of the bimorph into account. The resulting output
powers are multivalued and exhibit jump phenomena. Two
methods to broaden the operation bandwidth are proposed:
The first method is to extend the operation frequency to the
left single-valued region through optimal design. The second
method is to excite optimal initial conditions with a voltage
source. Larger output powers in the multivalued region of
the nonlinear harvester are obtained. Hence, the operation
bandwidth is broadened from the left single-valued region
to the whole multivalued region.

0199 %, Ft 286 %

Research on a bimorph piezoelectric deformable mirror for
adaptive optics in optical telescope

Wang, HR (Wang, Hairen)

OPTICS EXPRESS

%25 1: 7 T 8115-8122

We have proposed a discrete-layout bimorph piezoelectric
deformable mirror (DBPDM) and developed its realistic
electromechanical model. Compared with the conventional
piezoelectric deformable mirror (CPDM) and the bimorph
piezoelectric deformable mirror (BPDM), the DBPDM has
both a larger stroke and a higher resonance frequency by
integrating the strengths of the CPDM and the BPDM. To
verify the advancement, a 21-elements DBPDM is studied in
this paper. The results have suggested that the stroke of the
DBPDM is larger than 10 microns and its resonance
frequency is 53.3 kHz. Furthermore, numerical simulation is
conducted on the deformation of the mirror using the
realistic electromechanical model, and the dependence of
the influence function upon the size of the radius of push
pad is analyzed. (C) 2017 Optical Society of America

% 200 %, 1L 286 %
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Linear and nonlinear analysis of the thermal effects of
beam piezoelectric bending actuator on adaptive optics

Wang, HR (Wang, Hairen); Hu, L (Hu, Lin)

JOURNAL OF INTELLIGENT MATERIAL SYSTEMS AND
STRUCTURES

% 28 J: 20 T: 3016-3024

The beam piezoelectric bending actuator, of a simple
structure and at a low cost, can be a good match for the
large adaptive optics telescopes, for it has a large stroke and
a high resonance frequency. In this article, the thermal
effects of a beam piezoelectric bending actuator are
analyzed in the aspects of the statics, dynamics, and
nonlinear dynamics. The results of the linear statics and
dynamics have shown that the thermal effects will produce
the zero offsets to the static strokes of the beam
piezoelectric bending actuator and have little influence on
the resonant frequency. Besides, finite element analysis
methods are applied to validate the analytic methods. The
conclusions have shown that the analytic results and the
finite element analysis results are reasonably consistent with
each other. Furthermore, the nonlinear behaviors of the
beam piezoelectric bending actuator in dynamics are studied,
and through the changeable curves of the frequency, it can
be observed that the results of the strokes imposed on the
actuator have exhibited multiple values and jumps near the
resonance.

% 201 %, 3t 286 %

A combined analysis of PandaX, LUX, and XENONI1T
experiments within the framework of dark matter effective
theory

Liu, ZW (Liu, Zuowei); Su, YS (Su, Yushan); Tsai, YLS (Tsai,
Yue-Lin Sming); Yu, BR (Yu, Bingrong);

JOURNAL OF HIGH ENERGY PHYSICS

11 k5 024

Weakly interacting massive particles are a widely
well-probed dark matter candidate by the dark matter direct
detection experiments. Theoretically, there are a large
number of ultraviolet completed models that consist of a
weakly interacting massive particle dark matter. The variety
of models makes the comparison with the direct detection
data complicated and often non-trivial. To overcome this, in
the non-relativistic limit, the effective theory was developed
in the literature which works very well to significantly
reduce the complexity of dark matter-nucleon interactions
and to better study the nuclear response functions. In the
effective theory framework for a spin-1/2 dark matter, we
combine three independent likelihood functions from the
latest PandaX, LUX, and XENON1T data, and give a joint limit
on each effective coupling. The astrophysical uncertainties
of the dark matter distribution are also included in the
likelihood. We further discuss the isospin violating cases of
the interactions. Finally, for both dimension-five and
dimension-six effective theories above the electroweak scale,
we give updated limits of the new physics mass scales.

i 2-11 Delingha millimeter wave !
| Observation Station
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Two-dimensional Molecular Gas and Ongoing Star
Formation around H Il Region Sh2-104

Xu, JL (Xu, Jin-Long); Xu, Y (Xu, Ye); Yu, NP (Yu, Naiping);
Zhang, CP (Zhang, Chuan-peng); Liu, XL (Liu, Xiao-Lan); Wang,
JJ (Wang, Jun-lie); Ning, CC (Ning, Chang-chun); Ju, BG (Ju,
Bing-Gang); Zhang, GY (Zhang, Guo-Yin)

ASTROPHYSICAL JOURNAL
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We performed a multi-wavelength study toward H Il region
Sh2-104. New maps of (CO)-C-12J=1-0and (CO)-C-13J=1
- 0 were obtained from the Purple Mountain Observatory
13.7 m radio telescope. Sh2-104 displays a double-ring
structure. The outer ring with a radius of 4.4 pc is dominated
by 12, 500 mu m, (CO)-C-12J=1-0, and (CO)-C-13J=1-0
emission, while the inner ring with a radius of 2.9 pc is
dominated by 22 mu m and 21 cm emission. We did not
detect CO emission inside the outer ring. The north-east
portion of the outer ring is blueshifted, while the south-west
portion is redshifted. The present observations have
provided evidence that the collected outer ring around
Sh2-104 is a two-dimensional structure. From the column
density map constructed by the Hi-GAL survey data, we
extract 21 clumps. About 90% of all the clumps will form
low-mass stars. A power-law fit to the clumps yields M = 281
M-circle dot(r/pc)(1.31 +/- 0.8). The selected YSOs are
associated with the collected material on the edge of
Sh2-104. The derived dynamical age of Sh2-104 is 1.6 x 10(6)
yr. Comparing the Sh2-104 dynamical age with the YSO
timescale and the fragmentation time of the molecular ring,
we further confirm that the collect-and-collapse process
operates in this region, indicating positive feedback from a
massive star for surrounding gas.

203 %, 3t 286 %

Towards a three-dimensional distribution of the molecular
clouds in the Galactic Centre

Yan, QZ (Yan, Qing-Zeng); Walsh, AJ (Walsh, A. J.); Dawson,
JR (Dawson, J. R.); Macquart, JP (Macquart, J. P.); Blackwell,
R (Blackwell, R.); Burton, MG (Burton, M. G.); Rowell, GP
(Rowell, G. P.); Zhang, B (Zhang, Bo); Xu, Y (Xu, Ye); Tang, ZH
(Tang, Zheng-Hong); Hancock, PJ (Hancock, P. J.)

MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
45471 H]: 3 71: 2523-2536

We present a study of the three-dimensional structure of
the molecular clouds in the Galactic Centre (GC) using CO
emission and OH absorption lines. Two CO isotopologue
lines, (CO)-C-12(J = 1 -> 0) and (CO)-C-13(J =1 -> 0), and four
OH ground-state transitions, surveyed by the Southern
Parkes Large-Area Survey in Hydroxyl, contribute to this
study. We develop a novel method to calculate the OH
column density, excitation temperature and optical depth
precisely using all four OH lines, and we employ it to derive a
three-dimensional model for the distribution of molecular
clouds in the GC for six slices in Galactic latitude. The angular
resolution of the data is 15.5 arcmin, which at the distance
of the GC (8.34 kpc) is equivalent to 38 pc. We find that the
total mass of OH in the GC is in the range of 2400-5100
M-circle dot. The face-on view at a Galactic latitude of b = 0
degrees. displays a bar-like structure with an inclination
angle of 67.5 +/- 2.1 degrees with respect to the line of sight.

No ring-like structure in the GC is evident in our data, likely
due to the low-spatial resolution of the CO and OH maps.

% 204 %, 3L 286 %

Large-field CO(1-0) observations toward the Galactic
historical supernova remnants: a large cavity around
Tycho's supernova remnant

Chen, X (Chen, X.); Xiong, F (Xiong, F.); Yang, J (Yang, J.)
ASTRONOMY & ASTROPHYSICS

% 604 SCHRS: A13

Context. The investigation of the interaction between the
supernova remnants (SNRs) and interstellar gas is not only
necessary to improve our knowledge of SNRs, but also to
understand the nature of the progenitor systems.

Aims. As a part of the Milky Way Imaging Scroll Painting CO
line survey, the aim is to study the interstellar gas
surrounding the Galactic historical SNRs. In this work, we
present the CO results of Tycho's SNR.

Methods. Using the 3 x 3 Superconducting Spectroscopic
Array Receiver (SSAR) at the PMO 13.7-m telescope, we
performed large-field (3 degrees x 2 degrees) and
high-sensitivity CO(1-0) molecular line observations toward
Tycho's SNR.

Results. The CO observations reveal large molecular clouds,
stream-like structures, and an inner rim around the remnant.
We derived the basic properties (column density, mass, and
kinematics) of these objects based on the CO observations.
The large molecular clouds individually show an arc toward
the remnant center, outlining a large cavity with radii of
similar to 0.3 degrees x 0.6 degrees (or 13 pc x 27 pc at a
distance of 2.5 kpc) around the remnant. The CO line
broadenings and asymmetries detected in the surrounding
clouds, the observed expansion of the cavity, in concert with
enhanced (CO)-C-12(2-1)/(1-0) intensity ratio detected in
previous studies, suggest the interaction of the large cavity
with a wind in the region. After excluding the scenario of a
large bubble produced by bright massive stars, we suggest
that the large cavity could be explained by accretion wind
from the progenitor system of Tycho's supernova.
Nevertheless, the possibility of the random distribution of a
large cavity around Tycho's SNR cannot be ruled out thus far.
Further observations are needed to confirm the physical
association of the large cavity with Tycho's SNR.

%5 205 %, It 286 %

A 95 GHz methanol emission survey toward eight small
supernova remnants

Li, YJ (Li, Ying-Jie); Xu, Y (Xu, Ye); Chen, X (Chen, Xi); Lu, DR
(Lu, Deng-Rong); Sun, Y (Sun, Yan); Du, XY (Du, Xin-Yu); Shen,
ZQ (Shen, Zhi-Qiang)

RESEARCH IN ASTRONOMY AND ASTROPHYSICS
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We report on a 95GHz (8(0)-7(1) A(+)) methanol (CH30H)
emission survey with the Purple Mountain Observatory
Delingha 13.7 m telescope. Eight supernova remnants (SNRs)
with angular size less than or similar to 10" were observed,
but emission was only detected in three SNRs near the
Galactic center (Sgr A East, G 0.1-0.1 and G 359.92-0.09).
CH3OH emission mainly surrounds the SNRs and can be
decomposed into nine spatial peaks with the velocity range
of eight peaks being (-30, 70) km s(-1), and the other is (70,
120) km s(-1). They are probably excited by interaction with
these SNRs and adjacent molecular gas in the central
molecular zone (CMZ), although star formation may play an
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important role in exciting CH30OH emission in some regions
of CMZ. We infer that tidal action is unlikely to be an
excitation source for CH30H emission.

e
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A New 95GHz Methanol Maser Catalog. I. Data

Yang, WJ (Yang, Wenjin); Xu, Y (Xu, Ye); Chen, X (Chen, Xi);
Ellingsen, SP (Ellingsen, Simon P.); Lu, DR (Lu, Dengrong); Ju,
BG (Ju, Binggang); Li, YJ (Li, Yingjie)

ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES
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The Purple Mountain Observatory 13.7 m radio telescope
has been used to search for 95 GHz (8(0)-7(1)A(+)) class |
methanol masers toward 1020 Bolocam Galactic Plane
Survey (BGPS) sources, leading to 213 detections. We have
compared the line width of the methanol and HCO+ thermal
emission in all of the methanol detections, and on that basis,
we find that 205 of the 213 detections are very likely to be
masers. This corresponds to an overall detection rate of 95
GHz methanol masers toward our BGPS sample of 20%. Of
the 205 detected masers, 144 (70%) are new discoveries.
Combining our results with those of previous 95 GHz
methanol maser searches, a total of 481 95 GHz methanol
masers are now known. We have compiled a catalog listing
the locations and properties of all known 95 GHz methanol
masers.

%207 %, 3t 286 %

Techniques for Accurate Parallax Measurements for 6.7 GHz
Methanol Masers

Reid, MJ (Reid, M. J.); Brunthaler, A (Brunthaler, A.); Menten,
KM (Menten, K. M.); Sanna, A (Sanna, A.); Xu, Y (Xu, Y.); Li, JJ
(Li, J. J.); Wu, Y (Wu, Y.); Hu, B (Hu, B.); Zheng, XW (Zheng, X.
W.); Zhang, B (Zhang, B.); Immer, K (Immer, K.); Rygl, K (Rygl,
K.); Moscadelli, L (Moscadelli, L.); Sakai, N (Sakai, N.);
Bartkiewicz, A (Bartkiewicz, A.); Choi, YK (Choi, Y. K.)
ASTRONOMICAL JOURNAL
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The BeSSeL Survey is mapping the spiral structure of the
Milky Way by measuring trigonometric parallaxes of
hundreds of maser sources associated with high-mass star
formation. While parallax techniques for water masers at
high frequency (22 GHz) have been well documented, recent
observations of methanol masers at lower frequency (6.7
GHz) have revealed astrometric issues associated with signal
propagation through the ionosphere that could significantly
limit parallax accuracy. These problems displayed as a
"parallax gradient" on the sky when measured against
different background quasars. We present an analysis
method in which we generate position data relative to an
"artificial quasar" at the target maser position at each epoch.
Fitting parallax to these data can significantly mitigate the
problems and improve parallax accuracy.

% 208 %, JL 286 %

CO(J=1-0) Observations of a Filamentary Molecular Cloud in
the Galactic Region Centered at [=150 degrees, b=3
degrees.5

Xiong, F (Xiong, Fang); Chen, XP (Chen, Xuepeng); Yang, J
(Yang, Ji); Fang, M (Fang, Min); Zhang, SB (Zhang, Shaobo);
Zhang, MM (Zhang, Miaomiao); Du, XY (Du, Xinyu); Long, WS
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ASTROPHYSICAL JOURNAL
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We present large-field (4.25 x 3.75 deg(2)) mapping
observations toward the Galactic region centered at | = 150
degrees, b = 3 degrees.5 in the J = 1-0 emission line of CO
isotopologues ((CO)-C-12, (CO)-C-13, and (CO)-0O-18), using
the 13.7 m millimeter-wavelength telescope of the Purple
Mountain Observatory. Based on the (CO)-C-13 observations,
we reveal a filamentary cloud in the Local Arm at a velocity
range of -0.5 to 6.5 km s(-1). This molecular cloud contains 1
main filament and 11 sub-filaments, showing the so-called
"ridge-nest" structure. The main filament and three
sub-filaments are also detected in the (CO)-O-18 line. The
velocity structures of most identified filaments display
continuous distribution with slight velocity gradients. The
measured median excitation temperature, line width, length,
width, and linear mass of the filaments are similar to 9.28 K,
0.85 km s(-1), 7.30 pc, 0.79 pc, and 17.92 M-circle dot pc(-1),
respectively, assuming a distance of 400 pc. We find that the
four filaments detected in the (CO)-O-18 line are thermally
supercritical, and two of them are in the virialized state, and.
thus tend to be gravitationally bound. We identify in total
146 (CO)-C-13 clumps in the cloud, about 77% of the clumps
are distributed along the filaments. About 56% of the
virialized clumps are found to be associated with the
supercritical filaments. Three young stellar object candidates
are also identified in the supercritical filaments, based on
the complementary infrared data. These results indicate that
the supercritical filaments, especially the virialized filaments,
may contain star-forming activities.
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Molecular Lines of CO Isotopes of the High Galactic
Latitude Cloud HSVMT 27

He Zhihong; Xu Ye; Yang Ji; Du Xinyu; Li Facheng; Lu
Dengrong; Yan Qingzeng

Acta Astronomica Sinica
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A study on ~(12)CO,~(13)CO, and C~(18)O] of the high
galactic latitude cloud HSVMT 27, located in Ursa Major, was
conducted. A relatively low ~(12)CO excitation temperature
was found. While some C~(18)0O emissions were detected,
they were too weak to be mapped. With the linear
resolution of 0.08 pc and the velocity resolution of 0.17
km-s~(-1), 26 ~(13)CO cores were identified in the dense
regions. All the local thermodynamic equilibrium masses of
these cores are less than their Virial masses, ranging in
0.5-10 M_(©®,and have no infrared point sources associated
with them. Overall, the data indicate that there is no recent
or ongoing star formation in this cloud.
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The secular analytical solution of the orbital plane using
Lindstedt-Poincare method

Yu, SX (Yu, Shengxian); Zhao, CY (Zhao, Changyin); Zhang, W
(zhang, Wei)

ADVANCES IN SPACE RESEARCH
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Nowadays, the increasing amount of space objects makes
the space so crowded that the satellites in orbit endure
severe environment. Hence how to efficiently search and
catalog these space objects becomes an urgent problem to
be solved. In the paper, in order to contribute to this
problem, the secular analytical solution of the orbital plane
for medium and high orbit objects is studied. For medium
and high orbit objects, the Earth's oblateness and the
lunisolar gravitational perturbations are considered. The

double averaging method is used to first average the system.

