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FLMmEF  BUSTRERBRRE | i FRIVEVIENEBRIT IR
SCHOERE. Leoh , B4ETEREDE. CME, KPRREAS S EIT
BT HRErF R I,

SRIE:

1)FEHRERERILE( ASO-S ) BETRIER G |,
HERINERHRERT.

1) SEHREKRPIRIZE (ASO-S ) RETEFNEM

RERE ASO-S BFERIFHRE(L. ASO-S RIFNARS
RUMEARL, ASO-S BERSZ LST Hiahl S 5mEdErl R
Bfi, ASO-S BEFRS HXI EHFEERITIH, EHERIFR.
HIERIZREN, BT HX BEHRE  HEREa&IEN
ASO-S (E31TESLEARA.

2018 5 ASO-S BRI R TERERA HXAH
HEMBRY ASO-S 155 , 5 ASO-S THERUR. EDAE.
DERR. WEHTERR. URSHEHAHRMERS |
FETSGEGTIE , TE260E

RIEGRERNERE ASO-S MESMAAENIER : 5
ASO-S TRERWR. MBDNE. DERR. MHSTIERS.
LIRS fatsI A IEe S | #fR ASO-S INE MR
YIHFREETE ; ISR Z 5 AIEIER 2R A TIRNF |
PLAISMEHRXMBESW | F LR ASO-S EFRE1FH
MESEAESTIE B SRE RN R EER TS
HENESERKSGESERIE  SaNFNARSRE
DS , & 6 NMEESEKESH : ASO-S ESHFIRZE
tEME. FMG BIARIETTIERR. LST UG BIBEATT.
HXI EREHIFAR. ASO-S WUERIERIFEAZR. ASO-S
R HTIRIHESRAR | BRE M= AXRSTURIEXREN 18
FTYRRERS | #E#t ASO-S JRFERIF BRIESE ; B
PRBFFT ASO-S EIREEAS.

KIERIZNARSELER | 2EET ASO-S RlZ
RIFERGHREIESS , 5ok ASO-S PERNZNERFEIENR
EHERXARIR QFEAAERE (JRA), XHERE

( Confluence ) kR4 ( BitBucket ) SEERIKE ; =
BRIENRRRTRINT ; TR E N AR SIER
FERDHT ; TR N RS S ESHERFEO S
8 R Z R AR ARIEE IR S SR 2R AR
TEXRAUSIRY ; SoRk T ISR ORI S BEASFARRH | HEH
T CME BaiRBIS NERENFTR ; 91 7RSSR
BIEMER SR @ T TR T SEIHEE
TERRRTEE ; THOHVIEEHT ASO-S HURDHEHELR

3



Purple Mountain Observatory CAS

2,

RORIFESRIZRIEA BERNFRESITHEIHE
RSEKNEERIE. £ LST A, 5ok LST RUSHE
BRI Z BRI DTS ST e Seak LST RiZ4EtR
RERERLF AT | 5ok LST HEERaES 1
hR ; 5ERk LST TAREFANENTSZ=40RS ; Sopk LST FAEIRT

TR O BT LST REMRIERRBICAHOER ;

PEFFRE LST RIFERERTIE. £ HXUSE HIET HXI
B AFNIMERNIE R, AEHS T s ERA W
RUSUER. Bip GBI R RIS TTE TR HXIBHER
W BT RERMER | 3o HXEARIRT  HeEiot
EERIE S EMEHEAAN—TARATART  KKER
TEAAFINED ; FRET HX RIZHiE-RENIRE.
IEBEREFINIUEIREISHT Sl HX MR UMA T 2=,
HXI S ERERT 2R ;15 HXL TR  FFRiZhE
PREES3T , SRUM SO/STIX BRAMSIEAEERBA
MNEFESERERGFREF.

2)) ABHSREIRSTHEERIAR

FETRFETE FIBRRINEST ESE RS
ERARKIEAS SIS EIBTREN— M EMTR. A
LRSI A SRR S EA AR ENRER. DHEN
BT Sparse 3% | (ESRHRERSTA—ER. 25X
AI{XIEF SDO B £ 64 EUV BERIEHSET R EHRIKF
HENMEANFEFARE (ERE LS ), BHER
MELEHRAAIRE | HTT FREENWHAR. R TIEARkR
RELENMRFINETE 7EM. XERKRE Su et al
AplL, 856, 17, 2018, KPHIEDIRE X 59462 : PRV

YOHKOH BERIABRITE X §945IRRALLLERIRAERS
FINER , XR2iZPESESHIRRZ—. ERFINERS
24T Masuda iR ? 7% FI A RHESSI 1 SDO N RE#
#, BIRIMEROIEER 7RI ERIERE | 1T T HEDE cusp 45
Ry X SRR RINEST . RIFE Masuda JEZ ERY
BHEEKEFE—MRE X 955 BiZRRERRKR
=, XERP  EMERAEARZ EA Masuda &, T
RESKHRKEEBRIMNER. ZTIFRNSIRTE.

BRASEEMAIER & AR 7ERE/CME BRiD
2 |, iRk, SHESEN  DUERIRII R SE
22 |, #5H CME \IEiE EFHEEITRE EFHABRYERZEXT AL
FHRIEERM Sweet-Parker HHIR o BRI, BT
2.5 HRERMEI , THE T ABREAIS G EUV FIER X &Y
SRS R 7R SEBEMESRYE | 15 X 53
SIEEN TFEEEIRAE EPERIR A PR ES IR
ME%  EUV ESEARRZSBERA P SENE X
(Zhao et al., submitted to Ap)).

3) CME REZEHR

LST #=75m: FFA MHD #E#HI(SWMF F1 Pagano et
al) 19 3 EHIEER SR EEYEINSIRIEY R Ly-alpha
SRR 2 ERMGSEAEL LST/SCIIN; #HTEYEARURIR
HEIRED (Feng et al, 2019, RAA), HEEHEYEH
BEEIRAZE ; A forward 3R LST AL
MRS Lyman-alpha JXERAVEESTHIT 7R , FBIH T A
ERE S B A S R AR,

ART—NRERMNERSMH |, X4 CME FIEiK
BHEREE— M RIEBE SARAIL CME RYEREFINLERE
FiEFRBSRH 7T 2RI ERNENE FE"EE
RIBASIE E A IiZ CME RSN RS E S ERIE
HRSHERE. 1Z/N\REBEKS James Chen FRUZIRIREL
BEAZRSBIERES/) , CME NEHIE—H. X258
PISNRERITNERSHRIER. CME FIEIRHITIER
G553, (Ying et al. 2018, Ap)). Ib5h , KR T—FFIA
BEXHERGITEREY RSN _ERES T RS
RRRIBEEGSRIHITION | R AT SCRNIRYEE S | H—
155 B =Y ENREFNEEREAIREE DR EIR iZIEX
BIiE#RHS (Ying et al.), B—MEHTHHNITIERX T jet
EHIRENRTENK, FIFE STEREO HENAIEUEX HiH{T=4F
B, RIIZFKEESERELE HAIRESEER
CME RENliAdARE | IS IEEEEH(Ying etal), FE
FEIRFRN—MEH CME R RS HRILIFNISUEEIIAR,
RITHBIRZRIERE, RIEENNN_BETERFRES
iz CME 51— CME {HE{EFREAE, BRIEEHISER.

4) WEBIR

APEFEBEER R HEUS 20T < FUFE Hinode/EIS JEigEk
fEHLES SDO/AIA BifGEHR , DT 7T —4 X8.2 KiEstt
MRS, SRER  WERARSBEEFIRNRES
XTFRE | Fe XXIV LRt R RO B HIFEEAAE
PURE (FiX 200 km/s ), EEEIFREFHIEREERRA
i, TEERERARNLEG ; ERRAPO , IEERE
FEERRIKER., RKEHERANERN 7 - 11 Mm, XL
SRR R R EREALEE | MRS TR R eI Refs
1SR EEEXREIE RIEIHT NI RUAERREE (Li V. et al.
2018, ApJL, 853, 15 ), Bt A HimaIREEERAIN : FIF
SDO HHEHBMREINRARIN , DT T RERE 2017 £ 9 B
10 BRY—IR X iEpsEH , RIS X AR LI MESTE
ENZEsmEl— M EEESH  HiRESRERIRtEE
W EMEIFRIREE S . EFNUIGTHHIERAKE
ke (i 200 ) imiE K TS HSRIRURIESEME R
HRIRER, Lok , BRI FIREIMNGELEE | MUEEBR A
ZEERSLEZEEEIAR 200 km/s RUFERERE, XL
TNREESRIAZ N _E AR R A ORI BB > B AT /NS
MALEN | e TR R RERISEM R RSEL
MRS TEE ( Cheng X. et al. ApJ, 866, 64 ), 15t
KRS Fe 1 6173 BIELLAIIESERNFEITE : XJ Fe
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6173 KIBEHHT TIERASE M TR REBHRaITEITE.
FERER FENIRTEAIASS  Fe ELLOBEEER

1B ARST SRR T Y Bk R AR EHR B N R BB BRI
FRINR. BFEREREER YRS , XESHT
Fe [IBZE2EAXITR, MEBRFAKRST |, Fe IiELRT
ERIHAMENEAEE  RIMAZ ORI EEBEENR
SIFRME, XA ORETHERIAR IS AT FRIEERE HMI
WAL, B ERRCE RIS If IV
S EBERERT NGRS SRR, IXBESFIM Fe [ 15445080
NEHHESZEIFN, Bt , B EERERNS 2R

FIISATEERIMVE ( Hong J. et al. 2018, AplL, 857,
2)

5)HE

SFRABEIRSFHRIER  BIEAHINESREER |

BB ASO-S EFREEAR/E RIS R ERE
BETIE. BEMRRSINTIE 20 NANERSMIEXE
{Eifmia) E3E :2018 & COSPAR K&, 2018 FEIAU A&,

2018AGU k%, % 17 J& RHESSI F££. [RIS &, i
WS LIEEE. EAFIEXRAEM ASO-S &1F.

ES N EREN EMEEREROLRSE  Fe5 T —LE
PRIy SOC AT (40 COSPAR, 55 JEERAREYD
B ), 5, FRMKIEAEEFSED TEREE
ASO-S X%, LAIR—ZFIAY ASO-S TIESIY, ASO-S I
BRERIETE 2018 F2ERN AR L 45 HHEiERE.
TMFEERIBAT NVST BimimilNGn B B ARG

BT TR | 3R15 T BRI SR — R IR,

1-03 KBREEIRYS RERNAREIA

£ 2018 FFE  A/NMNAREBARTAIE SEEAE "135"
REARFRIANEASRBIT A — AR | $5h5emE
FERESLANEMIEMIAFRFES. & A&
NESPERNSHR" SEBE THRER. FAIFEE
FRERSTAURINIR ERIMN, EERARREMR L SRIEHIEAK
PHEERER(GST),  ABHmIIXEE(SDO). IRIS. FEER
ZERIIA—REZRIRENVST), NENTTELER/N
HEIRE E(IBR)RNAR T K&, EEERFR
ThEBSERHRE. T TERESIE "AMEEMNS
DPEMUSHAR" HHRIESE) MRERizER, &
RESEIRFER, 2018 10 A 31 B , AFIBATX

BT, FIA 2018 FHEXFEASHRHEBFS

BAVRRT —IR"GST (iSRS & E T &,
S ERERREMREEREWARGSLFEHE TH
BRERNRER , FHSEERERELSRF BLAE ,
SCREEE  IRRINUE 80 ZASMN , 90 LA EREFR/NT
35 PHIFRFE.,

=R
BAItEFESER RIS HEMEOYLNETE | AR T

—NESNXAVNREREREY, X EREHEEEK
HEXFIABELTR EAEEIA#AE , EFAE
RUMAMEINGR, ZEEER , BRAITAR , HUNRELCN
F 0.1 MEREARSEREN4 TRR HEEYIR
BISNR IR T A%, SRR« TR ERTER N
BRI AR ERREE(hot channel) , FEIEBIATH
FRSETHAEIEK ERKMNEHE—EF=4 Torus i3
B, NTIF-EIR A MERERE. B 1FIFIRRRY 10830 1R55
IR REMAIEE NIR E L EAINEZ T RTII ERBY
PRSP RBENT R S ERANERE. T
ER(TEREN  ER—SHP= BRIk T =1
ROBE , RECNMERE AR 7TEUE , IXIHERZ
ISEEMTENRA T 7 VI FARRE.

HittsEEHEE FIFRSEEXRERIiEE BBSO/GST
BRI ZSE B E SDO, RIS XFEFIX 12396 Ay
SR  EEBSERIIZX IS SRR R RS
1 | ZE U ER S E R TS SR R . (FEXNZ
ST IRANUNFRFAIR A | ERRBZXKIEAES
SIREARNEIBES  ERNST B RE 5%
XIGHSHRIRFMEIIEX, (ER SDO BY&FN IRIS SiE
HIAEEE | BAVAR 7 = BRI R B SIS
BAAIEREBBAPEE 40 IOERRIRS | ©OULHES
LIS SREHRNE] , 30 Fe XXI RIS LHERE, LL5S
. fIEERELR GOES 1-8 A HISKSHLEH Fermi
26-50 keV HYiESTRE. MINERERPS SENEEISLE
EHRHEME—SN  MSIEERENENERT/2. &£
MM | 40 s P EREEIRS RSB HIBBRN=RTA | AR
INIXSIEBHERRRTREE kink IRSEXE—HM. RIE
kink ¥R3%BIEEL AT (4 B HIBBER P IR I BE XL
120-170 G, FERIRIEHIAIMEREYS ST ELRY
BAEBELTA 110-180 G, WX SEINmRESE
W&  FEE—SRIIE TR kink HRHIIERE.

{553 NVST SR FIIAR T THE
FH K-H M NRERSISR. HITUNE T s
EIEM SRR ARER EISRIEEN | ITHEERKHA
MIERRABI R AT HHARE | IRBEEIEmhaeisr=
4 EERRNARIRE N iRRELIR D, #Him~4% K-H
TEEM. FIIFEHENMAEEFERI T/ NRERIRS
g , HEXMRHNERREEIEEMET R | IRHHNEE
ARE 1 Mm, MNZERFREX L NREMREEE HIERA
BT, STRER AR A9 MHD SEIREHRY, XEREN S
FTANREER/N XEBETF NVST NSO HERILIEL
2.

BRIMRET HERRP AV EEFHRENS REN
i, 2014 & 8 B 24 H 04:55 UT &4 , i&31K 12149 &
A7 C5.5 IR, (HHEIZEIARL T FIR B RERR
7 (jetlFjet2 ), ¥EBRUZ{EATZY ( 05:02 UT) 15 | jet2
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[REBHIN T S AR MEERISE FRR 4 IRIS/SII
E, £ 1330 WK , XLFETFRERIA/IVE 045
Fb2 1.35 FRb2iE) | 18I 84%LLEIRTIARPEY (BIVF 1
B ) EETFRERINTSENISES B0 0.78 SIS
0.19 %, HETE 10 B 220 NEFHWZ/E) , BLEEET
TR, HK. =N FEFRER SDO/AIA BETE EUV
IRERR | SEREEFD UV IRERRIJLF—EL. FliTAM , 1330

BIRERINEIRE T EFE F AR SIRn RELN25FF ),

EUV IRENZEIRE TAa95880 GEELLERE ). i)
HEICR XUEFEFAERH B EER R R
RUEREHEARENE = ERY. IZARGESRXS RN A &5
RAEMEREENIEE AR UV 0 EUV REREIXRR
BEENEX.

BANRE T IR BB RIS IR, 2014
F8H 248, iEIK 12149 K4 T— C5.5 FKiEpT, 12
RES— N EERIIERS ( BRY 1 A5 ) B —
NEREETE | BRI IREN, MX LR , THE
14E2 17G HFZZNE, 17 G Hif 3t ZeAIEERTZI(04:58
UT)F1 1600 12, 3k X PEREKRS (KNETE X §i%k ) KR
RIEERZI—3 , RIDEHREMIEEREEEASR (G
N) OIEERZY, EEE | BEERh I 7RIS E
FNEFRISEE | 7E AIA 131 3270 XRT FANEY R (Be_thin,
Be_med)FTRIFE XEEEKER EFHRII— N EREINE
1B, BESZARECREHTILR |, BAMERTH AT 5x
10710 erg cm” -2 s/ -1 BERE AT AR ZIR TSR .
EAPMESIHAARR IR EBA0REE | Bt (2nIER
FEFEPI/RSR ) TTREEREEAER.

1-04 MRS Z=RARAN S EIRE

BRTIE

1) BB ERPISsIRIEN RN AT

2) ASO-S APHBEIFE TS , HXI £ T1E
ERBFHT.

1. BHMUEHE RHIMDSILARS R R

RETEAET EATER AT LA S REF BT F , 7=
4 METER R REI DT LLA0BEIRFRAVIRST | 2R ATERHT
2T, E—RIETESNEETERERR GRS
(LBESFLAE) A 8E80NE] , B 2R R R FINE
ARE— LI ERYEN SREWNNEE. RITAREHE |
NUTFAZEREREMN 1987A EMS5IEHENR S EHM
MWE | XtE—ERRE Lk T BT 2RI FINEE R,
HAIFIA Fermi FOMINEHE ATE—NESIISSERE
iPTF14hls j#& A% 1 FLIRERMELHI— MDY
HEIIR NSRS T KL 2 FRY1E |, BEfE&in
K, IZMN DS AR BT 2 R IR F NSNS
NEREELERTE. (BRAMDSIEIRNRES | AEHE

6

FEFLNBIRGRERINE R Z BRI AL ENE , Bl
REESE—ERUB DS,

2. ASO-S NFHBEIFHMIUE , HXI Eiatis TIE
BB T

ASO-S KPR ETF 2018 SFAIEMIUE ARHK
B=XERERZ i X BAtREHES BRARRES
EMRTERGNH , ZREFFRTEXIE. #IER
IS5 T HXI D RFESRRIHRE RERABERTTE=R
5 PREISERSENGK  EERS. BReEE. BN
RAESBHIFERIT S RIRES TSRS
TPER RRSER TSN T HEERRASOIMD RICIRERR |
JCFRIRIRE | BRERREIMD  BRTNED R | BEERE
BEEIMPRETEHRIRRERE  FHERSEI TGS T
BENBRRBAS [ BKEEARMTRTHIENREED
FREAEERII B ESRENTm.

1-05 FHEHERFHINNEFRSIAFEIA

rEESSEELINETSBRFEEAMNILIRZF
RAMIEARTALIE  RERXMARTHIAY 4 MRARIREEH
BXFHELRNS DRGSR, Ml S8R N
REOEPERIMEENR e EFTHEAEREETER
FIREER, TR KRS E B eI
R H—LRENREER I RIS L.

1) R T EHEST TS O hRERIELNE
2) BT B R RS AR F IR EERERTHATE L

BT 2R F IR EBUSMANEEMR 1)
AIEHERT PSR F g0 m—REFAANE R
BfRgeimig s8N s BREEH 2RISR AIE TR
N 2) B RS F IR R I S A
MEEER, BEFXEMHR  FHABHEETTERS
RO BRSNS © 1) SREFENGEFRENER
THRITEGE ; 2 ) REFHLCEENEERENS
BERI FEFEEHMERTPRIILE, ESFHEEATIRERE |
FIBRLLR. EHESIFl—RHRAXE.,

A PRIENE B F e &5 iR BT 53 5 T th 2 BUERIEH
KB, KF& SCHEXE—R. BIMI=RE. BHFEFER
AEADRIRT X STENE/ R L& AF—R SClIEX.

1-06 FEYRREHEFNAMIE XTI AT EIAH

KRS TE=SHIRIFEERRK. 2018 FERBLNRS
TR TE=STEANE=REIEHIEX "The on-orbit
calibration of DArk Matter Particle Explorer” , Xt 215
TSR TMEICXINMIE—RX IR, FIERERT
ZICXHIIGTS | SIE BT Astropart. Phys ZWEIEER AR
(Ambrosi, G. et al./DAMPE collaboration. 2019, 106,
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18), ABEEFURAISINES SHFHEIIRGES T
&)l (DAMPE BTFEE)RETH T RFFELNEUE
D IZERELBEARESSAEALERERH  BiE
THRESHBEEEATOINERTFEEEE  HEE
2019 FIERXREZ. BIETARERNI ST, R=
IE— BB SHIMDETEDITRE | S 2019 &
ERENDETEMRER.

FHIBA 2018 FRIXBIMAPBERIEES 2 S2ERR
AOHERLAR 5 | DR I/ VERGES L. 1B 2 STTEWR
BEASBEEERIEHITHARE | 2018 FEH(ITEA
RT 3REFREGAR | BETRIZFER  FHERATTESE
TR THIEHEER, 5105 E , 2018 FERAIAIS—i%
BEBE R T 5| DIREIRAIEF TN | FHIREBLTE
(FEXRBEBRRENE. Brnz/VEES | DREELIES
EFRETUE , B2 2019 £ LIGO O3 BTHMERICIEEX
GIPER

2018 SR IR NERSIRIEEIRN ( AR E
TERFHIEVIERE ). SRR, SRERIEN
IBIGHAR , #£ ApJL. Ap). PRD. PLB EEIRERKI/H

AT RO 20 28, St p s 1)

HESSGRETEM FRMFE L2 ARITAE
MHBELFAOCX  —BELTHARE (FH ) REFEREE
BeBeiK R (FEIR). —SRTEREBHREERRF S (S8
1),

BE=SHEXHAR . £ "B SHFEEEEDT
BE , ARABNE) B (DAMPE BF%E)mERK TR
FFEENEIEDTT ZERCERRARESSEIFAE
R, RIS EARE SRR IEER R T RIZ T EHEEL
&, D9 2019 FiFARZ. 8% 2 STEMBERM
PRI EHAITREAINE |, 2018 FER(ITF/ERT 3
REFREHS | G TRIZER , FERARSESEIR T
VLRUHR, ERYREERNS ERA AR THRNSR
BT ERIR WIMP | IRFHATAR S TR F. E3850FH
F5E 2018 FFAILER T 2 & PRD i3, MMM TFHITF
AR RS S 4= E F LA T EaAIRE ( Xia, Z. Q
et al. 2018 PRD; Zhang, C. et al. 2018 PRD; Liang, Y. F.
et al. arXiv:1804.07186 ), £ WIMP /51 , HAJFEEMRE
BIE=SHBEFFHEEHE 89 TIFERFNERRIE
(e.g., Fan, Y. Z. et al. 2018 PLB; Zu, L. et al. 2018 PRD),
BATARAIOHT Fermi-LAT BERNEIERS KSR
FENTSR., RERBASRE/ (HEXEN 15HE1
{ZKFRRE ) , (EHEYREN TS (R LIETRRE RIS
FRREREEREN LTRE)  NFRBFEMSHEES
HNSRERAEBIIE, BOBRERERKE LD TSRE
Xz , FEIRGHEENIDRER. EEERSEIRIAS
ERSRYREESEERANT I, , —BWFFEE.
5L | HEEHT—MEER S EHRNE AT EA N S53

ZAEg (BN BRERAMAREEN GeV @505, 2018
FERATIIEEAPAR 50 kpc ZRHIEERRIFIT 7 RS
D, KBIN BRESERIZHUIN DSBS ESRE T Ret
I, REEGEEKRATRUSTRA— M RENERL , B2E
SHEREEREEREZIHEK(UE 1), NREEHEYIR
X, ZBR NS E SRS H=EE AR SR
GeV J¢Fi#B(Zhou, B. et al. 2015 PRD), AMS-02 i GeV
RIEFHBH ( Cuietal. 2017 PRL ) —2, Fermi-LAT E&l
TEIRSRY | IEESENHElE  KEHETEIRUR
%, UL Ret I ERE—MISSLIEHTR | 7
[EEESEYRIIRER.

16

v bb
14 = TVTT

10

T5

NoOOBR o @

Time(year)

& 1. Reticulum I FEEHUNSEILIETESSERS
ESrErxz&EEE L, S. et al. 2018 PRD)

SIPRABXIATR: 2018 SFEAINIEE 6 ARRTS
TREEEZ NG | FREETE(EKRE EBFKE
B, BRnz/VEAES I DIREEMES EmHETIE , B2
2019 £ LIGO O3 BT EICIEEANIE. HICHFTIH |,
BAVER RS | DREERRE P F ENS S NRESE
BS#HRE RN FEFESERARREXPFERNEE
BN NERENREXIZAS IRE Mmax BIEE , I
E 2(Ma, P. X. et al. 2018 ApJ), ALt , ErERIHEH
Mmax Ffi TR E— NSRRI NB s A ERIEHE, T 1iE
ETFAWNGTF Mmax LIRFPFER/NERA0RE | 52
TEET— "WHFESINDREZM" WLRE , T
FEENNFFERFNHSRFERRMARRESSR
HHGEBETSFE ( Shao, D. S. et al. 2018 submitted ), ¥
IMFIRH T F GW170817 BHRss b E HAERSS SN
TRRIENEESKRBR IR ERES 2RI A (Wang, Y. Z. et al.
arXiv:1811.02558).
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2: &F GW170817 #EEANFFERKIIHR
2 90% LIRS j/jkep RUXAR(EEE Ma, P. X. et al.
2018 Ap)). IXEERY j RERIBIEEAREF FENTEN
A | jkep AR EMENEE THLENHNE.

ERERUNIERSER] 2018 FEAXT THABFE
ENERZHIEEMHE, BIFHE—BERERER
KBRS, EERZEAFEPRIPSIS SR
BIEETRE — BVFRR B ST EIERURET. 1A,
TERBSRRT BRI BN EFRR T BT RS EH)
SR , TS TIAIMIBDSIERE  EFHETRARITFH
BEENER, RKETHABETARNIEDR AU HR
BHEAREBAREMRHENESEERENER  BiR6g
FEXSAINE RGBSR E RS, AR TS8R
TS SILLAEE LA SRRER E R , B sub-GeV {il
BTN T ROPERLL GeV NFHEE | IRIBKET
X—RRIHMESMIBSTEE S E— N ERAHE. TH
Fermi BEAHT T —TF—ERNSLLBEEARIINIDS
SR KM T ANIELBIERS AR , HPNs
EHIRIRBIAEIT 4.3, BACHIMIMIDSLEET RIS
RKET=FRAD L ABAT 3 RSB MNE 7 1. &
XL BRI IS S SR T T IRAD T, BRSPS
NEFEIL T BEAKATRIEBSTE AN L, S. et al. 2018
Ap) ), XLERI M EEAMUNASHIRRS T BB RN
BRERERESXIGNE | XSS BT RAES
SIEIRSHRE TR, ERIBLBRETHRNRIZEE
EEIISRRIEL RN RS RIRNE GeV i858, 32
WER | FAIILIRE 4.7 HOREESUR B3 1428+422 7759
BYEREY Fermi-LAT #dESHT. RE 9 FNHISIEFIRE
BEN GeV iEgHES |, BE 2012 F8 BE 201345 A
XEREURF AL T — NI S5 R(LE 3). X4
RERRIMIBSTEIL R , SE ML B ARRMIEEST
8

HiZTA—H  WZRRAIEMER S B3 1428+422 —
B}, FEAEZSA L AFEREEESENRER. XLEREK
BARTRINAY GeV iESTSk I T B3 1428+422 REHESTH,
FFEZRERIKIEUT ARSI, HAIBMNRTH
GeV fIIS5TLTREMIDETLER GRB 080916C , AL
217879 4.35 , AT {E(Liao, N. H. et al. 2018 ApJL)H
FIBX MEFRIRE T — MNRE RS HAURIER,

& 3 : AERTER B3 1428+422 (z=4.7)/5H_LRN D4t
HIRNBEEREE  KEFSARERRNBLR (ENE
Liao et al. 2018 ApJL ),

BERRSERENEICYEFREE AR TRFE
R TR FRHEF RN DET5EEE (Feng et al,
Astrophys.). 868 (2018) no.1, 2) , WEM. RFHEE
QCD #&=RIFIETS 2 — , FEXERT |, i FRlEnamE
R FEERAC R ARG, EZRET | B E™=%
AIINDSIEABEE SR ISRAT "RIE" REET , 1Z "R
&" ZEKaRIEER) 1-20TeV, IREUIISSIEAIRND Z—Hi2
FRF-RFRHE | RSHIZEMATREXIEZ—, 5N
1R earth limb RMBSIERDE— , BRTIE, BSK
S RIAEEAR XI5, Fermi-LAT BEBZUEZ earth limb
RIMSEIE: , MIEEEETPEE , B 300GeV. DAMPE
FNESEERLISIX 10TeV , 2EBRISHIZ SIS,

B R R RIS AR F i RHE A 25T

SEEE

HERRBELAREERBICYIEFREE KRR
EET DAMPE BB FERAOIIER Y. 102 T RZ SRR
OHEE, A JRUIERLE Z' 158 DM cascade annihilation
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BRI, 1BXIeNE A% . 84F : Guang Hua Duan*, Lei
Feng* et al, “Simplified TeV leptophilic dark matter
in light of DAMPE data” , Published in JHEP 1802
(2018) 107; Junjie Cao*, Lei Feng*, et al., "Explaining
the DAMPE data with scalar dark matter and gauged
U(1)Le-LpU(1) interaction” , Published in Eur.Phys.J.
C78 (2018) no.3, 198, IttAMEAI1IEF|F DAMPE RISGRERR
Hl7 box BIRFSEETFHESHIRSYIREENSE BRI
0 : Lei Zu, Cun Zhang, Lei Feng* et al., “Constraints
on box-shaped cosmic ray electron feature from dark
matter annihilation with the AMS-02 and DAMPE
data” , Phys.Rev. D98 (2018) no.6, 063010,

FE kR EREERIRRS S DAMPE YJBER TXS
0506+056 ( PeV H{yFRIGEMA ) RIMIBSILERTE ATel
RSB ( Xu, Zun-Lei, Liao Neng-Hui, Duan, Kai-Kai et
al,, ATel, 11246 ), X2 DAMPE (9554 ATel, FRTHIFR
BIBERRZI BB SR KRR EF BT
BEAY MHz SEBKCRERE | X2 R RRNESYE
S8  QINTh= Ay  HARES M7 EH9RE ( Fan,
Xu-Liang*; Wu, Qingwen?*; Liao, Neng-Hui*, 2018, ApJ,
861,97 ), EREEBIURSSSENEXAREA (=/mX
NEBREBARREARS ) REINEAFIES EAEHRE
ANEIE , IEBIEIMR 3C 454.3 71 3C 345 USIREREL
BT 7RO  RR 7 EMIRINRFEESIIRE ( Fan,
Xu-Liang; Li, Shao-Kun; Liao, Neng-Hui, et al. 2018,
ApJ, 856, 80 ; Berton, M,; Liao, N. H.; La Mura, G. et al.
2018, A&A, 614, 148 ), SIttERY , xS 5T AHEY
Seyfert 28 1H 0707-495 §YEER AT ERHIE ST MY
;C3R ( Zhang, Peng-fei; Zhang, Peng; Liao, Neng-hui et
al. 2018, ApJ, 853,193 ), BRTEEIERZZS , FATEXS
ET N ERTRNMES LRI R TaRENESH L
NMIBRELESHRETHR , BT —EN#HE ( Guo,

Xiao-Lei; Xin, Yu-Liang; Liao, Neng-Hui et al. 2018, ApJ,

853, 2 ; Xin, Yu-Liang; Liao, Neng-Hui; Guo, Xiao-Lei et

al. 2018, ApJ, 867, 55 ;Yuan, Qiang; Liao, Neng-Hui; Xin,

Yu-Liang, et al. 2018, ApJ, 854, 18 ),

1-07 &9 R X S8R iAFEE

FFEIMFIZSRAR A GERIE TEE %  FRARIE
TRERRIE R, AERF L  RIREESRERER
R TIS  EETASRRIARIIE  FIESoPEER
SRS B ZISHTH DT R ERER  £EmEL |
BYRAZT | HRERF I SRR R IRFRE = AR EE .
FERARTE , BAERT HI BHERGMAEHRITAE
IEEEIMPRADEF TR ERYAH ; SOMERTTHE , &
{RERAI TR T B RAY IR AT,

FEEITRBRERIMEGIFERIE | ERIMEIE
REMFZRSESEIRE ;| FERERNEBSEES .

SRIE
1) B EERARRREMZEE R

2 ) FIF Chandra 1 XMM-Newton Z5[8] X §945Ems |
HST B COS LHMEE(Y ,F1 SDSS/DSS YFHUESRIHFRA
REFIID .

1, FERMERTRE X FLARFIHIARILE.

a ) BB IR 2 FRB R P SRERAIR T
SR EHAHETHR. GIFENECRE.

b) MiIERESR , B S PR GEEIRATIRSIRIEE
& FRMERRARRES. XEEEEF.

C )M SIIUREGTGERE , FRLUERE M31 Z3kS
HFEAFERLLESTSS. afFENEEARE.

d) £F M31 BIKEGREMN , AIFrREERGE DR
SETRD PRI ERSARS HIRT. FRfaiRiasd
SHIREEIH IR RERR 2 EUAHE | T EhER
HEREY AGN IBETS AR, NMEERBIEXEIGRIE.

e Jh M31 BRI E S s DR FFE R EE
B, XUISATHRIEMTEHER PRI AGN HIBWR SR
IR, MEEEN TGRS,

f) X M51 B9 DR EERIDHTREE | HSNR-PEBE AR
B SIFTFED SRR IR T T, FPARINERNISIRE,
g ) SHEMEENREF AR BT R R IEf R
17,

2, SREEEENNAR
EHRMNECRENNZESHTENAZIRRNE GRS

1915+105 A9 RXTE YLNEER 7R 7 —SKBINTEEH
RIRFBIIZEAMEEERRNIERE (Yan et al. 2018 ),

BRI T EREBARNFEERNEKSESEBMA 15
HAIRESTENAR 2R REWNLEE , LiH—F
HRB RIS R EETS.
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3. FHREEFHEIHAR

ATRRERATNEFYEMS - B IEH T — M
HRNERRES  SMERARE— M RINSHEREE

7K REFAIF B MEAERRATHOR S IREREUER |

FESH T HIEESESE Chandra F1 XMM-Newton 25
X STERERIEER | HST B9 COS KAMEIE(Y , #1 SDSS/DSS 3¢
IR RARARETNS . RaHi1AIIXLEREER
HRET BP0 N EF e RS AT RS
ZH, SRMEUEES HST BIRARNEAKE | BITEEMN
BEINRIE | REEEHR— LR | MBS ERIHE
MR BT AR BRSAFIRRS AR,

& =< p3 = = MNRAS +
( http://adsabs.harvard.edu/abs/2018MNRAS.481.41
11G)

4. BIMNRTSERIFRAT |

FENERARREERBFESEERARIGAFERE
NXET  REERERAFSS CAFE MBHMEBER
( MCP ) IRERAYEAR | 3T 5EHAT MCP #RUZERISERR
. MCP, [Htk. BEFFMESESEANKHEEHITA.
REMHIE, WA MERERIE.