For small to medium orbit inclinations and small
eccentricities, and then the differential equations can be
rewritten in an expansion form. Combining the
Lindstedt-Poincare procedure and the solution for
differential equations with special coefficients, the
third-order analytical solutions can be derived step by step.
Finally, two kinds of comparisons are carried out. One is the
comparison between the analytical solution and the results
derived by integrating the simplified model. It aims to verify
the validity of these methods. The other one is the
comparison with the integration results of the normal model
to show the accuracy of the analytical solution. Both of the
two comparisons results work well. The accuracy of the
analytical solution can be maintained at the order of
0(10(-3)) for the duration of 200 yrs. (C) 2017 COSPAR.
Published by Elsevier Ltd. All rights reserved.
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Approximate expressions of mean eddy current torque
acted on space debris

Lin, HY (Lin, Hou-yuan); Zhao, CY (Zhao, Chang-yin)
ASTROPHYSICS AND SPACE SCIENCE
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Rotational state of space debris will be influenced by eddy
current torque which is produced by the conducting body
rotating within the geomagnetic field. Former expressions of
instantaneous torque established in body-fixed coordinate
system will change in space during rotation due to the
variation of the coordinate system. In order to further
investigate the evolution of the rotation of space debris
subjected to the eddy current torque, approximate
expressions of mean eddy current torque in inertial
coordinate system are obtained from the average of the
Euler dynamics equations under the assumption that two of

98

the principal moments of inertia of the space debris are
similar. Then the expressions are verified through numerical
simulation, in which the orientation of the averaged
variation of angular momentum is in agreement with the
torque from the expressions, which is on an identical plane
with magnetic field and the angular momentum. The torque
and the averaged variation of the angular momentum have
the same evolution trend during rotation in spite of minor
deviations of their values.

212 %, L 286 %
Long-term dynamical evolution of Tundra-type orbits

Zhang, MJ (Zhang, Ming-Jiang); Zhao, CY (Zhao, Chang-Yin);
Hou, YG (Hou, Yong-Gang); Zhu, TL (Zhu, Ting-Lei); Wang, HB
(Wang, Hong-Bo); Sun, RY (Sun, Rong-Yu); Zhang, W (Zhang,
Wei)

ADVANCES IN SPACE RESEARCH

4559 #: 2 71: 682-697

Tundra-type orbits are elliptical geosynchronous orbits
located at the critical inclination. The long-term dynamical
evolution of this type of special orbit is investigated in this
paper. First, the effect of Earth's gravitational potential is
examined. A simplified Hamiltonian of Tundra-type orbits
subjected to Earth's gravitational potential is presented
through a strict magnitude comparison of the involved
terms. Based on this simplified Hamiltonian with two
degrees of freedom, the equilibrium points of the orbits
subjected to Earth's gravitational potential and their
stabilities are discussed. This simplified Hamiltonian is then
reduced to a one-degree-of-freedom system dominating the
intermediate-period motion of the orbits approximately. In
particular, the main characteristic parameters of the
intermediate-period motion for nominal Tundra-type orbits
and the corresponding specific results for three Sirius
satellites in such orbits are presented. Second, the effect of
lunisolar  perturbations is examined. A magnitude
comparison elementarily illustrates that the effect of
tesseral harmonics of the Earth's gravitational potential on
the long timespan evolution of Tundra-type orbits is
negligible compared to that of lunisolar perturbations. A
simplified dynamical model including lunisolar perturbations
is then presented. Based on this simplified dynamical model,
the influences of lunar precession, the initial longitude of
the ascending node, the initial argument of perigee, and the
initial epoch on the long-term dynamical evolution of the
orbits are comparatively analyzed. Finally, numerical
calculations with exact perturbation models are conducted
to verify the theoretical analysis and to provide more
information about the dynamical evolution of Tundra-type
orbits. (C) 2016 COSPAR. Published by Elsevier Ltd. All rights
reserved.
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The fast co-adding algorithm of QCT

Ping, YD (Ping, Yiding); Zhang, C (Zhang, Chen)

ADVANCES IN SPACE RESEARCH

% 60 #i: 5 7: 907-914

This paper presents a fast co-adding algorithm designed to

stack the images coming from different channels of QCT in
real-time. The algorithm calculates the transformation
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coefficients for every single exposure to eliminate the
effects of the possible shifts of the lenses. The way of
reprojection and co-adding applied here is a linear method
similar to Drizzle, and a reasonable simplification is applied
to accelerate the computation. All the calculation can be
finished in about 100 ms on a 3.4 GHz CPU with 4 cores,
which matches the needs for the observation of space debris
perfectly, while the limiting magnitude is improved by about
0.8. The co-adding results of our algorithm are very close to
SWarp's, even slightly better in terms of SNRs. (C) 2017
COSPAR. Published by Elsevier Ltd. All rights reserved.
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Blind deconvolution with principal components analysis for
wide-field and small-aperture telescopes

Jia, P (Jia, Peng); Sun, RY (Sun, Rongyu); Wang, WN (Wang,
Weinan); Cai, DM (Cai, Dongmei); Liu, HG (Liu, Huigen)
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
%: 470 #: 2 T1: 1950-1959

Telescopes with a wide field of view (greater than 1 degrees)
and small apertures (less than 2 m) are workhorses for
observations such as sky surveys and fast-moving object
detection, and play an important role in time-domain
astronomy. However, images captured by these telescopes
are contaminated by optical system aberrations,
atmospheric turbulence, tracking errors and wind shear. To
increase the quality of images and maximize their scientific
output, we propose a new blind deconvolution algorithm
based on statistical properties of the point spread functions
(PSFs) of these telescopes. In this new algorithm, we first
construct the PSF feature space through principal
component analysis, and then classify PSFs from a different
position and time using a self-organizing map. According to
the classification results, we divide images of the same PSF
types and select these PSFs to construct a prior PSF. The
prior PSF is then used to restore these images. To investigate
the improvement that this algorithm provides for data
reduction, we process images of space debris captured by
our small-aperture wide-field telescopes. Comparing the
reduced results of the original images and the images
processed with the standard Richardson-Lucy method, our
method shows a promising improvement in astrometry
accuracy.

215 %, 3t 286 %

Satellite-based entanglement distribution over 1200
kilometers

Yin, J (Yin, Juan); Cao, Y (Cao, Yuan); Li, YH (Li, Yu-Huai); Liao,
SK (Liao, Sheng-Kai); Zhang, L (Zhang, Liang); Ren, JG (Ren,
Ji-Gang); Cai, WQ (Cai, Wen-Qi); Liu, WY (Liu, Wei-Yue); Li, B
(Li, Bo); Dai, H (Dai, Hui); Li, GB (Li, Guang-Bing); Lu, QM (Lu,
Qi-Ming); Gong, YH (Gong, Yun-Hong); Xu, Y (Xu, Yu); Li, SL
(Li, Shuang-Lin); Li, FZ (Li, Feng-Zhi); Yin, YY (Yin, Ya-Yun);
Jiang, ZQ (Jiang, Zi-Qing); Li, M (Li, Ming); Jia, JJ (Jia, Jian-Jun);
Ren, G (Ren, Ge); He, D (He, Dong); Zhou, YL (Zhou, Yi-Lin);
Zhang, XX (Zhang, Xiao-Xiang); Wang, N (Wang, Na); Chang,
X (Chang, Xiang); Zhu, ZC (Zhu, Zhen-Cai); Liu, NL (Liu, Nai-Le);
Chen, YA (Chen, Yu-Ao); Lu, CY (Lu, Chao-Yang); Shu, R (Shu,
Rong); Peng, CZ (Peng, Cheng-Zhi); Wang, JY (Wang, Jian-Yu);
Pan, JW (Pan, Jian-Wei)

SCIENCE

%: 356 }: 6343 T1: 1180-1184

Long-distance entanglement distribution is essential for both
foundational tests of quantum physics and scalable quantum

networks. Owing to channel loss, however, the previously
achieved distance was limited to similar to 100 kilometers.
Here we demonstrate satellite-based distribution of
entangled photon pairs to two locations separated by 1203
kilometers on Earth, through two satellite-to-ground
downlinks with a summed length varying from 1600 to 2400
kilometers. We observed a survival of two-photon
entanglement and a violation of Bell inequality by 2.37 +/-
0.09 under strict Einstein locality conditions. The obtained
effective link efficiency is orders of magnitude higher than
that of the direct bidirectional transmission of the two
photons through telecommunication fibers.
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Investigations of associated multi-band observations for
GEO space debris

Lu, Y (Lu, Yao); Zhang, C (Zhang, Chen); Sun, RY (Sun,
Rong-yu); Zhao, CY (Zhao, Chang-yin); Xiong, JN (Xiong,
Jian-ning)

ADVANCES IN SPACE RESEARCH

4: 59 #1: 10 7{: 2501-2511

According to the proposal of active space debris removal,
the knowledge of the shape, rotational state and surface
characteristics of space debris is demanding. An associated
multi-band observation of the Geosynchronous Earth Orbit
space debris is performed to investigate the improvement
and promotion while infrared and g'Vr'i' information are
provided. The Quad-Channel Telescope and the famous
United Kingdom Infrared Telescope are adopted in our
observation, along with other two dedicated space debris
telescopes. Due to the limitation of geometry, the infrared
data of 13 objects are acquired, and the photometry results
are obtained. The tumbling motion is analyzed with the
brightness variations, and the color indices are investigated
according to the bus type of objects. At last the frequency
analysis of the multi-band light curves is performed, the
consistency and non-consistency of the results under
different circumstances are presented. It is demonstrated
that the adoption of multi-band observations is useful for
increasing the knowledge of space debris, and the
applications are deserved to be further promoted. (C) 2017
COSPAR. Published by Elsevier Ltd. All rights reserved.
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Analytic model for the long-term evolution of circular Earth
satellite orbits including lunar node regression

Zhu, TL (Zhu, Ting-Lei); Zhao, CY (Zhao, Chang-Yin); Zhang,
MJ (Zhang, Ming-Jiang)

ASTROPHYSICS AND SPACE SCIENCE

%:362 M 4 kS 69

This paper aims to obtain an analytic approximation to the
evolution of circular orbits governed by the Earth's J(2) and
the luni-solar gravitational perturbations. Assuming that the
lunar orbital plane coincides with the ecliptic plane, Allan
and Cook (Proc. R. Soc. A, Math. Phys. Eng. Sci. 280(1380):97,
1964) derived an analytic solution to the orbital plane
evolution of circular orbits. Using their result as an
intermediate solution, we establish an approximate analytic
model with lunar orbital inclination and its node regression
be taken into account. Finally, an approximate analytic
expression is derived, which is accurate compared to the
numerical results except for the resonant cases when the
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period of the reference orbit approximately equals the
integer multiples (especially 1 or 2 times) of lunar node
regression period.

e

% 218 %, 3t 286 %

Image Restoration Based on Statistic PSF Modeling for
Improving the Astrometry of Space Debris

Sun, RY (Sun, Rongyu); Jia, P (Jia, Peng)

PUBLICATIONS OF THE ASTRONOMICAL SOCIETY OF THE
PACIFIC

2: 129 H#1: 974 SCHA 5 : UNSP 044502

Space debris is a special kind of fast-moving, near-Earth
objects, and it is also considered to be an interesting topic in
time-domain astronomy. Optical survey is the main
technique for observing space debris, which contributes
much to the studies of space environment. However, due to
the motion of registered objects, image degradation is
critical in optical space debris observations, as it affects the
efficiency of data reduction and lowers the precision of
astrometry. Therefore, the image restoration in the form of
deconvolution can be applied to improve the data quality
and reduction accuracy. To promote the image processing
and optimize the reduction, the image degradation across
the field of view is modeled statistically with principal
component analysis and the efficient mean point-spread
function (PSF) is derived from raw images, which is further
used in the image restoration. To test the efficiency and
reliability, trial observations were made for both low-Earth
orbital and high-Earth orbital objects. The positions of all
targets were measured using our novel approach and
compared with the reference positions. The performance of
image restoration employing our estimated PSF was
compared with several competitive approaches. The
proposed image restoration outperformed the others so
that the influence of image degradation was distinctly
reduced, which resulted in a higher signal-to-noise ratio and
more precise astrometric measurements.

219 %, Jt 286 %

The Representation of OTA Images' Astrometric Results
with WCS-SIP Coefficients

Ping Yiding; Zhang Chen; Lu Chunlin

Acta Astronomica Sinica

%: 58 JI: 3 : 25-1-25-10

Cross-matching the sources extracted from observed images
with reference catalogs or earlier records is a necessary
procedure for seeking the variation of sources in terms of
position or brightness for the Optical Telescopes Array (OTA)
survey. Knowing the celestial positions of these objects on
images is prerequisite therefore. A method based on matrix
manipulation is applied to transform the existing calculated
plate constants of OTA images into World Coordinate
System (WCS) coefficients and Simple Imaging Polynomial
(SIP) coefficients, which map image positions into celestial
positions so as to facilitate the mining of the FITS (Flexible
Image Transport System) images of OTA. An improvement of
OTA's astrometry coming with this method, as well as the
discussion about some problems of OTA's astrometry are
also presented.

220 %, 3t 286 %
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Probabilistic Data Association Method for Space Object
Tracking

Xu Zhanwei; Wang Xin

Acta Astronomica Sinica

% : 58 M . 3 W . 261268 X Wk 5
0001-5245(2017)58:3<26:KIMBGZ>2.0.TX;2-0

In the optical tracking of space objects, multiple
measurements are often detected in the observing gate,
which brings about the uncertainty in the tracking accuracy
and causes the unstability along the tracking path. This kind
of condition will eventually interrupt the track and lead to
the lost of the target. A new approach, combining the
Kalman filter and probabilistic data association, is proposed
for the adaptive tracking of space objects. This method
employs Kalman filter to predict the gate of association, and
uses probabilistic data association to obtain the equivalent
measurement as an effective feed instead. The experiments
show that this technique can effectively improve the
tracking accuracy as well as the robustness for the
automatic tracking of space objects.

% 221 %, 3L 286 %

Analysis of Nighttime Infrared Cloud Cover at Yaoan
Astronomical Station

Fan Liang; Lei Chengming; Shi Dongdong; Huang Xuehai

Acta Astronomica Sinica
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0001-5245(2017)58:2<13:TATWGC>2.0.TX;2-D

Clouds have important effects on astronomical observations.
Cloud cover is an important indicator of the quality of an
astronomical site. The infrared cloud imager which locates in
Yaoan astronomical station, is used for the real-time
acquisition of all-sky infrared cloud image with high spatial
resolution. Combining the actual observations of space
debris, according to astronomical nights strictly, we make
statistics and analysis of cloud cover at night accumulated in
one year (from 2015-08-01 to 2016- 07-31). Annual average
cloud cover at night at Yaoan astronomical station is 4.42
ten percent, and there are 236 available astronomy nights,
including 98 photometric nights, 44 half-photometric nights,
and 94 spectroscopic nights. The cloud cover has obvious
characteristics of two seasons: the rainy season with a
significant increase in cloud cover is from May to October,
and the observation conditions are worst in July; The dry
season is from November to April with low cloud cover,
there are more than 23 available astronomy nights monthly,
the most numerous photometric nights are in January, and
the most available astronomy nights are in March.
Combined with the threat level of cloud for astronomical
observation, we make statistics of the total time of different
cloud covers and the monthly distribution of cloud covers, to
assess the meteorological conditions of the station, and to
provide a reference for reasonable arrangements of the
astronomical observations.

222 %, 3t 286 %

Research Progress on Ground-based Infrared Observations
of Space Objects

Fan Liang; Lei Chengming; Sun Rongyu; Lu Yao; Zhang Chen
Progress in Astronomy
% 35 M 1 W : 93106 X #Wk 5
1000-8349(2017)35:1<93:KIMBDD>2.0.TX;2-Z
As a new research field, ground-based infrared observations
of space objects may extend the horizons of traditional radar
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and optical observations, improving the mechanism of space
surveillance. With broad wavelength range and thermal
radiation bands, infrared band has a greater potential in
daytime observations and spectral analysis for development.
In recent years, the United States began the exploration of
infrared characteristics on space objects, by gaining access
to large infrared telescope or transforming optical telescope.
In this paper, we give a review of the telescopes participated
in the ground-based infrared observations of space objects.
And we conclude the research progress of the infrared
survey, daytime observations, infrared photometry and
spectral analysis in infrared space surveillance for nearly a
decade. Finally, a summary and prospects on ground-based
infrared observations of space objects will be given.

% 223 %, 3L 286 %

Deep Learning for Mid-Term Forecast of Daily Index of Solar
10.7 cm Radio Flux

Wang Xin

Journal of Spacecraft TT & C Technology

% . 3% M o2 W o 118122 X Wk T
1674-5620(2017)36:2<118:JYSDXX>2.0.TX;2-C

For mid-term forecast of the daily index of solar 10.7 cm
radio flux with deep learning method,a neural network
based on classical multi-layer perception model s
proposed.The network contains only one hidden layer with
90 neutrons,and an autoregressive model of time series is
implemented non-parametrically.In the forecast, historical
daily indices as well as historical forecast error are
considered.The model gives forecast of next 27 days with
values of past 27 days.The network is trained and validated
with historical data over 50 years,and the result clearly
shows that the mean relative error is significantly reduced
compared to the traditional methods.Unlike most of
previous studies,in which the parameters of the model need
to be rolling-updated,the parameters are fixed after the
training with this model.The proposed model greatly
simplifies daily operation of forecast and is extremely
advantageous to the promotion in other applications.
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The secular analytical solution of the orbital plane using
Lindstedt-Poincaré method

Shengxian Yu; Changyin Zhao; Wei Zhang;

Advances in Space Research

DO0I:10.1016/j.asr.2017.08.032

Nowadays, the increasing amount of space objects makes
the space so crowded that the satellites in orbit endure
severe environment. Hence how to efficiently search and
catalog these space objects becomes an urgent problem to
be solved. In the paper, in order to contribute to this
problem, the secular analytical solution of the orbital plane
for medium and high orbit objects is studied. For medium
and high orbit objects, the Earth’s oblateness and the
lunisolar gravitational perturbations are considered. The
double averaging method is used to first average the system.
For small to medium orbit inclinations and small
eccentricities, and then the differential equations can be
rewritten in an expansion form. Combining the
Lindstedt-Poincaré procedure and the solution for
differential equations with special coefficients, the
third-order analytical solutions can be derived step by step.
Finally, two kinds of comparisons are carried out. One is the
comparison between the analytical solution and the results
derived by integrating the simplified model. It aims to verify
the validity of these methods. The other one is the
comparison with the integration results of the normal model
to show the accuracy of the analytical solution. Both of the
two comparisons results work well. The accuracy of the
analytical solution can be maintained at the order of O ( 10 -
3 ) for the duration
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3-02 Satellite Precise Orbit

i Determination and Application
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Obliquity evolution of the minor satellites of Pluto and
Charon

Quillen, AC (Quillen, Alice C.); Nichols-Fleming, F
(Nichols-Fleming, Fiona); Chen, YY (Chen, Yuan-Yuan);
Noyelles, B (Noyelles, Benoit)

ICARUS
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New Horizons mission observations show that the small
satellites Styx, Nix, Kerberos and Hydra, of the Pluto-Charon
system, have not tidally spun-down to near synchronous
spin states and have high obliquities with respect to their
orbit about the Pluto-Charon binary (Weaver, 2016). We use
a damped mass spring model within an N-body simulation to
study spin and obliquity evolution for single spinning non
round bodies in circumbinary orbit. Simulations with tidal
dissipation alone do not show strong obliquity variations
from tidally induced spin-orbit resonance crossing and this
we attribute to the high satellite spin rates and low orbital
eccentricities. However, a tidally evolving Styx exhibits
intermittent obliquity variations and episodes of tumbling.
During a previous epoch where Charon migrated away from
Pluto, the minor satellites could have been trapped in orbital
mean motion inclination resonances. An outward migrating
Charon induces large variations in Nix and Styx's obliquities.
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The cause is a commensurability between the mean motion
resonance frequency and the spin precession rate of the
spinning body. As the minor satellites are near mean motion
resonances, this mechanism could have lifted the obliquities
of all four minor satellites. The high obliquities need not be
primordial if the minor satellites were at one time captured
into mean motion resonances. (C) 2017 Elsevier Inc. All
rights reserved.
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Transiting Exoplanet Monitoring Project (TEMP). II. Refined
System Parameters and Transit Timing Analysis of
HAT-P-33b

Wang, YH (Wang, Yong-Hao); Wang, S (Wang, Songhu); Liu,
HG (Liu, Hui-Gen); Hinse, TC (Hinse, Tobias C.); Laughlin, G
(Laughlin, Gregory); Wu, DH (Wu, Dong-Hong); Zhang, XJ
(Zhang, Xiaojia); Zhou, X (Zhou, Xu); Wu, ZY (Wu, Zhenyu);
Zhou, JL (Zhou, Ji-Lin); Wittenmyer, RA (Wittenmyer, R. A.);
Eastman, J (Eastman, Jason); Zhang, H (Zhang, Hui); Hori, Y
(Hori, Yasunori); Narita, N (Narita, Norio); Chen, YY (Chen,
Yuanyuan); Ma, J (Ma, Jun); Peng, XY (Peng, Xiyan); Zhang,
TM (Zhang, Tian-Meng); Zou, H (Zou, Hu); Nie, JD (Nie,
Jun-Dan); Zhou, ZM (Zhou, Zhi-Min)

ASTRONOMICAL JOURNAL
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We present 10. R-band photometric observations of eight
different transits of the hot Jupiter HAT-P-33b, which has
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been targeted by our Transiting Exoplanet Monitoring
Project. The data were obtained by two telescopes at the
Xinglong Station of National Astronomical Observatories of
China (NAOC) from 2013 December through 2016 January,
and exhibit photometric scatter of 1.6-3.0 mmag. After
jointly analyzing the previously published photometric data,
radial-velocity (RV) measurements, and our new light curves,
we revisit the system parameters and orbital ephemeris for
the HAT-P-33b system. Our results are consistent with the
published values except for the planet to. star radius ratio
(RP/R-*), the ingress/egress duration (tau) and the total
duration (T-14), which together indicate a slightly shallower
and shorter transit shape. Our results are based on more
complete light curves, whereas the previously published
work had only one complete transit light curve. No
significant anomalies in Transit Timing Variations (TTVs) are
found, and we place upper mass limits on potential
perturbers, largely supplanting the loose constraints
provided by the extant RV data. The TTV limits are stronger
near mean-motion resonances, especially for the low-order
commensurabilities. We can exclude the existence of a
perturber with mass larger than 0.6, 0.3, 0.5, 0.5, and 0.3
M-circle plus near the 1: 3, 1: 2, 2: 3, 3: 2, and 2: 1
resonances, respectively.
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Feature-rich transmission spectrum for WASP-127b
Cloud-free skies for the puffiest known super-Neptune?

Palle, E (Palle, E.);_Chen, G (Chen, G.); Prieto-Arranz, J
(Prieto-Arranz, J.); Nowak, G (Nowak, G.); Murgas, F (Murgas,
F.); Nortmann, L (Nortmann, L.); Pollacco, D (Pollacco, D.);
Lam, K (Lam, K.); Montanes-Rodriguez, P
(Montanes-Rodriguez, P.); Parviainen, H (Parviainen, H.);
Casasayas-Barris, N (Casasayas-Barris, N.)

ASTRONOMY & ASTROPHYSICS
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Context. WASP-127b is a planet with one of the lowest
densities discovered to date. With a sub-Saturn mass (M-p =
0.18 +/- 0.02 M-J) and super-Jupiter radius (R-p = 1.37 +/-
0.04 R-J), it orbits a bright G5 star that is about to leave the
main-sequence.

Aims. We aim to explore the atmosphere of WASP-127b in
order to retrieve its main atmospheric components, and to
find hints for its intriguing inflation and evolutionary history.

Methods. We used the ALFOSC spectrograph at the NOT
telescope to observe a low-resolution (R similar to 330,
seeing limited) long-slit spectroscopic time series during a
planetary transit, and present here the first transmission
spectrum for WASP-127b.

Results. We find a strong Rayleigh slope at blue wavelengths
and a hint of Na absorption, although the quality of the data
does not allow us to claim a detection. At redder
wavelengths the absorption features of TiO and VO are the
best explanation to fit the data.

Conclusions.  Although observations with a higher
signal-to-noise ratio are needed to conclusively confirm the
absorption features, WASP-127b seems to posses a
cloud-free atmosphere and is one of the best targets on
which to perform further characterization studies in the
near future.
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The GTC exoplanet transit spectroscopy survey VI.
Detection of sodium in WASP-52b's cloudy

Chen, G (Chen, G.); Palle, E (Palle, E.); Nortmann, L
(Nortmann, L.); Murgas, F (Murgas, F.); Parviainen, H
(Parviainen, H.); Nowak, G (Nowak, G.)

ASTRONOMY & ASTROPHYSICS
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We report the first detection of sodium absorption in the
atmosphere of the hot Jupiter WASP-52b. We observed one
transit of WASP-52b with the low-resolution Optical System
for Imaging and low-Intermediate-Resolution Integrated
Spectroscopy (OSIRIS) at the 104 m Gran Telescopio
Canarias (GTC). The resulting transmission spectrum,
covering the wavelength range from 522 nm to 903 nm, is
flat and featureless, except for the significant narrow
absorption signature at the sodium doublet, which can be
explained by an atmosphere in solar composition with
clouds at 1 mbar. A cloud-free atmosphere is stringently
ruled out. By assessing the absorption depths of sodium in
various bin widths, we find that temperature increases
towards lower atmospheric pressure levels, with a positive
temperature gradient of 0.88 +/- 0.65 K km(-1), possibly
indicative of upper atmospheric heating and a temperature
inversion.
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The GTC exoplanet transit spectroscopy survey V. A
spectrally-resolved Rayleigh scattering slope in GJ 3470b

Chen, G (Chen, G.); Guenther, EW (Guenther, E. W.); Palle, E
(Palle, E.); Nortmann, L (Nortmann, L.); Nowak, G (Nowak,
G.); Kunz, S (Kunz, S.); Parviainen, H (Parviainen, H.); Murgas,
F (Murgas, F.)
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Aims. As a sub-Uranus-mass low-density planet, GJ 3470b
has been found to show a flat featureless transmission
spectrum in the infrared and a tentative Rayleigh scattering
slope in the optical. We conducted an optical transmission
spectroscopy project to assess the impacts of stellar activity
and to determine whether or not GJ 3470b hosts a
hydrogen-rich gas envelop.

Methods. We observed three transits with the
low-resolution  Optical System for Imaging and
low-Intermediate-Resolution Integrated Spectroscopy
(OSIRIS) at the 10.4 m Gran Telescopio Canarias, and one
transit with the high-resolution Ultraviolet and Visual Echelle
Spectrograph (UVES) at the 8.2 m Very Large Telescope.
Results. From the high-resolution data, we find that the
difference of the Ca Il H+K lines in-and out-of-transit is only
0:67 +/- 0:22%, and determine a magnetic filling factor of
about 10-15%. From the low-resolution data, we present the
first optical transmission spectrum in the 435-755 nm band,
which shows a slope consistent with Rayleigh scattering.
Conclusions. After exploring the potential impacts of stellar
activity in our observations, we confirm that Rayleigh
scattering in an extended hydrogen-helium atmosphere is
currently the best explanation. Further high-precision
observations that simultaneously cover optical and infrared
bands are required to answer whether or not clouds and
hazes exist at high-altitude.
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The GTC exoplanet transit spectroscopy survey VII. An
optical transmission spectrum of WASP-48b

Murgas, F (Murgas, F.); Palle, E (Palle, E.); Parviainen, H
(Parviainen, H.); Chen, G (Chen, G.); Nortmann, L (Nortmann,
L.); Nowak, G (Nowak, G.); Cabrera-Lavers, A (Cabrera-Lavers,
A.); Iro, N (Iro, N.)

ASTRONOMY & ASTROPHYSICS

%: 605 JHRS: A114

Context. Transiting planets off er an excellent opportunity
for characterizing the atmospheres of extrasolar planets
under very different conditions from those found in our
solar system.

Aims. We are currently carrying out a ground-based survey
to obtain the transmission spectra of several extrasolar
planets using the 10 m Gran Telescopio Canarias. In this
paper we investigate the extrasolar planet WASP-48b, a hot
Jupiter orbiting around an F-type star with a period of 2.14
days.

Methods. We obtained long-slit optical spectroscopy of one
transit of WASP-48b with the Optical System for Imaging and
low-Intermediate-Resolution Integrated Spectroscopy
(OSIRIS) spectrograph. We integrated the spectrum of
WASP-48 and one reference star in several channels with
different wavelength ranges, creating numerous color light
curves of the transit. We fit analytic transit curves to the
data taking into account the systematic effects present in
the time series in an effort to measure the change of the
planet-to-star radius ratio (R-p/R-s) across wavelength. The
change in transit depth can be compared with atmosphere
models to infer the presence of particular atomic or
molecular compounds in the atmosphere of WASP-48b.
Results. After removing the transit model and systematic
trends to the curves we reached precisions between 261
ppm and 455755 ppm for the white and spectroscopic light
curves, respectively. We obtained R-p/R-s uncertainty values
between 0.8 x 10(3) and 1.5 x 10(3) for all the curves
analyzed in this work. The measured transit depth for the
curves made by integrating the wavelength range between
530 nm and 905 nm is in agreement with previous studies.
We report a relatively flat transmission spectrum for
WASP-48b with no statistical significant detection of
atmospheric species, although the theoretical models that
fit the data more closely include TiO and VO.
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Obliquity evolution of the minor satellites of Pluto and
Charon

AC Quillen  F Nichols-Fleming_YY Chen B Noyelles

Icarus,

2017, 293 :94-113

New Horizons mission observations show that the small
satellites Styx, Nix, Kerberos and Hydra, of the Pluto-Charon
system, have not tidally spun-down to near synchronous
spin states and have high obliquities with respect to their
orbit about the Pluto-Charon binary (Weaver, 2016). We use
a damped mass-spring model within an N-body simulation
to study spin and obliquity evolution for single spinning
non-round bodies in circumbinary orbit. Simulations with
tidal dissipation alone do not show strong obliquity
variations from tidally induced spin-orbit resonance crossing
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and this we attribute to the high satellite spin rates and low
orbital eccentricities. However, a tidally evolving Styx
exhibits intermittent obliquity variations and episodes of
tumbling. During a previous epoch where Charon migrated
away from Pluto, the minor satellites could have been
trapped in orbital mean motion inclination resonances. An
outward migrating Charon induces large variations in Nix
and Styx kK obliquities. The cause is a commensurability
between the mean motion resonance frequency and the
spin precession rate of the spinning body. As the minor
satellites are near mean motion resonances, this mechanism
could have lifted the obliquities of all four minor satellites.
The high obliquities need not be primordial if the minor
satellites were at one time captured into mean motion
resonances.

4-02 Ephemerial Astronomy and

Astronomical Reference System
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Solar System and stellar tests of noncommutative spectral
geometry

Deng, XM (Deng, Xue-Mei)
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By using purely geometric forces on a noncommutative
spacetime, noncommutative spectral geometry (NCSG) was
proposed as a possible way to unify gravitation with the
other known fundamental forces. The correction of the
NCSG solution to Einstein's general relativity (GR) in the
four-dimensional spacetime can be characterized by a
parameter beta similar to 1/root f(0), where f(0) denotes the
coupling constants at the unification. The parameter beta
contributes a Yukawa-type correction exp(-beta r)/r to the
Newtonian gravitational potential at the leading order,
which can be interpreted as either the massive component
of the gravitational field or the typical range of interactions
carried by that component of the field. As an extension of
previous works, we mainly focus on the Solar System and
stellar tests of the theory, and the constraints on similar to
obtained by the present work is independent of the previous
ones. In the Solar System, we investigate the effects of the
NCSG on the perihelion shift of a planet, deflection of light,
time delay at superior conjunction (SC) and inferior
conjunction (IC), and the Cassini experiment by modeling
new observational results and adopting new datasets. In the
binary pulsars system, based on the observational data sets
of four systems of binary pulsars, PSR B1913+ 16, PSR
B1534+ 12, PSR J0737-3039, and PSR B2127+ 11C, the
secular periastron precessions are used to constrain this
theory. These effects in the scale of the Solar System and
binary pulsars were not considered in previous works. We
find that the lower bounds given by these experiments are
beta similar or equal to 10(-9) similar to 10(-10) m(-1),
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considerably smaller than those obtained in laboratory
experiments. This confirms that experiments and
observations at smaller scales are more favorable for testing
the NCSG theory.

e
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Deep Imaging of the HCG 95 Field. I. Ultra-diffuse Galaxies

Shi, DD (Shi, Dong Dong); Zheng, XZ (Zheng, Xian Zhong);_Bin
Zhao, H (Bin Zhao, Hai); Pan, ZZ (Pan, Zhi Zheng); Li, B (Li,
Bin); Zou, H (Zou, Hu); Zhou, X (Zhou, Xu); Guo, KX (Guo,
KeXin); An, FX (An, Fang Xia); Bin Li, Y (Bin Li, Yu)
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We present a detection of 89 candidates of ultra-diffuse
galaxies (UDGs) in a 4.9 degree(2) field centered on the
Hickson Compact Group 95 (HCG 95) using deep g- and
r-band images taken with the Chinese Near Object Survey
Telescope. This field contains one rich galaxy cluster (Abell
2588 at z. = .0.199) and two poor clusters (Pegasus | at z
=.0.013 and Pegasus Il at z = .0.040). The 89 candidates are
likely associated with the two poor clusters, giving about
50-60 true UDGs with a half-light radius r(e) > 1.5 kpc and a
central surface brightness mu(g, 0) > 24.0 mag arcsec(-2).
Deep z'-band images are available for 84 of the 89 galaxies
from the Dark Energy Camera Legacy Survey (DECalS),
confirming that these galaxies have an extremely low central
surface brightness. Moreover, our UDG candidates are
spread over a wide range in g - r color, and similar to 26%
are as blue as normal star-forming galaxies, which is
suggestive of young UDGs that are still in formation.
Interestingly, we find that one UDG linked with HCG 95 is a
gas-rich galaxy with H | mass 1.1 x 10(9) M-circle dot
detected by the Very Large Array, and has a stellar mass of
M-star similar to 1.8 x 10(8) M-circle dot. This indicates that
UDGs at least partially overlap with the population of nearly
dark galaxies found in deep H | surveys. Our results show
that the high abundance of blue UDGs in the HCG 95 field is
favored by the environment of poor galaxy clusters residing
in H I-rich large-scale structures.
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The orbital configuration of the two interacting Jupiters in
HD 155358 system