BERAAEERSTEHT THANL | #HRRIT.
II . EtRR SR ST R CEAFER
2-01 fEE4HE. FCHEKNRIATEIE

1) BNEBLHRDIRAREERMUNEEE
Bedding-Kjeldson ix@X R FFE1EMREF , (A TIKENIE
E— LR

Z RIS R BRI MRS ALIRIA R 2R AT FRA
BEFERREL. FRLMKEALLR | AMITERSR T Ao iE 2hkati—
FhLErEiEEHE. AFH 5 DHMRHITHRBENLEARAHIAR
BRENAERE T ARk sRIEFIRIERESRZRAIES L B R
BRIV EENLNREE IS, —HaiR R
WCERERAEETRNA ST ZIRBRRELEEk
M , EESYEN OGLE /MRIELIES ( OSARG )
Bk, REAE , KZIERY Mira TEET ARSI
BHVHISREEREN. AMIRBEE T A—MES RKARKE
BENE. (CRLEEMNEANG  KELSk—EREEK
RS —MARREAERR, X NMAREA—ERFE545E
TSR RNEL. BIBAXRgEIEEE R 2R
BERHEL, 375 RIEENIPREE. MEINEERSIRFNY
FEHRE , N2 REENGN. ESHeiaEtE.

SIRAEEMECHIAR | KIERADESENRREE |

BATRET —FIEEEIEEEREEX RIS | F it
BENAREIEENRKEE  BEEEUMRE. BPBREN
<Convection Theory and Relevant Problems in Stellar

10

Structure, Evolution and Pulsation Stability>—3Z , Xgitt
EY— " 2ENSE. FIBRINNIFEEMFESNEEY
TS BNTE TAEERAFHERRIEREKED |, FHF
FRERIEEN R SRR ST T (FRIS AR,
BARIBARRA |, XiREIERarIRkantEBHEl. XS
imne EERKERIRE RAE | Thimi EADERKENATEAN
#l. XinrAIE B E AR FIRHRARE | RISERME
FF=E B MRE R m FAYEENF]. MimmmEISAR
1ERRGmAL BRI BIEAS 3IE wtc - 3wtc /4
M 3wtc -1 KFURK, iwithim R mMERIRSNEEN
&, M ERHRIZENNNEENE. "RE , iwiR
R R RS RATEUR TR B FRRE B EERIRE. 6
B, BRREIRHEIIMEE. BEaIT8R | iR
S EIEATEURNE , BTRIVGE—FEREHIH. XHE
FHELAEE  BEMERERERN  MPFIE &Rz
FREN. BEERNEGEHBNRARREE ; BEEE
FEIES |, IRERENREE, BIEEAEE ,
EMEEEEIIRE. REVHRNERSIKITIEE.
ENEIEETHRETIA Mira-like BUEE. FAIBECH
PR A RREERENINEIHELE Bedding-Kjeldson &2
KEFEERYT  fHTHRILIEE—NSHNERE. 5F
&Z=AI<Turbulent convection and pulsation stability of
stars - III. Non-adiabatic oscillations of red giants>%5
OGLE SAATERH 7T — N RIS,

2-02 EatRR3ZH

(1) TR E =R EIRE AST3-3 AU&EE. AST3-3
BECLIAMERN KISS |, 15F)FERak Dome A £Bm—FE "/
LTHMILNR AL SN Kdark SRERHI T,

1. SRk = ARt REIRE AST3-3 IERIE. Btk Dome
A X 2K BRERRANXIEZ—( Dome A EIEIRS
REER-82.5°C), /MG RiEItBRELIHEHEIAL |
FUEAEIRL S Kdark SRER ( 2.4um ) B SHGRH IR
RIE—BE XEEEREERLININR AT EE, AST3-3
FBELT 2kx2k B9 KISS ( Kunlun Infrared Sky Survey ) £I
SMEN , FIFRERIR—C RIS , £ Kdark i
ESFFREMN, AST3-3 AU EZigTS AST3-1, AST3-2 HHH ,
BY¢O1R 500/680mm , {7 46x46arcmin, AST3-3 35
R ARk 135 RAVEESER , SALIINKERIESR
TS, HRZEMEE (1) BREWR ;(2) 858K
FRADE ; (3) EBIFRES ; (4) AGNFAR ;(5) &L
HERE,

2. FTERERTEZE/NEinEE CSTAR MBUE, CSTAR
FEANMEREERR. BEYER 100mm F/NETHEE. 3
IRIHHY CSTAR B T#A9 1kx 1kCCD |, II%ET 7B , B
FMEEER 100mm WEREN—H , —8 G IR, —
BLRER , BEEEEEMEAI CSTAR BugE AT LIEHRE:
AR Bt | FHEAFRA A T,
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3. FoR T EREERSIEFERNRIT ISR, B 2017
FIRE2018F3 B, FELLHTT 4 RKEFETI |
WHXHEAEIEANEST | FoOMERRIR | T AT | B8

BIUFR B aERITAETRIIS TR | SMEREIIEAR

ax
o

4.2018 % 2 B FIFEMRAIRXEREEIRE TNTS0.8 3K,
CNEOST 12K, X[Z2.16 K, WL 24KE , SERAFIE
HRRIZAS K Jeffrey Cooke HURARIEARARY DWF il , FIF3
SHRH+ETRIKRIVEIRER  BENTEEINDETEAR
BIRER | ARSI TS A RISERIERNES | X517
BSCESIRIR, PRIRSSFE R RECS I, B2l#Eid 15000
MNERFRIENR  EhEFELENMMIE , #MEHE
(m>235),2 B 12 B 23:45 (UT) RWNZE—1 FRB
( FRB180212),

5. BT AST3-1 mRER. AST3-17£ 2012 F
KKEB= 2000 FAERNKRKX , UREBMNAERINESR.
Pkt SkIVRIMTEIFZ, AST3-160 FIESSAZIT 19.3
FHIKEKRE |, SENTHLAERE Smmag , KR THFIR
FRHIMRBR. Xi5RE AST3- 1 W RS E MR RE =TI,

2-03 EXFHFHIEESHRESA

FRAE—HEFERERFHAWENRLERIF T
ESREAARIE. AFEEERTAEE. BETEE
M. 55| NBEEAIRIREN. RS NERER. BERHS
HEEIl. EXREGMEEHEREITRTRAHAR | 1FH
HUBS MBERIFEMR | &5EMFERBIEST(F.

1 BN THRERRENE RIS S BT ERH
73k, EREFAFEPAIREEZ —  FEFEINERK
RIS EME T ERRNM AT |, SABIBHENER
2 EERNERR ME5  DERTUBABHRENSE |
HHEEMNBERRELNESAERE. FT(E(Shu et
al,, 2018, Ap))rPEA HRH—FRETRIS HABFTER0RNES | B
X3RS | DERR G TIREI.FIF SDSS By 128 MER
BRASR , G T HUNEIRERRVEREMNSR | 7
ZTF # LSST SR EriEi T 7 kit

2, FIFAMSESES| HIBEEENEIEHRR T shear
peaks J5iEEFEHF IR, Shear peaks {E/93R7AIF
EEENEIRE , E355 | NBERFEFPEEENNA. %
FiERERRI— KRR 2SI ERL shear peaks
BFESL , LB TR AR BRI, H IR
ZRIRIEHIEURE U T HSL shear (SSTNEEENIFEE
BORIRIRR | JARNRRE KA T Tt XERER
7£ MNRAS ( Wei et al. 2018, MNRAS ),

3, R T ERNTEEE. ERETESHHIE
NE , MEETRRE LEERRN=EEEHER |

WENRE £ PEERAT HHEPRERIIEMMMIT |

MERESESSPAERNAENRESX TAREL ,
PR ERNEMZ EEEEERY  PRERBARERE
ZIEtFEIERER. 2018 & , I MMEFR TERTH
EEEAR. EE—NLIER , FAIFI BRI ORAMEIEL
B AR T EREAFTARELEEZERNRR |, IESL T
ITRINERENSEXSHIKRXR  ARBERERE
ApJ (Wang et al. 2018a, ApJ ), TEE_NTAEH , BA1F
F8 SDSS HUALNEURE | iR T EEEREFII AR ERE
KRR, BITERER  NTFEEHPRER  HPEER
== EHF I AR EREERENIKBIRR | IZXR R 7
PEEREMINAREHANZIERFEN  NEIIEREE
RENRELNSASESHIFEER.

4 FFRE7T PSF R9tEXIAR. = BBRLL(PSPHRINER
HIERMCR555 | DEEEIIANE T TSR By &
RENIBRNET = BREENED BRI TRNFTFR THE
IS : 1) A Moffatlets EREFN EMPCA &%, &7
R RS ERSEL | ZEARNESES PCA Bk
HREMAIR RSO RIS EBYE | FSERDIRE. FiRs
BE058 ; 2) IREFHEY TR EREGIRS S BIREm
FEL KA TEFIRE] | Al B REUARIERER
IR THNSIERR ; ETERNAT 8l FETE8a8K
BUSENZ R EGE IR IS A0 ZRA
ZEEREIN S =Y RSN R RS EGRN D ER
SRtk , EISERSELE4AY Richardson-Lucy BT
B  BREEG— I ERL LA,

2-04 EFRPRYEEREHAFREIHA

£ 2018 FEARAEEREES 135188 5M E=1LF
WEIRERRITIE , 7£ 2018 FARNXE 11 & , IRAM W
MERE |, 1EA PI BThERERI NOEMA XLAdE], HiT TR
FERIMNEINFITRITE | #TEAZRINTE, &5 &
IAS B9 Alex Beelen {8t , j&E IAP iy Alain Omont
ARER JBAFIT Macquarie University f9&IBzIS Richard
de Grijs {#t , ;5B CEA B9 David Elbaz, Emanuele
Daddi #u% FEHIZFIEMPUARTAY Ute Lisenfeld 2% |
SKA HJ Jeffrey F. Wagg #u% SBEXZEM Yan, Renbin
%, BEAERAENFLEEL BT EAENELEKRE
2 FEXFEENFEAEL, EZELREFHRAT(IFRAF)
F{E Nichele Leduc EHFTEERISEE (CNRS) A
F{F Elisabeth Giacobino i+ , EZIBINREINEFTFK
. % 14 NERIMERZFERTHTEARR  FEAH
PAREZ NXHBMMNETSEER , BEXF , ZE , 88 ,
HE , AT a5t | LIREE , BitFISESESnE
ARSI, BIAEESHEHTHNAZEARSIEIR.
ERXREETERES IRAM IEEHY  AEFEENES
{E  H—2{RETIER 5 F£49 IRAM BimEaViNedE., 3
BEREESMERSN , FEZARESME N
“Interstellar Medium in the Nearby Universe” , Fij5(a]
11
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ESO , EEBHEITICAFME JCMT RUBUIELE |, 0
ALMA &EIE ; 4 BRIEARSMERRIY , FHHEFEAR
iRE “The star formation law in dense molecular gas” ,
B|FEIIFEMNAS IS ; SINEHRMRT IAU Xak
ApSS HBH 50 EEFKRMN. RESMESMFARW" The
Wonders of Star Formation conference ; ihiR1SiE&E
RF  BAONIKFRES R , BERHANFFIRE., TR
MR REEREHEINFARIN , ILRKFE. ZEAX
B, SEAFSEHITFARNDRHERAANIRSS | BESESM
T 8 BHERFEEDIND FoSEERRYSHHEFEAR
BE | ZIRBEXT 60 RKE T —RIEEXRKBITHEARS
Hx. ERREDT 40 RAR "ERARIB" ESE

RN

1) AEFEAIRHAT{F—75E=Z5ck—R MALATANG I8
FIIRFERIATR

2) RET—HMEEA , ATNEERSHNEGHURSE
EBHY "BHR5E" (super-deblended ) JESNE , FHIGE
BIFAF GOODS JbiZAIRFER/RAIMENZLIIN FIR FI(IF )
2K (mm ) 4R,

5T JCMT KB MALATANG #XFEFK NGC253
RUSEALIENIOHT | R TEESIRASTEER SO kpe
REARER  AHEESANSESmERIFERETH
OAMER, HEBRSCT.

FEERIRATF—7ER5eM—R MALATANG IR
BRIINFNENLRR B EEXTIRSAILENRS
FERND FRAEMUAREE LR , BRlETES
ALMA TENEERERI DA EIRS, LHh £ 2018 53 B
2#9 IRAM YLER |, {FJ9 P BBOERIEE] NOEMA JLes
8, FFREE 10 BHFEIEEE IRAM SEB Grenoble %3
SREERRIAMIEA I .

B Herschel =EEIRBXHABERFHICI(L-0)F0
[CNR-DAAEMNENE && CO(1-0). RIELHEHRIES |
FERk T HE kpe 3R LTI BERICINRS FSIREED
BRSO . BRIEEESRET.

ERSSHTAY 24 & CHANG-ES 2XFIA IRAM 30
ST 12CO (1-0) 13CO (1-0) #1 12CO (2-1) M
W, BRI T 10 NE  FEENLNET 12CO(1-0 ),
13CO (1-0). 0 12CO (2-1) =Lk . REDEEN
ME|T C180 (1-0) &5, 3 NEIEURCEIETHK.

W—EFTET ZRIXT Perseus DFoPERENR
(YSO )9 LAMOST YEHFRMTIE, AT &IE LAMOST
BEIGLEURE | BA—E1E LAMOST HISitEiE
BT TS BAI1RIE Perseus S F i E—it
BRNEERMSERLIINATIEAR YSO RIR | iX—3D

12

DITIFEATH , [EEFRLCAIIINE | FESRE. &
INEMEEBHAEEE  BIRMEE—LIFRSHRRTR |
MBS R REAGE  FRASIEARE | MXLRAHE
— AR E AR ARES TIFEE#HITH.

BHh HNART X HRIRS FoRE HEERMEEN
HRIF. FEWRCEFENEETEEMRISENEM |,
EH AN ERAREE R T LNEEERAED
FUSFSHSENEN  BZREEFENEENE1H%E
G, FATBEHRTR S FRE FRHEERAEEN
5 RO EETLVEREH AENREL |
AR T REEFRIERE IR IBERAITEFR IR ER,
BSEAIEBIXHLSE ( 500 pc LA ) AHEREEEMKKX
MR &I, EREFENEEZE  MELRRHEERME
BENXRFENER., BIEEEX—ERT BEIEANEA ,
BEESMNEERHAE ( AREEEMNK. NEREEEK
% )
AR WISE AEKKEUE, £ 30°< | < 40°, fEE<
5.5kpc SEEIRFEEH T 18 MISRMHRESX. (&8
Herschel AL/ HEAIKITE Hi-Gal FEUEIEAT
171 MEBEXMEN T xS F=ERk, &8
iR B 2 in RK R I B #8138 (2MASS, GLIMPSE, WISE,
MIPSGAL, SCUBA2, ATLASGAL, BOLOCAM, MAGPIS,
VGPS )&t T XL SRR M R A AR IR B ER
BEALREENESS., BUEE-(BE. 5 FERES—
WEBESXERENSH. EHITE(L-M diagram)EA= |,
BTt TEEEXNEES Fazk FT—REERAN
fEIER. B4, BIYRE-FRHXEKE (Mass-Radius
diagram)EA I3t HI XEEfMAKEREIEERMEHT T E
BTS,

2-05 F=SEERKHATEE
1) KNl = aitEA PREEEEN ARV REA

2) BNATIMRIRNESRE T D F=BE L7
EFEEE

1 "RAES" HRINEEERZENR. coiiERE
EfMETRR—HMEENE  SATNES LN ERTLA
FRIRNHAFIZIEIRREN S HARRS  MEEHN=
SRHEZRGIFEXSHEHMENREEERMN 2T
R EHEREEERENGIT. B RIES" S
REGERM - MTUERESE ( Cepheus bubble ) %I
DF=EENR L1188 AN FEHEEENKE ST
L1188a #1 L1188b HpL , MBEEM N FRXXAIKIEHAH
Mo FEAREE R TRHIER T RERMN ST HENEH 2
1. FEEAEXIKIHISENFREEDIHE | ERTHESN
EERARISRBYREEAN—EAFRN—FET
REEFTARAR. H—EHARER | 2D FESEFN=
ZEA R RARREE | NifE L1188 BARAISE
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AR oRHEA HMEREEERAAERRER B
H—EEDYERIRR. AREMNEZED5ERE IRAM-30
KF0 JCMT-15 KEKFBTRIMNEE | BXEFRIS
FZFHENEER ARSI RRNFR. IEXRRE
Astrophysical Journal Letters £, 2017 £FESF=51E
ERRRAERRTRT RTES" iHH£9 60 FHERK
AIMLA, BEEIGEMEBENE A "RUES" HINRE
FERAR: 2018 FEAIRIFREE 7 RIFE,

2 AREEEAREEEEHRRE. BIIT/MRR
WESRIS TN D FRELRRATS AFERE | RIRERTT
AZRERSARIFIE | XSS FREFATHIESH |,
HIRESRIARIEE, AIRERER WD FRELE
FEsRAIIA IR R ReE BE RIS AR EIEES5 EBAIMA
BEEFKEN. 10XKERE Apl. XWRITF M17 FRg—7NMR
DFRBVELINI R T 7 AERIAT . (ZPZBIEL SN R
RSEAKBERIHEX  EEEEIRE A 1 2 I 2R
pki%E. BHEBEKFN VERA N=RAREMNATUXLEKEK
FERNETIEEHE FIXAMIINS R A 2T /M AKANE
5, RBRIZ KIS E D FINRAR IR, XL
MREERBRRRAIA NS R AR AT BER — N EERIRY)
FRRKREREER.

3 . RTEREIIENHRBERIEERR. BYE
FRE{E 33 HL Tau [RITERAT ALMA F0 VLA JLTEHRHE
T BRI | IR T R P IR ER R MR E
T RETERMBISTEANIER. I6XXREE ARA &E, Bl
MBS ETAMR D T BRIGKFEEIIRS S X8
2 EAMAIBESRGE DRI | FLARH T— Mk
EEEMMRERKINERITELMNTRAE. RERER
£ Ap&SS Z4E. BIHEREZIERR IRAM 30 KEimiErd
Taurus BEFRXT 2 MNETESINZXKEWN  BFE
IR FIRNEE LR AR RETERRITRE. KET
BT OTRMEERAIWST [RITESGEAERERNTIER ,
R L.,

2-06 EXHIEAKBEHEARLINE

FEOE 1) BEBR 5 KAHZETENEREESERS
AESWE "RinSUENE T RIR S B GRKE ATT &
R EREE, DR ETS IR IR IR 53
U ; 2) MAMKIIE 2 KREWRECFRIERIBSREEX
TREERMER A SER R AT R AR BRI AT LSS AR, (3 )
EREARHHMYEEATIME (R ) "SRRERSKIE
WA ERNERR - ABFZIRSEGE Y B SR ;4 )

ERERFTAITRITIE "SYRREATERTRAR " Bl
ERPRTHIINE (R ) "YerHroHESETinGHa
FEFRNBRELEHBR R | 5) RS EM
TH (88 ) "MESI CMB MUKHTFESHE 1 54
EREMR AR | PRIRERSIHYESARIME "8
SIRNEEN: RS RERN" BEIsthE.

1) BERERFRITHITME "SREATTERNRHAR" M
MIFHEENSEHE ;

2 Rtk 5 RAKFEL BIRE RERARAREUS LR,

1) FtR 5 KARL BT EXREARRUARSE , 57
HF Nb/NbN BB 450 BOKIRERI 350 ek
RIS SIS BRI LIR I S5 K BIE RATE HEREEAT ;
SRR RS HR AR E S S REATE RRES AR
A | SEUT 200 BOKRETHEITAS HEB BTHA0RRS
T ; SSRL T BT, (AR B R AR
RS MRS RRGTRETTS. Boh , A
HETFRHE RS HEB e TR
ARSCHUT #5580 , 2.5 THz STBASRRHLTF 1000 K
(BT 8 (ERTFWASINR ), FAFREHH Allan FEE
i 5 7,

2) BAMKIIE 2 REWRECFIRIERS REEARZLR
TARLRFAHITSTE | STRARZAERAZ O, FRIECARS)
IR SEFHNAIERNE ; SShEtIHER Air Liquide AR
RNARRITSEOMNE | BHENEESEEE R
RHERERATR | STMENRESERETRE>15K
BIBATER | Fe BB SREE RO RIS | 5T
PR ABFEIEREIRAEAE B SEERL , KI5 R R UE.

3 ) EREARTHLRARIIE ( 88 1HEF ) "SRREXS
D ERNGERUER" B "B SESRENR" #
R B SRR T KFAAE SEEaTRIEI T 2017 £ 10
BT/ \H s TI7EA0E | 2018 £ 4 RES
FRNERIT TIUIRARIRUL , 2018 £6 B 13 H
AtEE T IR RIS, R T RBES BAE
BIFRBIAS | FTERAESIRIIEKETE.

4) BERERHARMIME "FBRATTEANRAR" Bt
I, EHEERIRE 1 FHRT 350 REKREESHREER
SES SRR, 0.78-1.55 THz R HHESINEBE R
B PERERERMERMMIRTT. LK 450 REKRRET
B ERRRY 1x4 ARIES DI GRS SHIELSRE
fif. EREFFARITMIE (R ) "YeFHTDHHESAE
THZBEFIRNBEREIEHBR 750 , RHFHHET
1550 nm SR, BiSTESSTUERYS ; HETE
THIRAGESAETNE R CFIRNES |, FFERK 1550 nm K
KNBEIREGIE | RASESCAIERYDE | SSUIESH EHAR
ER , TNRFERULZAE] 30 %,

5) RIS EIME "MESHE CMB MNRMTES
PR 1 SHEERERR" RS HE | Fobk 7 ARSI
RIS | SIEME CMB SltASESRNAFES
EERALERSIRE. ARREM O URESIES.
BT MPIAUKHFZESI GBSO T 8 CMB 8RS
BidER H55% MERRA2 BEMUSWRHT T LSO,
AIZAEII R ENERET | [E CMB it & ER

13
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KA EE (PWV) BILTF 0.5 23X, SKUERS
S& MERRA2 PEMNEERFWS. LW, EFSK
MERRA2 BEWNELE , FRDHT T HREFESMXKIKEEA
(5 FLAE) TREKISEE (PWY) IS TE.

6 ) IR FeR AT B SRR S T & —HiRiE N IR &R
i, FFRE (Nb) ESEasRtHE  AERARTE
FEHHE (NbN ) RESEEERMEES R FIETEMK
(TiN ) BB SISRRRNRREIE.

2-07 BSIRERBATNE

13.7 KEBRBELEFNIET 321 X , HPIINFRIREN
M 319 K, 2018 FEEFHZIMBEIONNERE 26 4 , LHEE
ASMERIBANERILN 32 44 , 58k CO. HCO+. CH30H
O FIBLLANREN, 2018 FAEIRE TG R 1.5
FAERRKX. 2018 FELICEREREE. FFHUREI
e, REERSIEEET. SiE-HENm  SEFRSH
SEEhI , FUERENBEARS. 2018-2019 IM=FTHH
FRGREALAAM 2018 &£ 8 B 15 BFHA.

EETH 13.7 X2 KRS G RAT g
EESNERS , L EL=52 KIEENS , WREERHE
TUE  FRENEER | SHTERREEE  BRENX
SEIRIEE RMS B 78um (5% T RETEER ). S
FEFSRAMFMERH. BEAE. (Eaifas e, g ;
EEHFAAMFHIASHTES. INEEH ; BIETRER
FEiele( BBH. BRTS. RERE. IRCIRITIOE. IITENEIH ).
RE BT NEEIAERT I T EALER M ER TS | RIS
KECRYF. 51 AZX JbE FENAMEIER N R,
SHERNAFFEIREHT TR  PLEUREHTTE
¥aF0EHT. 2 (DBeam3. Beam6 RSMBRAAHHY BiasT ;
@Beam3, Beam6, Beam8, Beam9 RFEFESEEF ;
OANIRISSAEER AFM-6-110-13 ( 75~113GHz ) {Z5RgsiR
TR 8 4l AFM-x6-110 ( 87~113 GHz ) fZ5fgE[15].
@EEEMEEREEFRHIMAZTS | Bifdhs HEMT
FUKEE , Beam9 ( LSB ) FJ LO03 Y& HEMT #&T 376D
HEMT HIKES ; 4P BRI DE LR RERLS. KIS
45, ©#T TRX/IRR iz, , R1HEKAIEERE Trx ik
MERNERS  REMENE , LRKEATEE. OINEs
B4, FFTS iR R ERAEREEEER | SISl , &
FERSIESRSAE ELETAISINESES, #1E3) 2018
FER, "RIESITR KKTIETR 7364 MNKRET

(B3t 10941 NERTT BT 30'x 30" A/N5TERk 67.3% ),

838 M17, Aqualia Rift, Cygnus X, W3/W4/W5, GEM
OB1, Monoceros Nebula, Maddalena Cloud, #0
Califirnia Cloud FLWEAZBHNKAKBIR , WEHFWH F=
EWFEERREIEH T THR SERESEAFERER
HNEKR , R "HBSMENENES+OTF MUERX" 1

14

SEARRA.

FERFRESIIRN S RITES" KXEKFA 13.7
KERREIBRICEIRER CO DFIELETRE | XI Rosette
DF=HITT CO J=1-0, 13CO J=1-0, C180 J=1-0=
FIBLAUNER. 52T BRAESHZKIgGRE AR ERNS
FoEMNEG. ZIIEFMERR T KREER NGC
2244 FESFoN= AR | YIERERIIEHFIHLE | &
™ ZKEXREEENEES FRrRIRTE. o, £
Rosette DFmHIBERL , BAIERMT 73 MEEESH
DF=EIR , HPIEERIEAA 11 kpe, fIFHMNER L,

BERAEXANKE AT T IEERILEYEYRT 2R EMH
BEHF=  HP— RO FoREEMERRS  HRER
RO FFZETHEBEKNKRIEYN B —EDFal
RZBNBENRIBER, ZARERIEHLL "A Large-scale
Survey of CO and Its Isotopologues toward the
Rosette Molecular Cloud” Ak FREERKZEAT
ApJS K http://ads.bao.ac.cn/abs/2018Ap)S..238...10L ),

FERNFREZSUIREHAREFIR 13.7 KEXKIKFE
RN EBinERIFTRSH CO D FELHES T Gem OB1HF
ZESRRENITGERE ) 180-190 BE)WS FIMET FHE
—HEET 198 MO FHNARIRER. BRAREREREAR
= ApJS 7 woE R
http://adsabs.harvard.edu/abs/2018ApJS..235...15L,1X
—RERIAREEF IR T AENELR  BENANAR
E HHARIBERKSEEMERIEEEREE 7 £itl. FfY
EEREESRRIIMNRZ S HI KKHE , 55—
HII XHAEE S FIMaRIIS . XERR HI XEE
Bt S REERINEERRIE PR EEREENIL. FTE
XL I XREBERARESEERMEAIEEIERN
AR T — DN RRIBEAFF I BNE T 5244

FERMFERZSURNE RAEE" KXEWFIA 13.7
KREKRGTEERN BTG CO 9 FEEENE WIRTRA
3 FSRIEETT 2R  BEEERES S F
Stheh  SEEFTRSNERERS FSAEMEFERZ
U, XERIZINRAYIRSER A NEREE R, 7
REFRN BRI —T RIS, FEDHT SNR W50( SS433 )
RORTIER | FIRBKREER | &I 7 IEEIRIEELY 400 pc B9
F=5 W50 it FE S SS433 fUiErdioERanEEE
MR BRZARNTTFE - BREWRE | iHEHE
BRIRE 1075 5, SR FSURIEFRIAMES ;
—SH  EEDFEENEE. BiE. BENE MRERRK
RIS HEHIZS FSERIARIVNTST 1075 &,
I T2 ARSI —— 2B IR D F SRS SS433 R9HH
MMHEBRRBEX, ZXERRE Ap) E L
http://adsabs.harvard.edu/abs/2018ApJ...863..103S,

BARAZMREANFIAE 137 XEXEFBEREE
Fermi-LAT 7.6 RO ES | ZREF AhEREERE
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SRV EEKEGTEETEUN CO S FiELEURE 3t
BFTEELT (SNR ) CTB 87 REMIANSF= (MC) i#
FTHRASERHZ LR, BiEgxt 13C0. 12CO [z
£ J=1-0 BRI R B Z B 2SI ARE R
EEENESAFEED T, EENTHFRELNNNE
DITIER ZBNEX MEREBTSRAEREN -60
B -54km/s D Fpith. X—ERER T EZARLE
R S a iRt s A E— L FInR T IR . X8

T IAMF AR ER EETEIRINEREXIEE. [T,

HREBBITH—E2EES 21cm HI Si&570. WISE £I5MN1
W, RS CHEEGHER | AZEHREETR T8
F— /11 OB 2L854#Y OB EMIHNEKENBH
o, RN TERZRIE Ap) Z4E 1( 2018Ap)...859..173L ),

ZEAFARENFIBTERERREIIRNE 13.7 K=
KIRGTFRBITGEXHMU T R4 EER) L1495 SRS FRPRY
BRI TT CO S FRERE 13CO 1 C180 Ky

BEIIEAR. BFRESIIRIAERN CO RERREEE

ART L1495 oF = 16 MERRATMR. EX 16
MEEFSZPIBART 30 MNSEENSNRZ, &EF
13CO RIMBMEER |, AIFTERNSIREERRIREISIERT B
MERiRa LT &R e SR Ral, C180 RINLNEIERRA. £
B C180 IHEBRRNNRERERE CO
FEESRNIRIRINE ( BI—S IR D FAESE ARSI
CEEIRERIERE ), AR RIFARER S IRISZAIRED
19, BIZBMA XM S TSR E 2R AR AR
r C180 FAREMATARAOSERIBER TR, WAEIL
F| C180 AGIRIKIE , EF LTE RRHHETH C180 RIF
E 75 non-LTE fRiRT "RADEX" Uit HEERHITELNT |

ROEF—. BETHEMTENER &I C180 FESH
HEEZBFERRARERKR. XRBERLTERR
R EREET MR REFMET , —RUBREETEN
CO FETHRL JXMRIAE L1495 HIFFA ARzl
F, HEFXLDLRZI C180 £E itEEEI 78—

IRIZH) CO T REL IR — MR ATENER |

WEHITT 5  BRENERKI CO BTRHAMUNSE

BRZNSEREFERBIXER SRR ATELM

B2 B ERBNRBRRER. XA C180 H=FER]
ARSFRORERAIRIZFTSb B EICNER . ANRIEXRIFBELES

REBEEARTRIAYIREET] Astrophysical Journal k£
(2018ApJ...856..141T ),

ElsR 13.7 KEXKRNBEITEAIRIR. BOREIHT , it
— i EREERFE ARG NRIRIAET. tIEER
ESEEiniEhIERT | SR EEE M ER—REIRE |, EE
Effelsbergl00m , H4~ Nobeyama45m , ZEERY VLA,
VLBA LIREUHAY EVN ZEAIN , M TFSEfR—RL
€,

SR REREZKFIEIISI L8 ARBAFHERE | #

B "SHTREIHESERIR 8%, KFBIEeSH
BEE , E—AGENFINRE. S EHSFENG
BERE, MEERERNFEFERFRIARIIBRRK
XHRAARIES:  £thf . 2018 F 10 B , =lkkZRS
RENRNEEFBNNIABR S HEAFESL ST I[EH |
FFEm T —HORZ IR F FAEEARIERISE I F I THE,

YEELTE 1.2 XBTRETHRERE , ITERFRAKX
F "EF" EBA "R EMBSFRENRIETAE | IRF5S
Y 12 REFRETHETGEIRTIE, 08, B,
MEETTELE T RIS | RIEZ B TR S TR TR
IR,

AHE SONG ERFMIHEHRSIET , MEBEBUSEX
BHRE : 50BN WTEITEIN T ISR ERH. BNE. B8
2%, SONG 1 KREirit5f1zZ SOONG 1 KEimEk
INSCI TERS TN , XF Gamma Cephei , Gamma Per &
10 RNEEFH TSN , SresEuRLE | 3RS0
HIRISZER, TRFEEITEAERAAFEARIE 1 #RT
STk,

ENEBEEEENHEENEREEN , kE 137
KEFEBEBImE, RNERIKE. SONGIH. 1.2:KEFE
ERFREESENERIEERIEIGSTOMNEE | A
EE2MEXFEealRIEXUERER. BETHEIIRIFEIRM
HHFRISREN. RIEER. A4E8. Fid. SrMNBIFIE
KREMRSINSMRIE B, el TR IRERARRESS
AR "2018 FF-RX-WEREESE" &) ; FiEW
MubFHEEELMER A RAERESIRTHX S T KB "IRmA"
iEsfl. 2018 RIHESRIAAT. RIEAH. BESE. MkiF
% 700 AR,

EEEELMSIIEST |, Tk 2017 FE (FiElubR
HEEAREERE) B, 1.2 XETRETHETEN
MRS AARIE, 2019 FE (SBWlLERERR
HXERERIETE ) RIREEETE, T SETEERE
RYSKHE | IRAUHRS T H NSRS | FE5EN
MEERIAESEAEENE 7 ARUET , AR EKE
BORL AR TR R SRR,

2-08 EFWRSAMBKKEH
£ 2018 & , ABEIEMRARE  fiRE S S  BRE

FRAIAIBAKRIAZR @ |, A 135 SkhasmetkX
MHIARAUHRRIFTTRK

1) SHRIXEIREH AR IR (WFST )8 |
NZEFRAN—RFRIZIRME |, BERHRETTtE |

2 ) FREWNERSIERR , BFRAZBME |, EFstellig
THRE 18 RFRIEN 12 FH( REREENINEIR ),

3) EARRARNSRENRFBEINER  EERAH
RAaE BERINEEENEE FRENENHAR I
15
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(a) EFEFIMAN z=224 NEVDERBAAZEHH
JCMT/SCUBA2 850 fHKBXEINE , RME A=K
ER, BFXRSRE , RIREBRETRIA 1/3 B98HE (b)
EERKXZEE1EE Valentino Gonzalez BIFISEASERIFIK
8 Magellan ZixtE 4.5 BEF0 Gemini 2Bimis 24 /NFRIR
MEtE , ATFIEA 2=4.7 SLB[ONRSEERM z>3 1Y
THER , IREMEYR ; (<) SEMNXZEEEE Lira
Paulina #UZEX& RIS Gemini Bixss 22 /NIRRT
BYiE , FFRE z<1 B8 heavily obscured QSOs RUYGEIFARD
ARTAE ( d )IRE\RIEKRE JCMT / SCUBA-2 19 2019
B P 29.5 /NIRRT ], MEARFEVERENTE
KIREFRRNHAR ;

1. KF58EF (2018, ApJ, 862, 101 ) RET—EFMMHN
BRF INTERRDABRRERNZINTZXFN SRR
SRR (An FX. et al. 2018, ApJ, 862, 101 ): WFE=KE
REARE  WEKRERNERER  BROIBLNARE
WEEFRSER, ATRRETEXRBTEISHEIE
BX, —#9 10-30 @b, XEWNITEKRIERSIRKER
IBA  BHITEESTT  URRESHEEREWXIRN
. FAIFIBERIRANITEX. ZXTHMHE (ALMA)
RNEIRB D PRI =R ERLAN UDS 13RI IREREE
ERT—ENSRFINTTEAROARRERVEINT =
KIFRIZRERYIRR, FATESLFA ALMA RUFRIITE
KERUNHSRRAFIEET T — MR  FES
MERFINTTERD PG AP T =R ERFIFT =K
ERMXH]. FTESTH SRS RAINTTHL T —
BEFRME , KMFAIRTTETLUEAL 87%89 ALMA £
T ERER, BEHINSTIEN AR T eI
B ERESERLTWZXRMULIK ALMA TNAIE
( ECDFS ) JIEAH T 80%f ALMA IRTEINTTEZKER,
X BEEAIRS 7T A AT LARIIE A R R R P S KRR 25 IR ER
XIRI{R, FATHREEA IR AR B TARERR BRI =K
TR B AET KT RSB E P B R 21T
ERWMNER  NTIBEI— MR L EB AT ZXRERYS
BHARIAREAR T ZRKERNF N SIECLUNR EME
ERARELXER.

2. RIAK KR E IR R BN 20 R AN RESE A UL ( Shi
D.D.etal. 2018, KR , 59, 22 ) : XAIAKKEITE
(Wide Field Survey Telescope, WFST)2RAEERIEF
®it. 25 m O, BEEEAKKENNERE, JUFRE
KIMEEGKR, ATZIERARFIBFENERIIES
1, BERRREXAFINEGR. FFRRER SNSRI
ARIIE. EERMAKREITENZRANEIR, FER
fa B ub R K SIBEIT A E N S U IR RGNS, LY
BAFEEAE & 884 (Charge Coupled Device, CCD)EF
IMRHEEE. EHIREAARREEIER T, AESEEXRA
Fu. g. ro il zF0wIRERRIBEIEIORL, DT NEENYE
SIRLY, (UMHfERE CCD IMREZERN A FABERRAKKRY
16

BYEYER (wW)iRit. SHTERET: I8 CCD XRNER
EESRBERTWREMNS, B . i 2 KERUERFE A
TR EX LKA RIRNREE. S8 CCD NaRzHH
LFRIUAIHAILIIRAGIE AR, EAERNUNATEA, BJLASEH
FLiES CCD ERAINKREE. RAEH CCD IRRHHE,
EEMER WFST RIS REEE RIS FNRYE,
HHEEH TKRMURTAPRRRAR(G2V BEEGE). HRE
R(E). HERER(Sbc/Scd). FHMER(Im). XEHK, I
BN EEFREMNRNRSE. BdiET wikBRHmi+R
OIRIK, ARSI AR ERB R ARG B R SRR K
. ZRLE, BE w BXARNARITRIKEE S
367-795 nm. &fF, IHEAHTHKRKBKXEGRE
SNNRTERNR SR HEIR A BRI R L.

3. KEREEFEMERSAERTAINRANELIAZ( Pan
Z.,etal 2019, inpress ) fSIRARXBIKEREEER
RERMFTNBRRAFHECES REREMELIIZOIF
B, X—L{EARTIERFEPRARESE ( 1010.7 K
R )X/ NMEERRE RIS AR TRERERINRERER ML
# 1.3 LURRYEK. BIRAISERTEARLREE—
BINEERMER Bl 15T AR IR EARLIBII N
ZEZANEE. REERNHRE—EEFRERXR il
LIRS ERNS FESARE. BRIRIRTRNE
EREEKERZETEE+SHRRENEK, BTEE
+SREREM ARG KL | RITTLSEIERAER
FRRpERTEREI. FIAIWERIER 30 (ZFE , ERM
RIRFRRBEE MR 5-12 % , XiREERSIRRR
FNEERRREEMMERNTERRA. RINFRIIEE
L RNSARREN S E RN EEF ARSI R E(E
F.

4. BEEHRERCREREEXRNHAR (Qin )., et
al 2019, MNRAS, submitted ) : FFEPIRESEFIES
HNRESHRBA S%ER | (BERBSIREIRINEERATN
1B O EATE RN B REIREIE S BB BRI —., tARE
PR EERPEEF RGNS HENIRBIE  XHAIRE
RIEBATEUENEKXR, X—ITF+ , HIA—MNABERE
FERERFEAARERDIRIERSE( LN EINEEE
IRX ) EEXEERE. BEMRE. €BFE. A/Mt
E. BEHRESHIVERIR | WL IRX SXLSHR
SMEEEEERX XEERXERAEE LEHERESE
FREESAREXR (scaling relation ) T4/, BFE
E RIS IEN TR EINEE | JUE
SEHLL b/a b5 IRX FEEX. BESHTRIL , IRXHY
THLIIMNEE. R, S EFELRSSNE
SYEEXRRE  5EERELX. HIERANSLH
HNEXIEEMMEREEHTX— IRXBEXR FHX—
HEXRXREEEEY  AILMEAZRCIRM O NERIRERX
R, AEREVESIKBERS D . BITRINX—2E
BREREEXARERE 28T RX HIEEWRE. ERRE
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MEeBFEHRIRE SEREERETX. EBFEEIRX
R KRR AIFREMRIFEE.

2-09 SHERHFRZEIE

FRABESKE 135 MY=KRWz— "FEERE
CIERXE"( 2 F 5 NERIEEIE "BRERMAIE" |,
REETENEMIBSER. SI0KEM. REGFHEE. K
HEREXAR , URFRT FEFHEAARIE. 155
FHAR "SEERIEENCERRIR fMEAHER
BRARY “SI7REBHES AN S EIC RS EEHR"

“TG-2 POLAR MIBR{RIRNE" , IINERIRER 973 THH
"NEEEYLL TR STRRRTEYI RIS T H ERRIGITAT 3 ML

EFREARRZRSRHASE ((a ) BERRIRKREHRH
ILF0 SKA Eff&1EES | BRELRREERSIFEFIT
¥ IERERANK RIS RIERASE | EERSTRERSAR L
(ICRAR) BIRIZZAE Lister Staveley-Smith HBHES:

F AT ET B ( Parkes ). RAFIILFTT A ERES
( ASKAP ) BRE77REIEERES!( MWA )3 | FF/E SNR 1987A
fKh 2B, ERBkPE58EKT. TEFSTEBEFIR RRAT )
PUERSTEEER( FRB )FNSTSRTHL( RFL)MEUSHARIE.(b)
BISEERMMNZAFELERN 5 B 21-24 BRipHS
/9 "What drives the growth of black holes?” FAiR
& BIEEEREASETERIN 6 B 27-29 BFRiAH
fMRT/9 "Precovery of TESS Single Transits with KELT”
FARE BShETES/ REAZSZSETE7 A3 BE
8 B 10 BkiAA1ESR BIBERAF) ICRANet RIAYJIEST
WEZFSEt 11 B 5 HE 12 B 4 BRAE1ESR. ()
REEARASERSIERR SCIIEX 13 /K.

1. EfIEI1DREEXNAECHRIISERHRE (R
IfF—)

2017 8 A 17 B , Bt TH3I0IKRKRN A (LIGO ) iR
MEEFIPFEHES 1 DIRSE | BEESIIRNEERERRE
{54 GRB 170817A 5ZIRERFEEFILRTHE. X2
4k 2015 FF 9 B AXEREERNES|IHRZE  BELESE
—IRRINZ | DRAIRBRXIRAR , RE(EFERNFZNEXER
7, [T, EEBRITEAAR GRB 170817A FIATL , S+FER
LR iz S mMBEfERT N TFEFSINERS
HTEENIEHE. REERESEENEINFTFEFES]
TIRSEHAT T RERNNEUELEE. DFFIEICHR. &
fIIXHZ5 | DRI RT AR , BD{ESS& GRB 170817
M RERE , BT THRIESFNELCHER KW
GW170817 EBLEMLELR  FHEr-YEaseE— i
HiHBEE. KRE. EVEENTFE  BXTIERERE
Nature Communications (1 & ). ApJL (1 % ) #0 Ap)

(2R

REEREGIFEINZSE | IRE B 2R ERAY

BEHRSTRIT T £ EAID IR, BT CERaE
MEITIRGE | RIUXR—MEERERAYEMIEE | 2t
XA R B R R RS BT R RIS | RRY
EEHX— B ENEIEEMSERNFERE4E
IS RAIRERZS T AIZRIRIFER ( Zhang et al,
2018, Nature Communications, 9, id. 447 ), fa{ilI3E4E
SRR  —ERISRAREPIFEEERNOR
IR, GRB170817A B— &% , BPEFRTIESIAR
SRER SR ERNIE | B5sHE BRI RIRYiEETARE
EEUMHEBKRAR. BT DRRHE | B, RE1E
RESEERY T RESEUERA RN EEEST
TRELRARFRRX N R BRI RSTRIREIEHE | RIF bR T ixX L
851 ( Meng, Geng, Zhang, Wei, Xiao, Liu, Gao, Wu*, et
al, 2018, Ap) ), B4, REE, SEERHESGEENT
170817A 1£ X 3%k, SEFLIRSTRRIRRAIRIZEREIES |

EMAILARRETERONKSRHFENESIE. BT
MHENSE R BREEEAR L RIF AR RE
( Geng, Lin, Dai, Huang, Wu, Li, Li & Meng, 2018,
AplL). REBERIEFRLEXTF GW170817 HET=IEAR
BEIL , (BEHKIES GW170817 3|k 55Kk
iR (D59, X Gk, SEFAGTR ), WHEFRIME
FrgtfT T RRE. 1AM , 1R GW170817 HEF A
PFE  NkthFEFEHESEIEE (ZW/EH ), B
WBARBERA (/VF 10712 G )( Ai, Gao, Dai, Wy, Li, Zhang
& Li, 2018, ApJ ).

2, MBERREATTAFEHERE

FET "=HhR" I35 GRB 160625B AN SIEIS
fA%Y Zhang, et al 2018, Nature Astronomy, 2, 69 ), GRB
160625B AIIIEBSTLLIRERAISEIRML, | SeoRieRE T IEE Ry
IRERARETRITEEELERY, < BIYKIESY. BRITIESIRIEREERN. 2
F[IEFNSIEEBEIIXT GRB 1606258 FJiE1S HHEFISRER
MEFRITFR ST |, IEHXEMRTEST. BRITESIF TR
ESRRIBR U FT RN EMEE T EE —ENE R
4t ., Eitt GRB 160625 AIREEXS A TRZIIEH DR
HN—MEEXEN "RES (SR,

XIESER GRB 081221 BRFATIESSHT 7 IFAEHRI T
ISR  RIZEN R RS R T eERZ B R ANE
8 ( Hou, Zhang, Meng, Wu, et al., 2018, ApJ ), {iIIB%
RYSESIHH R R E S CBRAT MBS R R BB R 2
B8 RIS RAR P IREEEA AR RAVZEME B,
REIE. FEERESIEEEEX GRB 081221 HIAEFR
DIGELR B ED P GERHT TS  RIUX AN RALE
BRI LARCEKEES SRR INLARRRR . XN EHBTEFRRS Y
ETL RS BRCHRIFIEIEG  ARIEERIAIRER
ERESTHERSEMNAE, XN SEHNES PGSR
VIRZ & RASRRIFEE  EEnaEREE R/ uE |
AILIB—RSIN R e RBARRIF & . XM TIERBERIN

17
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ISR SCIRERST W EHE_EFNERIC_E ISR ER FA—
206, BRSSP ML ERRERRT YR — I E
BT,

RHINIB R E T LR CHBE FIR SRR
7% ( Geng, Huang, Wu, Zhang, & Zong, 2018, ApJS ),
REENSFEFTR T M ETERER  BAENNS
HHEBEFHHIGEN | SZEEB=NSATRE (BER.
ELS RS T RTINS ) FIRERLZAIRIE., FATBLR
REESHTE  fHT—RIER. BAMNERKBMG
HRAEE SRR LIFE T RBIREE R R B RS R
RH B EHAER PR TNES RS S, XML
AU MR — NI S G R REEE R 5.

EF ROTSE-N XS RIAIINIB RIS R R HAER
£ FIRFFRISRERM RN BRSNS ( Cui, Zou,
Wei, Zheng, & Wu*, 2018, MNRAS ), {IEZEHEHASE
ERTIEEEENER  SEMNBEEXCERIWIRERE

(BCZRF )\ MEEEFRENZES T (BHINE.
£X ) fixh. REE. BENISIEEETMIBRINER
HIIERERY , 3¢ ROTSE-II NLUZEIR 36 MR ERHE S
EETRE LR A THERSCERIAIRC ZE TS EER
il AR ERFEFNEE AR

FA Swift BEWMUZIFHINESERE X 534 FaXH SR+
155 [E2#47FR%I ( Li, Wu*, Lei, Dai, Liang, & Ryde, 2018,
ApJS ), X HIETFAER Swift FRENEELRT , —IAR
BIRTHOS|IZAOREREEEN. MEBEP0SI1EEESR 2
% REIEEENER  FIREE AR FE( HE )
REENSEER AT 101 4 Swift/XRT XLUEIEY
DS X SIETEE |, FERIR 2x 1052 RIGIENRLERSR L
HEARER , BITXMEEE WSRO 51 ZEF TR
=ERE. X 101 ME3RF , FHAIRI 9 MNEBERT X
SRS ERMIRTREEMMBEERET T 2x1052 /R
1%, EIX 9 MEEREAFO5IZEERR ; A 69 M
FH X SEFEBESRREMEEET T 2x1052 /Rig , 8
FRREMEESEEREET , ZRE RS T SRR,
EiX 69 MEIRAIHDS [EETRERER  FT 23 4
MEBERAY X S F R R REEES REEEREE BT 2
x1052 7Rt& , BEIHX 23 MNIBRNFO5 AT ER#EE.

IREXHNIESE X SRR RIRRNTLURR#IZ AT
( Geng, Huang, Wu, Song, & Zong, 2018, ApJ ), X&¢
SRR EETMESRERZGE  —MRIFLEE 100-1000 7 , H

YIREERIRA AT , BRI URNE I HEANREEEE.

X SRR R E R AR —  EER RS,
REENSIFERIZ X FEAREENEEIKAIRLE
5, EES CIFMART X SEERRIRTS , &I X
SRR EFMBRIARREESES  MERZMRRR
B RHREEYNATRE. FEIt  RENE X SRR
R ARV XA E ORI — MBI R  EErTH
18

BEITHaIGHZN | XU RAE R LT —S R
17 RIS R EERAO IR,

MIBE SRR EF RIEN R BIRERIAHERHAR (L,
Wang, Shao, Wu, Huang, Zhang, Ryde & Yu, 2018,
Ap)S ). REENSIEEET 70 MRS HEERERE
HAEREEEDHT  RAAR T BIs8IIREEN | FEHE
K57 25 MBIRERAISEA , F 45 MIEIRERAY
RHER, ESHAF , BRITRI 96%MNEISER SRR
T, (BR  EEZSHIIISRS , BIEHER RN AL
T, Heh | 73%HBIE AN AT sERiR T RS iEsT iS40
SMERERSNISRER |, 12% MR FREFSIRENE | ShittiRT
REERARSTRIEMBIREINTE | &E 10%N2EHE
FIIERL.

TEMIS R D BRI ENELE TR RIER ERIR
AT 7RI (Lan, Wu & Dai, 2018, ApJ ), i
BREEZANERTREEEFSHAREEENZD
1545, BXERAWARIERATETA RS — MBI,
ERIESRAN—MMEBAY. BERIEIR. IXERIUA S IR S
EINEAEEER | EE. BERO8FTE T — NMREEGRA
—MNEMEIKN. ERERPRR K ST TR E
B, BERRHINES  hEREERD. =XE. REERE
BIFERAR T 2 HH "BE" W RIXSTIXERT 2
4 "RBR" w7 , APRRPESIRIREREANETN
WEZARRIBREN, X 2 4 RE" #inir EsEX
REMNES R AR TR 7T
1THR . WD ERESRSIRRIR T A AR LIRSt
BILISRAAEE 90 B, —iRRYRIRIIAIMA 90 BRI AL
ERIRENRAEZNEIERTEZZ. X—IFCHRER |
XIFEMEDENE RO STE,

3. RESFEEAGEIRAR

R T RIS RAIFEHI RIS ( Deng, Cai, Wu, &
Liang 2018, PRD ), [R¥IFRREHIAN R T BRI K
BRI | REALSRI SRR ERRIRIG A Z —,  XBALSR.
REERESGFERY RN BR M EAEaT E—
TEHERM (S ), RYINEBRB TSRS
HE  HENRNERHSIREhR T ERHIES. IR
WERRRIETEE 1028 FefIRR , APAF-4RIEBHIESTIESF
Rb7E GHz STREIRER , IXFMESSBRIRS EUZIATHRIE
SFERESHREN. ME  RIFERE 1028 =RIFELIE
BAERSEN A2 —HAE T REERERIMNER
RIFGTERAIBRER | RERSEHERAIR ARG
LUXRIRY, 5 , A TARETIE TIXEWBRF 74 GHz
5|DREEEHRNATR. BRER LEEB/ L ENETieE
& GHz 3177iRRN=E. B , RATREEISkAERRININE]
RAIRIERYS | DiRiEgI e aLRdEst. Eit  X—T1Ft
JIERAIX M S SR RO,
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4, FPERIESHNA (RRAKRR=)

XSEEHTE SN 1987A BRI REIK T £ T 7 KA
5= (Zhang, Dai, Hobbs, Staveley-Smith, Manchester,
Russell, Zanardo, & Wu, 2018, MNRAS ), KR, RF
IERESIEEDBIFIF 64 KIAFCHTEREN 20 EXRZR

SRERITALFN 10750 EARIRWAIN THEHT 2 1987A RIS ,

VAR S B al e B EIR R B RO &, 1X—
TEERFI BTSSR MESTE  JIIREREL
B TIEARNNE  Hh ARSI S EREIEE R
EFEREE , (B27E 1.4 GHz F1 3 GHz SRS RIE T
SERIFIUREMRE - 31 Jyf121 Jy, MEKHHESE
—Ri=FAEI SN 1987A Sk EAHESH  KITEI T 4
Mk 2Rk MESHRER (FRAT 7), HF 2 4ME
DRSS HRE T SR EAEE (SIREAT 6.5 ), R
15 BN i B R R B E TN E B NER
BHTH—EREE,

F A TR K 2RISR B A SEMRBIE TR
LFRE (Wei & Wu, 2018, JCAP ), StFEIERERENF
BYIEF USRI TR AR —, REDEFARIERE
REREIZTT A RRN GRS (BRI T AT
BIRTERERCF Z BRI Z AR B ZER 2B T Y F 5%
IFFREAATIERAY. TR L, MR ERERRR T BREY
FEIERETATHRAISIZ S B EEE FRRRAIR
Bk, ARFERD (ST ESESFBFHINRHEERS
FEFHIEBARI ARG FIRERE —ERURENE | EIARTRIIELL
TG IRTT | BOFMBRYSE AN, TYcFFRIEER
EFRNFECSEERNEERR  FRER DY FERIE
RER NN FARNL. PRI BRI EH =
NPT LRERBIERIT RS, MRNMIRE
IR T —FME T REFARNRT 75 A0k S B AR
IERARTTEREIR, IS HTASNTREK P ERNFHEAE | fith
ISR THeFERLRE FIRAISAISMRGN ~10-48 F52 )
LESh B IR T At E A T AR E R BRI R
SRS,

5. FHFATAFHE

1R 51 IR AN RIER ST EB R A S E A TR AR AR
ISEFREFEHF (Wei, Wu & Gao, 2018, ApJL), —
LRSI E SN T 2SR IEEEBIR  BINEZ A
SR EERF- TR R, MNRIRERETESE~E T

PFEHEITRE | BPAREIIBEG RIS | IR

REEAFHFRTRENE. FIMREBIESS|KE
SHYCEIEE DL EEMIRIESTERNERE DM E2 8P
DLxDM , AJLSIETHRMRAMRESE. (ESRRINESES
i% (BD DL 753% ) 1 DM J5iZ8MRE T IS BV R EEIENT | T
DLxDM FFiEEBMOGRTIRZI B EAYLE. BISERS
R4, BATIESCAELY &Y DL 8% DM 753% , DLxDM F5i%k

LSRRG FEAEE, £ DLxDM 73i% , Xk
IRFEERHHRNE] 100 FI5|0iRFORIESTE BRI
ATLUSTRBRGEIFEHF S b, BIES | 1IRFREE T2
PSR AEERNE 2 A DAAER T REER—LIRAL
B3 TR IRIEE TR 2R,

ETF 50N B FEHENEIMERTT ( Wei
2018, ApJ)). FHIEROk ERRFHEFN—ELSEH.
FHEREFMAY. FEN. R2HEH , SFHRTEK.
BREENS ST EETREEEEXN. A, BFF
BHHEAEREERSHEZERGEEH , A MRIERIIRS
XS, —RME  RERINBEAREDITIEEENTE
HESHEENT  BEARERTIHRSHI RIS ERIS
REEIRE (LWINFHFEHIRE ), BERANE Rt
FSHESEIRRE/) , HEFHENRIRMATES S
AR INS A ENAEREN ; MFEEEEHNRIZ AT
SEEHENACDM EEFIIEFHERIERER W(2)IBELZ A
R, AT RRRIRIERATMRE  REBARET—
MFEHERTXAFG L  NETESRRN la BEH
BRSNS H(2) ERSEIF RS4RI RS,
B NEHENNESEE EIE R R BB RE LA
EREREN=A WK 28K, TIX=NSHF AR
FEHEHE, X WX SHIAHELSRIN la B8
EHIEXSHEFHGOIER. M5 | DRIEAFEFRN
RANBRCAILU S HAEIERER RS iRAEER
EIRABERF TR EHEESNS  SraLSHERE
¥ ( self-calibrating ), Et , 18LE Ia BUEHRE |, 5|0KE
SHILASEF R FARUEMESE, BENETEIEEN
BRIFTRTTIE | BREFRAS | J7IRMEEE ( & T—5|
TIRIRNEEXT 5| IIRESHURIRIR ) FIIIERNIEEISEL
H) W= EFHMZEOK , RIAE BRI
QITTIE | FIFES | 0REURR S AT LI G R It =S

TR la BEHFEWNRIEFHFEE ( Melia, Wei,

FJLA 613 i la BYEFT 2RI AR FEFRE. H
FEARNRENRRRENEREN S EEMHRB TR
EEFENERNL IR BESE , BHREMZRA
BAMAGITEISERREFEZSHA WX 28, 7
R Rh = ct =250 wCDM REUHLVERAT , TIEHIEH
BEHURIIE T3 Rh = ct #8 ; T2 Rh = ct #&8FNTHE
HINCDM 1REUMELERT , MERNIFER | B EEIEIT
BT HERINCDM 2L,

A kSZ2 - 21 cm EAEKNIEFHEBEENAIYSOM
( Ma, Helgason, Komatsu, Ciardi & Ferrara, 2018,
MNRAS ), BERRESEERARTNERNANNE
Sunyaev-Zel' dovich %z ( kSZ ) #1 21 EK(SSHIEHR
KEAARFEHBRBENASIM. BF kSZ HELELVTFE
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THIRTERLTS 18 ERUERE |, kSZ-21 cm MIBEHERENR
ELLBERRE  EILFITESHAR T kSZ 75750 21 X
ESHEMEX , ERFPIAFTHIEBERREN ( <07),
kSZ2 R mENERERES , W 21 EXES

ETIERHERRER |, MAEBERER | kSZ2-21 cm 98
BXEFUEEES  BILEEX AR, ERnG , 77

LAF FRMESISIR AR FHAKE R CMB RIS IR |

FIRXMEATATR IR SKAFOtE CMB SLIRETLALL
REREIRLCINZIESLRY kSZ2-21 cm EEX(ES.

AR T X 595 8 21 EXESHERRXXER (Ma,
Ciardi, Eide & Helgason, 2018, MNRAS ), TiEERES

{FEERSBERNZREEINAR T EIBESR |

Eean X SFEERNE. IRIRPOER. BIRIRAIERNER | 33
X 595 RA95ER. DiERERIUXLRXS X 5945 RHIR
BNEINESR BREEZR X 5945 SRATNLNSRET
RFHEGFEE. MENRESERENTTE 7 X LRGSR
FRIESRIEB BN , FABENERITET 21 E
KIESH X PEEENEEX, XMERXTLAETIEE
21 EXESHTEIRIAR AR ERERNE X SRRt
B TR E AR FEERENRERAIE , M
EBFEEAIRER TR MIERZIBAVEERMKELT X SRR
MERIARARIFERE. R SKA fIFRERY X 574K
T, XA ERXAYER RS T LAAE] 5.

6. BRSNS EATHT

R T RHBR RS URE GO IEM T | (X EPR
BT RIBAITHAFIRR N ESAEIIAIAER S AR zogy
EHRAM R EAMCIOERL |, WIBIC IR T EIN—ARAYS
%, HRETHREE  BRIEELS SIS, RIEES
BIRER  KBEWTHE (1) 8% NBINMIBE (<
FA7E) BT zogy FiSERGES: ; (2) BERRASIEN
EERRITESE TRAEKENYER TGN
% (3) AT RERNAZERGIISTERENMES X ;
(4) EEEBER TR T BRAENETYS  (5) ®RET
QERTRREGA B FRH T L,

2-10 BARSH R HSERAREHA

£ 2018 FFE HABATIFEFESIRE 135 NERSHS
| EERRY FIEREEAM “FHPNEEMRSAH
LR, 2URRRIEAENSMEIKEES 13.7 X=X
IR RIEE" KRR, REREEARRXAII,
HIRANE, ERAHETE. AERRET “RiESs" XK
X, HECENINSERERE  ARRIRSAS ST
RS  EERS FSEERRK. BHREET. Bt
& HEER SRS TIRESRIARR.

LS  BREIEAR RSN T FERAR X SZERIFF
By BRI MEXGIRR | hEIEWS , ZIRARERM

BRERESTERIRAI N, BFRZTUSER A
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R REREAREMIRE "60 RETEKKBITE"
RIRE N TR, DipELRER RTES" KRR
WEHESETE  ZHHMBES AR QS AR RN EF]
BE. FIERETERIEHIAL 2018 FE "HERF RS
EHs" SR "PERERNEELDION .

FUSREFR : RPURARIDSAIKIERSS (Sun Y. et al.
2018, ApJ, 869 , 148)

BANE (AT EIFHIERAREEEMHRIX—XEE
Za# , AEINKETE AN BER—RNSTBERE (L
RN EXRD 65m FIHEE Effelsberg-100m Eixts ), X
BT “RTEE" CO MREMAIL 200 MIFRTRINE
IS F=#1TT H20, CH30H, OH BKRIES., BiTikiE
KX | FNERETEAE 5 M FoPRRMTIKERS B
BIRIEEAPRSETAIFREEIKE (£ 21 kpc ) FIRETRY
FREPKE (29 18 kpc ), XEERKEARIUIERR T ERIARIA
SEFEERIZINAREEEMAES (LB 1), BIER
ERNERPERITRLDERSAZENSBEERNRER
TERRAMEERMNE , ARSI CIEENR M T Bi%
RINBRESR, BRI TR —CIEEAREE
BRI ERERARNEERRHSE FAE
CRAORRTIRME T R AR,

E 1: EEMRIREESTEE  SeEBAEXTEY R
WEE" COKRAMAVRRUEND = ; AENANR
NEBIKE (ZeEHE ) K591 6 M3 F= , HRAELI
EEIIRBREEA CO BEE.

FRERBFR 1 SS 433/W50 HUAKREEMIAE « Bk
FHEHD FSARHRIERZ( Su Y. et al. 2018, Ap), 863 ,103)

BiFAE E 2 fr 7 5THRIR SNR W50 BREH
FRiMEESHIER 2 |88 microquasar SS 433 , SYERIEST (2
BESLE ) RULBRATIREN , 5SS 433 KETHE
EETRERAER, R SARIL LSRR 2= i B MR
BRIRELE (IRBRER ), DFSREREBIRAIRT
IniGIE (IB+BEESHE ) HPa/BeasEsifE
SS 433 {EI MBI E /B LN E AR EAHE | XL
ROHES BB SIE R —  RP—ERE
YIEEAERME,
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ETREFERUTZEREZMNSAK G40.331-
4.302 MR | RFSAFD FSAERNHEBIEE
BHIE , SEREWLE DT SS 433 BRI afEsF MR E
W&. A HI+CO SANNEaF I RIEEHSANIES R
4.9kpc , 5H SS 433 BERMIETUEEEINIEE— . 7
INT ZEWEEER, MC G40.331-4.302 RIF4RETA
£9 370 pc , ImEAFRRERS FSAEETREARNS
(e , CO SAREESLE FWHM=90--100 pc ), X2
HRIRAES CO WRAMAEBRRERRITND TSI,
TR /RN FRAVEERL , FATAI G40.331-4.302

R 1073 KIARENDFSMASRTE 1005 FRXEWM

DFSIRHIFZARTRS SS 433 RIXETE(LATHR ,SNR W50
BOTELATHR , HIFD CO MIERSANANEEI R TRE.

2-11 R EBintRIAARSEINE

ERESE Sm KHZAEIEE (DATES) MO R BT E
( WFST ) XERATUART LI . £264E BEREF.
@ DATES BRERPIREL MR, REm7ERNER
RE, HBERNHHRITERERAATTIIIE "598%
AFTERNGIAR" , ARAESHERR 2 "KENESEER
HRBRATTEAR .

BRAFES S HEIRBUSMER MR

WA R EERAS R ES I B R . TEREE
R (AR R BB IR X ERESNERIINE
T BESSHANARRTT T —E SRS RINERGS
), RAEFRESR M55) BREF4E | SR AEED | i
7 REER ek T EEEN. TR (+20°C)TF
MEFAEES 7.2um rms , (K& ( -40°C) THEFEES
7.3um rms , ??J%j%iﬂ',??%i& "%ﬁﬁ?ﬁﬁ'ﬂ:ﬁ@ﬂ@ﬁ?ﬁ‘fi

E 1 SmRFHEEEEFREER
£~ ki o0 d
i1'e ‘, H """ ¢ ‘. l ‘

S-S

{=2000.000mm, RMS=0,0072mm 12000 000m, RS0 00730

2 HFREST , (EE)ER+20°CH , (AEMEIR-40°C

i)
FEBNERRBEEEHRE
FET MM AFEZRELEBNESEFRAMRE
BIESERFERR  iELARRIEE R R RS
FRIEIE. RCRIEEEMRMEIE. IRMIEIE. LARKEEIESTSY
WRHEES, fEHERE | §% 1.2m Pz URRERE: |
£ 100GHz JREEFRETiEAERNES. , BYSI ™ NE
#ZR : a) EENEREMT 2um rms ; b ) 2ENELER
S5BFNEER I, IESINET | M BN
BHEMRES B/ 25.9um 1 26.3pum rms , BiRES TR
—3; ¢ ) BEBIEFANSIRER A NREREREE ; d) R
STEANEELAIREMRE (55um rms ) {HRET , A
IGERNERE , £5 2~3 RUEEEE , RETEmIURIZ
SYBEIREASE (22um rms , SPRTFHNVRLZER
INIREE. ERETEERE. AERERR ). BXIEX
BPERRS.
BECEARSENEEENR  BASDPMEGEXK
AEER HRE ST ESPERNESEES N ER AT
F5  AREBREREFREN (RS ER TR E
HNEEHRREEEHSER ) IR THRRSE, HANZE.
HF. BE. EHESRFRE S EEE TIZEERETH
RASTRRIEFIRICRE | e THE N HER RIS
R EMRTL. AR TIEER T BRI TE RN |,
BXERKRFRERNNE Top H3F) Journal of
Astronomical Telescopes, Instruments, and Systems,
2018, 4(2): 029001,
WEFST 18XHRESERE | El WFST ZigEK , #47
WFST T RERIRSIINEG ( BERESEERACREE ) T
BERE | FHEEERR LB AU TS SEURIE IR
AN ST 7 IR SRR WFST HRp{GRENIFN |
Ekin e UEEMERT WFST FiEttaessimilE. AR LIFS
FEREITESINT | ERERRREE TG SFEAT
Optik, 2018, 174, 727-738,
DATES #4%75 R AR AR BIRESCIO TR
DBSERAFHRREMEMARNFESIE , 7 DATES
BInERARESEEL R AN FHEESHT , LR DATES 2
IR AR RIS, ek DATES RBiniR4atl
S EREEANIE TR T R B R iR S USRS
Sy
SR ETRRATNETNIETSERR RE T —HMET
KRN ERNENERE L 1275 AR—FIRETER
WETTE B SHEHaAS TIIR &GN E RS
FARED . NEESR T ERIEIMBPELI U E TR
it , F1E 1.2m 042 DATES gLt Rk FFFRE T#IEE0
IE , SR TEBRISEIEER, 3mm RERSCIGEERRA |
R ENREEMEELT V100,
S BT EE IR ERE KRS SURITI TR
ETF 1.2 KOfR DATES 45tb R , FHE 7 RN Bintsig
EIREEBINISLIOIAR. ZAR SEERRENRR RN
21
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SEEHEIETERENE Itk 5 RARHZEITRET
TR EE TR, ARCIIHER AR ENER
AR EFPMFIRENR LSRRI, K]
SKIOEESRAREA AEMNBAISRESHEEAR 1~ 2/,
He

FRET 60 KOFWEKIKETRAIRIHATHATIE , 55
BT BRI ARV AR  IREERR LIS
AFRT RS, WET (60 KIEKFKBITHEX
ERADERATEDSIRE) | BIIENT "KEWEXK
RETRREKEIATIIR" .

SeRL TIEEIE "Binimlidin SR =R HEuE".
FERABTELE : 1200 FIRRUMEETFEN | IWENREE
TERRRAEM B T EETRIRIMRLIeE
FMHHUE. 1ZIE CIRFEE .