Ma, DZ (Ma, Da-Zhu); Fu, YN (Fu, Yan-Ning); Wang, XL (Wang,
Xiao-Li)
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Recent observation reveals two interacting Jupiters possibly
trapped in a 2: 1 mean motion resonance (MMR) around the
star HD 155358. For the 2:1 MMR, Beauge et al. found that
as long as the orbital decay was sufficiently slow, the
trapped planets should also be in apsidal co-rotation. So it is
very interesting to explore whether HD 155358 did undergo
such an evolution and presents an apsidal co-rotation. Based
on the existing results of spectroscopic orbital
determination, the global dynamics of the system shows
that the two planets are in an apsidal co-rotation if the
eccentricity of the outer planet (ec) takes values very close
to the lower limit of its 1 sigma confidence interval. This
makes us conjecture that the globally minimizing solution
could be missed in the previous orbital determination. Using
an efficient global optimization method, we do find a better

solution, reducing chi(2) from 1.4 to 1.2. This new solution is
significantly different from the previous one, and in
particular, with smaller ec. However, the increased
possibility for the system to be trapped in a 2: 1 MMR with
apsidal co-rotation is still not high. A set of simulations of
the adiabatic convergent migration process are then
performed. The results consistently indicate that the 2: 1
MMR forms before apsidal co-rotation. Finally, the
long-term stability of the formed system and of its resonant
structure is extensively explored, and the resulting statistics
are given. A conclusion is that the 2: 1 MMR with apsidal
co-rotation is a very stable structure.
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Classical tests of photons coupled to Weyl tensor in the
Solar System

Li, G (Li, Gang); Deng, XM (Deng, Xue-Mei)
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With the purpose of deeply understanding the fundamental
interaction between the electromagnetic and gravitational
fields, photons coupled to the Weyl tensor was proposed,
which could be derived from the Maxwell equation with a
Weyl correction. This correction with respect to general
relativity in a 4-dimensional spacetime can be characterized
by a coupling strength parameter a. By taking such a
coupling into account, we investigate its effects on the
classical tests in the Solar System, including the deflection of
light, the gravitational time delay and the Cassini tracking
experiment, and constrain the parameter a with new
datasets. None of these works were done before and these
data of the experiments are used for testing the photons
coupled to the Weyl tensor for the first time. We find that
the experimental upper bounds are vertical bar alpha
vertical bar less than or similar to 4 x 10(11) - 5 x 10(13) m(2),
in which the strongest bound comes from the Cassini
tracking. Therefore, it is expected that when more
sophisticated frequency standards can be implemented in
the al analysis slightly differ from the power law index (-1.67)
obtained by a theoretical model. The observations are
consistent with adiabatic expansion of the coronal source
component.
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A prediction method for ground-based stellar occultations
by ellipsoidal solar system bodies and its application

Yuan, Y (Yuan, Ye); Fu, YN (Fu, Yan-Ning); Cheng, Z (Cheng,
Zhuo)
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A new programmable prediction method is developed to
refine the occultation band by taking into consideration the
triaxiality of an occulting body, as well as two more factors,
namely, the barycenter offset of an occulting planet from
the relevant planetary satellite system and the gravitational
deflection of light rays due to an occulting planet. Although
these factors can be neglected in most cases, it is shown
that there are cases when these factors can cause a
variation ranging from several tens to thousands of
kilometers in the boundaries of occultation bands.
Knowledge of analytic geometry simplifies the process of
derivation and computation. This method is applied to
long-term predictions of Jovian and Saturnian events.
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Improved Solar System bounds on the cosmologically
viable f (G) gravity

Deng, XM (Deng, Xue-Mei); Xie, Y (Xie, Yi)
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By making use of the supplementary advances of the
perihelia provided by INPOP10a and INPOP15a (France) and
EPM2011 (Russia) ephemerides, we obtain improved Solar
System bounds on the cosmologically viable f (G) gravity,
where f is an arbitrary function of the Gauss-Bonnet
invariant G. When we estimate new bounds on its model
parameters, we consider the Lense-Thirring effect caused by
the Sun's angular momentum and the uncertainty of the
Sun's quadrupole moment, neither of which were included
in related works before. The bounds we obtain in the
present work are tighter than the previous ones by at least 5
orders of magnitude.
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Gravitational time advancement under gravity's rainbow

Deng, XM (Deng, Xue-Mei); Xie, Y (Xie, Yi)

PHYSICS LETTERS B
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Under gravity's rainbow, we investigate its effects on the
gravitational time advancement, which is a natural
consequence of measuring proper time span for a photon's
round trip. This time advancement can be complementary to
the time delay for testing the gravity's rainbow, because
they are sensitive to different modified dispersion relations
(MDRs). Its observability on ranging a spacecraft far from
the Earth by two radio and a laser links is estimated at
superior conjunction (SC) and inferior conjunction (IC). We
find that (1) the IC is more favorable than the SC for
measurement on the advancement caused by the rainbow;
(2) aspecific type of MDR has a significantly larger effect on
the advancement than others in both SC and IC cases; and (3)
acombination of available optical clocks and the realization
of planetary laser ranging in the future will benefit
distinguishing the gravity's rainbow from GR by measuring
the gravitational time advancement. (C) 2017 The Author(s).
Published by Elsevier B.V.

% 242 %, 3L 286 %

Application of Close Encounters in Determining the Masses
of Asteroids

Tang Huaijin; Li Fan; Fu Yanning
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Asteroids are important part of the solar system. So far, the
number of known asteroids is more than seven hundred
thousand, and the total number is probably more than one
million. Among many events of encounters among asteroids,
those very close ones can be used to improve the precision
of the masses of asteroids. To achieve this, it's necessary to
search for the latter events in advance by making an
accurate assessment of the effectiveness of an encounter in
the mass determination. In this context, the previous
dynamical models and assessing indicators are not precise
enough. By using a more realistic dynamical model and
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introducing a properly defined Signal-to-Noise ratio, we are
able to estimate the precision of the mass determination
based on observations made from the Earth. Moreover, the
best observation time span can be quantitatively given,
which is useful in collecting observational data and planning
further observations. We search systematically for the useful
asteroid encounters involving one of the 773 massive
asteroids with equivalent diameter larger than 50 km, for
which the searched time span is from the year 2000 to 2030.
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Solar system and binary pulsars tests of the minimal
momentum uncertainty principle

Deng, XM (Deng, Xue-Mei)
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In order to explore a minimal momentum uncertainty
principle in Heisenberg's uncertainty principle, the minimal
momentum uncertainty principle (MMUP) was proposed.
The correction on the canonical commutation relation of
MMUP can be parametrized by a and alpha'. In the
macroscopic scale, MMUP could change bodies' orbital
motion, which is different from the results of general
relativity ( GR). In the present work, we mainly focus on the
influence of MMUP on the tests of the Solar System and the
binary pulsars. In the Solar System, the perihelion shift of a
planet has been remodeled under MMUP by the data of
INPOP10a, EPM2011 and INPOP15a. In five systems of
binary pulsars, the upper bounds of a and alpha' are
obtained by using the data of the secular periastron
precessions. These five systems are PSR B1913+16, PSR
B1534+12, PSR J1756-2251, PSR B2127+11C and PSR
J0737-3039. Few studies about the tests have been done
before and the effects of MMUP on these systems are
investigated for the first time. They show that the upper
bounds of a and a alpha' constrained by planets of the Solar
System and the binary pulsars are alpha + alpha'= 10- 28
similar to 10(-36) m(-2), tighter than the previous result by
at least 2 orders of magnitude. It is expected that the
bounds on MMUP will be further improved by tremendous
advances in techniques for deep space exploration and by
new tracking data sets. Copyright (C) EPLA, 2018.
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Stability Analysis of the Two Possible 2:1 MMR Systems
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Based on the existing orbital parameters determined with
the radial velocity(RV) data, the planets in HD 155358 and
24 Sextanis systems are found possibly trapped in the 2:1
mean motion resonance(MMR), respectively. For each
system, the dynamical behavior of the best-fitting solution is
discussed, and the 1sigma confidence around the best-fitting
initial phase point is explored using the chaos indicator
Ae_(max) . The results reveal that HD 155358 could be
stable without the 2:1 MMR protection, but the case is
different for 24 Sextanis system.
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Low-frequency electromagnetic cyclotron waves in and
around magnetic clouds: STEREO observations during
2007-2013

Zhao, GQ (Zhao, G. Q.); Chu, YH (Chu, Y. H.); Lin, PH (Lin, P.
H.); Yang, YH (Yang, Y. H.); Feng, HQ (Feng, H. Q.); Wu, DJ
(Wu, D. J.); Liu, Q (Liu, Q.)
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Wave activities in the solar wind are an important topic and
magnetic clouds (MCs) are a common phenomenon in
interplanetary space, though waves activities associated
with MCs have not been well documented. Based on a
survey of 120 MCs observed by STEREO spacecraft during
the years 2007-2013, this work studies electromagnetic
cyclotron waves (ECWs) near the proton cyclotron frequency
in and around MCs. For total 7807 ECW events, 24% of them
occurred in the regions within MCs while 76% occurred in
the regions around MCs. Statistics indicate that ECWs
around MCs have higher frequencies, wider bandwidths, and
stronger powers relative to the waves in MCs. More ECWs,
on the other hand, tend to be related to a plasma with
higher temperature, lower density, and larger velocity. In
particular, it is found that there exist positive power law
correlations between plasma betas and the wave
frequencies, bandwidths, and powers. The results imply that
the plasma beta should play an important role in
determining the properties of ECWs, which is consistent
with previous theory studies and the recent simulation
results.
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Effects of ion thermal pressure on wave properties of
electromagnetic ion cyclotron waves in a H+-He+-O+
plasma

Tang, Y (Tang, Ying); Zhao, JS (Zhao, Jinsong); Sun, HY (Sun,
Heyu); Lu, JY (Lu, Jianyong); Wang, M (Wang, Ming)
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Electromagnetic ion cyclotron (EMIC) waves in the H+, He+,
and O+ bands are frequently observed in the
magnetosphere. This study examines the effects of the
thermal pressure of heavy He+ and O+ ions on EMIC wave
properties. It illustrates that hot and isotropic heavy ions
may completely suppress the growth of He+ band EMIC
waves, whereas H+ band waves are growing irrespective of
whether the heavy ions are cool or hot. At large O+ ion
concentration, O+ band waves grow considerably as hot
protons, and heavy ions are anisotropic. Results from the
hot fluid model show that anisotropic thermal pressures of
heavy ions result in the resonance frequency of EMIC waves
larger than that from the cold fluid model, and therefore,
narrowing the corresponding stop bands. Furthermore, the
anisotropic ion thermal pressures lead to the minimum
resonant energy of electrons interacting with EMIC waves at
higher frequencies than that predicted by the cold fluid
model. Published by AIP Publishing.
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Magnetospheric Multiscale Observations of Electron Vortex
Magnetic Hole in the Turbulent Magnetosheath Plasma

Huang, SY (Huang, S. Y.); Sahraoui, F (Sahraoui, F.); Yuan, ZG
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C. J.); Giles, BL (Giles, B. L.); Torbert, RB (Torbert, R. B.);
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Gershman, DJ (Gershman, D. J.); Moore, TE (Moore, T. E.);
Ergun, RE (Ergun, R. E.); Khotyaintsev, YV (Khotyaintsev, Y.
V.); Lindqvist, PA (Lindqvist, P. -A.); Strangeway, RJ
(Strangeway, R. J.); Magnes, W (Magnes, W.); Bromund, K
(Bromund, K.); Leinweber, H (Leinweber, H.); Plaschke, F
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We report on the observations of an electron vortex
magnetic hole corresponding to a new type of coherent
structure in the turbulent magnetosheath plasma using the
Magnetospheric Multiscale mission data. The magnetic hole
is characterized by a magnetic depression, a density peak, a
total electron temperature increase (with a parallel
temperature decrease but a perpendicular temperature
increase), and strong currents carried by the electrons. The
current has a dip in the core region and a peak in the outer
region of the magnetic hole. The estimated size of the
magnetic hole is about 0.23 rho(i) (similar to 30 rho(e)) in
the quasi-circular cross-section perpendicular to its axis,
where rho(i) and rho(e) are respectively the proton and
electron gyroradius. There are no clear enhancements seen
in high-energy electron fluxes. However, there is an
enhancement in the perpendicular electron fluxes at 90
degrees pitch angle inside the magnetic hole, implying that
the electrons are trapped within it. The variations of the
electron velocity components V-em and V-en suggest that
an electron vortex is formed by trapping electrons inside the
magnetic hole in the cross-section in the M-N plane. These
observations demonstrate the existence of a new type of
coherent structures behaving as an electron vortex magnetic
hole in turbulent space plasmas as predicted by recent
kinetic simulations.
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Radial Variations of Outward and Inward Alfvenic
Fluctuations Based on Ulysses Observations

Yang, L (Yang, L.); Lee, LC (Lee, L. C.); Li, JP (Li, J. P.); Luo, QY
(Luo, Q. Y.); Kuo, CL (Kuo, C. L.); Shi, JK (Shi, J. K.); Wu, DJ
(Wu, D.J.)
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Ulysses magnetic and plasma data are used to study hourly
scale Alfvenic fluctuations in the solar polar wind. The
calculated energy ratio R-vA(2) (cal) of inward to outward
Alfven waves is obtained from the observed Walen slope
through an analytical expression, and the observed R-vA(2)
(obs) is based on a direct decomposition of original Alfvenic
fluctuations into outward-and inward-propagating Alfven
waves. The radial variation of R-vA(2) (cal) shows a
monotonically increasing trend with heliocentric distance r,
implying the increasing local generation or contribution of
inward Alfven waves. The contribution is also shown by the
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radial increase in the occurrence of dominant inward
fluctuations. We further pointed out a higher occurrence
(similar to 83% of a day in average) of dominant outward
Alfvenic fluctuations in the solar wind than previously
estimated. Since R-vA(2) (cal) is more accurate than R-vA(2)
(obs) in the measurement of the energy ratio for dominant
outward fluctuations, the values of R-vA(2) (cal) in our
results are likely more realistic in the solar wind than those
previously estimated as well as R-vA(2) (obs) in our results.
The duration ratio R-T of dominant inward to all Alfvenic
fluctuations increases monotonically with r, and is about
two or more times that from Voyager 2 observations at r >=
4 au. These results reveal new qualitative and quantitative
features of Alfvenic fluctuations therein compared with
previous studies and put constraints on modeling the
variation of solar wind fluctuations.
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Research Progress of Electron Cyclotron Maser Emission on
Solar Physics

Tang Jianfei; Wu Dejin; Zhao Guoging; Chen Ling

Progress in Astronomy

% . 35 M. o2 W o: 149174 XL WK T
1000-8349(2017)35:2<149:DZHXMZ>2.0.TX;2-F
Electron-cyclotron maser (ECM) emission is a well-known
radiation emission mechanism in astrophysics. It has been
extensively applied to various nonthermal coherent radio
emission, especially to the short-timescale coherent radio
bursts. Excitation of electron cyclotron maser radiation
requires two basic conditions. One is the inversion
distribution of the energetic electrons in the direction
perpendicular to the ambient magnetic field. The other is
the escape difficulty that requires the local electron
cyclotron frequency over the plasma frequency. These two
conditions are hardly satisfied in the corona under the
conventional solar atmosphere models, which limit the
application of ECM emission mechanism to solar radio
astronomy. In general, flare associated energetic electrons
are accelerated initially mainly along the magnetic field, it
means that these energetic electrons do not have enough
free energy to drive ECM emission. After the energetic
electrons leave the acceleration site and propagate in the
solar atmosphere, the energy of the energetic electrons in
the parallel orientation can be transfer to the perpendicular
orientation, and form an anisotropic distribution due to the
interaction of energetic electrons with magnetic field and
plasma waves. For the escape difficulty, a density depletion
duct in the corona is necessary and may be rational as
optical observations show fibrous density structures exist
commonly in the corona. This paper presents a systematic
review on the recent development of ECM emission
mechanism, especially on the new models which may
overcome the above difficulties and can be applied in
several kinds of solar radio bursts, such as type | bursts, type
Il bursts, and type V bursts. Some perspectives on the study
of ECM mechanism and solar radio emission processes are
also presented.
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A self-consistent mechanism for electron cyclotron maser
emission and its application to type lll solar radio bursts

Chen, L (Chen, L.); Wu, DJ (Wu, D. J.); Zhao, GQ (zhao, G. Q.);
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Type Il solar radio bursts (SRBs) produced by fast electron
beams (FEBs) traveling along solar magnetic fields are the
best known and the most important kind of SRBs because of
their clearest association with FEBs as well as most frequent
observations during solar activities. However, the physics of
their emitting mechanism has been a controversial issue.
Based on the electron cyclotron maser (ECM) instability
driven directly by a magnetized FEB, whose physics is fairly
well known from the Earth's auroral kilometric radiation,
this paper proposes a self-consistent mechanism for type IlI
SRBs, in which the Alfven wave (AW) produced by the
current instability of the beam-return current system
associated with the FEB, called the self-generated AW, plays
an important and crucial role. Taking into account the
return-current effect of the FEB, the growth rate and the
saturation intensity of the self-generated AW are estimated.
Then the effects of the self-generated AW on the ECM
emission via the ECM instability driven by the magnetized
FEB are further investigated. The results show that the
self-generated AW can significantly influence and change
the physical properties of the ECM emission. In particular,
this novel ECM emission mechanism can effectively
overcome the main difficulties of the conventional ECM
emission mechanism in application to type Ill SRBs and may
potentially provide a self-consistent physics scenario for
type 1l SRBs.
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Chaos-induced resistivity of collisionless magnetic
reconnection in the presence of a guide field Shang,

M (Shang, Meng); Wu, DJ (Wu, De-Jin); Chen, L (Chen, Ling);
Chen, PF (Chen, Peng-Fei)

RESEARCH IN ASTRONOMY AND ASTROPHYSICS
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One of the most puzzling problems in astrophysics is to
understand the anomalous resistivity in collisionless
magnetic reconnection that is believed extensively to be
responsible for the energy release in various eruptive
phenomena. The magnetic null point in the reconnecting
current sheet, acting as a scattering center, can lead to
chaotic motions of particles in the current sheet, which is
one of the possible mechanisms for anomalous resistivity
and is called chaos-induced resistivity. In many interesting
cases, however, instead of the magnetic null point, there is a
nonzero magnetic field perpendicular to the merging field
lines, usually called the guide field, whose effect on
chaos-induced resistivity has been an open problem. By use
of the test particle simulation method and statistical analysis,
we investigate chaos-induced resistivity in the presence of a
constant guide field. The characteristics of particle motion in
the reconnecting region, in particular, the chaotic behavior
of particle orbits and evolving statistical features, are
analyzed. The results show that as the guide field increases,
the radius of the chaos region increases and the Lyapunov
index decreases. However, the effective collision frequency,
and hence the chaos-induced resistivity, reach their peak
values when the guide field approaches half of the
characteristic strength of the reconnection magnetic field.
The presence of a guide field can significantly influence the
chaos of the particle orbits and hence the chaos-induced
resistivity in the reconnection sheet, which decides the
collisionless reconnection rate. The present result is helpful
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for us to understand the micro physics of anomalous
resistivity in collisionless reconnection with a guide field.
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Time-dependent Occurrence Rate of Electromagnetic
Cyclotron Waves in the Solar Wind: Evidence for the Effect
of Alpha Particles?

Zhao, GQ (Zhao, G. Q.); Feng, HQ (Feng, H. Q.); Wu, DJ (Wu,
D. J.); Chu, YH (Chu, Y. H.); Huang, J (Huang, J.)
ASTROPHYSICAL JOURNAL LETTERS
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Previous studies revealed that electromagnetic cyclotron
waves (ECWs) near the proton cyclotron frequency exist
widely in the solar wind, and the majority of ECWs are
left-handed (LH) polarized waves. Using the magnetic field
data from the STEREO mission, this Letter carries out a
survey of ECWs over a long period of 7 years and calculates
the occurrence rates of ECWs with different polarization
senses. Results show that the occurrence rate is nearly a
constant for the ECWs with right-handed polarization, but it
varies significantly for the ECWs with LH polarization.
Further investigation of plasma conditions reveals that the
LH ECWs take place preferentially in a plasma characterized
by higher temperature, lower density, and larger velocity.
Some considerable correlations between the occurrence
rate of LH ECWs and the properties of ambient plasmas are
discussed. The present research may provide evidence for
the effect of alpha particles on the generation of ECWs.

% 253 %, 3L 286 %

A statistical study of kinetic-size magnetic holes in
turbulent magnetosheath: MMS observations

Huang, SY (Huang, S. Y.); Du, JW (Du, J. W.); Sahraoui, F
(Sahraoui, F.); Yuan, ZG (Yuan, Z. G.); He, JS (He, J. S.); Zhao,
JS (Zhao, J. S.); Le Contel, O (Le Contel, O.); Breuillard, H
(Breuillard, H.); Wang, DD (Wang, D. D.); Yu, XD (Yu, X. D.);
Deng, XH (Deng, X. H.); Fu, HS (Fu, H. S.); Zhou, M (Zhou, M.);
Pollock, CJ (Pollock, C. J.); Torbert, RB (Torbert, R. B.); Russell,
CT (Russell, C. T.); Burch, JL (Burch, J. L.)

JOURNAL OF GEOPHYSICAL RESEARCH-SPACE PHYSICS
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Kinetic-size magnetic holes (KSMHs) in the turbulent
magnetosheath are statistically investigated using high time
resolution data from the Magnetospheric Multiscale mission.
The KSMHs with short duration (i.e., < 0.5 s) have their cross
section smaller than the ion gyroradius. Superposed epoch
analysis of all events reveals that an increase in the electron
density and total temperature significantly increases (resp.
decrease) the electron perpendicular (resp. parallel)
temperature and an electron vortex inside KSMHs. Electron
fluxes at similar to 90 degrees pitch angles with selective
energies increase in the KSMHs are trapped inside KSMHs
and form the electron vortex due to their collective motion.
All these features are consistent with the electron vortex
magnetic holes obtained in 2-D and 3-D particle-in-cell
simulations, indicating that the observed KSMHs seem to be
best explained as electron vortex magnetic holes. It is
furthermore shown that KSMHs are likely to heat and
accelerate the electrons.

Plain Language Summary A nonlinear energy cascade in
magnetized turbulent plasmas leads to the formation of
different coherent structures which are thought to play an
important role in dissipating energy and transporting
particles. This study statistically investigate one new type of

coherent structure, named electron vortex magnetic hole,
used by Magnetospheric Multiscale data. It reveals the
common features of this structure, including an increase in
the electron density and total temperature, significantly
increase (resp. decrease) the electron perpendicular (resp.
parallel) temperature and an electron vortex inside these
holes. The increase of electron temperature inside the holes
indicates that these holes are likely to heat and accelerate
the electrons. This gives new clue for energy dissipation in
turbulent plasmas.

254 %, 3t 286 %
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Radial Variations of Outward and Inward Alfv é nic
Fluctuations Based on Ulysses Observations,

LYang LClee JPLiQYLluo CLKuo ,
{Astrophysical Journal)

2017, 850 (2) :177

Ulysses magnetic and plasma data are used to study hourly
scale Alfvénic fluctuations in the solar polar wind. The
calculated energy ratio {R}}(cal) of inward to outward Alfvén
waves is obtained from the observed Walén slope through
an analytical expression, and the observed {R}}(obs) is based
on a direct decomposition of original Alfvénic fluctuations
into outward- and inward-propagating Alfvén waves. The
radial variation of {R}}(cal) shows a monotonically increasing
trend with heliocentric distance r, implying the increasing
local generation or contribution of inward Alfvén waves. The
contribution is also shown by the radial increase in the
occurrence of dominant inward fluctuations. We further
pointed out a higher occurrence (65 83 % of a day in average)
of dominant outward Alfvénic fluctuations in the solar wind
than previously estimated. Since {R}}(cal) is more accurate
than {R}}(obs) in the measurement of the energy ratio for
dominant outward fluctuations, the values of {R}}(cal) in our
results are likely more realistic in the solar wind than those
previously estimated as well as {R}}(obs) in our results. The
duration ratio R of dominant inward to all Alfvénic
fluctuations increases monotonically with r, and is about
two or more times that from Voyager 2 observations at r=
slant 4 {au}. These results reveal new qualitative and
quantitative features of Alfv é nic fluctuations therein
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compared with previous studies and put constraints on
modeling the variation of solar wind fluctuations.

e
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Properties of Whistler Waves in Warm Electron Plasmas

Zhao, JS (Zhao, Jinsong)

ASTROPHYSICAL JOURNAL
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Dispersion relation and electromagnetic properties of
obliquely propagating whistler waves are investigated on the
basis of a warm electron fluid model. The magnetic field of
whistler waves is nearly circularly polarized with respect to
the wave vector in a plasma where the electron plasma
frequency Omega(pe) is much larger than the electron
cyclotron frequency Omega(ce), and the magnetic field
polarization can become elliptical, or even linear,
polarization as Omega(pe) less than or similar to Omega(ce).
In the plasmas with Omega(pe) < Omega(ce), the resonant
frequency is about Omega(ce) cos theta, which is different
from Omega(pe) cos theta predicted by the cold electron
fluid model. Near the resonant frequency, the whistler wave
approximates a quasi-magnetostatic mode, not a
quasi-electrostatic mode in the cold electron plasmas.
Moreover, the detailed mode properties are given in Earth's
magnetosphere, the solar active region, and Jupiter's polar
cap. Furthermore, the study proposes that the ratio of the
electrostatic to electromagnetic component of the electric
field can be used to distinguish the whistler mode from the
Z-mode in the frequency range of Omega(pe) < omega <
Omega(ce) in the solar active region and Jupiter's polar cap.
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Applying the cold plasma dispersion relation to whistler
mode chorus waves: EMFISIS wave measurements from the
Van Allen Probes

Zhao, JS (Zhao, Jinsong)

Wiley Online Library

%:230 JH: 1 kS 11

Most theoretical wave models require the power in the
wave magnetic field in order to determine the effect of
chorus waves on radiation belt electrons. However,
researchers typically use the cold plasma dispersion relation
to approximate the magnetic wave power when only electric
field data are available. In this study, the validity of using the
cold plasma dispersion relation in this context is tested using
Electric and Magnetic Field Instrument Suite and Integrated
Science (EMFISIS) observations of both the electric and
magnetic spectral intensities in the chorus wave band (0.1-
0.9 fce). Results from this study indicate that the calculated
wave intensity is least accurate during periods of enhanced
wave activity. For observed wave intensities >10-3 nT2,
using the cold plasma dispersion relation results in an
underestimate of the wave intensity by a factor of 2 or
greater 56% of the time over the full chorus wave band, 60%
of the time for lower band chorus, and 59% of the time for
upper band chorus. Hence, during active periods, empirical
chorus wave models that are reliant on the cold plasma
dispersion relation will underestimate chorus wave
intensities to a significant degree, thus causing questionable
calculation of wave - particle resonance effects on MeV
electrons.
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Detection of Faint Asteroids Based on Image Shifting and
Stacking Method

Wang Bin; Zhao Haibin; Li Bin

Acta Astronomica Sinica
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In order to improve the ability to find faint small solar
system bodies, a method of shifting and stacking images
which improves the detection efficiency of faint moving
objects is applied to process the sequential optical images.
This method determines the existence of moving objects by
using False Position Method to estimate the apparent
velocities of moving objects, then determines iteratively
accurate position of moving objects based on SNR
(Signal-to-Noise Ratio) and elongation. Using the sequential
images of the China Near Earth Object Survey Telescope
(CNEOST), we carry out a trial experiment and succeed in
detecting asteroids fainter than 21 magnitude which are
invisible on a single image. At last the feasibility of this
method is proved.
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Analysis for Cellinoid shape model in inverse process from
lightcurves

Lu, XP (Lu, Xiao-Ping); Ip, WH (Ip, Wing-Huen); Huang, XJ
(Huang, Xiang-Jie); Zhao, HB (Zhao, Hai-Bin)

PLANETARY AND SPACE SCIENCE

#1135 J1: 74-85

Based on the special shape first introduced by Alberto
Cellino, which consists of eight ellipsoidal octants with the
constraint that adjacent octants must have two identical
semi-axes, an efficient algorithm to derive the physical
parameters, such as the rotational period, pole orientation,
and overall shape from either lightcurves or sparse
photometric data of asteroids, is developed by Lu et al. and
named as 'Cellinoid' shape model. For thoroughly
investigating the relationship between the morphology of
the synthetic lightcurves generated by the Cellinoid shape
and its six semi-axes as well as rotational period and pole,
the numerical tests are implemented to compare the
synthetic lightcurves generated by three Cellinoid models
with different parameters in this article. Furthermore, from
the synthetic lightcurves generated by two convex shape
models of (6) Hebe and (4179) Toutatis, the inverse process
based on Cellinoid shape model is applied to search the
best-fit parameters. Especially, for better simulating the real
observations, the synthetic lightcurves are generated under
the orbit limit of the two asteroids. By comparing the results
derived from synthetic lightcurves observed in one
apparition and multiple apparitions, the performance of
Cellinoid shape model is confirmed and the suggestions for
observations are presented. Finally, the whole process is
also applied to real observed lightcurves of (433) Eros and
the derived results are consistent with the known results.

260 %, It 286 %
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Scattering Law Analysis Based on Hapke and
Lommel-Seeliger Models for Asteroidal Taxonomy

Huang, XJ (Huang, Xiang-Jie); Lu, XP (Lu, Xiao-Ping); Li, JY (Li,
Jian-Yang); Mei, B (Mei, Bao); Hsia, CH (Hsia, Chih-Hao);
Zhao, HB (Zhao, Hai-Bin)

RESEARCH IN ASTRONOMY AND ASTROPHYSICS
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In deriving the physical properties of asteroids from their
photometric data, the scattering law plays an important role,
although the shape variations of asteroids result in the main
variations in lightcurves. By following the physical behaviors
of light reflections, Hapke et al. deduced complex functions
to represent the scattering process, however, it is very hard
to accurately simulate the surface scattering law in reality.
For simplicity, other numerical scattering models are
presented for efficiently calculating the physical properties
of asteroids, such as the Lommel-Seeliger (LS) model. In this
article, these two models are compared numerically. It is
found that in some numerical applications the LS model in
simple form with four parameters can be exploited to
replace the Hapke model in complex form with five
parameters. Furthermore, the generated synthetic
lightcurves by the Cellinoid shape model also show that the
LS model can perform as well as the Hapke model in the
inversion process. Finally, by applying the Principal
Component Analysis (PCA) technique to the parameters of
the LS model, we present an efficient method to classify C
and S type asteroids, instead of the conventional method
using the parameters of the Hapke model.

4-05 Laboratory for Planetary Science

and Deep Space Exploration

261 %, Ft 286 %

Drilling, sampling, and sample-handling system for China's
asteroid exploration mission

Zhang, T (Zhang, Tao); Zhang, WM (Zhang, Wenming); Wang,
K (Wang, Kang); Gao, S (Gao, Sheng); Hou, L (Hou, Liang); Ji,
JH (i, Jianghui); Ding, XL (Ding, Xilun)

ACTA ASTRONAUTICA

#:137 T: 192-204

Asteroid exploration has a significant importance in
promoting our understanding of the solar system and the
origin of life on Earth. A unique opportunity to study
near-Earth asteroid 99942 Apophis will occur in 2029
because it will be at its perigee. In the current work, a
drilling, sampling, and sample-handling system (DSSHS) is
proposed to penetrate the asteroid regolith, collect regolith
samples at different depths, and distribute the samples to
different scientific instruments for in situ analysis. In this
system, a rotary-drilling method is employed for the
penetration, and an inner sampling tube is utilized to collect
and discharge the regolith samples. The sampling tube can
deliver samples up to a maximum volume of 84 mm(3) at a
maximum penetration depth of 300 mm to 17 different
ovens. To activate the release of volatile substances, the
samples will be heated up to a temperature of 600 degrees
C by the ovens, and these substances will be analyzed by
scientific instruments such as a mass spectrometer, an
isotopic analyzer, and micro -cameras, among other

instruments. The DSSHS is capable of penetrating rocks with
a hardness value of six, and it can be used for China's
asteroid exploration mission in the foreseeable future.
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Surface thermophysical properties on the potentially
hazardous asteroid (99942) Apophis

Yu, LL (Yu, Liang-Liang); Ji, JH (Ji, Jianghui); Ip, WH (Ip,
Wing-Huen)

RESEARCH IN ASTRONOMY AND ASTROPHYSICS
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We investigate the surface thermophysical properties
(thermal emissivity, thermal inertia, roughness fraction and
geometric albedo) of asteroid (99942) Apophis, using the
currently available mid-infrared observations from
CanariCain on Gran Telescopio CANARIAS and far-infrared
data from PACS on Herschel, based on the Advanced
Thennophysical Model. We show that the thermal emissivity
of Apophis should be wavelength dependent from 8.70 mu
m to 160 mu m, and the maximum emissivity may appear
around 20 mu m, similar to that of Vesta. Moreover, we
further derive the thermal inertia, roughness fraction,
geometric albedo and effective diameter of Apophis within a
possible 1 sigma scale of Gamma = 100(-52)(+100) Jm(-2)
S-0.5 K-1, integral(r) = 0.78 similar to 1.0, p(v) =
0.286(-0.026)(+0.030) and D-eff = 378(-25)(+19)m, and 3
sigma scale of Gamma = 100(-100)(+240) Jm(-2) s(-0.5) K-1,
f(r) = 0.2 similar to 1.0, p(v) = 0.286(-0.029)(+0.039) and
D-eff = 378(-29)(+27) m. The derived low thermal inertia but
high roughness fraction may imply that Apophis could have
regolith on its surface, where stronger space weathering but
weaker regolith migration has happened in comparison with
asteroid Itokawa. Our results show that small-size asteroids
could also have fine regolith on the surface, and further infer
that Apophis may have been delivered from the Main Belt
by the Yarkovsky effect.
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Long-lived Dust Asymmetries at Dead Zone Edges in
Protoplanetary Disks