585 EEMIRE CAFE WM IIE , e T HI
Lyman-o FEHEREOGRXAIEFIRLT. ZEFRITRAX
BEOHMBOR S KRG FRES | £ Lyman &5
IRBRSCIL T KA P E D HRAI B RARINREE. SR T8
BHIRES TR EICFTHRIINTELR  FFET X
SNEREEHR. ERIRFAIIN A5 SN R A A S

I
£5 921 IR "BREEARZRUER" BIHAH
RS EREMRIREA | TR TIZANSRRT. R

EEABILAR EEHREN.
S5 KRBT ERIRAREIES T w5 7 EITE

RRMIAISIRER | Seil 7 A MRS E R A EDHT

NETFANIARIBIHMRERAIE,
BEAREABTRRSINFHEIERE "FEREXNE
HinOTORI 50cm 2Bint" , 5ok 7 A= , HES
F19 10 BT 7 A RIE2a9N | FELER EIRE T
— BTSRRI ARSI MEHER. NIGEERBFESE
ETFEREEAT BAEBOEELT T TET Linux 2
{EFERYEMAT L GRNISSAEHEB BRI  FHTERTAS
AXFOBHTTEEREZGNE | TR TUSFEEE AA
Tau (9 2018 SEEZA , K8 7RI MFEFMALIIN S NRER
AmiREUE.
AABFIFRY 2015-2016 FERAVEERNE

"DATES BimEEmSNE. #Us5hmE. SRERIEkWL
Es 7N Al G G E
AEAREZEL (BRES IR EEEFRMESRAKXESIER
WIBEMRETENER  BRERME  BEE—S
BT A,

2-12 BF SKA IFHFHREA

(1)Use the Planck data to detect the velocity
dispersion of kinetic Sunyaev-Zeldovich effect at 2.8
sigma, constrain the scale of homogeneity.

22

(2) Forecast the measurement of cosmological
parameters with future FRB data

(3) Stack the pairs of Luminous Red Galaxies and
detect the signal of filaments at 5.3 sigma

(4) Build up computational pipeline to analyze the
effect of 1/f noise in single-dish 21-cm intensity
mapping experiment (SKA-I)

1) A Search for Warm/Hot Gas Filaments Between
Pairs of SDSS Luminous Red Galaxies

2 ) Planck intermediate results. LIII. Detection of
velocity dispersion from the kinetic Sunyaev-
Zeldovich effect

SERERSWRNENTETFETAASI#. ZHEImE:E
T 3 NHBEA. BREIBEHIAT —MEEZE Dr
Chandreyee Sengupta RE&IURNESERIFARR. tHHY
FEMRARE HI ERKX  FTEZERFT/NRELHNER
B HI =, tROFAR A LAMRIFAIF0REAE MeerKAT IRELL
RANRE FAST EEERK.

BIMESERA IS T IAAES/NEEMIELER |, SKA
FHEARNPERERRIGA. 2508 (FFIE UWC X%
BtE), R ( RESMESAFELE ), iEBX (5
3F UKZN kX%, 3E Durham AZELE ), iIEERIX
MUREERER KIS ENE. MIEs/ErniiEt
ETVEERA 1-2 F BIEFRKN 1-3 FRRNEREiEAZ
%l (BAHNED ) RRSERIIERS | T3S
Vimal Simha BIIREIIKXXEHREF PIFI EfRELEI
B, BRiEEREAIE,

Il . ARG HFNZABIRESHRHATER
3-01 ZEEIRSH AWM

2018 FEFAERIEA. EAREHE. THERESIUL
BN RARHEE TSRS E R T KETE, T8R!

(1) BRIz T , BfnEIREE IR | BiF
THESHERES  FEIR "RE—S" BAKSERNMR
RIES | AERIINRIBNEIRIRE TR

(2)"30 EXInRE" BEgkRukseiZasiEi , BRIE
EFRELSNBEKRIRL ; T/ LB" BremiMaRiE ;) "x
*xDEMENBRS"  SohE MR ER
W, ERENERIZTNER ; &0 "BR M BEaTE
" R9IGIE , BPEHEIIN.

(3) EREFHENEHEN=AEIRTEL , i@
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(4) "NEXRFEHEECFNETE" MBKREEPRM
R —FR (BHESE— BEAR);

(5) EFF Rz ERNEN RS SNARR | P ES
TREE (EEHE. FELHIE. Molniya # Tundra 43,
B ) SIHEREREECERAR. AR, S
FRTTIE. RICEAL IRBITTIE, KSHEENGE. ST,
TEERNETTE. TR IEAE. BESS RRRNTT i
LAz B iR e RS RIS |

(6) 2018 FE , AHEEHHREHAILT 55 I, H=mT
Heh 12 TUREERISRSIG T | #reiBZlileE 15 I,
BiE BRI IR=EEREE 4, 973 BFIN 1 1L,
BARS 13 TN AR FiE S 3 I, BRERERE 2 I,
1218 1 gk,

2, BRI

1) MUERFRBESI "RE—S" BAKXSEEIR
RIES | BRFEIRERET 500 ZEFHE | iIEAS
TRR. FEEPMRREREEFSHIURZA | SHA
SENBATUREE BT RN SR EERRHEA
KSRIRGERRES. WAERAMK TR AERFRER
BRIET,

2) "NEXRFRIRBEECFNETEL" MBKRERPRAHR
BETER

(1) 2018 FEhOLBINT SHERES |, HEEITES
FiE, FEH

@ "RE—S" BAXSEGEURE ;
@ "RI—S" HEIN;

® "$E1C" DENII ;

@ "dt3} 14" DENSWN ;

© &R 3 SFELMEEMOXE ;

® ZERLEESRWN.

$R1R - PORFPRIBRESN "RE—S" BAKXSE
INFURIESS  BRBIRERET 500 SBYCFEERE
ERZERTR. BEENIRRERREFSMIURIA |,
SHTRAIBATUREE BT tBNRSE SRR
BAXSHRERRIRTS. HPEHAMKTEDNER TR
HSRERIES.

IV . {TERFIFEERNHATER
4-01 iRt RISIFRMA AP R K FAFTEIE
(1) FRTITERFRIREWRINIERR , LIKHER

KRB EUREAXNNEFUSERR. BEEEWmS
2, XBEEREMNMTEHITONIAR | B MBI R
BB , —MEEshidtREPE Rt HIEEERS. Rt
HERISERAR T —MFiEahtiREERNEMHRNE
. WXER RAA, E_RERENEEEE. WRIMT
ERSFt Kepler-9b, ciff 2:1 RIS : Kepler-9b, ¢
ST TTV BRI, BHBEREEIEARI<1%A0EE | &
RIFFEREZNRIIINE , FIRZMNIEEMSE , 97T
Kepler-9b, c HEIATCHIEHRIAG , RILFITEEFL
FHIRX SiAHRRAZFRL | AEN T HeseEmrYE
WHE., EAFRBERECREXRMNELH  ARTEEE
T2 Styx #l Nix HEEHRATEISE FRORSREE
IR ERNRTREERSE  EAARIIES  &H
TR RER R B MR RIS —B - ah-
Yizaittk HRAPEE—. ZNES=MFiEstiReg |
MR AEXS M EEaHRM & 4= B HIAERTEA |
XIS LARIFEERERIF mass-spring 1EEUSHATEL
BER , RREELN 15,

(2) FRTEEMUMNNHAR , ART=HEHEE
176P/LINEAR (118401). 238P/Read F1 288P/300163 (1
FEENME. £EERFRAE , B2 176P/LINEAR (118401)2FEzN
B ( fERARZAT ) , &8 238P/Read #] 288P/300163 13
FEIRS. EFEENMNFRHESESIMTERR |
ENREEEERER NS E N EXERIRE ,—
BRI B AMhAEISE B RZ e Sr=4EiEatt  Fi1m
WRERH—PIEL TIXMES. R BAWSEI T =5
ENEIZFETNRMARENMNEN AfplE. XEBKR ,
HREILEEZEE.

(3 ) WEFEIAAPRR/NKANETIEAY RS SR
EEHT T HEP NSRS BRI SEERENART 35328,
IMTERSENXET 780341 B , HLH T HIBMAIMLET
RITHAE , MAULEEET : http://www.astorb.com, FBFELA
B PCix (BIEFHE R ) BARILEEEES—F)
TEMSENIRHE (AOEER ), HEBHEHATE
2% ALEEZANIERNZINUEEE SEE0m ),
MTIRHZNRARRT R AU RURAGF T, EHTEEXSE
RN, BPERTLSESE TN , BTy
ERBXYIESE.

(4) FREIMTEXRSHNHR | NERESRENR
HSEETEHTUUES  MARENSKRNEIINAS
BHE | HTRE GBS ES TSR RSERKS . AFE
HISHRELE ((BARRT ) (FRIARE WASP-80b RUIESTHE
TEHIOSHE  ROEENAEENEERE | 1ZITER
FONETEEN M BEENKRAE ; TBREEE
WASP-127b EAHIZE. KZMEESRE ; EREIRAAE
KELT-20b Lo # s EFRINRETFLUREEE ; K
£ HD 189733b LRI TIEREMSEE ; ELEREMR
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RE WASP-69b LRI TEENZREE , FIAFERS
Wik, RFILX 5 B

FIERNFREIFER RIS | BISBHR | w2tk
AFRANIE I SES)  FFRERAPRR/NKNRS IR
—LERIZHRRAEY ; @E 4 ARRIERIZES (ERES.
BEESIEES 5 I 5 NXEERTEFRSHRSEE

FREIMTERSMUHARTIABRNKRAENDZEEH
R, He, S@EFHRIAAEEE , AR BRXXER
Kanata E2ixtEfE 2018 &£ 8 B 6-8 HXJEE 21P, 37P A
64P 1T T BGNLUAHRIRNIN REE T =FE2E21
IRERAEE,. AMRIRLNENER  BREBEARRITEI T
EERIRUNSIEANESEIE  SiH— S HREES
ERNLUAIEVERRRIHT T8,

WEIRERENRIMSSETEHTUNEE FIRRE
MERWMENNARIBGHE TR GEHEDEEIK
SLERLLT .

1) AEERRENRIMTENKSERK T E20=8E
BRI HII A SRS, TFE# BRIz
MEERTERENNERSE REBNEEENS MR
e SISFEIEX. FIBAIFFENIA Calar Alto XX & 3.5
KERE L HERSHIE D PR ( R~80,400 ) 19
CARMENES JE(Y , BTN T —MEtERSNRIMTE
WASP-69b , KIIE{EIALISM 1083 4eKHREiIssSa=
BE THHEEREEATHERK  HBEm XTIy

2. MO FNEIZENRECEBITEXRSHHIR

FFETFE 3.58 km/s BUSIER G CRMEAR LD L
£ 22 SHPREERE R | BB TEFEASINZAII
& FEER T EERNEE. SHREFHEPRFE.
ERRRFTE  FRESATHRASHEIRE, LR
KSR RBER AT HRRERIMUNSAIKS alpha
2, BRATINEIRE , MHXIITIERE , thENEES
PEGERERENDIHTIENSNR =B HEENA
FIREEA L RN EEIIERIEFEA SR
ROISRE. XM T{EARZRIE Science /& L.

2) —ELR  BERRFREERIANRIESRZH THE
BREIMTERSAERT IERERAVBBYSAE, SAT , SERRLT
L FRIRUENS SR A= 2 O | SRR A0 R TR AT
REESY, FMNFE 104 K GTC AUED PRGN
OSIRIS Wl 7 —EREEZENRINBRBER , HRE
NEEE 3F. MEFRNATTAE 14 5, WUBREEEE
SEEMHERR , XPTENKSHEENETF. BREF.
HRTFIIKDF SRR BRI E D LR
RERTES R |, toh , 89 2% IR =RES 7
TENERISIBIRS | RRVERFIBEY. DiTREE , =Mi<sE
FEHBEBLREE., BrRERRERIMTE LR
B , XIRETRER SRR TER T REIRE 2 —. 1IZTIER
FREAJAZTE L, HBFF Press Release —iR,

24

4-02 HEMAXSEZEA

"EHEERATRRIRK | SI0MERE" E4E4E
H— =R REN MEEEET IS HsLIRNIe |
RIMFES | NS B REER B GIXLSLINRIe. B5IT
I SEXHETUALESTIS |, 5| DRI EHRRIRBESEET |
MEMNE SEITRNEEZ BEHHR/SE SRR |
HYES/NTFERT TSR  STAEENETES0E
IETRIS DR BRI A EER]. AIAR TIEA—LL
1EE 10/ B RERIS T 5 | DRI EHERIRIES IS
VR ATERNENE |, FHE XA EsCMA D SRR T2
ROENEE | BEAERHES [ OR R Ie AT FRATAR S
THAHRESEES, BXARMREERFAE PLB. CQG
ERUHERREE SCLERT) L.

BEFR=ERFENFINDFAR. FIR=EE
BT MR ERRSFREA=E2RSE LHS 107011
FIESH R T KELSRE RIZR SRR : RILLRIAY
W REUREEATRE XA SIS SRATERE RN, L5t
ZERRIFERNREEASIGRIR , EILRENE( RS
BEREYNREEELVECRERENEBFEK
MAREAEEFER ARNFEE AR ENEM LES
FH—EHEXSTENAR I E.

EEMREES | WEITRS KRR S
EREHEAIARIIE.

SBHTHINIERIEFMNE T ERTEEE | FHiE
I SEAIIE TEERIUSE TH D KRR FIGHR
SPERAFSIREI LB,

RRET—MEEsmRAfE M TEREN SHRS
RESHRNERTTIE 2 A E MRS M TERER
EREE FBZITERKRE T IMTE 349 NRE |, MLt
PR T IXEVIMTERMIERMER | BXT/FElE A) IEEHY
HREN  BRIEEFRMRUENTIE. Wi, 5 349 F
BESRRY NERIMTERN LR TIFE TS AR,

EXTEMRARERR  LIASNTRIEMERESE
SEBDBEE T H—SAIMERIEMRR.

FEEFRNZSAMIER Sohl T BXEaNRS "B
FHUBRM G TEBWAIEXTE , TEIRFET IR ;
FERL T "ARPBERSREEINTE" AR, HINFmR
BT , F ATt B APRRR AU ER RS
RTINS E  BRIEschmBIaKESE T , FaEbk
IR T B,
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REERNAEUEE "—=h" SHPEFFHR. 55
REIRIFESHIES MEAFARRFEMNSHRHT
EREATE. ESMMTEEARZ— "SERAIE. X
PEYIES=ARSRUZA" | AR APRFIZEERME
SRR, BREA T ISR S LN GEIAOERYIIR R FEATRIS
R | FEREEETARER. AERFERE SCIIEX
117%  HhE =i 6 &, FFE—Slpfism. &
ERARMREEGLUT/LAYGE : 1) $NEER=EE
BF AR EWNPAIE F R e TR R #R ISR
X—AREE  BEECET TEESHETE | 3T hiE
FEREIRAI N RIBUR BT T REGRIARAELR DT AN
FRBAR R EIEFRHLRATEAIR M T ISR | BRI tHIR
FRX PRI F AR R R T SIRAOYIRMERE . 2) 1B
#x MMS B EEIREEH KA AIRIE/RICR S
DA . KAKRIERILSEE FRBEREEEEL
FXSTHERAFANFETEEERN | 3 ) BT 4EERU
XS RIFCRE A TR T RIS T TR
BEESEICHTON BN T XELRESRETT
AT HFIBIR.

AFEXAFRBARELAT

HRERFRSREIERAIER T %58 alpha RiAXIE]
IERAISE, £55R5R01 © alpha RRAYEMEE R/ INEIIE
IRBOBIE | SEEROAERER, Bk | B85 alpha RIEBIE
BN, EFNAFRERERESRHOEEN, #8 .
alpha FEREREERNEUIEFREMEX. H5h , BiLER
PMRIBIE  AIAFRERIEERE  RTARRXH
RSB EEL EFNGTFRAEEBIEEME  BILHA]
FOERICER AT LR A PR R AR R,

BRE N =4 M RN BISR B R SORAR MR

MRS SCRAREMERIRAE R R  HEZENHIE
PRI7R IR - P /R SR AR S AR B R PRI /RS - 1€ F L%
PHEREER. XAFWUHIEREER /RS MBI AR R ER
RIS, LABIFAZRD B X ARV | iHEIREER
RERSEPISORARL BT BTSSRI ERET
XFFPHL RSB R SCR R AL RIRZ.

ETHEERNREREREEER , FE=F/R
SRR EIRTE 1 ( channel 1) BI/RIGEEIRIIERIE
BERFR EEERRIGE ; (channel I)R/RIGKZR
TEAMERBIEIRFIERIEREFA/RICE ; (channel TFI/RICK
HRARAEBISRAERERE/RIK, FIEREM
(1) £ channel 1 4, IFEERERARE (ABEEFR
B ) FRSGRAREM AT E R 4R E RS |
BRSETRRSGEIE. MERELNTFFHEETRE =
HIREMERHEEE  BRETREMH. (2) &
channel I, =#EEEMERNBIAE |, Bk 45 EEE
1. BFREHEN. (3 )channel I {VEBFREME |

HRIRIREREEFRE. L EERKREEFRERH
REZWR. XEBEFRERHES 74T RRIERZHT
] , AILVERUtRERTIRE (L B ZF AR P F.

AIRIEFERE S FELER B AR F RIS A D THRIEH

FAMMS D& | K7 HEREEEH flank KigHARIEFEH,
BEFEEREY | RIRESN 1-2 nT, ZE4PERET
2979 15 nT , Ef , IKAYERSHRIERATIA 0.1 225, F(TRN
ZAIRIER A 5 R FIIR AR EEE R L. BFREs
MHHMLRDHHE  ERRREL BB FRERE
2. R, —ERO B FRAIRIERIBALTA 90 Ehk. Al
MEREESRERA T AHRIERN S HEERL F R RIS,

4-04 TERFE5RTHRNEINE

2018 & , {TERF SRRV EAIRIFAREEE
L. 1751 ESRAPRIRE—E REFRAERT/ \TIRLER “HE
5L KE. 0. 8UFET ROERRK  RISERSHITEEX |

BRIFFERS IR & aMSHSIUERT HH12E. AE
INEBESKRE 135 ERTIEME X 2017 FEEEE
R RIFE Pt RS DS T EERHTHE.

2018 EEARFEARLE "IMTERSERN" X—FEREFS
IRTHE , BUSHIFRIEAFE (1) 24T 4179 Toutatis ZE
KBSV MTEM—FRZRAE ; (2) 12T Bennu &
TREFREEAIMTERARIEZEANE ;( 3 ) B =4REHS
67P BERIKDF5H1 (4 FETH it SRSIRNERAIH
R, SCHIEERAH T T SRR RERS T TEEX
— RN SR IR A ARSI T T AN R AR
LS | A B ERAELEREE T AR, 2018 5,

(FRIEZERIZERES () NRINRUEREE
RE) MEESCUEEENXE . ARAEREFREFRER
- BRI GEE STEE TR R RHES. TR
TR NRORREEE T L EA 1% T 9 Bukit/ MTEM 1 ik
HEEENBENIRNRS , MPEEFH 10.4 2k GTC Bz
FRE TR , SUESERITLIMED RIS
EMIR XLMFREUX LRI AT | NTIHISDirEATRE
RYLERLFIMER , BRTFEE T Filler XAINLNAT ], Elgess
WETFEER  AREERARET "BNES DY LI
FEEMETNRELE  FEMERERE. SIHARR
WENBFRREES IR ETFE = AR AR R ER
ARBRNFERZRIMTERSIRNBIFRZ X EBA | E53
Ex/NRAEUIMESTURITREAES , 4 B 23 B-25
B&MT X FRERNMNRAERNA PSI-QianLab 2018
Workshop , Fi/NAAMRIUIRIS B IE SR RIRURI SR
FESFRET. 12 B 25 B2MRA P OBRRRES R
MRS  25EETEBXR ZRMT
RS, X T AHEERIMTERSIRIEE T
SCEAH,

2018 FEAFAAEFRIMTERIFIEMARNE T ESH
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B R T ASRENTERRIEES RN ; HRT
LkCal5 RFHISUFNADIRDTHIAZ 7 AR HIRIT Y
2 |, SRS T — N EHHRIEEGI RSN, WESITER
FRASEIEHT TS RS TR E X R SR
FRERIsAt. 1R TR RRIC AR T 2R TTAER/ R A F
S5—f#AREREFRNES. BEHERIIERNRTES
FIERESHIIEE | ARFTERPINFR-ZBELAR
E | BTRRTEETIERFENIEEEENRHE. AHE
RIS (Jin et al. 2016 , ApJ ) \i%k IOP HkRit+HERS
SIS (# 17 &%) ZHARET T ENRTERNIER
VEFERDIRRRE 7 ALMA IILIEIRY HL Tau R&t-RERRERIEIAY
IR, b EIRSSFER F I e SRS
TN(AZR) mERE=ERE (ZH) "ASEBRTEKX
it (CHES Y TRB , FFR T CHES RIZBERFISIEET
¥E F 2018 &£ 11 B 16 HBFRIMTES AIRNR 2 BIR
B, SEUENE RSN,

2018 FEARAERESIMTERTIHRUFTER FRIRHEH
R, BT EERNERSE : SEEMNAEEREX
21 Lin.DN.C SUSSIERB T RIMTENNEHR ; 5
EEBEAZTNRETFRERBRIMIEVEAR 5
EEBHRFANERERIVE L Hui S5 HAE
Andrea Isella IR SIERNFR T RITESMAR 5
EEDEKPAZRIARET Ladislav Rezac BTEEFETE
R=HENEBRUAR | SEEDIPEHKRE Alice
Quillen FUFEIEFE T/ INKIARIHE SHSRFS AR E .

2018 FEFABEITERNFSRTHRUBETEIRNR
HEHENSGIE. 2018 £12 826 HE 28 B , FRIBHTE
MEFERLWEEENEINEN T "HERFRITERE
SRSHRUENEMISE PRI TERN FERLIOE 2018
FFARFR". KEEFRAZE. EFEAE, FEMEAZE (B
X ) FREERTERESRD, REWRNE, LERX
B, BRRXA. zEAXE. TETERARRRS 21
KB, 100 BUERFESM TN, SWERRZ T
ERERTHRU R SRR, ABRFEINRARNSHIE
HWEFHE. BREXENTERTE. RIMTERUSKS
REMOZSEL. TEERSRT=HRURASRIERE,
LR SWAERIMFERMFAZTRESEIETE | Bt
ENERTERNZSRTRIARSRE. 55 ETEH
RRZESIMNE 634 XERFRN- IMTEENFE,
L 2PEFIRIEFN BRRNERIA RS KRR F "/
TEMRRPIILENERFRR" BiSiRkE | ESME
639 REUWRFSW- "APHRAFHRURRIEREER"
SIRIFTIE.

REEBAEGER)EERT 26 RUARIEX , Hgzk SC
1832 10 7% (845 37 ApJ , 5% MNRAS ), B OHAT
37 BmitX 10 K. AFELRERIRFRFAZR
iEs) , BEEMRESMERIMEARRIN 30 RAX , BisER
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HNEFHN 7T NREEEMFARNRS BIE LRERFAR
He IEFRBAIRIARASR B AEFREITATRE | IX5RA
AN EERMTER P _E B2 H—ERIREA.

NIRRT E
1871 4179 Toutatis /|MTERTREAIFZ AL

4179 Toutatis EETRNFATIHEEESIENEY, | HEE
TR S EEGNE N MTEESRERRNE R
SUIMTELEN ( HFRMNRER ), BIEEGM I TS
. BT R RN SR TR R S ERE
fEdh. MR Toutatis MEAE—EULHXVIMTE | EiLEE
ECHMERAISFES | T HEERAYS | DA TV TEN
HEE , FETRENZRSEENE 20 B,
BRIZIZRFAWNELBIEVIMTE  EEBNEEREE
4 {EEEHR , HERPOIERABTIHHT I ERTHNE
S| BRI FEREURETIERL. FIF pkdgrav #8F , ERT
HEKEBOTIRE, EREE  ERENSET | XMFIR
BEVREEVIMIE (BRIFE 2 BB ERERER
SRR E SRR, JAT , £ CHEEELY0 1.4-1.5(F
HERERIERT |, X15—H58R1 Toutatis FARIBIUNE
BEWUIMTE RIBZHHIRTHERE Toutatis BRIASHZAA Hu et
al., 2018 , MNRAS ),

1 : 4179 Toutatis /IMTENFRITIE
FUA MIRO #uEHF 67P EEERT KO FHRLES

BT EGIESHIREA. PUIERER =g
RIET HEESTREIERE. NSRRI A REE
BERI=#12RF 51 MIRO BINLNEEE | S 7 ILUAIHEE:
EHKDFHSHIER . 527 Hapi XigtELrRmE hit
FAEEEE 10 NMERIENME( Zhao et al., 2018 , A&A,
submitted ),

& 2 Imhotep SEENMHRIERIK D FHEEE
BI==1E157%

YT Bennu EFREEREAYIMTERARBFZ AN

FIFETF REBOUND 2F B mass-spring 34 ,
BT /IMTEERFEERERE | IRHERIR SR
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ST SETREFEREAIEINZFNG AR REFIRRD
REERIMTESEI AR EELENWEERCHT T
# (Quillen, Zhao , Chen et al., 2019 ,Icarus ),
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67P FRELR EFHLHIRIFTE
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2018, MNRAS),
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e NEHIZNil| Sk 1o i e A ]
FEEREEPWIERANERNER BEE) |,

RAERARF ARSI EIRE AT BRI | RBEER
RE AN IE RN N a2 R EafiERE
224 ( Marshall et al., 2018, MNRAS, submitted ),

Fig. 1. The pommalised cross-section of the ifluminated area for six selected comet shapes (sphere, 67P. $1P. 103P. 1P and O) at five Giferent
obliquitics (0", 30°, 45°. 64 and %),

Bl 5 : RREFARFERXIE B Rplfa S s RIS
BT XRRIARRER/ IR EIERREI A

ENRRFE=RUES F, EEFTERAANRERTEN
B NRAEERR, AMBATES/INRETEEERAR
HEmOERFOREE CEXITENTT R SEIERNE
XA BRIt EXR ZTEESENERATERIXL/NEK
RNEERR. EES55EEM ERAEERERENN
TOENFBRNEHTO R, FHRAZ X REERBLRRT
BHSERKE, RERRHRENPFHNRHRERR. LKXR
IHERITHIMTE 4179 Toutatis 13200 Phaethon., X{R
BEREE 2P/Encke LIRGILIER CHMIRAY 99942
Apophis INMTEHF, BISFUBEHEIEL TZEENEH
. BFZAESE N UEERMERIER, Bt
BB E B AR/ NRASERRNERSE, oA
FREBWNKFRISHRERIT GFENS 2018 X
XEIR).

6 (R E(ER) SHTA(RE)EMAHRAEMERE
IREAIRILL.
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RIMTEMFSME :

1 AIENERSGH S BTERIRTREAE—P BT
ST BRI FX

REBRMAMIEEAENERFTRUENRS S BI891T
2 , BRERERERENTF 5 au FIEIENER SR
TR, MM CRENEREREFAN. ROER
SR REAERIENEP RN TERNTTE FET—H
RUBRMITEE LN PLATO a2t LURINILSTE, MITER
BRI —RRANEIRIERES "t XM TERRE
EMER, TR, QI8 T ST ERMAT—FIETsEE.
HNRFART P RTEZRARESIEHTESEEZ
ERGELS1ER | RFER Y ERRE T LUSEEIRITEMSR.
RARFRIAIXMEIRIFEE R RABIFRRZRET) 10%

LULE XAIEEE REEIT RS — R RV

ARENIRBY, TERFRIISRINENEREEX

WEmOZE)N , FRELGBN , NEIRAITEREA, Al
EERIFTTETEX—HEITEATMN  XEHYFIR
Aty FERERERHE XA, FAIRARERIT—
TR T EIRM T IEIRIKIE(Gong & Ji,

2018, MNRAS),

7 : BE—ERYEERILE. (a ) FEEEMMTRT , REE(T
EZIER9ER | 2 B P BYTENERIRE. (b)) BEBTE
ZEWERRRS , RS AAEAET , YIRTEINERYTEMRIEE 1
F3R. (c) MBYTEINEE 1 IBBAEMN. (d) WERT
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2R R RIRE .

KERGEIG TEHRAEE S THAISNE

RAMEAR 7 ARSI TEENNRINN  iEHERIR
1727 2 MRS RS BN AR TERE |
FETIAFRT Kepler SERIRRAMAVRRETEX

Z2ER[ITE (Jin & Mordasini , 2018, ApJ ),
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8 : IEHILESRM Kepler BUBMILLE. £ : ERITEREE
HERD ; A - S7K T5%RTEREINEZ S . Bd
= Kepler (TENE RSB EERITEREHIEN.

TERZIEH NIEHRGBURIBA IS

FtXSERD Kepler HIMNEIRIZITERRHHERHA
R HERAR KB DAY TECENIETHAIRES
BB HIRENAITRIEY, BefiJRH T —FMI BERIRZAAE)
RRX IR, TEEHNHREEHRE—LTR | iy
ESRENEER | TERTENRMHER RO
SHHH , SRR TESSEIMEERIBETEIRE A
TEHIRENA BRIAHIREE, BUXENETE ,
HAIMGEL ERIZA AT AR B RIRI TR BUATRZ

Bk(Wang et al. 2018, in prep.).
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STERGREERR

BRIKINSITERRTERSEATHIRSE T
IRMIE |, SUHEREE Trappist-1 RANEN , FZRFF
TETERMZ FHERRI T RBAEELL | FLHRE
BARE RS TERRKIIREFERN— MR BA1EET
SHEFE MTENETBIRE 88T S TERRN
REFERM. HIAKASFEIEBIHRRKIER T
RRAERZIE  (ERHIREETRFRIRERERVN. =
ERPFETERRSERSINREIRAN R A TR

EREEANARTEE(Wang et al. 2018, in prep.).

10 : NETERRIGENIERE | EER TRAEE
Bt 10 'R

RAEEEH T ERIZRL

BRIAINRIMTETE D TEIFRRaFIE
2 RZANIEEEITE | Bl iR TS EERRO™F 58

TR, —FPEMREELL WASP-47 RFEARNER ST
ERIRL  ITEMDBI A IHRIES | EEYFR T RIZ
ERMEERTENRORSSHES , RITEIER
2RI | AR ETRERESA TERN R O RS AERAL |
TR OEERIS RS SR E R TE. BT
MR TEAROEENERETIRFERRRE. SR8
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(Wang et al. 2018, in prep.),
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B 11 : WASP-47 RHENFAENITITE

[RITERFERS

BIERWE TR TERTIEREIEE

LA EERAR DS RTHEITE ALMA
EURANER | ARSI 12CO SIFDFRIASTES:  iHH

12CO HFRUREIRES T | B\ TIERERITERRSIE
ERESARYRIT. XIWARIIRFK ALMA SHRITERSH

IEREHEEER Y (Huang et al. 2018, Ap)).
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ADEC(*)

ARA(") ARA(") ARA(") ARA(") ARA(Y)

B 12 : @IXthET Rt 12C0 J=3-2 YA ei%kaRE
O EES IR REAVBFIEBERS LT RS
FEREE R T LLET ALMA FSREIILIE—EREA.

BEHEEURRRTEETIFR - ZBELTSE
'TE

ETRAEINFEN SIREHHERHE ALMA BIRAE |,

ARFITERFIFR - ZBELZASEN , ARERITE
BHRIMREMRFE(Huang et al. 2018, in prep.),

B 13 : BYRITERTNERSSHIIERIER |, FFEFF
IR -ZIBELAREN | NTIEERITERPRIELIRK
ZEMEBMONATE , J915RA ALMA ILURAHET.
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BERANFENUAENSE | MADHIUEAZEYE |
FAEREREN | BERF IS , RIEIFEEESTE
PRI M AMER (Huang et al. 2018, in prep.),

B 14 . BIARSHIORAENHE , FHARTER P
IEREEHIBREF LN BEEE It SITEEIRB AN
R, EREREEEESREFRERXER  FFEE™

45K 4,6 71 8 KiEk,
RiTEEPIER AT B

£57 HD 163296 RAAIMUETIF , &I HD 163296 %
FEMNRNR, CO MRURS mALIBEITEMEZAME
BEfFRckiERE. ECREUEE | AR ERINEREAR
AIPIERAEREE , MAERAYMEUAERS. (Liuetal

2018,Ap) ),

15 : HEHILEERF0 HD 163296 Z4AMILLER. MLEZETM

THBIEEHETAR, 12CO, 13CO 1 C180 FNLNIE1E: |,

ESEEMISHIER , LIk —EI0%E.
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RMCFTSHE:

R ATTR T SRR R RS

RERARIMTEEEREREIRETSESEER
FMTFER  ERTHEAMREERE  IRERTLS
triEERRSEMPPSERMTR (40K Zn ) BRI
MAEEBERRMRWNATE 2T T RE=NFEEGEX
NN EIERARREAERRD . FrERIERARHRAER
oo eERE (641KBSE: -0.10 + 0.03%0 Z 0.16 +
0.04%o ) , SAEIPIER RAMBXREARIS—HI2E
FERREIHIIRTC R, RIRT , X —RSeEEAY SRR IR A B T T

FEHRBEAORFIEE RSO | SFRAERTMK
(866Zn: —0.39 + 0.02%0 ZE 2.38 + 0.03%o ), MHE
IRETERIREHRELMN (B 16 ) =1 hEEAMETR
(K Zn, Cu) RAEFTERE , CuMl Zn L K BREK
B  JLERANS R, B, FamE KBTS
RAYEE RS T AR AR | FIHEAR/LF
TR, RESMERMETTRRUEARERIERAIIB I
BRZIAMNILL , IABEK Cu fl Zn TTRSRIARRAER
DREBEFRSEIRGESIZAR MR TRERFAIEE
PREFRE. Bt , BECRARRNES FERURE TR

BRI RS RIEMZRFE(Jiang et al., 2018, GCA,

under review) o
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I. Dark Matter & Space Astronomy
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Cosmic Gamma Ray Bursts, Neutron |
Stars, and Relevant Physics :

B 1 4%, ko248 %

Short GRBs: Opening Angles, Local Neutron Star Merger Rate,
and Off-axis Events for GRB/GW Association

Jin, ZP (Jin, Zhi-Ping); Li, X (Li, Xiang); Wang, H (Wang, Hao);
Wang, YZ (Wang, Yuan-Zhu); He, HN (He, Hao-Ning); Yuan, Q
(Yuan, Qiang); Zhang, FW (Zhang, Fu-Wen); Zou, YC (Zou,
Yuan-Chuan); Fan, YZ (Fan, Yi-Zhong); Wei, DM (Wei, Da-Ming)
ASTROPHYSICAL JOURNAL

#: 857 W1: 2 SCHR 5 128

The jet breaks in the afterglow light curves of short gamma-ray
bursts (SGRBs), rarely detected so far, are crucial for estimating
the half-opening angles of the ejecta (theta(j)) and hence the
neutron star merger rate. In this work, we report the detection
of jet decline behaviors in GRB 150424A and GRB 160821B, and
find theta j similar to 0.1 rad. Together with five events
reported before 2015 and three others "identified" recently
(GRB 050709, GRB 060614, and GRB 140903A), we have a
sample consisting of nine SGRBs and one long-short GRB with
reasonably estimated theta(j). In particular, three Swift bursts
in the sample have redshifts z <= 0.2, with which we estimate
the local neutron star merger rate density to be similar to
1109(-657)(+1432) Gpc(-3) yr(-1) or 162(-83)(+140) Gpc(-3)
yr(-1) if the narrowly beamed GRB 061201 is excluded. Inspired
by the typical theta(j) similar to 0.1 rad found currently, we
further investigate whether the off-beam GRBs (in the uniform
jet model) or the off-axis events (in the structured jet model)
can significantly enhance the GRB/GW association. For the
former, the enhancement is at most moderate, while for the
latter the enhancement can be much greater and a high
GRB/GW association probability of similar to 10% is possible.
We also show that the data of GRB 160821B may contain a
macronova/kilonova emission component with a temperature
of similar to 3100 K at similar to 3.6 days after the burst and
more data are needed to ultimately clarify.

o2 %, ko248 %

Neutrinos from Choked Jets Accompanied by Type-Il
Supernovae

He, HN (He, Hao-Ning); Kusenko, A (Kusenko, Alexander);
Nagataki, S (Nagataki, Shigehiro); Fan, YZ (Fan, Yi-Zhong); Wei,
DM (Wei, Da-Ming)

ASTROPHYSICAL JOURNAL

%:: 856 11: 2 SCHkS: 119

The origin of the IceCube neutrinos is still an open question.
Upper limits from diffuse gamma-ray observations suggest that
the neutrino sources are either distant or hidden from
gamma-ray observations. It is possible that the neutrinos are
produced in jets that are formed in core-collapsing massive
stars and fail to break out, the so-called choked jets. We study
neutrinos from the jets choked in the hydrogen envelopes of
red supergiant stars. Fast photo-meson cooling softens the
neutrino spectrum, making it hard to explain the PeV neutrinos
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observed by IceCube in a one-component scenario, but a
two-component model can explain the spectrum. Furthermore,
we predict that a newly born jet-driven type-Il supernova may
be observed to be associated with a neutrino burst detected by
IceCube.