Miranda, R (Miranda, Ryan); Li H (Li, Hui); Li, ST (Li,
Shengtai); Jin, S (Jin, Sheng)

ASTROPHYSICAL JOURNAL
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A number of transition disks exhibit significant azimuthal
asymmetries in thermal dust emission. One possible origin
for these asymmetries is dust trapping in vortices formed at
the edges of dead zones. We carry out high-resolution,
two-dimensional hydrodynamic simulations of this scenario,
including the effects of dust feedback. We find that,
although feedback weakens the vortices and slows down the
process of dust accumulation, the dust distribution in the
disk can nonetheless remain asymmetric for many
thousands of orbits. We show that even after 104 orbits, or
2.5 Myr when scaled to the parameters of Oph IRS 48 (a
significant fraction of its age), the dust is not dispersed into
an axisymmetric ring, in contrast to the case of a vortex
formed by a planet. This is because accumulation of mass at
the dead zone edge constantly replenishes the vortex,
preventing it from being fully destroyed. We produce
synthetic dust emission images using our simulation results.
We find that multiple small clumps of dust may be
distributed azimuthally. These clumps, if not resolved from
one another, appear as a single large feature. A defining
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characteristic of a disk with a dead zone edge is that an
asymmetric feature is accompanied by a ring of dust located
about twice as far from the central star.

e
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Thermophysical characteristics of the large main-belt
asteroid (349) Dembowska

Yu, LL (Yu, Liang Liang); Yang, B (Yang, Bin); Ji, JH (Ji,
Jianghui); Ip, WH (Ip, Wing-Huen)

MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
% 472 111: 2 71: 2388-2397

(349) Dembowska is a large, bright main-belt asteroid that
has a fast rotation and an oblique spin axis. It might have
experienced partial melting and differentiation. We
constrain Dembowska's thermophysical properties, such as
thermal inertia, roughness fraction, geometric albedo and
effective diameter within 3s uncertainty of Gamma =
20(-7)(+12) Jm(-2) s(-0.5) K-1, fr = 0.25(-0.25)(+0.60), p(v) =
0.309(-0.038)(+0.026) and D-eff = 155.8(-6.2)(+7.5) km, by
utilizing the advanced thermophysical model to analyse four
sets of thermal infrared data obtained by the Infrared
Astronomy Satellite (IRAS), AKARI, the Wide-field Infrared
Survey Explorer (WISE) and the Subaru/Cooled Mid-Infrared
Camera and Spectrometer (COMICS) at different epochs. In
addition, by modelling the thermal light curve observed by
WISE, we obtain the rotational phases of each data set.
These rotationally resolved data do not reveal significant
variations of thermal inertia and roughness across the
surface, indicating that the surface of Dembowska should be
covered by a dusty regolith layer with few rocks or boulders.
Besides, the low thermal inertia of Dembowska shows no
significant difference with other asteroids larger than 100
km, which indicates that the dynamical lives of these large
asteroids are long enough to make their surfaces have
sufficiently low thermal inertia. Furthermore, based on the
derived surface thermophysical properties, as well as the
known orbital and rotational parameters, we can simulate
Dembowska's surface and subsurface temperatures
throughout its orbital period. The surface temperature
varies from similar to 40 to similar to 220 K, showing
significant seasonal variation, whereas the subsurface
temperature achieves equilibrium temperature about
120-160 K below a depth of 30-50 cm.

5 265 %, Ft 286 %

The Scattering Outcomes of Kepler Circumbinary Planets:
Planet Mass Ratio

Gong, YX (Gong, Yan-Xiang); Ji, JH (Ji, Jianghui)
ASTRONOMICAL JOURNAL

%: 154 : 5 SCHkS: 179
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Recent studies reveal that the free eccentricities of
Kepler-34b and Kepler-413b are much larger than their
forced eccentricities, implying that scattering events may
take place in their formation. The observed orbital
configuration of Kepler-34b cannot be well reproduced in
disk-driven migration models, whereas a two-planet
scattering scenario can play a significant role of shaping the
planetary configuration. These studies indicate that
circumbinary planets discovered by Kepler may have
experienced scattering process. In this work, we extensively
investigate the scattering outcomes of circumbinary planets
focusing on the effects of planet mass ratio. We find that the
planetary mass ratio and the the initial relative locations of

112

planets act as two important parameters that affect the
eccentricity distribution of the surviving planets. As an
application of our model, we discuss the observed orbital
configurations of Kepler-34b and Kepler-413b. We first
adopt the results from the disk-driven models as the initial
conditions, then simulate the scattering process that occurs
in the late evolution stage of circumbinary planets. We show
that the present orbital configurations of Kepler-34b and
Kepler-413b can be well reproduced when considering a two
unequal-mass planet ejection model. Our work further
suggests that some of the currently discovered circumbinary
single-planet systems may be survivors of original
multiple-planet systems. The disk-driven migration and
scattering events occurring in the late stage both play an
irreplaceable role in sculpting the final systems.
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Tidal Evolution of the Kepler Planets with Radii Less than 4
R

Dong Yao; Ji Jianghui; Wang Su

Acta Astronomica Sinica
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The planets with a radius<4 R_ observed by the Kepler
mission exhibit a unique feature,and propose a challenge for
current planetary formation models. The tidal effects
between the planet and the host star play an essential role
in reconfiguring the final orbits of the short-period planets.
In this work, based on various initial Rayleigh distributions of
the orbital elements, the final semi-major axis distributions
of the planets with a radius<4 R_ after suffering tidal
evolution are investigated. Our simulations qualitatively
reveal various statistical properties:the peaks of semi- major
axes increase with the mean semi-major axis, and the peak
amplitude of the final semi-major axis distribution increases
with the mean eccentricity for all kinds of semi-major axis
distributions. For the case that the mean semi-major axis is
about 0.1 au and the mean eccentricity is larger than 0.25,
the amplitude peaks of the final semi-major axis are
approximately consistent with observations. In addition, the
roles of other parameters such as the tidal dissipation factor,
stellar, and planetary mass etc, are explored in this study by
performing numerical simulations, and it is found that they
have little effect on the amplitudes of the peaks. Our
simulation results provide some clues of planetary formation
for such low-mass planets. We speculate that these
low-mass planets are possible to form in a farther place of
the proto-planetary disk with a moderate eccentricity via
type | migration, and it is possible to form in situ too.
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Using Chebyshev polynomial interpolation to improve the
computational efficiency of gravity models near an
irregularly-shaped asteroid

Hu, SC (Hu, Shou-Cun); Ji, JH (Ji, Jiang-Hui)

RESEARCH IN ASTRONOMY AND ASTROPHYSICS

117 H1: 12 kS 120

In asteroid rendezvous missions, the dynamical environment
near an asteroid's surface should be made clear prior to
launch of the mission. However, most asteroids have
irregular shapes, which lower the efficiency of calculating
their gravitational field by adopting the traditional
polyhedral method. In this work, we propose a method to
partition the space near an asteroid adaptively along three
spherical coordinates and use Chebyshev polynomial
interpolation to represent the gravitational acceleration in
each cell. Moreover, we compare four different
interpolation schemes to obtain the best precision with
identical initial parameters. An error-adaptive octree
division is combined to improve the interpolation precision
near the surface. As an example, we take the typical
irregularly-shaped near-Earth asteroid 4179 Toutatis to
demonstrate the advantage of this method; as a result, we
show that the efficiency can be increased by hundreds to
thousands of times with our method. Our results indicate
that this method can be applicable to other
irregularly-shaped asteroids and can greatly improve the
evaluation efficiency.

50270 %, 3k 286 %

Near Mean-motion Resonances in the System Observed by
Kepler: Affected by Mass Accretion and Type | Migration
Wang, S (Wang, Su); Ji, JH (Ji, Jianghui)

ASTRONOMICAL JOURNAL
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The Kepler mission has released over 4496 planetary
candidates, among which 3483 planets have been confirmed
as of 2017 April. The statistical results of the planets show
that there are two peaks around 1.5 and 2.0 in the
distribution of orbital period ratios. The observations
indicate that plenty of planet pairs could have first been
captured into mean-motion resonances (MMRs) in planetary
formation. Subsequently, these planets depart from exact
resonant locations to be near-MMR configurations. Through
type | migration, two low-mass planets have a tendency to
be trapped in first-order MMRs (2:1 or 3:2 MMRs); however,
two scenarios of mass accretion of planets and potential
outward migration play important roles in reshaping their
final orbital configurations. Under the scenario of mass
accretion, the planet pairs can cross 2:1 MMRs and then
enter into 3:2 MMRs, especially for the inner pairs. With
such a formation scenario, the possibility that two planets
are locked into 3:2 MMRs can increase if they are formed in
a flat disk. Moreover, the outward migration can make
planets have a high likelihood to be trapped into 3:2 MMRs.
We perform additional runs to investigate the mass
relationship for those planets in three-planet systems, and
we show that two peaks near 1.5 and 2.0 for the period
ratios of two planets can be easily reproduced through our
formation scenario. We further show that the systems in
chain resonances (e.g., 4:2:1, 3:2:1, 6:3:2, and 9:6:4 MMRs),
have been observed in our simulations. This mechanism can
be applicable to understand the formation of systems of
Kepler-48, Kepler-53, Kepler-100, Kepler-192, Kepler-297,
Kepler-399, and Kepler-450.
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Near Mean-motion Resonances in the System Affected by
Mass Accretion and Type | MigrationObserved by Kepler:

SWang, JJi

Astronomical Journal

The Kepler mission has released over 4496 planetary
candidates, among which 3483 planets have been confirmed
as of April 2017. The statistical results

4-06 Laboratory for Astrochemistry and

Planetary Sciences
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Optical spectroscopic characterizations of laser irradiated
olivine grains

Yang, YZ (Yang, Yazhou); Zhang, H (Zhang, Hao); Wang, ZW
(Wang, Ziwei); Yuan, Y (Yuan, Ye); Li, SL (Li, Shaolin); Hsu, WB
(Hsu, Weibiao); Liu, CJ (Liu, Chujian)

ASTRONOMY & ASTROPHYSICS
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Context. Visible and near-infrared spectra of asteroids are
known to be susceptible to nanophase irons produced by
space weathering processes, thus making mineral
identifications difficult. Mid-infrared spectroscopy may
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retain more mineral features owing to its lattice vibrational
nature.

Aims. We investigate the structure and reflectance spectral
feature changes of olivine grains before and after simulated
space weathering.

Methods. We irradiate olivine grains by using pulsed laser to
simulate varying degrees of micrometeorite bombardments.
Reflectance measurements from 0.5 to 25 mu m and
radiative transfer calculations were carried out in order to
compare them with each other.

Results. Both the experimental simulations and modeling
results indicate that the mid-infrared spectral features of
olivine grains can survive the intense irradiations. Although
the Christansen Feature is slightly shifted to longer
wavelength, major vibrational bands remain essentially
unchanged, because the lattice structure is quite immune to
even the strongest irradiations, as revealed by both the
X-ray diffraction and Raman scattering measurements.
Conclusions. Mid-infrared spectroscopy is much more
immune to productions of nanophase irons and amorphous
materials and thus may be used more reliably in remote
detections of minerals on asteroid surfaces.
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Late Oligocene crustal anatexis and melt/fluid migration in
the Ailao Shan tectonic belt: Evidences from zircon U-Pb
ages and trace element compositions

Wang, DB (Wang DongBing); Tang, Y (Tang Yuan); Luo, L (Luo
Liang); Liao, SY (Liao ShiYong); Yin, FG (Yin FuGuang); Wang,
BD (Wang BaoDi)

ACTA PETROLOGICA SINICA

%: 33 #}]: 7 U1: 2037-2053

The Ailao Shan tectonic belt is an important tectonic
boundary in southeast of the Qinghai-Tibetan Plateau and
consists mainly of high-grade metamorphic rocks previously
thought to be Paleoproterozoic basement rocks. In-situ
LA-ICP-MS U-Pb age and trace element of zircons were
determined for the Ailao Shan high-grade metamorphic
rocks. Zircon U-Pb geochronological data indicate that the
high-grade metamorphic rocks have various parent rocks
with different intrusive/depositional ages of 728 +/- 8Ma,
727 +/- 3Ma and 231 +/- 4Ma and similar metamorphic ages
of 27. 8 similar to 23. 7Ma. Our new results demonstrate
that the high-grade metamorphic rocks from the Ailao Shan
belt zone are a mixture of metamorphic both igneous and
sedimentary rocks of different times, instead of solely
Paleoproterozoic basement rocks. Migmatization and
metamorphic crystallization of these rocks took place at 27.
8 similar to 23. 7Ma, indicating a significant period of crustal
anatexis in the Ailao Shan tectonic belt. The syntectonic
felsic dykes hosted by gneiss were derived from a mixture of
locally-derived and allochthonous melts. The migmatized
rocks from the Ailao Shan deformation zone were most
probably the results of decompression melting following
peak metamorphism. The crustal anatexis and left-lateral
shearing were two synchronous metamorphic patterns
resulted from a shared geological event. They interact and
influence each other during exhumation of the Ailao Shan
metamorphic zone in Late Oligocene.
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New understanding on Ximeng Group in Three River area,
western Yunnan: Evidence from structural characterization
and zircon U-Pb dating

Tang, Y (Tang Yuan); Wang, DB (Wang DongBing); Liao, SY
(Liao ShiYong); Yin, FG (Yin FuGuang)

ACTA PETROLOGICA SINICA
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Located in the eastern margin of Baoshan-Shan Thai block,
the Ximeng Group was long regarded as the only
Precambrian metamorphic basement rocks exposed in China
of this block. Without scientific and reliable data of
geochronology and paleontology, the age of the
metamorphic rocks is still controversial. Based on detailed
macro- and micro-structural observations, the metamorphic
rocks of Ximeng Group which shows domelike uplift can be
divided into granitic mylonites and low grade metamorphic
rocks. The former are distributed in core of the uplift and
have experienced intensively ductile deformation. The latter
are distributed in the rim and have the similar features of
Pake Formation and Wangya-Yungou Formation. According
to EBSD fabric analysis of quartz in the deformed rocks of
Ximeng Group, it can reveal that the rocks closed to the core
have experienced an early stage of deformation at
intermediate temperatures (550 similar to 650 degrees C,
corresponding to amphibolite facies) and a late deformation
at low temperature (400 similar to 550 degrees C,
greenschist facies), while the rocks near the rim of uplift
have been deformed at low temperature (400 550 degrees
C). In this paper, three samples of granitic mylonites were
chosen for LA-ICP-MS zircon U-Pb dating, giving ages of 455
+/- 3Ma, 456 +/- 3Ma and 454 +/- 3Ma respectively.
Combined with previous research results of geochronology
and paleontology, it indicates that the protolith of the
Ximeng metamorphic rocks may be composed of two parts.
The first part is the Ordovician granite ( similar to 460Ma)
and the other mainly comprises Cambrian carbonate, elastic
rocks and minor basic volcanic rock. The former is highly
deformed into mylonites during the ductile shearing, and
the latter is transformed into phylite, schist and marble due
to low grade metamorphism at low temperature (400 550
degrees C, greenschist facies). It also can be concluded that
Ximeng Group should not be regarded as the Precambrian
metamorphic basement rocks of Baoshan block.
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The petrology and chronology of NWA 8009 impact melt
breccia: Implication for early thermal and impact histories
of Vesta

Liao, SY (Liao, Shiyong); Hsu, WB (Hsu, Weibiao)
GEOCHIMICA ET COSMOCHIMICA ACTA
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Studies of petrology, mineralogy and geochronology of
eucrites are keys to reconstruct the thermal and impact
history of 4 Vesta, the proposed parent body for HED
meteorites. Here we report the petrography, mineralogy
and geochemistry of NWA 8009, a newly found eucritic
impact-melt breccia, and present SIMS U-Pb ages of zircon
and phosphates. NWA 8009 consists of coarse-and
fine-grained lithic and mineral clasts set in fine-grained
recrystallized matrix. It was derived from a protolith of
monomict non-cumulate eucrite. Evidence for intense shock
metamorphism observed in NWA 8009 includes mosaicism,
deformed exsolution lamellae and partial melting of
pyroxene, melting and incipient flow of plagioclase, planar
fractures and granular textures of zircon. These shock
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effects indicate NWA 8009 was subjected to an impact
metamorphism with peak pressure of similar to 50-60 GPa
and post-shock temperature of similar to 1160-1200 degrees
C. NWA 8009 is among the most intensely shocked HEDs
reported yet. After the impact, the sample was buried near
the surface in target rocks and experienced rapid cooling
(similar to 23 degrees C/h) and annealing, resulting in
recrystallization of the matrix and devitrification of
plagioclase and silica glasses. U-Pb isotopic system of apatite
within plagioclase groundmass of lithic clasts is completely
reset and constrains the timing of impact at 4143 +/- 61 Ma,
providing a new robust impact age on Vesta. Combined with
the presence of synchronous impact resetting events,
especially those recorded by Lu-Hf, Sm-Nd, and Pb-Pb
isotopic systems, we identified a period of high impacts flux
at ca. 4.1-4.2 Ga on Vesta. This impact flux occurred
coincident with the uptick at ca. 4.1-4.2 Ga in impact age
spectra of the moon, probably reflects widespread intense
bombardment throughout the inner solar system at ca.
4.1-4.2 Ga. Based on evidence from zircon chemical zoning,
petrographic occurrences, as well as the distinctive Zr/Hf
ratios, we suggested that zircons in NWA 8009 have had a
metamorphic, instead of magmatic origin. They mainly
crystallized from melts produced by partial melting of
mesostasis area due to reheating event during early global
thermal metamorphism, rather than by Zr release from
Zr-rich minerals. The U-Pb isotopic system in zircons was not
disturbed by subsequent impacts, the weighted-mean
Pb-207/Pb-206 age of 4560 +/- 8 Ma represents the timing
of zircon growth during thermal metamorphism. Zircons
from NWA 8009 and other eucrites may share a common
origin during metamorphic growth events, and constraining
the global thermal metamorphism on Vesta at ca. 4.55 Ga.
The main heat sources responsible for global metamorphism
in basaltic crust of Vesta might be heating from the hot
interior, especially heat flow related to magmatism, rather
than impact. (C) 2017 Elsevier Ltd. All rights reserved.
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Petrogenesis of late Eocene high Ba-Sr potassic rocks from
western Yangtze Block, SE Tibet: A magmatic response to
the Indo-Asian collision

Liu, Z (Liu, Zheng); Liao, SY (Liao, Shi-Yong); Wang, JR (Wang,
Jin-Rong); Ma, Z (Ma, Zhen); Liu, YX (Liu, Yi-Xin); Wang, DB
(Wang, Dong-Bing); Tang, Y (Tang, Yuan); Yang, J (Yang, Jing)
JOURNAL OF ASIAN EARTH SCIENCES
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The Indo-Asian collision resulted in extrusion of the
Indochina Block along the Ailao Shan-Red River (ASRR) shear
zone in the Cenozoic, with the emplacement of widespread
potassic magmatic rocks. In this contribution, we
investigated five potassic felsic intrusions exposed in the
western Yangtze Block adjacent to the ASRR shear zone,
including the Xiaogiaotou, lJianchuan, Yuzhaokuai,
Laojunshan and South Taohuacun intrusions. New
LA-ICP-MS zircon U-Pb results in combination with previous
data indicate that these felsic rocks have identical
crystallization ages of similar to 36-35 Ma. They are
characterized by high Ba (mostly >1500 ppm) and Sr
(mostly >1000 ppm) abundances, with high K20 contents
and K20/Na20 ratios. They exhibit similar Sr-Nd isotopic
components as the coeval shoshonitic mafic rocks exposed
in the studied area. Elemental and isotopic data suggest that
the five intrusions were likely derived from fractional
crystallization of shoshonitic mafic magmas originating from

an enriched lithospheric mantle. On the basis of previously
published data and results in this paper, we considered that
the lithospheric mantle underneath the western Yangtze
might have undergone enrichment events twice at least,
including the Neoproterozoic oceanic subduction and the
Neo-Tethyan oceanic subduction. (C) 2016 Elsevier Ltd. All
rights reserved.
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Chronology,Petrogenesis and Links with Extrusion Tectonics
of Cangyuan Cenozoic Intermediate to Acid Intrusive Rocks
in Baoshan Block,Eastern Tibetan Plateau

Wang Dongbing; Tang Yuan; Ye Chunlin; Yin Fuguang; Luo
Liang; Liao Shiyong

Bulletin of Mineralogy Petrology and Geochemistry
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In order to investigate the geochronology,petrogenesis and
geodynamicsettingof the Cenozoic igneous rocks in Baoshan
block,we have concentrated on the petrology,zircon U-Pb
chronology and whole-rock geochemical composition of the
Early Cenozoic igneous rock in Cangyuan,southeastern
Baoshan block. The results of dating indicate that the
intermediate to flesic intrusions and dykes in Cangyuan
emplaced at 40-41  Ma,synchronous with those in Lancang
region. The Early Cenozoic igneous rock in Cangyuan and
Lancang exhibits high Sr /Y,La /Yb,Gd /Yb ratios and
significant REE fractionation,with no significant Sr,Eu
negative anomaly,similar to C-type adakite. They have
enriched  initial  ~(86)Sr /  ~(87)Sr  ratios  of
0.7065-0.7103,epsilon_(Nd) (t) values of -3.6 to -5.6. We
infer that the Cangyuan Cenozoic magmatism resulted from
partial melting of garnet amphibolite in lower crust at a
depth of 30 ~ 40  km. In addition,we report for the first
time that there has ~ 41  Ma A-type granite in Cangyuan
region in this study. The early Cenozoic igneous rock in both
Cangyuan and Lancang have close spatial,temporal and
possibly has genetic linkage with the eastward extrusion of
Tibet.
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PETROLOGY, MINERALOGY AND IN SITU U-PB DATING OF
NORTHWEST AFRICA 11042.

Wu, Y (Wu, Y.); Hsu, W (Hsu, W.)
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Optical spectroscopic characterizations of laser irradiated
olivine grains

YYang, HZhang, ZWang, YYuan, SLi

Astronomy & Astrophysics

Context. Visible and near-infrared spectra of asteroids are
known to be susceptible to nanophase irons produced by
space weathering processes, thus making mineral
identifications difficult. Mid-infrared spectroscopy may
retain more mineral features owing to its lattice vibrational
nature. Aims. We investigate the structure and reflectance
spectral feature changes of olivine grains before and after
simulated space weathering. Methods. We irradiate olivine
grains by using pulsed laser to simulate varying degrees of
micrometeorite bombardments. Reflectance measurements
from 0.5 to 25 um and radiative transfer calculations were
carried out in order to compare them with each other.
Results. Both the experimental simulations and modeling
results indicate that the mid-infrared spectral features of
olivine grains can survive the intense irradiations. Although
the Christansen Feature is slightly shifted to longer
wavelength, major vibrational bands remain essentially
unchanged, because the lattice structure is quite immune to
even the strongest irradiations, as revealed by both the
X-ray diffraction and Raman scattering measurements.
Conclusions. Mid-infrared spectroscopy is much more
immune to productions of nanophase irons and amorphous
materials and thus may be used more reliably in remote
detections of minerals on asteroid surfaces.
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Submicroscopic metallic iron in lunar soils estimated from
the in situ spectra of the Chang'E-3 mission

Wang, ZC (Wang, Zhenchao); Wu, YZ (Wu, Yunzhao); Blewett,
DT (Blewett, David T.); Cloutis, EA (Cloutis, Edward A.);
Zheng, YC (Zheng, Yongchun); Chen, J (Chen, Jun)
GEOPHYSICAL RESEARCH LETTERS
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Submicroscopic metallic iron (SMFe) created by space
weathering has strong effects on the optical properties of
the lunar surface. Spectra measured in situ by the
visible-near-infrared spectrometer (VNIS) on board the
Chang'E-3 Yutu rover were used to investigate optical
maturity differences at the CE-3 landing site caused by
lander exhaust. SMFe abundances were estimated using
Hapke's radiative transfer model. Analysis of the spectrum
for a minimally disturbed soil indicates that it contains 0.368
wt% SMFe, corresponding to an I-s/FeO maturity index of
similar to 53 and indicating that the landing site is
submature. The soil at a location that was more disturbed
contains 0.217 wt% SMFe, suggesting that the material
removed by the rocket blast is more weathered than the
regolith that remained behind. We conclude that maturity
differences related to removal of the finest, highly mature

particles play a major role in the observed reflectance
changes associated with rocket blast.
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Effect of Topography Degradation on Crater Size-Frequency
Distributions: Implications for Populations of Small Craters
and Age Dating

Xie, MG (Xie, Minggang); Zhu, MH (Zhu, Meng-Hua); Xiao, ZY
(Xiao, Zhiyong); Wu, YZ (Wu, Yunzhao); Xu, AA (Xu, Aoao)
GEOPHYSICAL RESEARCH LETTERS
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Whether or not background secondary craters dominate
populations of small impact craters on terrestrial bodies is a
half-century controversy. It has been suggested that small
craters on some planetary bodies are dominated by
background secondary craters based partly on the
steepened slope of crater size-frequency distribution (CSFD)
toward small diameters, such as the less than similar to 1 km
diameter crater population on the lunar mare. Here we
show that topography degradation enlarges craters and
increases CSFD slopes with time. When topography
degradation is taken into account, for various-aged crater
populations, the observed steep CSFD at small diameters is
uniformly consistent with an originally shallower CSFD,
whose slope is undifferentiated from the CSFD slope
estimated from near-Earth objects and terrestrial bolides.
The results show that the effect of topography degradation
on CSFD is important in dating planetary surfaces, and the
steepening of CSFD slopes is not necessarily caused by
secondary cratering, but rather a natural consequence of
topography degradation.
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201711282709 | —MEtk RIIREFEREN | KB | TEE. BB, KE=. ) | B

2 |5 PomizdlEE TR | & Bk 1=
201711152874 | —MBAFEIRTHESS | R | oo, FBIE. X8 £ | B

3 |9 ARG R | 5. Rk B
201711152875 KB | &I, KFE. BRSNS, #X | H

4 |3 — T ELRORIRLETS TR | BiE. £t AEE. B | B
201711082011 | —Fh#=F FFT SN RFKRIE | KB i

5 19 1773 TF | PMERE. BRI, HkEEY | B
201710846796 | #EEFRSTESFIAMZLET R | 4B BH

6 |6 29 Pvr SN SRS Y S b TH | B8, 88, £ £ B
201710560132 | —METRITEEHRARS | KB =

7 |3 PP TR | pkimry. AR B
201710405813 | FFZEEAECEMEIEIIER L | &BH ==

8 |2 B EBSIERNGE TR | £F. KX B8 BES | B
—FMETESIRNEENATZE | & ==

9 KBRS RENEENERS TR | = =
201810261153 | —MFTABEFLSHABIARL | K08 | Hi&. T 4gis . | &

10 | X EEETRIEEHRR R | FHrok ]
20171138070 | —FEETHFHEEMER; & B

11 |5 RIS s | BRI | £ i5
201710307681 | FiDrizzle Z)RFIFERE | %88 EA

12 | X FERN 7 | B FES i
201711321275 | FERHEZIRENE | w8 B

13 |5 LETELS TN H | TE ZE= i

EF 0 I/INRESRAITRIR

201711331038 | IEN(EZRED)BIGEEK | &8 EA

14 |7 N R | £E  FER =
201621289176 | iEYtHHENEHEE STA | AR, Rk, ABERE. XU | 2

1 |4 WE | 5. £ CEE N
2 | 201621284235 | —FhrhFIRMEES SLA | EkES i
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9 e i
201621285447 | — S E{tEBES TR | EKES =
3 19 #E 3%
201610319948 | —&# KID RUSEMFINSINGE | K98 | MBI, HER. $4F. |13
4 |2 BB R S &7 | =7 "
201610132088 | KfZ&IRNIZSAIEHBIRR S | BB | MiBE. $457F. FE5 | B8
5 |1 SR TS 7 1
201610132090 | KfZZINEEFIIRIRES | &BB | K3, skt P4 25 | 1%
6 |9 P &R | kI 1
201510599033 | (KEEMEBENESE KBB | o, £ XIER. BE | %
7 |7 EF| | &, TS, £EE. 78 | W
201510294511 | —FEHTEEMAEFIRNEE | &BF | B, 5—08, PRITE. 30 | %
8 |3 HORIPEERT BRI | @t BEE. B—E |
201410780651 | —Fh=S[EIRMMN BRI E KREB | HBI5, KRF. M, | R
9 |7 TR | Eitt 1
20141011448 | HBHUAM KRS | BB | 28, 9, EREE. | B
10 |57 B2 B LR EF | BRE. Bk, w4 |
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2017 FERZAMRAN. TF. TH KX

% | 2%
e | s m | EIEF
- e || | B E(R RS
BESHR A s | |6 || BI) 2 | 2
BE | L 5 |[F| B (& |5
|3 |sa | E . i
e e i E 5 | |iE

X X |X

FHNSR., PFERBXRYIEHRRE

4z 4 3| 4| 3/,0| 2/0| 0/ 0|0
yNIEISEINGEE S YL SN e Ei ] 13| 8| 13| 8| 0| 9|/0| 0| 0| O
AP ENRZ KRR EE 25| 15| 24| 14| 1| 6| 0| 0| 0] O
FHEeeRFAIINEF RS A 5/ 5| 4| 4|0 2|1] 0] 0| O
BRI EEERNURI BRI R R A 20| 15| 16| 12| 0| 3|, 0| 0| 0| O
SRS RS ELs = 18 17| 5| 0| 7| 0| 0| 4/ 0
BN X GIERHAR 2 2| 2/ 0| 1[0, 0/ 0| O
IEYRZEXXHATEE Sit 87| 54| 80| 48| 1| 30|/ 1| 0| 4| 0
B2, EUABKENAREA 3| 2| 1| o|o0o| o|o0] O0]O0O|O
EEtRARIZ AL 15| 4| 15| 4| 0| 12| 0| 2| 0| O
ERXFHFNEEENREH 15| 11| 12| 8| 0| 7| 0| 3] 0| O
ERFHEERMATHEER 13 13| 3| 0] 10, 0| 0| 0| O
DFSEERMAREAA 12 12| 6| 0| 10/ 0| 0| 0| O
SRS KA KATHEA 8 8/ 1,0| 6[0| 0/ 0O
2N YA T A LAz ) 17| 10| 16| 10| 0| 11| 0| 0| 0| O
WIRSED B S RAREA 6| 4| 6| 4/0| 3/,0| 0| 0| O
2 SINE=Y S S v 11| 7| 8| 4| 1| 4|0| 3| 3| 4
R BRI ARSI = 3] 5| 2|0 2|0 6| 2| 2
ES IR KR 5/ 5| 3|/ 0| 3,0/ 0| 0/ 3
PRAXHSBRXXAREE Sit ## | 56/101| 45| 1| 68| 0|14| 5| 9
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ia BirSiE AR A 20| 18| 10 20 1|1 1| 3
DPEBEZENRNBHAREA 1| 1| 0 0| 0|0 0| 0
RAXEHENZBBFSERTHREE

ait 21| 19| 10| 8| 2| 1/0| 0| 1| 3
iy N oSV ily NS B NN i 8/ 0| 8| 0|0| 7/0| 0] O0|O
REMRNEE R RREAR 10| 10| 8| 8| 0| O0|0| O] O] O
AFRFIARPERESEE FAHREA 11| 5| 9| 5| 0| 2(0] 0] 0| O
T RN B iR F2H 1/ 0| 1| o|o0| O0|0| 0[] O]|O
TERFERTIRNELNE 10, 5| 7| 3]0l 2(0] 0[O0 O
A FFTER FLINE 17| 8| 10| 5/ 0| O0|0| 0| O| O
AFRAR Sy o 0/ ol 0|0|] O0/0| 0] O|O
TENEFHRASA 2| 0| ol O0|0] O0/0|] 0] OO
TERFMRSIFNMARES Sit 59| 29| 45| 22/ 0| 13/ 0| 0| O| O
Hfth 6| 6| 0| O0|/0| O0|0| O] O0|O
Hitt &1t 0| 6/ 0| 0|l0|] 0|0 O] O0|O
ait 286 | 163234 |122| 4|110| 2|14|10] 12
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FENFTERFUMBELR T

400

350

300

250
Iﬁ 200
E 150
i& 100 -
1l
0

2010 2011 2012 2013 2014 2015 2016 2017

45(
2017 4 1§ 16 5 ¥ 5t Wi E

S TEHT MAETH
TARE | mow | N sk
E KA 171 52% 10344
R AT 55 98 30% 3289
7S 26 8% 184
AR 29 9% 617
W5 AR H ik 0 0% 0

HAth 2 1% 5

KA 326 100% 14439

123



Purple Mountain Observatory CAS

52
5 H# BEA YA HRFR &H
00
1 | 2017.1.3 | #WiH PR 2 W5 R I ERBERAR  E TS A MHD RS i TR
00 | 2017.1.1 | Seog-Tae A Millimeter-Wave Quasi-optical Circuitfor Compact
2 3 Han e RS Rl F1 =1 T 5T Triple Bands Receiving System.
00 | 2017.1.1 Turbulent dissipation and structure in the space
3 2 FEm e IR KA T plasma flows
00 | 2017.2.1
4 5 FhE BV BIWFFC L | Mapping the Dust Obscured Cosmic Star Formation
00 | 2017.3.1 Observations of M31 and M33 with the Fermi Large Area
5 4 -3 “ERNLE BIWFFCGL | Telescope: a galactic center excess in Andromeda?
00 | 2017.3.1 BFEHFFE | A Mixture Evolution Scenario of the AGN Radio
6 4 IR “HRYLE I Luminosity Function
Paul Water emission and molecular gas outflows in
00 van der (ultra) luminous infrared galaxies at low and high
7 | 2017.4.6 | Werf PN ECid redshift
00 | 2017.4.1 | Matin 3D Observations of Molecular Gas in Galaxies: From
8 1 Bureau University of Oxford % Global Dynamics to Supermassive Black Holes
00 | 2017.4.1
9 |2 e JesiiE R H#z T R BN
01 | 2017.4.1 Universitats—Sternwar Impact of molecular clouds on galactic disk
0 9 ZE N te Minchen i+ clumpiness
01 2017.4. 2 Pinning down the origin of Galactic cosmic rays by
1 0 WmER 1 [F 5 YAz M E T 7T W5 using gamma-ray observations
01 2017.4.2 | Victor Pulkovo Observatory, Spatial Distribution of Intensity and Polarization of
2 4 Melnikov | Saint Petersburg Hard X-Ray and Gamma—Ray Emission in a Flare Loop
01 | 2017.4.2 R oy B R FE R B R TR A AT B A A 3 g i
3 7 A RN iR 1%
Heidelberg Institute