%03 %, 3L 248 %
HESS J1640-465: A Gamma-Ray Emitting Pulsar Wind Nebula?

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

ASTROPHYSICAL JOURNAL

%: 867 #: 1 Wk 5: 55

HESS J1640-465 is an extended TeV gamma-ray source, and
whether its.-ray emission is from the shell of a supernova
remnant (SNR) or a pulsar wind nebula (PWN) is still under
debate. We reanalyze the GeV gamma-ray data in the field of
HESS J1640-465 using eight years of Pass 8 data recorded by
the Fermi Large Area Telescope. An extended GeV gamma-ray
source positionally coincident with HESS J1640-465 is found. Its
photon spectrum can be described by a power law with an
index of 1.42 +/- 0.19 in the energy range of 10-500 GeV and
smoothly connects with the TeV spectrum of HESS J1640-465.
The broadband spectrum of HESS J1640-465 can be well fit by
a leptonic model with a broken power-law spectrum of
electrons with an exponential cut off at similar to 300 TeV. The
spectral properties of HESS J1640-465 are broadly consistent
with the characteristics of other sources identified as PWNe,
such as the correlations between high-energy luminosity ratios
and the physical parameters of pulsar, including the spin-down
luminosity E. and the characteristic age T-c. All of these pieces
of evidence support that the.-ray emission of HESS J1640-465
may originate from the PWN powered by PSR J1640-4631
rather than the shell of the SNR G338.3-0.0.

84 %, Jto248 %

Studies on Cosmic-Ray Nuclei with Voyager, ACE, and AMS-02.
I. Local Interstellar Spectra and Solar Modulation

Zhu, CR (Zhu, Cheng-Rui); Yuan, Q (Yuan, Qiang); Wei, DM (Wei,
Da-Ming)

ASTROPHYSICAL JOURNAL

%: 863 M: 2 HkS: 119

The acceleration of cosmic-ray particles and their propagation
in the Milky Way and the heliosphere tangle with each other,
leading to complexity and degeneracy of the modeling of
Galactic cosmic rays (GCRs). The recent measurements of the
GCR spectra by Voyager-1 from outside of the heliosphere gave
the first direct observation of GCRs in the local interstellar (LIS)
environment. Together with the high-precision data near the
Earth taken by the Advanced Composition Explorer (ACE) and
AMS-02, we derive the LIS spectra of helium, lithium, beryllium,
boron, carbon, and oxygen nuclei from a few MeV n(-1) to TeV
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n(-1), using a non-parameterization method. These LIS spectra
are helpful in further studying the injection and propagation
parameters of GCRs. The nearly 20 years of data recorded by
ACE are used to determine the solar modulation parameters
over solar cycles 23 and 24, based on the force-field
approximation. We find general agreements of the modulation
potential with the results inferred from neutron monitors and
other cosmic-ray data.

5 %%, ko248 %

The Diversity of Kilonova Emission in Short Gamma-Ray
Bursts

Gompertz, BP (Gompertz, B. P.); Levan, AJ (Levan, A. J.); Tanvir,
NR (Tanvir, N. R.); Hjorth, J (Hjorth, J.); Covino, S (Covino, S.);
Evans, PA (Evans, P. A.); Fruchter, AS (Fruchter, A. S.);
Gonzalez-Fernandez, C (Gonzalez-Fernandez, C.); Jin, ZP (Jin, Z.
P.); Lyman, JD (Lyman, J. D.); Oates, SR (Oates, S. R.); O'Brien,
PT (O'Brien, P. T.); Wiersema, K (Wiersema, K.)

ASTROPHYSICAL JOURNAL

%: 860 HA: 1 LWk : 62

The historic first joint detection of both gravitational-wave and
electromagnetic emission from a binary neutron star merger
cemented the association between short gamma-ray bursts
(SGRBs) and compact object mergers, as well as providing a
well-sampled multi-wavelength light curve of a radioactive
kilonova (KN) for the first time. Here, we compare the optical
and near-infrared light curves of this KN, AT 2017gfo, to the
counterparts of a sample of nearby (z < 0.5) SGRBs to
characterize their diversity in terms of their brightness
distribution. Although at similar epochs AT 2017gfo appears
fainter than every SGRB-associated KN claimed so far, we find
three bursts (GRBs 050509B, 061201, and 080905A) where, if
the reported redshifts are correct, deep upper limits rule out
the presence of a KN similar to AT 2017gfo by several
magnitudes. Combined with the properties of previously
claimed KNe in SGRBs this suggests considerable diversity in
the properties of KN drawn from compact object mergers,
despite the similar physical conditions that are expected in
many NS-NS mergers. We find that observer angle alone is not
able to explain this diversity, which is likely a product of the
merger type (NS-NS versus NS-BH) and the detailed properties
of the binary (mass ratio, spins etc.). Ultimately disentangling
these properties should be possible through observations of
SGRBs and gravitational-wave sources, providing direct
measurements of heavy element enrichment throughout the
universe.

%6 %, Jko248 %
How Special Is GRB 170817A?

Yue, C (Yue, Chuan); Hu, Q (Hu, Qian); Zhang, FW (Zhang,
Fu-Wen); Liang, YF (Liang, Yun-Feng); Jin, ZP (Jin, Zhi-Ping); Zou,
YC (Zou, Yuan-Chuan); Fan, YZ (Fan, Yi-Zhong); Wei, DM (Wei,
Da-Ming)

ASTROPHYSICAL JOURNAL LETTERS

%: 853 1]: 1 XCHA5: L10

GRB 170817A is the first short gamma-ray burst (GRB) with
direct detection of the gravitational-wave radiation and also
the spectroscopically identified macronova emission (i.e., AT
2017gfo). The prompt emission of this burst, however, is
underluminous in comparison with the other short GRBs with
known redshift. In this work, we examine whether GRB
170817A is indeed unique. We first show that GRB
130603B/macronova may be the on-axis "analogs" of GRB
170817A/AT 2017gfo, and the extremely dim but long-lasting
afterglow emission of GRB 170817A may suggest a low number
density (similar to 10(-5) cm(-3)) of its circumburst medium
and a structured outflow. We then discuss whether GRB

070923, GRB 080121, GRB 090417A, GRB 111005A, and GRB
170817A form a new group of very nearby underluminous
GRBs originated from neutron star mergers. If the short events
GRB 070923, GRB 080121, and GRB 090417A are indeed at a
redshift of similar to 0.076, 0.046, 0.088, respectively, their
isotropic energies of the prompt emission are similar to 10(47)
erg and thus comparable to the other two events. The
non-detection of optical counterparts of GRB 070923, GRB
080121, GRB 090417A, and GRB 111005A, however, strongly
suggests that the macronovae from neutron star mergers are
significantly diverse in luminosities or, alternatively, there is
another origin channel (for instance, the white dwarf and black
hole mergers). We finally suggest that GW170817/GRB
170817A are likely not alone and similar events will be
detected by the upgraded/upcoming gravitational-wave
detectors and the electromagnetic monitors.

7 %, 3t 248 %

Looking for the Gluon Condensation Signature in Protons
Using the Earth-limb Gamma-Ray Spectra

Feng, L (Feng, Lei); Ruan, JH (Ruan, Jianhong); Wang, F (Wang,
Fan); Zhu, W (Zhu, Wei)

ASTROPHYSICAL JOURNAL

#: 868 M1: 1 SCHk 5 2

A new type of gamma-ray spectrum is predicted in a general
hadronic framework by taking into account gluon
condensation (GC) effects in proton. The result presents a
power law with a sharp break in the gamma-ray spectra at the
TeV band. We suggest probing this GC signature in Earth-limb
gamma-ray spectra using the Dark Matter Particle Explorer and
the Calorimetric Electron Telescope in orbit.

o8 %, 3L 248 %

Determination of Differential Emission Measure from Solar
Extreme Ultraviolet Images

Su, Y (Su, Yang); Veronig, AM (Veronig, Astrid M.); Hannah, 1G
(Hannah, lain G.); Cheung, MCM (Cheung, Mark C. M.); Dennis,
BR (Dennis, Brian R.); Holman, GD (Holman, Gordon D.); Gan,
WQ (Gan, Weiqun); Li, YP (Li, Youping)

ASTROPHYSICAL JOURNAL LETTERS

%: 856 MA: 1 kS L17

The Atmospheric Imaging Assembly (AIA) on board the Solar
Dynamic Observatory (SDO) has been providing high-cadence,
high-resolution, full-disk UV-visible/extreme ultraviolet (EUV)
images since 2010, with the best time coverage among all the
solar missions. A number of codes have been developed to
extract plasma differential emission measures (DEMs) from AIA
images. Although widely used, they cannot -effectively
constrain the DEM at flaring temperatures with AlA data alone.
This often results in much higher X-ray fluxes than observed.
One way to solve the problem is by adding more constraint
from other data sets (such as soft X-ray images and fluxes).
However, the spatial information of plasma DEMs are lost in
many cases. In this Letter, we present a different approach to
constrain the DEMs. We tested the sparse inversion code and
show that the default settings reproduce X-ray fluxes that
could be too high. Based on the tests with both simulated and
observed AIA data, we provided recommended settings of
basis functions and tolerances. The new DEM solutions derived
from AIA images alone are much more consistent with
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(thermal) X-ray observations, and provide valuable information
by mapping the thermal plasma from similar to 0.3 to similar
to 30 MK. Such improvement is a key step in understanding
the nature of individual X-ray sources, and particularly
important for studies of flare initiation.

o9 4%, 3248 5
Spectroscopic Observations of a Current Sheet in a Solar Flare

Li, Y (Li, Y.); Xue, JC (Xue, J. C.); Ding, MD (Ding, M. D.); Cheng,
X (Cheng, X.); Su, Y (Su, Y.); Feng, L (Feng, L.); Hong, J (Hong, J.);
Li, H (Li, H.); Gan, WQ (Gan, W. Q.)

ASTROPHYSICAL JOURNAL LETTERS

%: 853 #: 1 SCHR5: L15S

The current sheet is believed to be the region of energy
dissipation via magnetic reconnection in solar flares. However,
its properties, for example, the dynamic process, are not fully
understood. Here, we report a current sheet in a solar flare
(SOL2017-09-10T16:06) that was clearly observed by the
Atmospheric Imaging Assembly on board the Solar Dynamics
Observatory as well as the EUV Imaging Spectrometer on
Hinode. The high-resolution imaging and spectroscopic
observations show that the current sheet is mainly visible in
high-temperature (> 10 MK) passbands, particularly in the Fe
XXIV. 192.03 A. line with a formation temperature of similar to
18 MK. The hot Fe XXIV. 192.03 angstrom. line exhibits very
large nonthermal velocities up to 200 km s(-1) in the current
sheet, suggesting that turbulent motions exist there. The
largest turbulent velocity occurs at the edge of the current
sheet, with some offset with the strongest line intensity. At the
central part of the current sheet, the turbulent velocity is
negatively correlated with the line intensity. From the line
emission and turbulent features we obtain a thickness in the
range of 7-11 Mm for the current sheet. These results suggest
that the current sheet has internal fine and dynamic structures
that may help the magnetic reconnection within it proceed
efficiently.

010 %, 3k 46 %
Space Solar Physics in China

Gan Weiqun; Fan Quanlin
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The activities of Chinese space solar physics in 2016-2018 can
be divided into two categories: prestudy projects and
mission-level projects. Both projects were undertaken
smoothly. Especially the ASO-S, after several years' promotion,
finally got formal approval at the end of 2017. This paper
describes in brief the status of all related projects.
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Photometric Solutions of Three Eclipsing Binary Stars
Observed from Dome A, Antarctica

Liu, N (Liu, N.); Fu, JN (Fu, J. N.); Zong, W (Zong, W.); Wang, LZ
(Wang, L. Z.); Uddin, SA (Uddin, S. A.); Zhang, XB (Zhang, X. B.);
Zhang, YP (Zhang, Y. P.); Cang, TQ (Cang, T. Q.); Li, G (Li, G.);
Yang, Y (Yang, Y.); Yang, GC (Yang, G. C.); Mould, J (Mould, J.);
Morrell, N (Morrell, N.)
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Based on spectroscopic observations for the eclipsing binaries
CSTAR 036162 and CSTAR 055495 with the WiFeS/2.3 m
telescope at SSO and CSTAR 057775 with the Mage/Magellan |
at LCO in 2017, stellar parameters are derived. More than 100
nights of almost-continuous light curves reduced from the
time-series photometric observations by CSTAR at Dome A of
Antarctic in i in 2008 and in g and r in 2009, respectively, are
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applied to find photometric solutions for the three binaries
with the Wilson-Devinney code. The results show that CSTAR
036162 is a detached configuration with the mass ratio q =
0.354 +/- 0.0009, while CSTAR 055495 is a semi-detached
binary system with the unusual g = 0.946 +/- 0.0006, which
indicates that CSTAR 055495 may be a rare binary system with
mass ratio close to one and the secondary component filling its
Roche Lobe. This implies that a mass-ratio reversal has just
occurred and CSTAR 055495 is in a rapid mass-transfer stage.
Finally, CSTAR 057775 is believed to be an A-type W UMa
binary with q = 0.301 +/- 0.0008 and a fill-out factor of f =
0.742(8).
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Identifying Anticyclonic Vortex Features Produced by the
Rossby Wave Instability in Protoplanetary Disks

Huang, PH (Huang, Pinghui); Isella, A (Isella, Andrea); Li, H (Li,
Hui); Li, ST (Li, Shengtai); Ji, JH (Ji, Jianghui)
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Several nearby protoplanetary disks have been observed to
display large-scale crescents in the (sub) millimeter dust
continuum emission. One interpretation is that these
structures correspond to anticyclonic vortices generated by the
Rossby wave instability within the gaseous disk. Such vortices
have local gas overdensities and are expected to concentrate
dust particles with a Stokes number around unity. This process
might catalyze the formation of planetesimals. Whereas recent
observations showed that dust crescents are indeed regions
where millimeter-size particles have abnormally high
concentration relative to the gas and smaller grains, no
observations have yet shown that the gas within the crescent
region counterrotates with respect to the protoplanetary disk.
Here we investigate the detectability of anticyclonic features
through measurement of the line-of-sight component of the
gas velocity obtained with ALMA. We carry out 2D
hydrodynamic simulations and 3D radiative transfer
calculations of a protoplanetary disk characterized by a vortex
created by the tidal interaction with a massive planet. As a
case study, the disk parameters are chosen to mimic the IRS.
48 system, which has the most prominent crescent observed
to date. We generate synthetic ALMA observations of both the
dust continuum and (CO)-C-12 emission around the frequency
of 345 GHz. We find that the anticyclonic features of the vortex
are weak but can be detected if both the source and the
observational setup are properly chosen. We provide a recipe
for maximizing the probability of detecting such vortex
features and present an analysis procedure to infer their
kinematic properties.
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Properties of a Small-scale Short-duration Solar Eruption with
a Driven Shock

Ying, BL (Ying, Beili); Feng, L (Feng, Li); Lu, L (Lu, Lei); Zhang, J
(zhang, Jie); Magdalenic, J (Magdalenic, Jasmina); Su, YN (Su,
Yingna); Su, Y (Su, Yang); Gan, WQ (Gan, Weiqun)
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Large-scale solar eruptions have been extensively explored
over many years. However, the properties of small-scale
events with associated shocks have rarely been investigated.
We present analyses of a small-scale, short-duration event
originating from a small region. The impulsive phase of the
M1.9-class flare lasted only four minutes. The kinematic
evolution of the CME hot channel reveals some exceptional
characteristics, including a very short duration of the main
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acceleration phase (<2 minutes), a rather high maximal
acceleration rate (similar to 50 km s(-2)), and peak velocity
(similar to 1800 km s(-1)). The fast and impulsive kinematics
subsequently results in a piston-driven shock related to a
metric type Il radio burst with a high starting frequency of
similar to 320 MHz of the fundamental band. The type Il source
is formed at a low height of below 1.1. R-circle dot less than
similar to 2 minutes after the onset of the main acceleration
phase. Through the band-split of the type Il burst, the shock
compression ratio decreases from 2.2 to 1.3, and the magnetic
field strength of the shock upstream region decreases from 13
to 0.5 Gauss at heights of 1.1-2.3 R-circle dot. We find that the
CME (similar to 4 x 10(30) erg) and flare (similar to 1.6 x 10(30)
erg) consume similar amounts of magnetic energy. The same
conclusion for large-scale eruptions implies that small-and
large-scale events possibly share a similar relationship
between CMEs and flares. The kinematic particularities of this
event are possibly related to the small footpoint-separation
distance of the associated magnetic flux rope, as predicted by
the Erupting Flux Rope model.
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Confronting the DAMPE excess with the scotogenic type-I
seesaw model

Ding, R (Ding, Ran); Han, ZL (Han, Zhi-Long); Feng, L (Feng, Lei);
Zhu, B (zhu, Bin)
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The DArk Matter Particle Explorer (DAMPE) has observed a
tentative peak at E similar to 1.4 TeV in the cosmic-ray electron
spectrum. In this paper, we interpret this excess in the
scotogenic type-Il seesaw model. This model extends the
canonical type-Il seesaw model with dark matter (DM)
candidates and a loop-induced vacuum expectation value of
the triplet scalars, v(Delta), resulting in small neutrino masses
naturally even for TeV scale triplet scalars. Assuming a nearby
DM subhalo, the DAMPE excess can be explained by DM
annihilating into a pair of triplet scalars which subsequently
decay to charged lepton final states. Spectrum fitting of the
DAMPE excess indicates it potentially favors the inverted
neutrino mass hierarchy. We also discuss how to evade
associated neutrino flux in our model.

%15 %, Jt 248 %

Explaining the DAMPE data with scalar dark matter and
gauged U(1)(Le- L mu) interaction

Cao, JJ (Cao, Junjie); Feng, L (Feng, Lei); Guo, XF (Guo, Xiaofei);
Shang, LL (Shang, Liangliang); Wang, F (Wang, Fei); Wu, PW
(Wu, Peiwen); Zu, L (Zu, Lei)
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Inspired by the peak structure observed by recent DAMPE
experiment in e(+)e(-) cosmic-ray spectrum, we consider a
scalar dark matter (DM) model with gauged U(1)(Le-L mu)
symmetry, which is the most economical anomaly-free theory
to potentially explain the peak by DM annihilation in nearby
subhalo. We utilize the process chi chi->Z'2" -> | (I) over barl'(l)
over bar', where chi, Z', I(()'()) denote the scalar DM, the new
gauge boson and I(()'()) = e, mu, respectively, to generate the
e(+)e(-) spectrum. By fitting the predicted spectrum to the
experimental data, we obtain the favored DM mass range
m(chi) similar or equal to 3060(-100)(+80) GeV and Delta m =
m(chi) - m(Z') less than or similar to 14 GeV at 68% Confidence
Level (C.L.). Furthermore, we determine the parameter space
of the model which can explain the peak and meanwhile satisfy
the constraints from DM relic abundance, DM direct detection
and the collider bounds. We conclude that the model we

consider can account for the peak, although there exists a
tension with the constraints from the LEP-Il bound on m(Z')
arising from the cross section measurement of e(+)e(-) -> 2'* ->

e(+)e(-).
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Simplified TeV leptophilic dark matter in light of DAMPE data

Duan, GH (Duan, Guang Hua); Feng, L (Feng, Lei); Wang, F
(Wang, Fei); Wu, L (Wu, Lei); Yang, JM (Yang, Jin Min); Zheng, R
(zheng, Rui)
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Using a simplified framework, we attempt to explain the
recent DAMPE cosmic e(+) + e(-) flux excess by leptophilic Dirac
fermion dark matter (LDM). The scalar (Phi(0)) and vector
(Phi(1)) mediator fields connecting LDM and Standard Model
particles are discussed. We find that the couplings P circle
times S, P circle times P, V circle times A and V circle times V
can produce the right bump in e(+) + e(-) flux for a DM mass
around 1.5 TeV with a natural thermal annihilation
cross-section < sigma v > similar to 3 x 10(-26)cm(3)/s today.
Among them, V circle times V coupling is tightly constrained by
PandaX-ll data (although LDM-nucleus scattering appears at
one-loop level) and the surviving samples appear in the
resonant region, m(Phi 1) similar or equal to 2m(chi). We also
study the related collider signatures, such as dilepton
production pp -> Phi(1) -> I(+) I(-), and muon g - 2 anomaly.
Finally, we present a possible U(1)(X) realization for such
leptophilic dark matter.
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Two-stage Energy Release Process of a Confined Flare with
Double HXR Peaks

Ning, H (Ning, Hao); Chen, Y (Chen, Yao); Wu, Z (Wu, Zhao); Su,
Y (Su, Yang); Tian, H (Tian, Hui); Li, G (Li, Gang); Du, GH (Du,
Guohui); Song, HQ (Song, Honggiang)
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A complete understanding of the onset and subsequent
evolution of confined flares has not been achieved. Earlier
studies mainly analyzed disk events so as to reveal their
magnetic topology and the cause of confinement. In this study,
taking advantage of a tandem of instruments working at
different wavelengths of X-rays, EUVs, and microwaves, we
present dynamic details about a confined flare observed on
the northwestern limb of the solar disk on 2016 July 24. The
entire dynamic evolutionary process starting from its onset is
consistent with a loop-loop interaction scenario. The X-ray
profiles manifest an intriguing double-peak feature. From the
spectral fitting, it has been found that the first peak is
nonthermally dominated, while the second peak is mostly
multithermal with a hot (similar to 10 MK) and a super-hot
(similar to 30 MK) component. This double-peak feature is
unique in that the two peaks are clearly separated by 4
minutes, and the second peak reaches up to 25-50 keV; in
addition, at energy bands above 3 keV, the X-ray fluxes decline
significantly between the two peaks. This, together with other
available imaging and spectral data, manifest a two-stage
energy release process. A comprehensive analysis is carried
out to investigate the nature of this two-stage process. We
conclude that the second stage with the hot and super-hot
sources mainly involves direct heating through a loop-loop
reconnection at a relatively high altitude in the corona. The
uniqueness of the event characteristics and the complete
dataset make the study a nice addition to present literature on
solar flares.
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Non-LTE Calculations of the Fe | 6173 angstrom Line in a
Flaring Atmosphere

Hong, J (Hong, Jie); Ding, MD (Ding, M. D.); Li, Y (Li, Ying);
Carlsson, M (Carlsson, Mats)
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The Fe | 6173 angstrom line is widely used in the
measurements of vector magnetic fields by instruments
including the Helioseismic and Magnetic Imager (HMI). We
perform non-local thermodynamic equilibrium calculations of
this line based on radiative hydrodynamic simulations in a
flaring atmosphere. We employ both a quiet-Sun atmosphere
and a penumbral atmosphere as the initial one in our
simulations. We find that, in the quiet-Sun atmosphere, the
line center is obviously enhanced during an intermediate flare.
The enhanced emission is contributed from both radiative
backwarming in the photosphere and particle beam heating in
the lower chromosphere. A blue asymmetry of the line profile
also appears due to an upward mass motion in the lower
chromosphere. If we take a penumbral atmosphere as the
initial atmosphere, the line has a more significant response to
the flare heating, showing a central emission and an obvious
asymmetry. The low spectral resolution of HMI would indicate
some loss of information, but the enhancement and line
asymmetry are still kept. By calculating polarized line profiles,
we find that the Stokes | and V profiles can be altered as a
result of flare heating. Thus the distortion of this line has a
crucial influence on the magnetic field measured from this line,
and one should be cautious in interpreting the magnetic
transients observed frequently in solar flares.

i Multi-Band Observation Solar Activity
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Non-damping oscillations at flaring loops

Li, D (Li, D.); Yuan, D (Yuan, D.); Su, YN (Su, Y. N.); Zhang, QM
(zhang, Q. M.); Su, W (Su, W.); Ning, ZJ (Ning, Z. J.)
ASTRONOMY & ASTROPHYSICS
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Context. Quasi-periodic oscillations are usually detected as
spatial displacements of coronal loops in imaging observations
or as periodic shifts of line properties (i.e., Doppler velocity,
line width and intensity) in spectroscopic observations. They
are often applied for remote diagnostics of magnetic fields and
plasma properties on the Sun.

Aims. We combine the imaging and spectroscopic
measurements of available space missions, and investigate the
properties of non-damping oscillations at flaring loops.
Methods. We used the Interface Region Imaging Spectrograph
(IRIS) to measure the spectrum over a narrow slit. The
double-component Gaussian fitting method was used to
extract the line profile of Fe xxi 1354.08 angstrom at the "OI"
spectral window. The quasi-periodicity of loop oscillations
were identified in the Fourier and wavelet spectra.

Results. A periodicity at about 40 s is detected in the line
properties of Fe xxi 1354.08 angstrom, hard X-ray emissions in
GOES 1-8 angstrom derivative, and Fermi 26-50 keV. The
Doppler velocity and line width oscillate in phase, while a
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phase shift of about pi/2 is detected between the Doppler
velocity and peak intensity. The amplitudes of Doppler velocity
and line width oscillation are about 2.2 km s(-1) and 1.9 km
s(-1), respectively, while peak intensity oscillates with
amplitude at about 3.6% of the background emission.
Meanwhile, a quasi-period of about 155 s is identified in the
Doppler velocity and peak intensity of the Fe xxi 1354.08
angstrom line emission, and AIA 131 angstrom intensity.
Conclusions. The oscillations at about 40 s are not damped
significantly during the observation; this might be linked to the
global kink modes of flaring loops. The periodicity at about 155
s is most likely a signature of recurring downflows after
chromospheric evaporation along flaring loops. The magnetic
field strengths of the flaring loops are estimated to be about
120-170 G using the magnetohydrodynamic seismology
diagnostics, which are consistent with the magnetic field
modeling results using the flux rope insertion method.
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High-resolution Observations of Flares in an Arch Filament
System

Su, YN (Su, Yingna); Liu, R (Liu, Rui); Li, SW (Li, Shangwei); Cao,
WD (Cao, Wenda); Ahn, K (Ahn, Kwangsu); Ji, HS (Ji, Haisheng)
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We study five sequential solar flares (SOL2015-08-07)
occurring in Active Region 12396 observed with the Goode
Solar Telescope (GST) at the Big Bear Solar Observatory,
complemented by Interface Region Imaging Spectrograph and
SDO observations. The main flaring region is an arch filament
system (AFS) consisting of multiple bundles of dark filament
threads enclosed by semicircular flare ribbons. We study the
magnetic configuration and evolution of the active region by
constructing coronal magnetic field models based on SDO/HMI
magnetograms using two independent methods, i.e., the
nonlinear force-free field (NLFFF) extrapolation and the flux
rope insertion method. The models consist of multiple flux
ropes with mixed signs of helicity, i.e., positive (negative) in
the northern (southern) region, which is consistent with the
GST observations of multiple filament bundles. The footprints
of quasi-separatrix layers (QSLs) derived from the extrapolated
NLFFF compare favorably with the observed flare ribbons. An
interesting double-ribbon fine structure located at the east
border of the AFS is consistent with the fine structure of the
QSL's footprint. Moreover, magnetic field lines traced along
the semicircular footprint of a dome-like QSL surrounding the
AFS are connected to the regions of significant helicity and
Poynting flux injection. The maps of magnetic twist show that
positive twist became dominant as time progressed, which is
consistent with the injection of positive helicity before the
flares. We hence conclude that these circular shaped flares are
caused by 3D magnetic reconnection at the QSLs associated
with the AFS possessing mixed signs of helicity.
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Observations of Electron-driven Evaporation in a Flare
Precursor

Li, D (Li, Dong); Li, Y (Li, Ying); Su, W (Su, Wei); Huang, Y (Huang,
Yu); Ning, ZJ (Ning, Zongjun)
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We investigate the relationship between the blueshifts of a hot
emission line and the nonthermal emissions in microwave and
hard X-ray (HXR) wavelengths in the precursor of a solar flare
on 2014 October 27. The flare precursor is identified as a small
but well-developed peak in the soft X-ray and
extreme-ultraviolet passbands before the GOES flare onset,
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which is accompanied by a pronounced burst in microwave 17
and. 34 GHz and in HXR 25-50 keV. The slit of the Interface
Region Imaging Spectrograph (IRIS) stays on one ribbon-like
transient during the flare precursor phase, which shows visible
nonthermal emissions in Nobeyama Radioheliograph and
RHESSI images. The IRIS spectroscopic observations show that
the hot line of Fe XXI 1354.09. angstrom (log T similar to 7.05)
displays blueshifts, while the cool line of Si IV 1402.77
angstrom (log T similar to 4.8) exhibits redshifts. The blueshifts
and redshifts are well correlated with each other, indicative of
an explosive chromospheric evaporation during the flare
precursor phase combining a high nonthermal energy flux with
a short characteristic timescale. In addition, the blueshifts of
Fe XXI 1354.09 angstrom are well correlated with the
microwave and HXR emissions, implying that the explosive
chromospheric evaporation during the flare precursor phase is
driven by nonthermal electrons.
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Two Kinds of Dynamic Behavior in a Quiescent Prominence
Observed by the NVST

Li, D (Li, Dong); Shen, YD (Shen, Yuandeng); Ning, ZJ (Ning,
Zongjun); Zhang, QM (Zhang, Qingmin); Zhou, TH (Zhou,
Tuanhui)
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We present high-resolution observations of two kinds of
dynamic behavior in a quiescent prominence using the New
Vacuum Solar Telescope, i.e., Kelvin-Helmholtz instabilities
(KHIs) and small-scale oscillations. The KHIs were identified as
rapidly developed vortex-like structures with
counterclockwise/clockwise rotations in the Ha red-wing
images at +0.3 angstrom, which were produced by the strong
shear-flow motions on the surface/interface of prominence
plumes. The KHI growth rates are estimated to be similar to
0.0135 +/- 0.0004 and similar to 0.0138 +/- 0.0004. Our
observational results further suggest that the shear velocities
(i.e., supersonic) of the mass flows are fast enough to produce
the strong deformation of the boundary and overcome the
restraining surface tension force. This flowdriven instability
might play a significant role in the process of plasma transfer in
solar prominences. The smallscale oscillations perpendicular to
the prominence threads are observed in the Ha line-center
images. The oscillatory periods changed nonmonotonically and
showed two changing patterns, in which one first decreased
slowly and then started to increase, while the other grew fast
at the beginning and then started to decrease. Both of these
thread oscillations with changing periods were observed to be
unstable for an entire cycle, and they were local in nature. All
our findings indicate that the small-scale thread oscillations
could be magnetohydrodynamic waves in the solar corona.
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Spectroscopic and imaging observations of small-scale
reconnection events

Li, D (Li, Dong); Li, LP (Li, Leping); Ning, ZJ (Ning, Zongjun)
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
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We present spectroscopic and imaging observations of
small-scale reconnection events on the Sun. Using Interface
Region Imaging Spectrograph (IRIS) observations, one
reconnection event is first detected as IRIS jets with fast
bidirectional velocities in the chromosphere and transition
region, which are identified as non-Gaussian broadenings with
two extended wings in the line profiles of SilV, C Il and Mgllk.
The magnetograms under the IRIS jets from helioseismic and

magnetic images simultaneously exhibit magnetic flux
cancellation, supporting the idea that the IRIS jets are driven
by magnetic reconnection. Atmospheric Imaging Assembly
images also show an extreme ultraviolet (EUV) brightening
shortly after the underlying IRIS jets, i.e. in the 131-, 171-, 193-,
211- and 94-angstrom channels, implying that the overlying
EUV brightening in the corona is caused by the IRIS jets in the
chromosphere and transition region. We also find another
three reconnection events, which show the same features
during this IRIS observation. Our observational results suggest
that small-scale reconnection events might contribute to
coronal heating. A new result is that the process of magnetic
reconnection is detected from the photosphere through the
chromosphere and transition region to the corona.
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Diagnosing the Magnetic Field Structure of a Coronal Cavity
Observed during the 2017 Total Solar Eclipse
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We present an investigation of a coronal cavity observed
above the western limb in the coronal red line Fe X 6374
angstrom using a telescope of Peking University and in the
green line Fe XIV 5303 angstrom using a telescope of Yunnan
Observatories, Chinese Academy of Sciences, during the total
solar eclipse on 2017 August 21. A series of magnetic field
models is constructed based on the magnetograms taken by
the Helioseismic and Magnetic Imager on board the Solar
Dynamics Observatory (SDO) one week before the eclipse. The
model field lines are then compared with coronal structures
seen in images taken by the Atmospheric Imaging Assembly on
board SDO and in our coronal red line images. The best-fit
model consists of a flux rope with a twist angle of 3.1 pi, which
is consistent with the most probable value of the total twist
angle of interplanetary flux ropes observed at 1 au. Linear
polarization of the Fe XIIl 10747 angstrom line calculated from
this model shows a "lagomorphic" signature that is also
observed by the Coronal Multichannel Polarimeter of the High
Altitude Observatory. We also find a ring-shaped structure in
the line-of-sight velocity of Fe XllI 10747 angstrom, which
implies hot plasma flows along a helical magnetic field
structure, in the cavity. These results suggest that the
magnetic structure of the cavity is a highly twisted flux rope,
which may erupt eventually. The temperature structure of the
cavity has also been investigated using the intensity ratio of Fe
X1 10747 angstrom and Fe X 6374 angstrom.
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Period Increase and Amplitude Distribution of Kink Oscillation
of Coronal Loop