01 for Theoretical inner structure of early—type galaxies since z=1.0:
4 2017.5.2 | HFHY Studies [ wE a simulation perspective

Formation of Active Regions and Sunspots through
01 Emergence of Magnetic Flux Generated in a Solar
5 | 2017.5.5 | BE#L FHELRTE WtE Convective Dynamo
01 Sergey D B} e 4 ) B R
6 2017.5.8 | Kuzin Wy EEI 7B i+ Results of Solar Space Experiments of LPI
01 2017.5.1 | Nithaya Enhancing Chinese-South African cooperation in
7 1 Chetty FdE NRF K5t A % Astronomy
01 | 2017.5.2 Space Weather and Space Radiation and their effects
8 2 R il ] 3 SR K2 i+ on space explorations
01 2017.5.1 Remote Sensing and Spectroscopic Studies of Mars and
9 9 XU =% [EH vaE T {8 the Moon: from Thermal Infrared to Far-Ultraviolet
02 | 2017.5.2 | Chang University of Recent measurements from POLARBEAR, CIBER, Planck and
0 5 FENG California, Irvine A Fermi-LAT experiments
02 | 2017.5.3 | Jonathan
1 1 Braine University de Bordeaux | #(#% Dense gas in low metallicity environments

Losing sight of CO and dust in galaxies: the CMB
02 | 2017.6.1 | Zhiyu University of effect, cosmic rays, and their implications for the
2 2 Zhang Edinburgh/ESO A stellar IMF
02 AGN variability - a powerful tool to probe and test
3 2017.6.1 | #LR#E RRR 8- AGN structures in the era of time domain astronomy
02 Precision measurement of antiproton to proton ratio
4 | 2017.6.6 | HEh PN filfi 1 by AMS-02
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02 | 2017.6. Constraint Studies on the Interior Structure of
5 2 k=] W Z AN K % Planetary Bodies Using Satellite Geodesy
02 | 2017.6.
6 7 Yu Gao Wayne State Univ., USA) Indirect Search Aspects of Right Handed Neutrinos
02 | 2017.6. Shuo Revealing the Origin of Cosmic—rays in the Galactic
7 4 Zhang MIT -t G Center
02 | 2017.6. Rainer
8 4 Schoedel TAA-CSIC, Spain % Near—infrared studies of the nearest galactic nucleus
02 | 2017.6. Max Planck Institute A fading particle accelerator for multi-TeV emissions
9 4 W & for Nuclear Physics in the Galactic Center
03 | 2017.6. Physics Department, Understanding Transport Processes in the
0 9 AR Auburn University APz Magnetosphere Using Hybrid Simulation
03 | 2017.6. Jian—Yan | Planetary Science Disk-Resolved Photometric Analysis and Applications
1 7 g Li Institute fi on Dawn Vesta Data
03 Gas Accretion and High-Mass Star Formation in
2 2017. 7. BT HAFE RS i+ Filamentary Molecular Clouds
03 Jie George Mason Compound Solar Eruptions: the phenomena, processes
3 2017. 7. Zhang University HF% and possible causes
03 | 2017.7. University of Make it, Mix it and Shake it — a recipe for cold gas
4 0 R California i+ in circumgalactic medium
03 | 2017.7. Fran¢ois X-IFU, the high resolution X-ray imaging spectrometer
5 4 PAJOT Recherche au CNRS HPZ of the Athena mission
03 | 2017.7. Xianming Asteroids, Eclipsing Binaries and Active Galactic
6 |5 L. Han K H ERERE ECid Nuclei
Properties of Elementary Particle Fluxes in Primary
03 | 2017.17. Cosmic Rays Measured with the Alpha Magnetic
7 4 VR4 PR FET W5 Spectrometer on the ISS
03 2017. 8. WFEHFFE | Cloud core dynamics and protostellar mass accretion
8 6 = Ny N Al history in star formation
03 | 2017.8. Florida Institute of Solar Energetic Particle Acceleration and Transport
9 4 X Technology i+ in the Inner Heliosphere
04 | 2017.8. Zhoujian | PhD, University of A Pan—STARRS1 View of the Taurus Star Formation
0 8 Zhang Hawaii - History in the Substellar Regime
Associat
e Star Formation in the Extended Disks of Spiral
04 Mousumi Indian Institute of Professo | Galaxies and what it tells us about the Disk Mass
1 2017.9. Das Astrophysics rl Distribution
Low frequency electromagnetic cyclotron waves in and
04 | 2017.8. Guoqing around magnetic clouds: STEREO observations during
2 |1 Zhao W& BAITE - 2007-2013
Constraining the Nature of Dark Matter with the Milky
04 Fermi National Lederman | Way Satellite Galaxies Discovered in the Dark Energy
3 2017.9. Ting Li Accelerator Laboratory | Fellow Survey
04 N. -H. Korea Astronomy and Temperature of source regions of 3He-rich impulsive
4 2017.9. Chen Space Science solar energetic particle events
04
5 | 2017.9. Wk b T e HIHx ] IR S
04
6 | 2017.9. g TR RIBEIE R | IR A
04
7 | 2017.9. A LR R RIBFSE | BT s ikt R RS S AR
Space Research
Institute (IKI) of Spatially-resolved observations of the sources of
04 | 2017.9. ZIMOVETS | Russian Academy of hard X-ray pulsations and their links with the
8 2 TVAN Sciences i+ magnetic structure in solar flare regions
04 | 2017.9. Conditional Color-Magnitude Distribution of Galaxies
9 2 YRGS EEhR NS A4 from Color/Luminosity Dependent Galaxy Clustering
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3

2

S

it}

% | 2017.9.2 | Marios What is Nature Astronomy and how do I get published
15 Karouzos | EH EIESXT] in it?

05 | 2017.9.2 | Tongjian | Catholic University of Coronal seismology by flare—excited standing

0 8 g Wang America and NASA GSFC slow—mode waves

05 | 2017.10. Eli Weizmann Institute of

1 24 Waxman Science % High energy neutrino astronomy: What have we learned?
05 | 2017.10.

2 |21 MR FRER H#z e gt [ — A BRI & Tl T 2%

05 | 2017.11. David

3 8 Elbaz CEA-Saclay, France i+t Universality and peculiarity in galaxy formation
El3

A

H Ravi

% | 2017.11. Guntupal | Vice President, Sales &

& 16 1i Marketing Latest Technology and Application in Astronomy

05 | 2017.11.

4 |29 AR e R i IR BH AU I 22 A0 (AP 5 [ st 5 g 2

05 | 2017.12. Peter Mé | Pennsylvania State Gamma—Ray Bursts, Neutron Star Mergers and

5 13 szaros University % Muti-Messenger Astrophysics

05 2017. 12.

6 15 X JEITRE H#z A0S SR AR BN R] ol 5 BERE IR S | I BT LRATF 5T

05 | 2017.12. A Black Hole — White Dwarf Compact Binary Model for
7 15 i A B [EIRpNES % Long Gamma-ray Bursts without Supernova Association
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BRatt5aRNFAMEG AN

vt Vi % S1LE: PMO
L5 2 W e || g | SRR | PO e
FHMERE.. 72 AT A 0% 2 4% 1 8%

K B i i S A S B T 5 3% 15 10% 9 16% 1 8%

K BHIE 30 1 22 3 B LM BT % 11 7% 17 11% 1 2%
F 490 R0 2% ) K S5y 2 31 20% 15 10% 2 4%
FEH =1 RE R A NS AN S A A 2% 6 11% 1 8%

B o () FE R AR DS BRI A 2 1% 5 3% 3 5%

I 5 A0 22 [R) R 3C
THE S5 EALFIRK ST 7 [ 240
R SCH G 6% 1%

SRS A A B 5T 41 3% 4 3% 4 7% 0%
J Z T 18 R T T 9T 4 16 10% 20 13% 7 12% 3 23%
G T S R B 7 2 6 4% 50 33% 1 2%

FE AN TG K AR S % 23 15% 4 3% 2 4% 1 8%

A e B R U 3 9 6% 1 2%
B RIEE K& Rt 5 24 2 1% 1 2% 0%
T RN 338, SC BT 7 [ 4 3 2% 3 2% 1 2% 2 15%
SR R R 5 ST A 2 1% 1 2%
RICHE TG AT =
YA e X BHR R SCHT A 4 3% 7 5% 2 4% 1 8%
B R SCRIST B R 3L
2% 18] A5 1 T 9 8 5% 4 3% 5 9%
MEREY TR preR 7 WS ANAZER T
MR Z R B S58 A
T b R AR FN K FH R R AR 7L 1 1% 1
JIEFIR LS R A 1 1%
K PH K FH 2 45 85 TR BT % 3 2% 1 1% 7%
TR GRS RN L = 8 5% 2 1% 7% 2 15%
R FNT R0 = 4 3%
17 Btk 5 3% 1 1% 1 3%
T R R AR R T B
AT BRI FIR S R
At 158 100% | 152 | 100% 57 13 -
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ME2017 FF “TKXALHH# R

( REWREEXRELD )

1. BYRATRUDELTEHRBERR;

BYFRRIFRUEE (1828 ) 2TERIZFRERS
NERE  CERERASNERANEE. BE5T
20114 12 B 1 AHIESZIN 2015 46 12 B 17 BHRST,
BT T F9HA 3 B AITENWRESLSS , HF 2016 & 3
B 17 HIER 3 AIER,

BEESHERITIFRSNS , 8RS 500 BHHIF
H&EG. ETHEMAT 530 RATKERIEE | B
SEMEENPIEALL 150 HAlgEEET 25GeV BT
FHRE% HMKE T 25GeV-4.6TeV NSHEERFFH
BYERREIE | 1ZAKSRT 2017 & 12 B 7 BTE (Nature) %
& IE £ & =
(http://www.nature.com/articles/nature24475),

WE 1 A R SHRFFESAAIRENETE
ELEEESMIZERNIRE (AMS-02, Fermi-LAT ) BE
ZRE  HET AREATTURFTENED ;| ES
MEFRT TeV BFRY "% FEESS( BHERETEAN
NEFHESD ), EENERLS ; B=SEREERN
BETHTFFHIRANLE~1 TeV LM9IBIT | 5K
MY FE SRR FIESTIRAVEAYINERE ) | EAETRRY T

FAT AT HIERB DR FFHITLES KB TR
EXEER. Wt B=SHEEILS ERE~14 TeV
SAFEREEIRES (BB ESHIEE T LARASHR.

250

Eé“‘@'g% :
< ok W ]
g 200: %@%&5 ]
< : e, - ]
@ 400 Sk L Ladt ]
Do ey ! |
3 R 3 } ]
[ R ]

é 100~ o DAMPE (this work) \TA ]
x —+— H.E.S.S. (2008) L Y . -
W —+— H.E.S.S. (2009) ?H b
50F  —=— AMS-02 (2014) ol b

[ —— Fermi-LAT (2017) 4’{ ]

0 Lo 1 1 o 1

10 100 1,000 10,000
Energy (GeV)

E 1 :1B=SIF 530 REAINSHEEFHITLE T
BEIE (IBHER ), URMEXERADENELER (K
R ) TERTRERSATIREHIE AT EER( G )
BB HBEEHERMSEES H.E.S.S SER (AR ) ALK,

2, FERRCXETHEANERFMNS | NREHEFRFRES;

20174 8 B 17 B , =EMESIHEE TS50
IRRE LIGO FIEM "=LEE" 51/7iERNEE VIRGO
HERUZIE SN GW 170817, FEEJLAPA , 3
EFA/S Fermi fIE353L P EFRUN INTEGRAL PEET
RNE T —MRISHIFERTRMINESE GRB 170817A, £BK
B HERGREX GW 170817 AR T/EHEMN FAE
RIS RS R ETEREER 1.3 {Z25FEZ MY
NGC 4993 NERH, XZRAREREERUZINGTFE
EBHEDREHRELEENNR  WRENAEREEE
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R AST3-2 X GW 170817 FE 7T BRI | LRI
WiFseRl 8 B 28 B, HABKE T KRENEEEIE , FHR
WRILRS | REHHEHES (B 1), AST3-2 15289
RS IREMR N ARIMNER &R 7 LR
FEFSHETH 1 %ERAFERE( BT 3000 MEEKE
2) BR |, XEIELA 0.3 LR R 2R | i
ENIREPRRD IR R ERY  TZRECERIAERITTER.
ItE , RBITBEEXI NIRRT | IESE T WHhFEHFE
BUHEFEHPABOEETER (£, 1) FER.

2 BEAFIRICRERE AST3-2

AST3-2 ZREER CIAT RIS _ At REIT
(B 2), BREOR 50 EX , REtRIERAR
FRRBITG  FeeSTl 7 RN T EANMBET 285
W, AST3 RIS TREFRINII S ENESE. &
ERSFRmRREEANSHFT R EES58UEE
PREESRXE. PRRERANE. FRbEERK
SOCFRATRAT. EERTRERERRO. KBS
KRF. BHRAZE, BEAFE. IRITERE, RELFE.

3, K58 T RUR S HI T

R EAE SR SCERT AT ( NFHERINE
RSB RAFE ) PEEREIEENER. At , &K
ESEERARNANZ. WM &l --FERkikS
ABIE—E 5 KXHiZZLintE ( DATES ), DATES Bini
BT BRI R EE R IR A AR LIS N
KN, , BB S BT ARAEN , A1TE. BE.
EXMFHFMRIRX—RERERIIKER &l $iE
. $PX—SBEREEK , BINRET "AESME
PIREERS" B |, FEMEAERESE 2011 FEilt
[BEN 9 INEREARIFHUESHAFIRE( ZBIH#E=F )2—.

TREERAET 5 FFrdiE] 5 7 AH2LE S IREGR
SRz " —EIRRN SR SEIRSERHRNES ( Kinetic
Inductance Detectors , f&i#R KID ) fIBSHEZS A5
2% ( Transition Edge Sensor , &#R TES ) 2K , LT

AR IHEERR TR, SRR SR AR,
FERIRRIR 10 FFART | B BARRESTEE

SURNE, BRRYE. RASCEAHARA. 5
LR BRAF. ERIEAFLREHRER 973 IE.

ERRPEEMEIT (REiR) 53R Science
Bulletin F1t5RAYiE) 2017 5 10 B 16 H 22:00 [ L4k
AREUIRZBREFIMEF P BAAIATRICL.

LEESIop AN

1, Hu, Lei; Wu, Xuefeng etal, Optical
Observations of LIGO Source GW 170817 by the
Antarctic Survey Telescopes at Dome A, Antarctica,
Science Bulletin, Volume 62, Issue 21, (2017).

2. LGO Scientific Collaboration and Virgo
Collaboration et al, Multi-messenger Observations
of a Binary Neutron Star Merger, The Astrophysical
Journal Letters, Volume 848, Issue 2, article id. L12,
59 pp. (2017).

3. Andreoni, L et al, Follow up of GW170817
and its  electromagnetic  counterpart by
Australian-led  observing  programs,  eprint
arXiv:1710.05846.

HEAIE LT BSIRNE TR A "E" B
Heh KID iSRS INUE, REBER TIRREREE
I E T ERESSR NIRRT AT, s, TRE A
EIGE T REHH PRI=TIE RN AR KID &
MESPEF SRS ERHEHEAR, ARFLRRAIIZME
RIHAERA, DIRERAT K (EEHISFEERA, &F
ERATRAER | BRIDEAE T —5 850 fHKIKER 8x8 &IT
FI—5& 350 HKIKER 32x32 GTTBSHIIRERS (&
NTE ), REENTHEWIIRES SRR, FHR
AEBSMYIRERER D BISTI 7 RGN L3
EFEE. ZRRRIRTH R ED B AR5 E
SHRNERAEERENG | ERER SRR T
—FhEFEIRGIRNTRR. bR T Rt ARFER SR A
LISk KID 5 TES SR RATEEN AT FHEMKE =
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BN, 3D BERSUEIRN. X SIERIEFLAINRK. EF
EERMERZEEME. ZHBECIFEL T ERESE
A RN M m B B K (5 I
http://www.cas.cn/syky/201707/t20170703_460732
8.shtml ),

130

, TYEETE KRXAY 350 fRKIRER 32x32 &R
SIEFIRGRFAREBRRR (72 ) 32x32 {&7T KID HRlES
(AL MBS KHELRESHRESIERRHIE— KID
wWNEERE (A7)


http://www.cas.cn/syky/201707/t20170703_4607328.shtml
http://www.cas.cn/syky/201707/t20170703_4607328.shtml
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If you are interested in the work of PMO please contact division of Science & Technology Management at

+86-(0)25-83332288, 83332103
pmokjc@pmo.ac.cn
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