Su, W (Su, W.); Guo, Y (Guo, Y.); Erdelyi, R (Erdelyi, R.); Ning, ZJ
(Ning, Z. J.); Ding, MD (Ding, M. D.); Cheng, X (Cheng, X.); Tan,
BL (Tan, B. L.)
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Coronal loops exist ubiquitously in the solar atmosphere.
These loops puzzle astronomers over half a century. Solar
magneto-seismology (SMS) provides a unique way to constrain
the physical parameters of coronal loops. Here, we study the
evolution of oscillations of a coronal loop observed by the
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Atmospheric Imaging Assembly (AIA). We measure geometric
and physical parameters of the loop oscillations. In particular,
we find that the mean period of the oscillations increased from
1048 to 1264s during three oscillatory cycles. We employ the
differential emission measure method and apply the tools of
SMS. The evolution of densities inside and outside the loop is
analyzed. We found that an increase of density inside the loop
and decrease of the magnetic field strength along the loop are
the main reasons for the increase in the period during the
oscillations. Besides, we also found that the amplitude profile
of the loop is different from a profile would it be a
homogeneous loop. It is proposed that the distribution of
magnetic strength along the loop rather than density
stratification is responsible for this deviation. The variation in
period and distribution of amplitude provide, in terms of SMS,
a new and unprecedented insight into coronal loop
diagnostics.
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High-resolution He |1 10830 angstrom Narrowband Imaging for
an M-class Flare. Il. Multiple Hot Channels: Their Origin and
Destination

Wang, Y (Wang, Ya); Su, YN (Su, Yingna); Shen, JH (Shen,
Jinhua); Yang, X (Yang, Xu); Cao, WD (Cao, Wenda); Ji, HS (Ji,
Haisheng)
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In this paper, we report our second-part result for the M1.8
class flare on 2012 July 5, with an emphasis on the initiation
process for the flare-associated filament eruption. The data set
consists of high-resolution narrowband images in He 110830
angstrom and broadband images in TiO 7057 angstrom taken
at Big Bear Solar Observatory with the 1.6 m aperture Goode
Solar Telescope. EUV images in different passbands observed
by the Atmospheric Imaging Assembly on board the Solar
Dynamics Observatory are used to distinguish hot plasma from
cool plasma structures during the flare process.
High-resolution 10830 angstrom images clearly show that,
below the horizontal fibrils, which correspond to the filament's
spine in full-disk Ha images, a sheared arch filament system
(AFS) lies across the penumbra and surrounding satellite
sunspots, between which continuous shearing motion is
observed. Before the eruption, three microflares occurred
successively and were followed by the appearance of three
EUV hot channels. Two hot channels erupted, producing two
flaring sites and two major peaks in GOES soft X-ray light
curves; however, one hot channel's eruption failed. The 10830
angstrom imaging enables us to trace the first two hot
channels to their very early stage, which is signified by the
rising of the AFS after the first two precursors. Continuous flux
emergence and localized flare-associated cancellation are
observed under the AFS. In addition, EUV ejections were
observed during the formation of the EUV hot channels. These
observations support the fact that the hot channels are the
result of magnetic reconnections during precursors.
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Magnetic Field Modeling of Hot Channels in Four
Flare/Coronal Mass Ejection Events

Liu, T (Liu, Tie); Su, YN (Su, Yingna); Cheng, X (Cheng, Xin); van
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We investigate the formation and magnetic topology of four
flare/coronal mass ejection events with filament-sigmoid
systems, in which the sigmoidal hot channels are located
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above the filaments and appear in pairs before eruption. The
formation of hot channels usually takes several to dozens of
hours, during which two J-shaped sheared arcades gradually
evolve into sigmoidal hot channels and then keep stable for
tens of minutes or hours and erupt, while the low-lying
filaments show no significant change. We construct a series of
magnetic field models and find that the best-fit preflare
models contain magnetic flux ropes with hyperbolic flux tubes
(HFTs). The field lines above the HFT correspond to the
high-lying hot channel, whereas those below the HFT surround
the underlying filaments. In particular, the continuous and long
field lines representing the flux rope located above the HFT
match the observed hot channels well in three events.
However, for the SOL2014-04-18 event, the flux bundle that
mimics the observed hot channel is located above the flux rope.
The flux rope axis lies in a height range of 19.8 and 46 Mm
above the photosphere for the four events, among which the
flux rope axis in the SOL2012-0712 event has a maximum
height, which probably explains why it is often considered as a
double-decker structure. Our modeling suggests that the
high-lying hot channel may be formed by magnetic
reconnections between sheared field lines occurring above the
filament before eruption.
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Studies of Isolated and Non-isolated Photospheric Bright
Points in an Active Region Observed by the New Vacuum
Solar Telescope

Liu, YX (Liu, Yanxiao); Xiang, YY (Xiang, Yongyuan); Erdelyi, R
(Erdelyi, Robertus); Liu, Z (Liu, Zhong); Li, D (Li, Dong); Ning, ZJ
(Ning, Zongjun); Bi, Y (Bi, Yi); Wu, N (Wu, Ning); Lin, J (Lin, Jun)
ASTROPHYSICAL JOURNAL
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Properties of photospheric bright points (BPs) near an active
region have been studied in TiO lambda 7058 angstrom images
observed by the New Vacuum Solar Telescope of the Yunnan
Observatories. We developed a novel recognition method that
was used to identify and track 2010 BPs. The observed evolving
BPs are classified into isolated (individual) and non-isolated
(where multiple BPs are observed to display splitting and
merging behaviors) sets. About 35.1% of BPs are non-isolated.
For both isolated and non-isolated BPs, the brightness varies
from 0.8 to. 1.3 times the average background intensity and
follows a Gaussian distribution. The lifetimes of BPs follow a
lognormal distribution, with characteristic lifetimes of (267 +/-
140). s and (421 +/- 255). s, respectively. Their size also follows
log-normal distribution, with an average size of about (2.15 +/-
0.74). x. 10(4) km(2) and (3.00 +/- 1.31). x 10(4) km(2) for area,
and (163 +/- 27) km and (191 +/- 40) km for diameter,
respectively. Our results indicate that regions with strong
background magnetic field have higher BP number density and
higher BP area coverage than regions with weak background
field. Apparently, the brightness/size of BPs does not depend
on the background field. Lifetimes in regions with strong
background magnetic field are shorter than those in regions
with weak background field, on average.
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Two Episodes of Magnetic Reconnections during a Confined
Circular-ribbon Flare

Li, T (Li, Ting); Yang, SH (Yang, Shuhong); Zhang, QM (Zhang,
Qingmin); Hou, YJ (Hou, Yijun); Zhang, J (Zhang, Jun)

KU HRRA: ASTROPHYSICAL JOURNAL
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We analyze a unique event with an M1.8 confined
circular-ribbon flare on 2016 February 13, with successive
formations of two circular ribbons at the same location. The
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flare had two distinct phases of UV and extreme ultraviolet
emissions with an interval of about 270 s, of which the second
peak was energetically more important. The first episode was
accompanied by the eruption of a mini-filament and the fast
elongation motion of a thin circular ribbon (CR1) along the
counterclockwise direction at a speed of about 220 km s(-1).
Two elongated spinerelated ribbons were also observed, with
the inner ribbon co-temporal with CR1 and the remote
brightenings forming similar to 20 s later. In the second
episode, another mini-filament erupted and formed a blowout
jet. The second circular ribbon and two spine-related ribbons
showed similar elongation motions with that during the first
episode. The extrapolated three-dimensional coronal magnetic
fields reveal the existence of a fan-spine topology, together
with a quasi-separatrix layer (QSL) halo surrounding the fan
plane and another QSL structure outlining the inner spine. We
suggest that continuous null-point reconnection between the
filament and ambient open field occurs in each episode,
leading to the sequential opening of the filament and
significant shifts of the fan plane footprint. For the first time,
we propose a compound eruption model of circular-ribbon
flares consisting of two sets of successively formed ribbons and
eruptions of multiple filaments in a fan-spine-type magnetic
configuration.
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Vertical Oscillation of a Coronal Cavity Triggered by an EUV
Wave

Zhang, QM (Zhang, Q. M.); Ji, HS (Ji, H. S.)

ASTROPHYSICAL JOURNAL
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In this paper, we report our multiwavelength observations of
the vertical oscillation of a coronal cavity on 2011 March 16.
The elliptical cavity with an underlying horn-like quiescent
prominence was observed by the Atmospheric Imaging
Assembly on board the Solar Dynamics Observatory. The width
and height of the cavity are 150 " and 240 ", and the centroid
of cavity is 128 " above the solar surface. At similar to 17: 50
UT, a C3.8 two-ribbon flare took place in active region 11169
close to the solar western limb. Meanwhile, a partial halo
coronal mass ejection erupted and propagated at a linear
speed of similar to 682 km s(-1). Associated with the eruption,
a coronal extremeultraviolet (EUV) wave was generated and
propagated in the northeast direction at a speed of similar to
120 km s(-1). Once the EUV wave arrived at the cavity from the
top, it pushed the large-scale overlying magnetic field lines
downward before bouncing back. At the same time, the cavity
started to oscillate coherently in the vertical direction and
lasted for similar to 2 cycles before disappearing. The
amplitude, period, and damping time are 2.4-3.5 Mm, 29-37
minutes, and 26-78 minutes, respectively. The vertical
oscillation of the cavity is explained by a global standing MHD
wave of fast kink mode. To estimate the magnetic field
strength of the cavity, we use two independent methods of
prominence seismology. It is found that the magnetic field
strength is only a few Gauss and less than 10 G.

Acceleration and Radiation of

High-Energy Cosmic Particles
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Impulsive radio and hard X-ray emission from an M-class flare

Zhang, P (Zhang, Ping); Guo, Y (Guo, Yang); Wang, L (Wang, Lu);
Liu, SM (Liu, Siming)

ASTRONOMY & ASTROPHYSICS
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Context. Impulsive radio and hard X-ray emission from large
solar flares are usually attributed to a hard distribution of
high-energy electrons accelerated in the energy dissipation
process of magnetic reconnection.

Aims. We report the detection of impulsive radio and hard
X-ray emissions produced by a population of energetic
electrons with a very soft distribution in an M-class flare:
SOL2015-08-27T05: 45.

Methods. The absence of impulsive emission at 34 GHz and
hard X-ray emission above 50 keV and the presence of distinct
impulsive emission at 17 GHz and lower frequencies and in the
25-50 keV X-ray band imply a very soft distribution of energetic
electrons producing the impulsive radio emission via the
gyro-synchrotron process, and impulsive X-rays via
bremsstrahlung.

Results. The spectrum of the impulsive hard X-ray emission can
be fitted equally well with a power-law model with an index of
similar to 6.5 or a super-hot thermal model with a temperature
as high as 100 MK. Imaging observations in the extreme-UV
and X-ray bands and extrapolation of the magnetic field
structure using a nonlinear force-free model show that
energetic electrons trapped in coronal loops are responsible
for these impulsive emissions.

Conclusions. Since the index of the power-law model is nearly
constant during the impulsive phase, the power-law
distribution or the super-hot component should be produced
by a bulk energization process such as the Fermi and betatron
acceleration of collapsing magnetic loops.
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Where do the ultra-high energy cosmic rays come from?

Hu Hongbo; Wang Xiangyu; Liu Siming

Chinese Science Bulletin
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Cosmic rays are the only sample of matter coming from outer
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space. They carry rich information about particle physics,
high-energy astrophysics, composition and evolution of the
Universe. The highest energy of cosmic rays detected so far is
about 3*10~(20) eV. How are the cosmic rays
accelerated?What kind of astronomic sources do the cosmic
rays originate from?Are the fundamental physics laws still valid
in such high-energy scales? are all important scientific
problems waiting to be addressed. To answer these questions,
various space and ground experiments have been carried out
to explore the nature of cosmic rays in a multi-messenger
approach. The past few decades have witnessed great
achievements in high-energy cosmic ray, gamma ray, neutrino
observations, and detection of gravitational wave. (1) The
cosmic ray spectra, composition, and anisotropy have been
measured with unprecedented precision leading to better
understanding of cosmic ray acceleration and transport and
stricter constraints on properties of potential candidates of
dark matter particles, and the dipole anisotropy of ultrahigh
energy cosmic rays indicates that they have an extragalactic
origin. (2) Space borne experiments have discovered more
than 3000 sources in the GeV range, and the ground based
experiments have uncovered more than 200 sources at TeV
energies. Most of these sources are high-energy electron
accelerators, and a few of them are identified as the
accelerators of cosmic ray nuclei. Diffuse gamma-ray emission
associated with galactic disks and jets and/or outbursts of
Active Galactic Nuclei is also measured with better spatial and
energy resolutions, which can be used to study cosmic ray
transport in the interstellar/galactic/cluster medium. (3) With
the IceCube experiment, about 100 high-energy neutrino
events have been recorded and their isotropic distribution
suggests an extragalactic origin. (4) The first gravitational wave
event with simultaneous multi-wavelength observations has
been detected opening the epoch of gravitational wave
astronomy. Strong gravitational wave events represent the
most catastrophic energy release in the Universe and can be
important cosmic ray sources. These new results established
the foundation to address the origin of cosmic rays and to
develop theories of particle acceleration and transport. The
study of cosmic ray transport has gone beyond the diffusion
approximation to study the effect of magnetic field
fluctuations on small scale anisotropy of cosmic rays and
comprehensive numerical modelings of cosmic ray transport in
the Galaxy are advanced with multi-wavelength observations.
Diffusive particle acceleration by strong shocks of supernova
remnants (SNRs) is also advanced based on multi-wavelength
observations and cosmic ray measurements. The scenario of
SNR origin of Galactic cosmic rays is being quantified with
testable predictions. Although there are still uncertainties in
amplification of magnetic field by cosmic rays and cosmic ray
scattering by turbulent plasmas, sophisticated numerical codes
are being developed to address these issues. Successful
construction and operation of new generation cosmic ray and
gamma-ray experiments will open a new chapter of the
astro-particle physics study.
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Detection of GeV Gamma-Ray Emission in the Direction of
HESS J1731-347 with Fermi-LAT

Guo, XL (Guo, Xiao-Lei); Xin, YL (Xin, Yu-Liang); Liao, NH (Liao,
Neng-Hui); Yuan, Q (Yuan, Qiang); Gao, WH (Gao, Wei-Hong);
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Fan, YZ (Fan, Yi-Zhong)

ASTROPHYSICAL JOURNAL
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We report the detection of GeV gamma-ray emission from
supernova remnant HESS J1731-347 using 9 yr of Fermi Large
Area Telescope data. We find a slightly extended GeV source in
the direction of HESS J1731-347. The spectrum above 1 GeV
can be fitted by a power law with an index of Gamma = 1.77
+/- 0.14, and the GeV spectrum connects smoothly with the
TeV spectrum of HESS J1731-347. Either a hadronic-leptonic or
a pure leptonic model can fit the multiwavelength spectral
energy distribution of the source. However, the hard GeV
gamma-ray spectrum is more naturally produced in a leptonic
(inverse Compton scattering) scenario, under the framework of
diffusive shock acceleration. We also searched for the GeV
gamma-ray emission from the nearby TeV source HESS
J1729-345. No significant GeV gamma-ray emission is found,
and upper limits are derived.
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Fast gamma-Ray Variability in Blazars beyond Redshift 3

Li, S (Li, Shang); Xia, zZQ (Xia, Zi-Qing); Liang, YF (Liang,
Yun-Feng); Liao, NH (Liao, Neng-Hui); Fan, YZ (Fan, Yi-Zhong)
ASTROPHYSICAL JOURNAL
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High-redshift blazars are one of the most powerful sources in
the universe and gamma-ray variability carries crucial
information about their relativistic jets. In this wor gamma we
present results of the first systematical temporal analysis of
Fermi-LAT data of all known seven gamma-ray blazars beyond
redshift 3. Significant long-term.-ray variability is found from
five sources in monthly gamma-ray light curves, in which three
of them are reported for the first time. Furthermore, intraday
gamma-ray  variations are  detected from NVSS
J053954-283956 and NVSS 1080518+ 614423. The doubling
variability timescale of the former source is limited as short as
less than or similar to 1 hr (at the source frame). Together with
variability amplitude over one order of magnitude, NVSS
J053954-283956 is the most distant gamma-ray flaring blazar
so far. Meanwhile, intraday optical variability of NVSS
1163547+ 362930 is found based on an archival PTF/iPTF light
curve. Benefiting from the multi-wavelength activity of these
sources, constraints on their Doppler factors, as well as the
locations of the gamma-ray radiation region and indications for
the SDSS high redshift jetted active galactic nuclei deficit are
discussed.
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Fermi-LAT Detection of a Transient gamma-Ray Source in the
Direction of a Distant Blazar B3 1428+422 at z=4.72

Liao, NH (Liao, Neng-Hui); Li, S (Li, Shang); Fan, YZ (Fan,
Yi-Zhong)

ASTROPHYSICAL JOURNAL LETTERS
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We report the detection of a transient gamma-ray source in
the direction of B3 1428+422 ( z = 4.72) by analyzing the
110-month Fermi-LAT. Pass 8 data. The new transient
gamma-ray source is far away from the Galactic plane and has
a rather soft spectrum, in agreement with being a high redshift
blazar. We suggest that the newly discovered transient is the
gamma-ray counterpart of B3 1428+422, which could be the
most distant GeV source detected so far. The detection of a
group of such distant gamma-ray blazars will be helpful in
reconstructing the evolution of the luminosity function and
studying the extragalactic background light at such high
redshifts.
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Search for gamma-ray emission from the nearby dwarf
spheroidal galaxies with 9 years of Fermi-LAT data

Li, S (Li, Shang); Duan, KK (Duan, Kai-Kai); Liang, YF (Liang,
Yun-Feng); Xia, ZQ (Xia, Zi-Qing); Shen, ZQ (Shen, Zhao-Qiang);
Li, X (Li, Xiang); Liao, NH (Liao, Neng-Hui); Feng, L (Feng, Lei);
Yuan, Q (Yuan, Qiang); Fan, YZ (Fan, Yi-Zhong); Chang, J (Chang,
Jin)

PHYSICAL REVIEW D
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In this work, we search for gamma-ray emission from nearby
Milky Way dwarf spheroidal galaxies (dSphs) and candidates
with the publicly available Pass 8 data of Fermi-LAT. Our
sample includes 12 sources with the distances < 50 kpc. Very
weak gamma-ray excesses (similar to 2 sigma) are found in
some dSphs/candidates, consistent with those reported in the
previous literature. Intriguingly, the peak test statistic (TS)
value of the weak emission from Reticulum I rises continually.
If interpreted as dark matter (DM) annihilation, the peak TS
value is 13.5 for the annihilation channel of chi chi ->
tau(+)tau(-) and the DM mass of m(chi) similar to 16 GeV. The
combination of all these nearby sources yields a more
significant (with local significance >4 sigma) gamma-ray signal.
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Study of the boxlike dark matter signals from dwarf
spheroidal galaxies with Fermi-LAT data

Li, S (Li, Shang); Liang, YF (Liang, Yun-Feng); Xia, ZQ (Xia,
Zi-Qing); Zu, L (Zu, Lei); Duan, KK (Duan, Kai-Kai); Shen, zQ
(Shen, Zhao-Qiang); Feng, L (Feng, Lei); Yuan, Q (Yuan, Qiang);
Fan, YZ (Fan, Yi-Zhong)

PHYSICAL REVIEW D
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The observation of a special spectral feature in the gamma-ray
data would be one of the best ways to identify dark matter
(DM). The box-shaped gamma-ray spectra could be generated
by the decay of intermediate particles produced by DM
annihilation or decay. It provides another kind of signal that
can be relatively easily distinguished from astrophysical
backgrounds besides the linelike signals. Dwarf spheroidal
galaxies are expected to be dominated by DM and may be one
of the most promising targets for indirect DM searches. In this
paper, we study the box-shaped DM signals with Fermi-LAT
observations of dwarf spheroidal galaxies. We analyze 106
months of Fermi-LAT data to derive the upper limits on the
annihilation cross section or the decay timescale of DM. In
addition, we compare the results for different sample
selections and DM density distributions. We expect that more
dwarf spheroidal galaxies will be found and the sensitivity of
box-shaped gamma-ray signal searches will be significantly
improved in the future.
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A model explaining neutrino masses and the DAMPE cosmic
ray electron excess

Fan, YZ (Fan, Yi-Zhong); Huang, WC (Huang, Wei-Chih);
Spinrath, M (Spinrath, Martin); Tsai, YLS (Tsai, Yue-Lin Sming);
Yuan, Q (Yuan, Qiang)

PHYSICS LETTERS B
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We propose a flavored U(1)(e mu) neutrino mass and dark
matter(DM) model to explain the recent DArk Matter Particle
Explorer (DAMPE) data, which feature an excess on the cosmic
ray electron plus positron flux around 1.4 TeV. Only the first
two lepton generations of the Standard Model are charged
under the new U(1)(e mu) gauge symmetry. A vector-like

fermion psi, which is our DM candidate, annihilates into e(+/-)
and mu(+/-) via the new gauge boson Z' exchange and
accounts for the DAMPE excess. We have found that the data
favors a psi mass around 1.5 TeV and a Z' mass around 2.6 TeV,
which can potentially be probed by the next generation lepton
colliders and DM direct detection experiments. (C) 2018 The
Authors. Published by Elsevier B.V.
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Massive black holes and tidal disruption events at the center
of galaxies

Liu Zhu; Yuan Weimin; Sun Hui; Li Shuo; Liu Fukun; Chen Xian;
Lu Youjun; Wang Tinggui; Lei Weihua; Zhong Shiyan; Yuan Feng;
Wang Junfeng; Li Zhuo; Li Lixin; Fan Yizhong; Zhou Hongyan
Scientia Sinica Physica, Mechanica & Astronomica

4548 #: 3 71: 039503-1-039503-13

When a star enters the tidal radius of a massive black hole (BH)
at the center of a galaxy, the tidal force will rip the star apart.
The BH may accrete the debris of the star and produce
energetic flare. This phenomenon is now commonly known as
Tidal Disruption Event (TDE). The characteristics of its spectra
as well as variability are dependent on the properties of the
central BH and the disrupted star, so that we can study their
parameters, accretion process and jet, and the property of
circumnuclear environment by confirming and systematically
studying the BH in quiescent galaxies. TDE may also provide
important clues on the existence of intermediate BH as well as
supermassive BH binary. However, the study of TDE is
hindered by relatively small sample size (especially in X-ray
band) and low quality of data due to the low incident rate. The
Einstein Probe (EP), which covers the 0.5-4 keV soft X-ray
energy band, has a large field of view as well as high sensitivity,
making it perfect to detect TDE. We expect that EP will detect
several tens to about one hundred TDE every year, of which
around 10 or even more are TDE with relativistic jet. This will
result in a homogeneously selected completely TDE sample,
which is important for investigating the statistical property of
TDE. It makes it possible to investigate the existence and
statistical property of BH, explore the growth and evolution of
BH, discovery the intermediate BH as well as supermassive BH
binaries.

% 41 %, 3t 248 %

DES science portal: Computing photometric redshifts

Gschwend, J (Gschwend, J.); Rossel, AC (Rossel, A. C.); Ogando,
RLC (Ogando, R. L. C.); Neto, AF (Neto, A. F.); Maia, MAG (Maia,
M. A. G.); da Costa, LN (da Costa, L. N.); Lima, M (Lima, M.);
Pellegrini, P (Pellegrini, P.); Campisano, R (Campisano, R.);
Singulani, C (Singulani, C.); Adean, C (Adean, C.); Benoist, C
(Benoist, C.); Aguena, M (Aguena, M.); Kind, MC (Kind, M.
Carrasco); Davis, TM (Davis, T. M.); de Vicente, J (de Vicente, J.);
Hartley, WG (Hartley, W. G.); Hoyle, B (Hoyle, B.); Palmese, A
(Palmese, A.); Sadeh, | (Sadeh, I); Abbott, TMC (Abbott, T. M.
C.); Abdalla, FB (Abdalla, F. B.); Allam, S (Allam, S.); Annis, J
(Annis, J.); Asorey, J (Asorey, J.); Brooks, D (Brooks, D.); Calcino,
J (Calcino, J.); Carollo, D (Carollo, D.); Castander, FJ (Castander,
F.J.); D'Andrea, CB (D'Andrea, C. B.); Desai, S (Desai, S.); Evrard,
AE (Evrard, A. E.); Fosalba, P (Fosalba, P.); Frieman, J (Frieman,
J.); Garcia-Bellido, J (Garcia-Bellido, J.); Glazebrook, K
(Glazebrook, K.); Gerdes, DW (Gerdes, D. W.); Gruendl, RA
(Gruendl, R. A.); Gutierrez, G (Gutierrez, G.); Hinton, S (Hinton,
S.); Hollowood, DL (Hollowood, D. L.); Honscheid, K (Honscheid,
K.); Hoormann, JK (Hoormann, J. K.); James, DJ (James, D. J.);
Kuehn, K (Kuehn, K.); Kuropatkin, N (Kuropatkin, N.); Lahav, O
(Lahav, 0.); Lewis, G (Lewis, G.); Lidman, C (Lidman, C.); Lin, H
(Lin, H.); Macaulay, E (Macaulay, E.); Marshall, J (Marshall, J.);
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Melchior, P (Melchior, P.); Miguel, R (Miguel, R.); Moller, A
(Moller, A.); Plazas, AA (Plazas, A. A.); Sanchez, E (Sanchez, E.);
Santiago, B (Santiago, B.); Scarpine, V (Scarpine, V); Schindler,
ZH (Schindler, Z. H.); Sevilla-Noarbe, | (Sevilla-Noarbe, 1); Smith,
M (Smith, M.); Sobreira, F (Sobreira, F.); Sommer, NE (Sommer,
N. E.); Suchyta, E (Suchyta, E.); Swanson, MEC (Swanson, M. E.
C.); Tarle, G (Tarle, G.); Tucker, BE (Tucker, B. E.); Tucker, DL
(Tucker, D. L.); Uddin, S (Uddin, S.); Walker, AR (Walker, A. R.)
ASTRONOMY AND COMPUTING

#: 25 T1: 58-80

A significant challenge facing photometric surveys for
cosmological purposes is the need to produce reliable redshift
estimates. The estimation of photometric redshifts (photo-zs)
has been consolidated as the standard strategy to bypass the
high production costs and incompleteness of spectroscopic
redshift samples. Training-based photo-z methods require the
preparation of a high-quality list of spectroscopic redshifts,
which needs to be constantly updated. The photo-z training,
validation, and estimation must be performed in a consistent
and reproducible way in order to accomplish the scientific
requirements. To meet this purpose, we developed an
integrated web-based data interface that not only provides the
framework to carry out the above steps in a systematic way,
enabling the ease testing and comparison of different
algorithms, but also addresses the processing requirements by
parallelizing the calculation in a transparent way for the user.
This framework called the Science Portal (hereafter Portal) was
developed in the context the Dark Energy Survey (DES) to
facilitate scientific analysis. In this paper, we show how the
Portal can provide a reliable environment to access vast
datasets, provide validation algorithms and metrics, even in
the case of multiple photo-zs methods. It is possible to
maintain the provenance between the steps of a chain of
workflows while ensuring reproducibility of the results. We
illustrate how the Portal can be used to provide photo-z
estimates using the DES first year (Y1A1) data. While the DES
collaboration is still developing techniques to obtain more
precise photo-zs, having a structured framework like the one
presented here is critical for the systematic vetting of DES
algorithmic improvements and the consistent production of
photo-zs in future DES releases. (C) 2018 Elsevier B.V. All rights
reserved.
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GW170817 and the Prospect of Forming Supramassive
Remnants in Neutron Star Mergers

Ma, PX (Ma, Peng-Xiong); Jiang, JL (Jiang, Jin-Liang); Wang, H
(Wang, Hao); Jin, ZP (Jin, Zhi-Ping); Fan, YZ (Fan, Yi-Zhong); Wei,
DM (Wei, Da-Ming)

ASTROPHYSICAL JOURNAL
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The gravitational wave data of GW170817 favor the equation
of state (EoS) models that predict compact neutron stars (NSs),
consistent with the radius constraints from X-ray observations.
Motivated by such remarkable progress, we examine the fate
of the remnants formed in NS mergers and focus on the roles
of the angular momentum and the mass distribution of the
binary NSs. In the mass-shedding limit (for which the
dimensionless angular momentum equals the Keplerian value,
i.e., j = j(Kep)), the adopted seven EoS models, except for H4
and ALF2, yield supramassive NSs in more than half of the
mergers. However, for j less than or similar to 0.7 j(Kep), the
presence or absence of a non-negligible fraction of
supramassive NSs formed in the mergers depends sensitively
on both the EoS and the mass distribution of the binary
systems. The NS mergers with a total gravitational mass less
than or similar to 2.6M(circle dot) are found to be able to shed
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valuable light on both the EoS model and the angular
momentum of the remnants if supramassive NSs are still
absent. We have also discussed the uncertainty on estimating
the maximum gravitational mass of nonrotating NSs (M-max)
due to the unknown j of the precollapse remnants. With the
data of GW170817 and the assumption of the mass loss of 0.03
M-circle dot, we have M-max < (2.19, 2.32) M-circle dot (90%
confidence level) for j = (1.0, 0.8) j(Kep), respectively.
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M101: Spectral Observations of H Il Regions and Their
Physical Properties

Hu, N (Hu, Ning); Wang, EC (Wang, Enci); Lin, ZS (Lin, Zesen);
Kong, X (Kong, Xu); Cheng, FZ (Cheng, Fuzhen); Fan, Z (Fan,
Zou); Fang, GW (Fang, Guangwen); Lin, L (Lin, Lin); Mao, YW
(Mao, Yewei); Wang, J (Wang, Jing); Zhou, X (Zhou, Xu); Zhou,
ZM (Zhou, Zhiming); Zhu, YN (Zhu, Yinan); Zou, H (Zou, Hu)
ASTROPHYSICAL JOURNAL
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By using the Hectospec 6.5 m Multiple Mirror Telescope and
the 2.16 m telescope of the National Astronomical
Observatories, of the Chinese Academy of Sciences, we
obtained 188 high signal-to-noise ratio spectra of H Il regions
in the nearby galaxy M101, which is the largest spectroscopic
sample of H Il regions for this galaxy so far. These spectra
cover a wide range of regions on M101, which enables us to
analyze two-dimensional distributions of its physical properties.
The physical parameters are derived from emission lines or
stellar continua, including stellar population age, electron
temperature, oxygen abundance, etc. The oxygen abundances
are derived using two empirical methods based on O3N2 and
R-23 indicators, as well as the direct T-e method when [O IIl]
lambda 4363 is available. By applying the harmonic
decomposition analysis to the velocity field, we obtained a
line-of-sight rotation velocity of 71 km s(-1) and a position
angle of 36 degrees. The stellar age profile shows an old stellar
population in the galaxy center and a relatively young stellar
population in outer regions, suggesting an old bulge and a
young disk. The oxygen abundance profile exhibits a clear
break at similar to 18 kpc, with a gradient of -0.0364 dex kpc(-1)
in the inner region and -0.00686 dex kpc(-1) in the outer region.
Our results agree with the "inside-out" disk growth scenario of
M101.
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The flat-spectrum radio quasar 3C 345 from the high to the
low emission state

Berton, M (Berton, M.); Liao, NH (Liao, N. H.); La Mura, G (La
Mura, G.); Jarvela, E (Jarvela, E.); Congiu, E (Congiu, E.);
Foschini, L (Foschini, L.); Frezzato, M (Frezzato, M.);
Ramakrishnan, V (Ramakrishnan, V.); Fan, XL (Fan, X. L.);
Lahteenmaki, A (Lahteenmaki, A.); Pursimo, T (Pursimo, T.);
Abate, V (Abate, V.); Bai, JM (Bai, J. M.); Calcidese, P (Calcidese,
P.); Ciroi, S (Ciroi, S.); Chen, L (Chen, L.); Cracco, V (Cracco, V.);
Li, SK (Li, S. K.); Tornikoski, M (Tornikoski, M.); Rafanelli, P
(Rafanelli, P.)
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We report simultaneous observations at different energy
bands in radio, optical, UV, X-rays and gamma rays of the
flat-spectrum radio-quasar 3C 345. We built the light curve of
the source at different frequencies from 2008, the beginning of
the Fermi all-sky survey, to 2016, using new data and public
archives. In particular we obtained several optical spectra, to
study the behavior of emission lines and the continuum in
different activity states and to derive the black hole mass. 3C
345 showed two flaring episodes in 2009, which occurred
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simultaneously in gamma ray, optical/UV and X-rays, and were
later followed in radio. The source shows an inverse Compton
dominated spectral energy distribution, which moved from
higher to lower frequencies from the high to the low state. The
reverberation of emission lines during one outburst event
allowed us to constrain the location of production of gamma
rays very close to the broad-line region, and possibly in the
jet-base. We report the observation of an increased accretion
after the outburst, possibly induced by the decrease of
magnetic held intensity with respect to the low state.
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Constraints on the Composition, Magnetization, and
Radiative Efficiency in the Jets of Blazars

Fan, XL (Fan, Xu-Liang); Wu, QW (Wu, Qingwen); Liao, NH (Liao,
Neng-Hui)

ASTROPHYSICAL JOURNAL
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The composition and energy dissipation in jets are two of the
fundamental questions of jet physics that are not fully
understood. In this paper, we attempt to constrain the
composition, magnetization, and radiative efficiency for
blazars with the recently released low-frequency radio catalog
of the TIFR GMRT Sky Survey at 150 MHz.. The jet power
estimated from the low-frequency radio emission is much
lower than that derived from spectral energy distribution
fitting assuming one proton per electron. Assuming the jet
power estimated from low-frequency radio emission is physical,
the fraction of electron/positron pairs can be constrained with
n(pairs)/n(p) similar to 10. By comparing the power carried by
the magnetic field and radiation with the jet power estimated
from the low-frequency radio emission, we find both the
relatively high magnetization parameter of sigma similar to 0.5
and the radiative efficiency of eta similar to 0.4 in the
dissipation region of blazars. These results suggest that
magnetic reconnection processes may play an important role
in the energy dissipation of blazars. We also explore the
connection between these three parameters (n(pairs)/n(p),
sigma, and eta) and the black hole mass, disk luminosity, and
Eddington ratio. No significant correlation is found, except that
sigma shows a possible correlation with disk luminosity.
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Searching for spectral oscillations due to photon-axionlike
particle conversion using the Fermi-LAT observations of bright
supernova remnants

Xia, ZQ (Xia, Zi-Qing); Zhang, C (Zhang, Cun); Liang, YF (Liang,
Yun-Feng); Feng, L (Feng, Lei); Yuan, Q (Yuan, Qiang); Fan, YZ
(Fan, Yi-Zhong); Wu, J (Wu, lJian)
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Axionlike particles (ALPs) are one promising type of dark
matter candidate particle that may generate detectable effects
on gamma-ray spectra other than the canonical weakly
interacting massive particles. In this work we search for such
oscillation effects in the spectra of supernova remnants caused
by the photon-ALP conversion, using the Fermi Large Area
Telescope data. Three bright supernova remnants, 1C443, W44,
and WS51C, are analyzed. The inclusion of photon-ALP
oscillations yields an improved fit to the gamma-ray spectrum
of 1C443, which gives a statistical significance of 4.2 sigma in
favor of such spectral oscillation. However, the best-fit
parameters of ALPs (m(a) = 6.6 neV, g(a gamma) = 13.4 x
10(-11) GeV-1) are in tension with the upper bound (g(a
gamma) < 6.6 x 10(-11) GeV-1) set by the CAST experiment. It
is difficult to explain the results using the systematic
uncertainties of the flux measurements. We speculate that the

"irregularity" displayed in the spectrum of IC443 may be due to
the superposition of the emission from different parts of the
remnant.
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Two Transient X-Ray Quasi-periodic Oscillations Separated by
an Intermediate State in 1H 0707-495

Zhang, PF (Zhang, Peng-fei); Zhang, P (Zhang, Peng); Liao, NH
(Liao, Neng-hui); 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 1H 0707-495, recently a
transient quasi-periodic oscillation (QPO) signal with a
frequency of similar to 2.6 x 10(-4) Hz has been detected at a
high statistical significance. Here, we reanalyze the same set of
XMM-Newton data observed on 2008 February 4 with the
weighted-wavelet Z-transform method. In addition to
confirming the previous findings, we also find another QPO
signal with a frequency of similar to 1.2 x 10-4 Hz in a
separated X-ray emission phase at the significance level of
similar to 3.7 sigma. The signal is also found fitting an
autoregressive model though at a lower significance. The
frequency ratio between these two signals is similar to 2: 1.
The analysis of other XMM-Newton measurements of 1H
0707-495 also reveals the presence of the similar to 2.6 x10(-4)
Hz (similar to 1.2 x 10(-4) Hz) QPO signal on 2007 May 14 (2010
September 17) at the significance level of similar to 4.2 sigma
(similar to 3.5 sigma). The QPO frequency found in this work
follows the fQPO-MBH relation reported in previous works
spanning from stellar mass to supermassive black holes. This is
the first observation of two separated transient X-ray QPO
signals in active galactic nuclei, which sheds a new light on the
physics of accreting supermassive black holes.
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What is dark matter?

Bi Xiaojun; Fan Yizhong; Yue Qian; Zhou Yufeng

Chinese Science Bulletin
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This study aims to review the early history of dark matter study,
such as observational evidence from galactic rotational curves,
gravitational lensing, and the cosmic microwave background,
among others. The observation of the bullet clusters, which
strongly supports the existence of dark matter rather than the
theory of modified gravity, is discussed. The N body
simulations also suggest the existence of cold non-relativistic
dark matter and the existence of a universal form of the dark
matter density distribution profile. We introduce a standard
mechanism of thermal freeze-out for dark matter relic
abundance, i.e.,, an explanation of how the dark matter
particles that were kept in thermal equilibrium in the early
stages of the universe are later unable to stay in equilibrium
due to the expansion of the universe. The typical dark matter
candidates are the so-called WIMPs (weakly interacting
massive particles). Popular WIMP candidates include the
lightest supersymmetric particles such as neutralinos. Other
WIMP candidates such as the lightest T odd particles in the
little Higgs models and the lightest KK (Kluza-Klein) modes in
the universal extra dimension models are also discussed.
Non-WIMP dark matter candidates such as axions are briefly
discussed. The basic ideas and methods of dark matter
detection, such as underground direct detection, which
involves dark matter scattering off target nuclei, and indirect
detection in space, which involves dark matter annihilation or
decay in galaxies, are reviewed with a focus on recent
experimental developments. For underground direct detection,
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we begin with the basic formulas for elastic dark matter nuclei
scattering and the general features of nuclear number
dependence. Three types of observables are discussed: (1)
direct recoil events, (2) solar modulation of the recoil events,
and (3) directional effects or the day-night differences of the
events. Then, we focus on the experiments studying low-mass
dark matter below 10 GeV, such as SuperCDMS (super
cryogenic dark matter search) and CDEX (China dark matter
experiment), among others, with a special focus on the CDEX
experiment, which uses point contact germanium detectors.
Experiments studying high-mass dark matter using liquid argon,
such as Xenon, PandaX (particle and astrophysical xenon
detector), and DarkSide are also discussed. Directional
detection experiments, such as DRIFT (directional recoil
identification from tracks) and MIMAC (Micro-tpc MAtrix of
Chambers), are briefly discussed. For indirect detection
experiments in space, we first introduce the basic theory of
dark matter signals in cosmic rays and then discuss the
importance of the propagation effects of high-energy cosmic
rays, such as electrons, positrons, protons, antiprotons, and
heavier cosmic ray nuclei. The uncertainties originating from
various sources are also discussed. We then review recent
experimental results, such as that from Fermi LAT (Fermi large
area telescope) and AMS-02(Alpha magnetic spectrometer 02),
with a focus on the most recent dark matter particle explorer
(DAMPE) experiments. As nearby sources may contribute to
CRE (cosmic ray electron) structures at high energies, the
recently released DAMPE results on the CRE flux, which hinted
at a narrow excess at energy of 1.4 TeV, is discussed in some
detail. In general, a spectral structure with a narrow width
appears to reveal the space time distribution of the sources.
Future perspectives of heavier cosmic-ray nuclei, such as
anti-deuteron and anti-helium, are also reviewed.
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Constraints on the box-shaped cosmic ray electron feature
from dark matter annihilation with the AMS-02 and DAMPE
data

Zu, L (Zu, Lei); Zhang, C (Zhang, Cun); Feng, L (Feng, Lei); Yuan,
Q (Yuan, Qiang); Fan, YZ (Fan, Yi-Zhong)

PHYSICAL REVIEW D
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Precise measurements of spectra of cosmic ray electrons and
positrons can effectively probe the nature of dark matter (DM)
particles. In a class of models where DM particles initially
annihilate into a pair of intermediate particles which then
decay into standard model particles, box-shaped spectra can
be generated. Such spectra are distinct from astrophysical
backgrounds and can probably be regarded as characteristic
features of the DM annihilation. In this work, we search for
such a feature in the total electron plus positron spectrum
measured by AMS-02 and DAMPE. No significant evidence for
such a DM annihilation component has been found. The 95%
confidence level upper limits of the velocity-weighted
annihilation cross section are derived, which range from
similar to 10(-26) cm(3) s(-1) for DM mass of 50 GeV to similar
to 10(-23) cm(3) s(-1) for DM mass of 10 TeV.
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Scalar dark matter explanation of the DAMPE data in the
minimal left-right symmetric model

Cao, JJ (Cao, Junjie); Guo, XF (Guo, Xiaofei); Shang, LL (Shang,
Liangliang); Wang, F (Wang, Fei); Wu, PW (Wu, Peiwen); Zu, L
(Zu, Lei)

PHYSICAL REVIEW D
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The left-right symmetric model (LRSM) is an attractive
48

extension of the Standard Model (SM) that can address the
origin of parity violation in the SM electroweak interactions,
generate tiny neutrino masses, accommodate dark matter (DM)
candidates, and provide a natural framework for baryogenesis
through leptogenesis. In this work, we utilize the minimal
LRSM to study the recently reported DAMPE results of the
cosmic e(+)e(-) spectrum, which exhibits a tentative peak
around 1.4 TeV, while satisfying the current neutrino data. We
propose to explain the DAMPE peak with a complex scalar DM
chi in two scenarios: (1) chi chi* -> H1++H1-- ->
1) ENGOIG)), and (2) chi chi* -> Hk++Hk-- ->
1) () ()G ()G)(-) accompanied by chi chi* -> H1+H1- ->
1(i) (+)v(I11)I(-)v(lj), with 1(i,j) = e, mu, tau and k =1, 2. We fit the
theoretical prediction of the e(+)e(-) ethorne-spectrum to
relevant experimental data to determine the scalar mass
spectrum favored by the DAMPE excess. We also consider
various constraints from theoretical principles and collider
experiments, as well as DM relic density and direct search
experiments. We find that there is ample parameter space to
interpret the DAMPE data while also passing the constraints.
On the other hand, our explanations usually imply the
existence of other new physics at an energy scale ranging
from10(7) to 10(11) GeV. Collider tests of our explanations are
also discussed.
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Scalar dark matter interpretation of the DAMPE data with U(l)
gauge Interactions

Cao, JJ (Cao, Junjie); Feng, L (Feng, Lei); Guo, XF (Guo, Xiaofei);
Shang, LL (Shang, Liangliang); Wang, F (Wang, Fei); Wu, PW
(Wu, Peiwen)

PHYSICAL REVIEW D
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Recently, the Dark Matter Particle Explorer (DAMPE)
experiment released the new measurement of the total cosmic
e(+) e(-) flux between 25 GeV and 4.6 TeV, which indicates a
spectral softening at around 0.9 TeV and a tentative peak at
around 1.4 TeV. We utilize a scalar dark matter (DM) model to
explain the DAMPE peak by XX -> Z'Z' -> | (I) over barl'(l) over
bar 'l with an additional anomaly-free gauged U (l) family
symmetry, in which X, Z'and (")) denote, respectively, the
scalar DM, the new gauge boson, and I((')) = e, mu, tau, with
m(x) similar to m(z)" similar to 2 x 1.5 (TeV). We first illustrate
that the minimal framework Gsm X U(I)(Y') with the above
mass choices can explain the DAMPE excess, which, however,
be excluded by LHC constraints from the Z' searches. Then, we
study a nonminimal framework G(SM) X U(I)(Y') x U(i)(Y") in
which U(I)(Y") mixes with U(l)(Y'). We show that such a
framework can interpret the DAMPE data and at the same
time survive all other constraints including the DM relic
abundance, DM direct detection, and collider bounds. We also
investigate the predicted e(+) e(-) spectrum in this framework
and find that the mass splitting Delta m = m(x) - m(z") should
be less than about 17 GeV to produce the peaklike structure.

Laboratory for Dark Matter and Space

Astronomy |
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Effect of Alpha Beams on Low-frequency Electromagnetic
Waves Driven by Proton Beams

Xiang, L (Xiang, L.); Wu, DJ (Wu, D. J.); Chen, L (Chen, L.)
ASTROPHYSICAL JOURNAL
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Electromagnetic waves (EMWs) below or near the proton
gyrofrequency can be left-hand (LH) or right-hand (RH)
polarized waves, which are believed to be fundamentally
important in the energization of plasma particles. Proton and
alpha beams that are associated with EMW activities are
ubiquitous in space and astrophysical plasmas. Based upon
linear Vlasov theory, we study the effect of alpha beams on the
LH and RH instabilities driven by both the presence of proton
and alpha beam populations in a compensated-current system.
The results show that the thresholds, real frequencies, and
growth rates of both instabilities are highly sensitive to the
density and drift velocity of alpha beams. In particular, alpha
beams with v(He) < v(He)(L(R)min) inhibit two kinds of
instabilities; where v(He)(L(R)min) is the drift velocity of alpha
beams with minimum values of growth rates, while for v(He) <
v(He)(L(R)min) both the growth rates are enhanced with the
density or drift velocity of alpha beams, especially for the LH
waves. We also investigate the competition between the LH
and RH instabilities. The RH waves have a lower threshold and
higher growth rate than the LH waves. Additionally, a
comparison of the approximate analytical solutions with the
exact numerical calculations based on WHAMP indicates that
the analytical results are in good agreement with the
numerical calculations. A possible application to EMW
activities with respect to the formation and evolution of ion
beams in the solar wind is briefly discussed.
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Fermi Large Area Telescope Detection of Gamma-Ray
Emission from the Direction of Supernova iPTF14hls

Yuan, Q (Yuan, Qiang); Liao, NH (Liao, Neng-Hui); Xin, YL (Xin,
Yu-Liang); Li, Y (Li, Ye); Fan, YZ (Fan, Yi-Zhong); Zhang, B (Zhang,
Bing); Hu, HB (Hu, Hong-Bo); Bi, XJ (Bi, Xiao-Jun)
ASTROPHYSICAL JOURNAL LETTERS
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The remnant of a supernova explosion is widely believed to be
the acceleration site of high-energy cosmic-ray particles. The
acceleration timescale is, however, typically very long. Here,
we report the detection of a variable gamma-ray source with
the Fermi Large Area Telescope, which is positionally and
temporally consistent with a peculiar supernova, iPTF14hls. A
quasi-stellar object SDSS J092054.04+504251.5, which s
probably a blazar candidate according to the infrared data, is
found in the error circle of the gamma-ray source. More data
about the gamma-ray source and SDSS J092054.04+504251.5
are needed to confirm their association. On the other hand, if
the association between the gamma-ray source and the
supernova is confirmed, this would be the first time detecting
high-energy gamma-ray emission from a supernova, suggesting
very fast particle acceleration by supernova explosions.
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Theoretical scaling law of coronal magnetic field and electron
power-law index in solarmicrowave burst sources

Huang, Y (Huang, Y.); Song, QW (Song, Q. W.); Tan, BL (Tan, B.
L)

ASTROPHYSICS AND SPACE SCIENCE
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It is first proposed a theoretical scaling law respectively for the

coronal magnetic field strength B and electron power-law
index delta versus frequency and coronal height in solar
microwave burst sources. Based on the non-thermal
gyro-synchrotron radiation model (Ramaty in Astrophys. J.
158:753, 1969), B and delta are uniquely solved by the
observable optically-thin spectral index and turnover (peak)
frequency, the other parameters (plasma density, temperature,
view angle, low and high energy cutoffs, etc.) are relatively
insensitive to the calculations, thus taken as some typical
values. Both of B and delta increase with increasing of radio
frequency but with decreasing of coronal height above
photosphere, and well satisfy a square or cubic logarithmic
fitting.
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On the knee of Galactic cosmic rays in light of sub-Tev
spectral hardenings

Guo, YQ (Guo, Yi-Qing); Yuan, Q (Yuan, Qiang)

CHINESE PHYSICS C
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More than fifty years after the discovery of the knee in the
cosmic ray (CR) spectra, its physical origin remains a mystery.
This is partly due to the ambiguity of the energy spectra of
individual components. Recently, direct measurements from
several space experiments found significant spectral
hardenings of CR nuclei at similar to 200 GV. A joint modeling
of the direct and indirect measurements may help to
understand the experimental systematics and the physics of
the knee. In this work, we update the phenomenological
"poly-gonato" model to include the spectral hardenings, with a
changing spectral index of gamma-+beta.logE. This modification
gives a reasonable description of the CR spectra in a wide
energy range. However, the fits to different data sets give
different results. We find that the fit to the AMS-02 and
CREAM data slightly favors a relatively low energy knee of the
light components. In such a case, the expected all-particle
spectra under-shoot the data, which may require an extra
component of CRs. The fits to AMS-02 data and the light
component (H+He) data from the Tibet AS
gamma/ARGO-YBJ/WFCTA and KASCADE experiments give
consistent results with the all-particle spectra. We further
propose a possible physical realization of such a "modified
poly-gonato" model of spectral hardenings by means of
spatially-dependent diffusion of CRs. We find reasonably good
agreement between the model predictions and the data for CR
spectra, the secondary-to-primary ratios, and the amplitude of
anisotropies.
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Consistency test of the AMS-02 antiproton excess with direct
detection data based on the effective field theory approach

Cui, MY (Cui, Ming-Yang); Huang, WC (Huang, Wei-Chih); Tsai,
YLS (Tsai, Yue-Lin Sming); Yuan, Q (Yuan, Qiang)

JOURNAL OF COSMOLOGY AND ASTROPARTICLE PHYSICS
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The potential antiproton excess in the AMS-02 data is of much
interest and can probably come from dark matter annihilations.
Based on the effective field theory approach, in this work we
investigate the compatibility of the DM interpretation of the
AMS-02 antiproton excess and the null results from direct
detection experiments, LUX, PandaX-ll, and XENONI1T. We
focus on dimension-five and -six operators with fermion DM.
Only one of dimension-five and one of dimension-six operators
can successfully account for the antiproton excess, while the
rest either are excluded by direct detection or require very
small cut-off scales which invalidate the effective field theory
approach.
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Revisit of cosmic ray antiprotons from dark matter
annihilation with updated constraints on the background
model from AMS-02 and collider data

Cui, MY (Cui, Ming-Yang); Pan, X (Pan, Xu); Yuan, Q (Yuan,
Qiang); Fan, YZ (Fan, Yi-Zhong); Zong, HS (Zong, Hong-Shi)
JOURNAL OF COSMOLOGY AND ASTROPARTICLE PHYSICS
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We study the cosmic ray antiprotons with updated constraints
on the propagation, proton injection, and solar modulation
parameters based on the newest AMS-02 data near the Earth
and Voyager data in the local interstellar space, and on the
cross section of antiproton production due to proton-proton
collisions based on new collider data. We use a Bayesian
approach to properly consider the uncertainties of the model
predictions of both the background and the dark matter (DM)
annihilation components of antiprotons. We find that including
an extra component of antiprotons from the annihilation of
DM particles into a pair of quarks can improve the fit to the
AMS-02 antiproton data considerably. The favored mass of DM
particles is about 60 similar to 100 GeV, and the annihilation
cross section is just at the level of the thermal production of
DM (<sigma upsilon > similar to O (10(-26)) cm(3) s(-1)).
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A systematic Chandra study of Sgr A*: Il. X-ray flare statistics

Yuan, Q (Yuan, Qiang); Wang, QD (Wang, Q. Daniel); Liu, SM
(Liu, Siming); Wu, K (Wu, Kinwah)

MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
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The routinely flaring events from Sgr A* trace dynamic,
high-energy processes in the immediate vicinity of the
supermassive black hole. We statistically study temporal and
spectral properties, as well as fluence and duration
distributions, of the flares detected by the Chandra X-ray
Observatory from 1999 to 2012. The detection incompleteness
and bias are carefully accounted for in determining these
distributions. We find that the fluence distribution can be well
characterized by a power law with a slope of 1.73(-0.19)(+
0.20), while the durations (tau in seconds) by a lognormal
function with a mean log(tau) = 3.39(-0.24)(+0.27) and an
intrinsic dispersion sigma = 0.28(-0.06)(+0.08). No significant
correlation between the fluence and duration is detected. The
apparent positive correlation, as reported previously, is mainly
due to the detection bias (i.e. weak flares can be detected only
when their durations are short). These results indicate that the
simple self-organized criticality model has difficulties in
explaining these flares. We further find that bright flares
usually have asymmetric light curves with no statistically
evident difference/preference between the rising and decaying
phases in terms of their spectral/timing properties. Our
spectral analysis shows that although a power-law model with
a photon index of 2.0 +/- 0.4 gives a satisfactory fit to the joint
spectra of strong and weak flares, there is weak evidence for a
softer spectrum of weaker flares. This work demonstrates the
potential to use statistical properties of X-ray flares to probe
their trigger and emission mechanisms, as well as the radiation
propagation around the black hole.
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Heart beats from the dark side

Chang, J (Chang, Jin)
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Baryonic matter (including the Sun, the Moon, the Earth, part
of our Milky Way and so on) accounts for only ~5% of the
energy density of the current Universe, while dark matter
accounts for more than five times more. But dark matter is so
difficult to detect that, until now, there is only macroscopic
astronomical evidence indicative of its existence. In fact, we
have yet to detect a single dark matter particle despite using
equipment of the highest sensitivity currently available.

There are several options for detecting dark matter particles.
One technique, called the indirect method, tries to find hints of
dark matter particles by detecting high-energy cosmic rays in
space with a large particle spectrometer. The mystery of dark
matter could be unravelled using information from these
high-energy cosmic rays, such as the excess of the positron
fraction, which was observed by the PAMELA detector and
confirmed by the Alpha Magnetic Spectrometer - 02 (AMS-02).
But such an excess could be due to nearby pulsars and not
dark matter.

DAMPE, nicknamed Wukong after the Monkey King in Chinese
mythology, is a space-based telescope in a Sun-synchronous,
500 km orbit (Fig. 1). It was launched on 17 December 2015.
This observatory indirectly detects dark matter particles by
directly measuring high-energy cosmic rays in space. There
have been several space-based projects before DAMPE, such
as Fermi (a gamma ray telescope) and AMS-02 (a
high-precision magnetic spectrometer). DAMPE has four
sub-detectors: the PSD (plastic scintillator detector) to
measure charge; the STK (silicon tracker) to measure particle
trajectories; the BGO (bismuth germinate) calorimeter to
measure particle energy and type; and the NUD (neutron
detector) again to measure particle type. The key feature of
DAMPE is the BGO calorimeter, which is a three-dimensional
imaging calorimeter with a thickness of about 32 radiation
lengths. This ensures that DAMPE has very good sensitivity
(better energy resolution and higher electron/proton
separation power) for high-energy et and gamma-rays,
opening an observing ‘window’ in the TeV energy range in
space. The BGO is the biggest calorimeter in space at present.
DAMPE’s main scientific objectives include: (1) understanding
the mechanisms of particle acceleration operating in
astrophysical sources, and the propagation of cosmic rays in
the Milky Way; (2) probing the nature of dark matter; (3)
studying the gamma-ray emission from Galactic and
extragalactic sources.
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Electron acceleration by turbulent plasmoid reconnection

Zhou, X (Zhou, X.); Buchner, J (Buechner, J.); Widmer, F
(Widmer, F.); Munoz, PA (Munoz, P. A.)

PHYSICS OF PLASMAS
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In space and astrophysical plasmas, like in planetary
magnetospheres, as that of Mercury, energetic electrons are
often found near current sheets, which hint at electron
acceleration by magnetic reconnection. Unfortunately,
electron acceleration by reconnection is not well understood
yet, in particular, acceleration by turbulent plasmoid
reconnection. We have investigated electron acceleration by
turbulent plasmoid reconnection, described by MHD
simulations, via test particle calculations. In order to avoid
resolving all relevant turbulence scales down to the dissipation
scales, a mean-field turbulence model is used to describe the
turbulence of sub-grid scales and their effects via a turbulent
electromotive force (EMF). The mean-field model describes the
turbulent EMF as a function of the mean values of current
density, vorticity, magnetic field as well as of the energy,
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cross-helicity, and residual helicity of the turbulence. We found
that, mainly around X-points of turbulent reconnection,
strongly enhanced localized EMFs most efficiently accelerated
electrons and caused the formation of power-law spectra.
Magnetic-field-aligned EMFs, caused by the turbulence,
dominate the electron acceleration process. Scaling the
acceleration processes to parameters of the Hermean
magnetotail, electron energies up to 60 keV can be reached by
turbulent plasmoid reconnection through the thermal plasma.
Published by AIP Publishing.
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Dark Matter Particle Explorer observations of high-energy
cosmic ray electrons plus positrons and their physical
implications

Yuan, Q (Yuan, Qiang); Feng, L (Feng, Lei)

SCIENCE CHINA-PHYSICS MECHANICS & ASTRONOMY
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The DArk Matter Particle Explorer (DAMPE) is a satellite-borne,
high-energy particle and -ray detector, which is dedicated to
indirectly detecting particle dark matter and studying
high-energy astrophysics. The first results about precise
measurement of the cosmic ray electron plus positron
spectrum between 25 GeV and 4.6 TeV were published
recently. The DAMPE spectrum reveals an interesting spectral
softening arount 0:9 TeV and a tentative peak around 1:4 TeV.
These results have inspired extensive discussion. The detector
of DAMPE, the data analysis, and the first results are
introduced. In particular, the physical interpretations of the
DAMPE data are reviewed.
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Interpretation of the DAMPE 1.4 TeV peak according to the
decaying dark matter model

Pan, X (Pan, Xu); Zhang, C (Zhang, Cun); Feng, L (Feng, Lei)
SCIENCE CHINA-PHYSICS MECHANICS & ASTRONOMY
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Highly accurate measurements of cosmic ray electron flux by
the dark matter particle explorer (DAMPE) ranging between 25
GeV and 4.6 TeV have recently been published. A sharp peak
structure was found at 1.4 TeV. This unexpected peak
structure can be reproduced by the annihilation/decay of a
nearby dark matter (DM) halo. In this study, we adopt the
decaying-DM model to interpret the 1.4 TeV peak. We found
that the decay products of the local DM subhalo could
contribute to the DMAPE peak with m (DM) = 3 TeV and tau
10(28) s. We also obtain constraints on DM lifetime and the
distance of the local DM subhalo by comparison with DAMPE
data.

% 63 %, b 248 %

Prototype design of electronics readout system for solar
gamma-ray spectrometer's high energy deposited

Chen Wei; Guo Jianhua; Wang Shen

Nuclear Techniques

%1 41 1: 2 T1: 020402-1-020402-7

[Background] The large area solar gamma-ray spectrometer
(LASGA) is a high-energy radiation detector that consists of
anti-coincidence detectors and calorimeter. The calorimeter is
composed of 5 orthogonal LaBr3 (lanthanum bromide) layers.
Each layer includes fourteen 25 mm*25 mm*400 mm LaBr_3
crystals. To achieve large dynamic range, each LaBr_3 crystal
matches with two independent readout elements with
different gains. High gain readout uses a photomultiplier tube

(PMT) while the low gain uses photodiode (PD). Since PD has
no amplification capability for photoelectrons, the LASGA
readout system requires a low-noise readout electronics
system to achieve a high signal-to-noise ratio (SNR). [Purpose]
This study aims to design an electronics prototype system with
high dynamic range and low noise properties. [Methods] A
64-channel charge sensitive ASIC (VA140) produced by the
IDEAS Inc. was used in front-end electronics board. And an
Altera cyclone field-programmable gate array (FPGA)
(EP3C25Q240C8) was employed to control the ASIC, analog to
digital converter (ADC) and digital to analog converter (DAC)
chips in data acquisition board. The digitalized detector signal
was packaged in field-programmable gate array (FPGA) and
sent to personal computer (PC) for processing. [Results] The
performance of the electronics prototype was tested, while
the minimum ionizing particles (MIPs) response of LaBr3 with
cosmic ray muon was carried out as well. The test results
showed that the noise level of the electronics system (@ 0 pF)
and the detection system (connected with PD) at room
temperature was about 600 e~- and 1 800 e™~- respectively.
And there was a good linearity in the range of 0-200 fC. The
integral nonlinearity (INL) of 126 channels in the range of
0-180 fC was better than 3%. [Conclusion] Single bromide
lanthanum unit can measure the energy deposited linearly up
to 250 MeV. The dynamic range and SNR of the prototype
system could fully meet the project's requirements.

%64 2%, 3k 248 X%
Dark Matter Particle Explorer and Its First Results

Chang Jin

Chinese Journal of Space Science

%:38 #1: 5 11: 610-614

The Dark Matter Particle Explorer (DAMPE) is China's first
astronomical satellite dedicated to the indirect detection of
dark matter particles and the study of high-energy astrophysics.
It can measure high-energy electrons and gamma-rays up to 10
TeV with unprecedentedly high energy resolution and low
background. Cosmic ray nuclei up to 100 TeV can also be
measured. DAMPE was launched on December 17, 2015, and
has been operating smoothly in space for more than two years
since then. The first results about the precise measurements of
the electron plus positron spectrum between 25 GeV and 4.6
TeV have been reported.
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The Design and Realization of the Payload Integrated Test
System for DAMPE

Xu Zunlei; Zhang Yonggiang; Zhang Zhe; Zang Jingjing; Zhang
Yunlong; Guo Jianhua; Cai Mingsheng; Chang Jin

Acta Astronomica Sinica

459 #:3 7: 25_1-25_11

The DArk Matter Particle Explorer (DAMPE) is a space-borne
high-energy cosmic ray detector. The payload consists of five
subsystems, including the Plastic Scintillator Detector (PSD),
the Silicon-Tungsten tracKer converter detector(STK), the
Bismuth germanate (BGO) calorimeter, the Neutron Detector
(NUD), and the Data AcQuisition system (DAQ). The five
subsystems work collaboratively to collect the information of
cosmic rays. In order to systematically verify the performance
of the payload before launch, we developed a set of integrated
test system for the ground tests of the payload based on the
LabWindows/CVI (C programming language Virtual Instrument)
platform. This system realizes the integration and automation
of the comprehensive ground tests of the payload, improves
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the security, reliability, and efficiency of the ground tests, and
guarantees the successful delivery of the payload.

% 66 ok, L 248 %
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The X-ray binary system in the EP era

Gou Lijun; Dong Yanting; Wang Zhongxiang; Li Xiangdong; Liu
Jifeng; Liu Bifang; Yuan Feng; Zhang Shu; Yan Shuping; Li Lixin;
Yuan Yefei; Gu Weimin

Scientia Sinica Physica, Mechanica & Astronomica
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Searching for X-ray binaries and establishing a large sample are
the foundation of answering many scientific problems, such as,
how many BH X-ray binaries are there within our Milky Way
galaxy? Does there exist a real gap between the mass
distribution of neutron stars and black holes? Is there any
black hole system within globular clusters? The planned
mission Einstein Probe (EP) has a much better sensitivity
compared to the past missions, so it is expected to discover
many new X-ray binary systems over its operating period,
which will play a key role in helping solve the problems above
then.

% 68 %, Jt 248 %

The second-closest gamma-ray burst: sub-luminous GRB
111005A with no supernova in a super-solar metallicity
environment

Michalowski, MJ (Michalowski, Michal J.); Xu, D (Xu, Dong);
Stevens, J (Stevens, Jamie); Levan, A (Levan, Andrew); Yang, J
(Yang, Jun); Paragi, Z (Paragi, Zsolt); Kamble, A (Kamble, Atish);
Tsai, AL (Tsai, An-Li); Dannerbauer, H (Dannerbauer, Helmut);
van der Horst, AJ (van der Horst, Alexander J.); Shao, L (Shao,
Lang); Crosby, D (Crosby, David); Gentile, G (Gentile,
Gianfranco); Stanway, E (Stanway, Elizabeth); Wiersema, K
(Wiersema, Klaas); Fynbo, JPU (Fynbo, Johan P. U.); Tanvir, NR
(Tanvir, Nial R.); Kamphuis, P (Kamphuis, Peter); Garrett, M
(Garrett, Michael); Bartczak, P (Bartczak, Przemyslaw)
ASTRONOMY & ASTROPHYSICS

% 616 SR 5 A169

We report the detection of the radio afterglow of a long
gamma-ray burst (GRB) 111005A at 5-345 GHz, including very
long baseline interferometry observations with a positional
error of 0.2 mas. The afterglow position is coincident with the
disc of a galaxy ESO 58049 at z = 0.01326 (similar to 1 " from its
centre), which makes GRB 111005A the second-closest GRB
known to date, after GRB 980425. The radio afterglow of GRB
111005A was an order of magnitude less luminous than those
of local low-luminosity GRBs, and obviously less luminous than
those of cosmological GRBs. The radio flux was approximately
constant and then experienced an unusually rapid decay a
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month after the GRB explosion Similarly to only two other
GRBs, we did not find the associated supernovae (SNe), despite
deep near - and mid-infrared observations 1-9 days after the
GRB explosion, reaching similar to 20 times fainter than other
SNe associated with GRBs. Moreover, we measured a
twice-solar metallicity for the GRB location. The low
gamma-ray and radio luminosities, rapid decay, lack of a SN,
and super-solar metallicity suggest that GRB 111005A
represents a rare class of GRB that is different from typical
core-collapse events. We modelled the spectral energy
distribution of the GRB 111005A host finding that it is a
moderately star-forming dwarf galaxy, similar to the host of
GRB 980425. The existence of two local GRBs in such galaxies is
still consistent with the hypothesis that the GRB rate is
proportional to the cosmic star formation rate (SFR) density,
but suggests that the GRB rate is biased towards low SFRs.
Using the far-infrared detection of ESO 580-49, we conclude
that the hosts of both GRBs 111005A and 980425 exhibit lower
dust content than what would be expected from their stellar
masses and optical colors.

% 69 %4, Jt 248 %

A Comprehensive Analysis of Fermi Gamma-Ray Burst Data.
IV. Spectral Lag and its Relation to E-p Evolution

Lu, RJ (Lu, Rui-Jing); Liang, YF (Liang, Yun-Feng); Lin, DB (Lin,
Da-Bin); Lu, J (Lu, Jing); Wang, XG (Wang, Xiang-Gao); Lu, HJ (Lu,
Hou-Jun); Liu, HB (Liu, Hong-Bang); Liang, EW (Liang, En-Wei);
Zhang, B (Zhang, Bing)

ASTROPHYSICAL JOURNAL
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The spectral evolution and spectral lag behavior of 92 bright
pulses from 84 gamma-ray bursts observed by the Fermi
Gamma-ray Burst Monitor (GBM) telescope are studied. These
pulses can be classified into hard-to-soft pulses (H2S; 64/92),
H2S-dominated-tracking pulses (21/92), and other tracking
pulses (7/92). We focus on the relationship between spectral
evolution and spectral lags of H2S and H2S-dominated-tracking
pulses. The main trend of spectral evolution (lag behavior) is
estimated with log E-p alpha k(E) log(t + t(0)) ((tau) over cap
alpha k((tau) over cap) log E), where E-p is the peak photon
energy in the radiation spectrum, t + t(0) is the observer time
relative to the beginning of pulse - t(0), and (tau) over cap is
the spectral lag of photons with energy E with respect to the
energy band 8-25 keV For H2S and H2S-dominated-tracking
pulses, a weak correlation between k((tau) over cap)/W and
k(E) is found, where W is the pulse width. We also study the
spectral lag behavior with peak time t(pE) of pulses for 30
well-shaped pulses and estimate the main trend of the spectral
lag behavior with log t(pE) alpha k(tp) log E. It is found that
k(tp) is correlated with k(E). We perform simulations under a
phenomenological model of spectral evolution, and find that
these correlations are reproduced. We then conclude that
spectral lags are closely related to spectral evolution within the
pulse. The most natural explanation of these observations is
that the emission is from the electrons in the same fluid unit at
an emission site moving away from the central engine, as
expected in the models invoking magnetic dissipation in a
moderately high-sigma outflow.

% 70 %, L 248 %

Understanding the spectral hardenings and radial distribution
of Galactic cosmic rays and Fermi diffuse gamma rays with
spatially-dependent propagation

Guo, YQ (Guo, Yi-Qing); Yuan, Q (Yuan, Qiang)

PHYSICAL REVIEW D

4:: 97 H]: 6 iR 5 : 063008

Recent direct measurements of Galactic cosmic ray spectra by
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balloon/space-borne detectors reveal spectral hardenings of
all major nucleus species at rigidities of a few hundred GV. The
all-sky diffuse gamma-ray emissions measured by the Fermi
Large Area Telescope also show spatial variations of the
intensities and spectral indices of cosmic rays. These new
observations challenge the traditional simple acceleration
and/or propagation scenario of Galactic cosmic rays. In this
work, we propose a spatially dependent diffusion scenario to
explain all these phenomena. The diffusion coefficient is
assumed to be anticorrelated with the source distribution,
which is a natural expectation from the charged particle
transportation in a turbulent magnetic field. The spatially
dependent diffusion model also gives a lower level of
anisotropies of cosmic rays, which are consistent with
observations by underground muons and air shower
experiments. The spectral variations of cosmic rays across the
Galaxy can be properly reproduced by this model.

% 71 %, St 248 %

Magnetic Reconnection at the Earliest Stage of Solar Flux
Emergence

Tian, H (Tian, Hui); Zhu, XS (Zhu, Xiaoshuai); Peter, H (Peter,
Hardi); Zhao, J (Zhao, Jie); Samanta, T (Samanta, Tanmoy);
Chen, YJ (Chen, Yajie)

ASTROPHYSICAL JOURNAL
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On 2016 September 20, the Interface Region Imaging
Spectrograph observed an active region during its earliest
emerging phase for almost 7 hr. The Helioseismic and
Magnetic Imager on board the Solar Dynamics Observatory
observed continuous emergence of small-scale magnetic
bipoles with a rate of similar to 10(16) Mx s(-1). The
emergence of magnetic fluxes and interactions between
different polarities lead to the frequent occurrence of
ultraviolet (UV) bursts, which exhibit as intense transient
brightenings in the 1400 angstrom images. In the meantime,
discrete small patches with the same magnetic polarity tend to
move together and merge, leading to the enhancement of the
magnetic fields and thus the formation of pores (small
sunspots) at some locations. The spectra of these UV bursts
are characterized by the superposition of several
chromospheric absorption lines on the greatly broadened
profiles of some emission lines formed at typical transition
region temperatures, suggesting heating of the local materials
to a few tens of thousands of kelvin in the lower atmosphere
by magnetic reconnection. Some bursts reveal blue-and
redshifts of similar to 100 km s(-1) at neighboring pixels,
indicating the spatially resolved bidirectional reconnection
outflows. Many such bursts appear to be associated with the
cancellation of magnetic fluxes with a rate of the order of
similar to 10(15) Mx s(-1). We also investigate the
three-dimensional magnetic field topology through a
magnetohydrostatic model and find that a small fraction of the
bursts are associated with bald patches (magnetic dips). Finally,
we find that almost all bursts are located in regions of large
squashing factor at the height of similar to 1 Mm, reinforcing
our conclusion that these bursts are produced through
reconnection in the lower atmosphere.
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Two Solar Tornadoes Observed with the Interface Region
Imaging Spectrograph

Yang, ZH (Yang, Zihao); Tian, H (Tian, Hui); Peter, H (Peter,
Hardi); Su, Y (Su, Yang); Samanta, T (Samanta, Tanmoy); Zhang,
JW (Zhang, Jingwen); Chen, YJ (Chen, Yajie)

ASTROPHYSICAL JOURNAL
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The barbs or legs of some prominences show an apparent
motion of rotation, which are often termed solar tornadoes. It
is under debate whether the apparent motion is a real rotating
motion, or caused by oscillations or counter-streaming flows.
We present analysis results from spectroscopic observations of
two tornadoes by the Interface Region Imaging Spectrograph.
Each tornado was observed for more than 2.5 hr. Doppler
velocities are derived through a single Gaussian fit to the Mg Il
k 2796 angstrom and Si IV 1393 angstrom. line profiles. We
find coherent and stable redshifts and blueshifts adjacent to
each other across the tornado axes, which appears to favor the
interpretation of these tornadoes as rotating cool plasmas with
temperatures of 10(4) K-10(5) K. This interpretation is further
supported by simultaneous observations of the Atmospheric
Imaging Assembly on board the Solar Dynamics Observatory,
which reveal periodic motions of dark structures in the
tornadoes. Our results demonstrate that spectroscopic
observations can provide key information to disentangle
different physical processes in solar prominences.
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Two-zone Diffusion of Electrons and Positrons from Geminga
Explains the Positron Anomaly

Fang, K (Fang, Kun); Bi, XJ (Bi, Xiao-Jun); Yin, PF (Yin, Peng-Fei);
Yuan, Q (Yuan, Qiang)

ASTROPHYSICAL JOURNAL
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The recent HAWC observations of a very-high-energy 7-ray
halo around Geminga and Monogem indicate a very slow
diffusion of cosmic rays that results in a tiny contribution of
positrons from these two pulsars to the local flux. This makes
the cosmic positron excess anomaly observed by PAMELA and
AMS-02 even more puzzling. However, from the
boron-to-carbon ratio data one can infer that the average
diffusion coefficient in the Galaxy should be much larger. In
this work we propose a two-zone diffusion model in which the
diffusion is slow only in a small region around the source,
outside of which the propagation is as fast as usual. We find
that this scenario can naturally explain the positron excess
data with parameters even more reasonable than those in the
conventional one-zone diffusion model. The reason is that
during the lifetime of Geminga (similar to 300 kyr), the
electrons/positrons have propagated too far away with a fast
diffusion and led to a low local flux. The slow-diffusion region
in the two-zone model helps to confine the electrons/positrons
for a long time and lead to an enhancement of the local flux.
So under the constraint of the HAWC observations, pulsars are
still the probable origin of the cosmic-ray positron excess.

% 74 %, It 248 %

Two-neutron halo state of B-15 around 3.48 MeV by a
three-body model

Bai, D (Bai, Dong); Ren, ZZ (Ren, Zhongzhou); Dong, TK (Dong,
Tiekuang)

CHINESE PHYSICS C

2 42 H]: 6 AR5 064103

We investigate low-lying bound states of the neutron-rich
nucleus B-15 by assuming it is a three-body system made of an
inert core B-13 and two valence neutrons. The three-body
wave functions are obtained using the Faddeev formalism.
Special attention is paid to the excited state at 3.48(6) MeV
observed in the (13)c(14c,N-12)B-15 reaction, whose
properties are less clear theoretically. In our three-body model,
besides the ground state 3/(2)2 a second 3/(2)2- state is
discovered at around 3.61 MeV, which might be identified with
the excited state observed at 3.48(6) MeV. We study this
3/(2)2- state in detail. It turns out to be a two-neutron halo
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state with a large matter radius r(m)approximate to 4.770 fm.
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Performance of a scintillation detector array operated with
LHAASO-KM2A electronics

Wang, Z (Wang, Zhen); Guo, YQ (Guo, Yiging); Cai, H (Cai, Hui);
Chang, JF (Chang, linfan); Chen, TL (Chen, Tianlu);
Danzengluobu (Danzengluobu); Feng, YL (Feng, Youliang); Gao,
Q (Gao, Qi); Gou, QB (Gou, Quanbu); Guo, YY (Guo, Yingying);
Hou, C (Hou, Chao); Hu, HB (Hu, Hongbo); Labaciren
(Labaciren); Liu, C (Liu, Cheng); Li, HJ (Li, Haijin); Liu, J (Liu, Jia);
Liu, MY (Liu, Maoyuan); Qiao, BQ (Qiao, Binggiang); Qian, XL
(Qian, Xiangli); Sheng, XD (Sheng, Xiangdong); Tian, Z (Tian,
Zhen); Wang, Q (Wang, Qun); Xue, L (Xue, Liang); Yao, YH (Yao,
Yuhua); Zhang, SR (Zhang, Shaoru); Zhang, XY (Zhang, Xueyao);
Zhang, Y (Zhang, Yi)

EXPERIMENTAL ASTRONOMY
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A scintillation detector array composed of 115 detectors and
covering an area of about 20000 m(2) was installed at the end
of 2016 at the Yangbajing international cosmic ray observatory
and has been taking data since then. The array is equipped
with electronics from Large High Altitude Air Shower
Observatory Square Kilometer Complex Array (LHAASO-KM2A)
and, in turn, currently serves as the largest debugging and
testing platform for the LHAASO-KM2A. Furthermore, the array
was used to study the performance of a wide field-of-view air
Cherenkov telescope by providing accurate information on the
shower core, direction and energy, etc. This work is mainly
dealing with the scintillation detector array. The experimental
setup and the offline calibration are described in detail. Then,
a thorough comparison between the data and Monte Carlo
(MC) simulations is presented and a good agreement is
obtained. With the even-odd method, the resolutions of the
shower direction and core are measured. Finally, successful
observations of the expected Moon's and Sun's shadows of
cosmic rays (CRs) verify the measured angular resolution.
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Calibration and Status of the 3-D Imaging Calorimeter of
DAMPE for Cosmic Ray Physics on Orbit

Wu, LB (Wu, Libo); Wen, SC (Wen, Sicheng); Liu, CM (Liu,
Chengming); Dai, HT (Dai, Haoting); Wei, YF (Wei, Yifeng);
Zhang, ZY (Zhang, Zhiyong); Wang, XL (Wang, Xiaolian); Xu, ZZ
(Xu, Zizong); Feng, CQ (Feng, Changging); Liu, SB (Liu, Shubin);
An, Q (An, Qi); Zhang, YL (Zhang, Yunlong); Huang, GS (Huang,
Guangshun); Wang, YP (Wang, Yuanpeng); Yue, C (Yue, Chuan);
Zang, JJ (Zang, Jingjing); Guo, JH (Guo, Jianhua); Wu, J (Wu,
Jian); Chang, J (Chang, Jin)
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The Dark Matter Particle Explorer developed in China was
designed to search for evidence of dark matter particles by
observing primary cosmic rays and gamma rays in the energy
range from 5 GeV to 10 TeV. Since its launch in December 2015,
a large quantity of data has been recorded. With the data set
acquired during more than a year of operation in space, a
precise time-dependent calibration for the energy measured
by the bismuth germanate oxide (BGO) electromagnetic
calorimeter (ECAL) has been developed. In this paper, the
instrumentation and development of the BGO ECAL are briefly
described. The calibration on orbit, including that of the
pedestal, attenuation length, minimum ionizing particle peak,
and dynode ratio, is discussed, and additional details about the
calibration methods and performance in space are presented.
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Internal alignment and position resolution of the silicon
tracker of DAMPE determined with orbit data

Tykhonov, A (Tykhonov, A.); Ambrosi, G (Ambrosi, G.);
Asfandiyarov, R (Asfandiyarov, R.); Azzarello, P (Azzarello, P.);
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Gargano, F (Gargano, F.); Garrappa, S (Garrappa, S.); Gong, K
(Gong, K.); lonica, M (lonica, M.); La Marra, D (La Marra, D.);
Lei, SJ (Lei, S. J.); Li, X (Li, X.); Loparco, F (Loparco, F.); Marsella,
G (Marsella, G.); Mazziotta, MN (Mazziotta, M. N.); Peng, WX
(Peng, W. X.); Qiao, R (Qiao, R.); Salinas, MM (Salinas, M. M.);
Surdo, A (Surdo, A.); Vagelli, V (Vagelli, V.); Vitillo, S (Vitillo, S.);
Wang, HY (Wang, H. Y.); Wang, JZ (Wang, J. Z.); Wang, ZM
(Wang, Z. M.); Wu, D (Wu, D.); Wu, X (Wu, X.); Zhang, F (Zhang,
F.); Zhang, JY (Zhang, J. Y.); Zhao, H (Zhao, H.); Zimmer, S
(Zimmer, S.)

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

4893 Ti: 43-56

The DArk Matter Particle Explorer (DAMPE) is a space-borne
particle detector designed to probe electrons and gamma-rays
in the few GeV to 10 TeV energy range, as well as cosmic-ray
proton and nuclei components between 10 GeV and 100 TeV.
The silicon-tungsten tracker-converter is a crucial component
of DAMPE. It allows the direction of incoming photons
converting into electron-positron pairs to be estimated, and
the trajectory and charge (Z) of cosmic-ray particles to be
identified. It consists of 768 silicon micro-strip sensors
assembled in 6 double layers with a total active area of 6.6
m(2). Silicon planes are interleaved with three layers of
tungsten plates, resulting in about one radiation length of
material in the tracker. Internal alignment parameters of the
tracker have been determined on orbit, with non-showering
protons and helium nuclei. We describe the alignment
procedure and present the position resolution and alignment
stability measurements.
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Validation of Gean4 physics models for nuclear beams in
extended media

Chen, JL (Chen, Junliang); Yun, SJ (Yun, Sujun); Dong, TK (Dong,
Tiekuang); Ren, ZZ (Ren, Zhongzhou); Zhang, XP (Zhang,
Xiaoping)

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH
SECTION B-BEAM INTERACTIONS WITH MATERIALS AND
ATOMS

%434 T1: 113-119

The physical and biological processes induced by energetic
heavy ions in extended media are of great importance for
human space exploration and ion therapy. In this paper we
check the validity of some nucleus-nucleus inelastic collision
models in Geant4 for the transportation of heavy nuclei in
materials. The depth-dose distributions of(12)C and(56) Fe
beams in extended media and the vyields of secondary
fragments have been simulated by G4WilsonAbrasion model,
G4BinarylLightlon model and G4QMD model. Then the
propagation of heavy nuclei through materials used in space
industry and the angular distributions of secondary neutrons
are also simulated for further validation of the models. By
comparing the simulated results with experimental data, it is
found that the G4AQMD model gives the best results. The
implication for estimating the radiation environment on Mars
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caused by GCRs is also discussed.
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Dark Energy Survey year 1 results: Cosmological constraints
from galaxy clustering and weak lensing
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We present cosmological results from a combined analysis of
galaxy clustering and weak gravitational lensing, using 1321
deg(2) of griz imaging data from the first year of the Dark
Energy Survey (DES Y1). We combine three two-point functions:
(i) the cosmic shear correlation function of 26 million source
galaxies in four redshift bins, (ii) the galaxy angular
autocorrelation function of 650,000 luminous red galaxies in
five redshift bins, and (iii) the galaxy-shear cross-correlation of
luminous red galaxy positions and source galaxy shears. To
demonstrate the robustness of these results, we use
independent pairs of galaxy shape, photometric-redshift
estimation and validation, and likelihood analysis pipelines. To
prevent confirmation bias, the bulk of the analysis was carried
out while "blind" to the true results; we describe an extensive
suite of systematics checks performed and passed during this
blinded phase. The data are modeled in flat Lambda CDM and
wCDM  cosmologies, marginalizing over 20 nuisance
parameters, varying 6 (for Lambda CDM) or 7 (for wCDM)
cosmological parameters including the neutrino mass density
and including the 457 x 457 element analytic covariance matrix.
We find consistent cosmological results from these three
two-point functions and from their combination obtain S-8
equivalent to sigma(8) (Omega(m)/0.3)(0.5) =
0.773(-0.020)(+0.026) and Omega(m) = 0.267(-0.017)(+0.030)
for Lambda CDM; for wCDM, we find S-8 =
0.782(-0.024)(+0.036) , Omega(m) = 0.284(-0.030)(+0.033), and
w = -0.82(-0.20)(+0.21) at 68% C.L. The precision of these DES
Y1 constraints rivals that from the Planck cosmic microwave
background measurements, allowing a comparison of structure
in the very early and late Universe on equal terms. Although
the DES Y1 best-fit values for S-8 and Omega(m) are lower than
the central values from Planck for both Lambda CDM and
wCDM, the Bayes factor indicates that the DES Y1 and Planck
data sets are consistent with each other in the context of
Lambda CDM. Combining DES Y1 with Planck, baryonic
acoustic oscillation measurements from SDSS, 6dF, and BOSS
and type la supernovae from the Joint Lightcurve Analysis data
set, we derive very tight constraints on cosmological
parameters: S-8 = 0.802 +/- 0.012 and Omega(m) = 0.298 +/-
0.007 in Lambda CDM and w = -1.00(-0.04)(+0.05) in wCDM.
Upcoming Dark Energy Survey analyses will provide more
stringent tests of the Lambda CDM model and extensions such
as a time-varying equation of state of dark energy or modified
gravity.
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We measure the clustering of DES year 1 galaxies that are
intended to be combined with weak lensing samples in order
to produce precise cosmological constraints from the joint
analysis of large-scale structure and lensing correlations.
Two-point correlation functions are measured for a sample of
6.6 x 10(5) luminous red galaxies selected using the REDMAGIC
algorithm over an area of 1321 square degrees, in the redshift
range 0.15 < z < 0.9, split into five tomographic redshift bins.
The sample has a mean redshift uncertainty of sigma(z)/(1 + z)
=0.017. We quantify and correct spurious correlations induced
by spatially variable survey properties, testing their impact on
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the clustering measurements and covariance. We demonstrate
the sample's robustness by testing for stellar contamination,
for potential biases that could arise from the systematic
correction, and for the consistency between the two-point
auto-and cross-correlation functions. We show that the
corrections we apply have a significant impact on the resultant
measurement of cosmological parameters, but that the results
are robust against arbitrary choices in the correction method.
We find the linear galaxy bias in each redshift bin in a fiducial
cosmology to be b(sigma(8)/0.81) vertical bar(z=0.24) =1.40 +/-
0.07, b(sigma(8)/0.81) vertical bar(z=0.38) = 1.60 +/- 0.05,
(sigma(8)/0.81) vertical bar(z=0.53) = 1.60 +/- 0.04 for galaxies
with luminosities L/L-* > 0.5, b(sigma(8)/0.8) vertical
bar(z=0.68) = 1.93 +/- 0.04 for L/L-* > 1 and b(sigma(8)/0.81)
vertical bar(z=0.83) = 1.98 +/- 0.07 for L/L-* > 1.5, broadly
consistent with expectations for the redshift and luminosity
dependence of the bias of red galaxies. We show these
measurements to be consistent with the linear bias obtained
from tangential shear measurements.
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The axionlike particle (ALP)-photon mixing in the magnetic
field around gamma-ray sources or along the line of sight could
induce oscillation between photons and ALPs, which then
causes irregularities in the gamma-ray spectra. In this work we
search for such spectral irregularities in the spectrum of PKS
2155 - 304 using 8.6 years of data from the Fermi Large Area
Telescope (Fermi-LAT). No significant evidence for the
presence of ALP-photon oscillation is obtained, and the
parameter space of ALPs is constrained. The exclusion region
sensitively depends on the poorly known magnetic field of the
host galaxy cluster of PKS 2155 - 304. If the magnetic field is as
high as similar to 10 mu G, the "holelike" parameter region
allowed in Ref. [1] can be ruled out.
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The Wumingshan mountain (Mt. WMS), located in the Grand
Shangri-La area of south-west China, has been selected as one
of the most potential regions for hosting China's
next-generation ground-based large telescopes. Firstly, Mt.
WMS has ideal astronomical conditions for both day-time and
night-time observations. Comprehensive analysis of remote
and on-site long-term meteorological, geological and
geographic data suggests that WMS satisfies the strict
requirements for an excellent candidate site, through a series
of key parameters including average seeing factor ro, sky
brightness, clear-sky days, precipitable water vapor content
(PWVC), refractive index structure constant, atmospheric
coherence time, isoplanatic angle and meteorological
information etc. Averagely, its daily seeing factor is over 10 cm
and its night seeing factor is 0.9 arcsec on ground. The average
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wind speed is less than 5 m/s. The average normalized PWVC
at unit air mass is about 2.5 mm. The average yearly sunshine
duration is generally more than 2500 hours. The amount of
yearly clear sky days and nights are respectively 250 d and 270
d. The median night sky brightness level is 21.8 mag arcsec-2.
The atmosphere cleanliness is also excellent. Secondly, Mt.
WMS possesses the necessary conditions for the establishment
of high altitude observatories. Its ridge is flat and spreads over
2 km2. The large relative elevation difference in the local
terrain, plus the existence of population settlements at low
altitude ( 2800 m) in the vicinity, substantially reduces the
future cost for construction, settlement, and logistics. Its
geological structure is stable, and there is virtually no record of
geological disaster or inclement weather. The nearby counties
have low population density (-5 km-2) and there have been
extensive transportation networks. In October 2014, we
initiated a long-term monitoring project in Mt. WMS. We have
been collecting data from two monitoring sites for more than
three years. Both sites are located about 47004800 m above
the sea level. Our instruments mainly include the solar and
stellar Differential Image Motion Monitors, the Sky Brightness
Monitors, the PWVC monitors, the Atmospheric Temperature
Fluctuation Monitors, the Multi-wavelength Solar Photometers
and robot meterological stations, and so on. There have been a
lot of activities within the ASO-G (i.e., CGST and large
coronagraph) sites' study since our last reports. In this paper,
we introduce the daily observation, transmission, storage and
analysis of the harvested data, and the overall operation,
management and technical support of the monitoring
platforms.
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The DArk Matter Particle Explorer (DAMPE), also known as
Wukong in China, which was launched on 2015 December 17,
is a new high energy cosmic ray and gamma-ray satellite-borne
observatory. One of the main scientific goals of DAMPE is to
observe GeV-TeV high energy gamma-ray with accurate energy,
angular and time resolution, to indirectly search for dark
matter particles and for the study of high energy astrophysics.
Due to the comparatively higher fluxes of charged cosmic rays
with respect to gamma-ray, it is challenging to identify
gamma-ray with sufficiently high efficiency, minimizing the
amount of charged cosmic ray contamination. In this work we
present a method to identify gamma-ray in DAMPE data based
on Monte Carlo simulations, using the powerful
electromagnetic/hadronic shower discrimination provided by
the calorimeter and the veto detection of charged particles
provided by the plastic scintillation detector. Monte Carlo
simulations show that after this selection the number of

electrons and protons that contaminate the selected
gamma-ray events at similar to 10GeV amounts to less than 1%
of the selected sample. Finally, we use flight data to verify the
effectiveness of the method by highlighting known gamma-ray
sources in the sky and by reconstructing preliminary light
curves of the Geminga pulsar.
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The energy dissipation mechanism in blazar jet is unknown.
Blazar flares could provide insights into this problem. Here we
report statistical results of XMM-Newton observations of X-ray
flares in Mrk 421. We analyze all public XMM-Newton X-ray
observations for Mrk 421, and construct the light curves.
Through fitting the light curves, we obtain the flare-profile
parameters, such as peak flux (F-p) and flaring time duration
(T-fl). It is found that the distributions of F-p and T-fl both obey
a power-law form, with the same index of alpha(F) = alpha(T)
approximate to 1. The statistical properties are consistent with
the predictions for a self-organized criticality system with
energy dissipation in one-dimensional space. This is similar to a
solar flare, but with different space dimensions of the energy
dissipation domain. This suggests that the X-ray flaers of Mrk
421 might be driven by a magnetic reconnection mechanism.
Moreover, in the analysis, we find that variability on a
timescale of similar to 1000 s appears frequently. This rapid
variability indicates a magnetic field of >= 2.1 delta(-1/3)(D) G
(delta(D) is the Doppler factor) in the emission region.
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The mechanism for producing gamma-ray quasi-periodic
oscillation (QPO) in blazars is unknown. One possibility is the
geometric model, in which without the need for intrinsic
quasi-periodic variation, the relativistic Doppler factor changes
periodically, resulting in observed gamma-ray QPO. We
propose a method to test this geometric model. We analyze
the Fermi-LAT data of PG 1553+113 spanning from 2008
August until 2018 February. According to 29 four-month
average spectral energy distributions in the energy range of
0.1-300 GeV, we split the Fermi-LAT energy range into three
bands: 0.1-1 GeV, 1-10 GeV, and 10-300 GeV. The spectrum in
each energy range can be successfully fitted by a power law.
The light curves and photon indices in the three energy ranges
are obtained. Then, light curves in three narrow energy ranges,
i.e., 0.2-0.5 GeV, 2-5 GeV, and 20-40 GeV, are constructed, and
the relative variability amplitudes in the three narrow energy
ranges are calculated. A discrete-correlation analysis is
performed for the light curves. Our results indicate that (i) the
light curves in the different energy ranges follow the same
pattern showed in the light curve above 0.1 GeV; (ii) the three
groups of photon indices in the energy ranges of 0.1-1 GeV,
1-10 GeV, and 10-300 GeV keep nearly constant; and (iii) the
ratio between relative variability amplitudes in different
narrow energy ranges are equal (within their errors) to the
prediction by the Doppler effect. Our results support the
scenario of the relativistic boost producing the gamma-ray
QPO for PG 1553+113.
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A 34.5 day quasi-periodic oscillation in gamma-ray emission
from the blazar PKS 2247-131

Zhou, JN (Zhou, Jianeng); Wang, ZX (Wang, Zhongxiang); Chen,
L (Chen, Liang); Wiita, PJ (Wiita, Paul J.); Vadakkumthani, J
(Vadakkumthani, Jithesh); Morrell, N (Morrell, Nidia); Zhang,
PF (Zhang, Pengfei); Zhang, JJ (Zhang, Jujia)

NATURE COMMUNICATIONS
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Since 2016 October, the active galaxy PKS 2247-131 has
undergone a gamma-ray outburst, which we studied using
data obtained with the Fermi Gamma-ray Space Telescope.
The emission arises from a relativistic jet in PKS 2247-131, as
an optical spectrum only shows a few weak absorption lines,
typical of the BL Lacertae sub-class of the blazar class of active
galactic nuclei. Here we report a similar or equal to 34.5 day
quasi-periodic oscillation (QPO) in the emission after the initial
flux peak of the outburst. Compared to one-year time-scale
QPOs, previously identified in blazars in Fermi energies, PKS
2247-131 exhibits the first clear case of a relatively short,
month-like oscillation. We show that this QPO can be
explained in terms of a helical structure in the jet, where the
viewing angle to the dominant emission region in the jet
undergoes periodic changes. The time scale of the QPO
suggests the presence of binary supermassive black holes in
PKS 2247-131.
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Detection of gamma-ray emission from the Coma cluster with
Fermi Large Area Telescope and tentative evidence for an
extended spatial structure

Xi, SQ (Xi, Shao-Qiang); Wang, XY (Wang, Xiang-Yu); Liang, YF
(Liang, Yun-Feng); Peng, FK (Peng, Fang-Kun); Yang, RZ (Yang,
Rui-Zi); Liu, RY (Liu, Ruo-Yu)

PHYSICAL REVIEW D
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Many galaxy clusters have giant halos of nonthermal radio
emission, indicating the presence of relativistic electrons in the
clusters. Relativistic protons may also be accelerated by
merger and/or accretion shocks in galaxy clusters. These
cosmic-ray (CR) electrons and/or protons are expected to
produce gamma rays through inverse-Compton scatterings or
inelastic pp collisions respectively. Despite of intense efforts in
searching for high-energy gamma-ray emission from galaxy
clusters, conclusive evidence is still missing so far. Here we
report the discovery of >= 200 MeV gamma-ray emission from
the Coma cluster direction with an unbinned likelihood
analysis of the 9 years of Fermi-LAT Pass 8 data. The
gamma-ray emission shows a spatial morphology roughly
coincident with the giant radio halo, with an apparent excess
at the southwest of the cluster. Using the test statistic analysis,
we further find tentative evidence that the gammaray
emission at the Coma center is spatially extended. The
extended component has an integral energy flux of similar to 2
x 10(-12) erg cm(-2) S-1 in the energy range of 0.2-300 GeV and
the spectrum is soft with a photon index of similar or equal to -
2.7. Interpreting the gamma-ray emission as arising from CR
proton interaction, we find that the volume-averaged value of
the CR to thermal pressure ratio in the Coma cluster is about
similar to 2%. Our results show that galaxy clusters are likely a
new type of GeV gamma-ray sources, and they are probably
also giant reservoirs of CR protons.
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Resonant Scattering Effect on the Soft X-Ray Line Emission
from the Hot Interstellar Medium. I. Galactic Bulges

Chen, Y (Chen, Yang); Wang, QD (Wang, Q. Daniel); Zhang, GY
(zhang, Gao-Yuan); Zhang, SN (Zhang, Shuinai); Ji, L (Ji, Li)
ASTROPHYSICAL JOURNAL

% 861 1W1: 2 CHkS: 138

Diffuse soft X-ray line emission is commonly used to trace the
thermal and chemical properties of the hot interstellar
medium, as well as its content, in nearby galaxies. Although
resonant-line scattering complicates the interpretation of the
emission, it also offers an opportunity to measure the
kinematics of the medium. We have implemented a direct
Monte Carlo simulation scheme that enables us to account for
the resonant scattering (RS) effect in the medium, in principle,
with arbitrary spatial, thermal, chemical, and kinematic
distributions. Here we apply this scheme via dimensionless
calculation to an isothermal, chemically uniform, and
spherically symmetric medium with a radial density
distribution characterized by a / beta-model. This application
simultaneously accounts for both optical depth-dependent
spatial distortion and intensity change of the resonant-line
emission due to the scattering, consistent with previous
calculations. We further apply the modeling scheme to the 0
VIl and O VIII emission line complex observed in the
XMM-Newton RGS spectrum of the M31 bulge. This modeling,
although with various limitations due to its simplicity, shows
that the RS could indeed account for much of the spatial
distortion of the emission, as well as the relative intensities of
the lines, especially the large forbidden-to-resonant-line ratio
of the 0 VII Heck triplet. We estimate the isotropic turbulence
Mach number of the medium in M31 as similar to 0.17 for the
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first time and the line-emitting gas temperature as similar to
2.3 x 10(6 )K. We conclude that the RS may in general play an
important role in shaping the soft X-ray spectra of diffuse hot
gas in normal galaxies.
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Probing the dynamical state, baryon content, and multiphase
nature of galaxy clusters with bright background QSOs

Ge, C (Ge, Chong); Wang, QD (Wang, Q. Daniel); Burchett, JN
(Burchett, Joseph N.); Tripp, TM (Tripp, Todd M.); Sun, M (Sun,
Ming); Li, ZY (Li, Zhiyuan); Gu, QS (Gu, Qiusheng); Ji, L (Ji, Li)
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
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We have initiated a programme to study the
physical/dynamical state of gas in galaxy clusters and the
impact of the cluster environment on gaseous haloes of
individual galaxies using X-ray imaging and UV absorption line
spectroscopy of background QSOs. Here, we report results
from the analysis Chandra and XMM-Newton archival data of
five galaxy clusters with such QSOs, one of which has an
archival UV spectrum. We characterize the gravitational
masses and dynamical states, as well as the hot intracluster
medium (ICM) properties of these clusters. Most clusters are
dynamically disturbed clusters based on the X-ray morphology
parameters, the X-ray temperature profiles, the large offset
between X-ray peak, and brightest cluster galaxy (BCG). The
baryon contents in the hot ICM and stars of these clusters
within r(500) are lower than the values expected from the
gravitational masses, according to the standard cosmology. We
also estimate column densities of the hot ICM along the
sightlines towards the background QSOs as well as place upper
limits on the warm-hot phase for the one sightline with
existing UV observations. These column densities, compared
with those of the warm and warm-hot ICM to be measured
with UV absorption line spectroscopy, will enable us to probe
the relationship among various gaseous phases and their
connection to the heating/cooling and dynamical processes of
the clusters. Furthermore, our analysis of the archival QSO
spectrum probing one cluster underscores the need for

high-quality, targeted UV observations to robustly constrain
the 10(5-6) K gas phase.
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Disc-corona interaction in the heartbeat state of GRS
1915+105

Yan, SP (Yan, Shu-Ping); Ji, L (Ji, Li); Liu, SM (Liu, Si-Ming);
Mendez, M (Mendez, Mariano); Wang, N (Wang, Na); Li, XD (Li,
Xiang-Dong); Qu, JL (Qu, Jin-Lu); Sun, W (Sun, Wei); Ge, MY (Ge,
Ming-Yu); Liao, JY (Liao, Jin-Yuan); Niu, S (Niu, Shu); Ding, GQ
(Ding, Guo-Qiang); Liu, QZ (Liu, Qing-Zhong)

MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
#1474 W1: 1 T1: 1214-1224

Timing analysis provides information about the dynamics of
matter accreting on to neutron stars and black holes, and
hence is crucial for studying the physics of the accretion flow
around these objects. It is difficult, however, to associate the
different variability components with each of the spectral
components of the accretion flow. We apply several new
methods to two Rossi X-ray Timing Explorer observations of
the black hole binary GRS 19154105 during its heartbeat state
to explore the origin of the X-ray variability and the
interactions of the accretion-flow components. We offer a
promising window into the disc-corona interaction through
analysing the formation regions of the disc aperiodic
variabilities with different time-scales via comparing the
corresponding transition energies of the amplitude-ratio
spectra. In a previous paper, we analysed the Fourier power
density as a function of energy and frequency to study the
origin of the aperiodic variability, and combined that analysis
with the phase lag as a function of frequency to derive a
picture of the disc-corona interaction in this source. We here,
for the first time, investigate the phase-lag as a function of
energy and frequency, and display some interesting details of
the disc-corona interaction. Besides, the results from the
shape of amplitude-ratio spectrum and from several other
aspects suggest that the quasi-periodic oscillation originates
from the corona.
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Turbulent convection and pulsation stability of stars - lll.
Non-adiabatic oscillations of red giants

D. R. Xiong, L. Deng, C. Zhang

MNRAS, 480, 2698-2703

We have computed linear non-adiabatic oscillations of
luminous red giants using a non-local and anisotropic
time-dependent theory of convection. The results show that
low-order radial modes can be self-excited. Their excitation
is the result of radiation and the coupling between
convection and oscillations. Turbulent pressure has
important effects on the excitation of oscillations in red
variables.
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Late-time Flattening of Type la Supernova Light Curves:
Constraints from SN 2014J in M82

Yang, Y (Yang, Yi); Wang, LF (Wang, Lifan); Baade, D (Baade,
Dietrich); Brown, PJ (Brown, Peter. J.); Cikota, A (Cikota,
Aleksandar); Cracraft, M (Cracraft, Misty); Hoflich, PA
(Hoflich, Peter A.); Maund, JR (Maund, Justyn R.); Patat, F
(Patat, Ferdinando); Sparks, WB (Sparks, William B.);
Spyromilio, J (Spyromilio, Jason); Stevance, HF (Stevance,
Heloise F.); Wang, XF (Wang, Xiaofeng); Wheeler, JC
(Wheeler, J. Craig)

ASTROPHYSICAL JOURNAL
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The very nearby Type la supernova 2014J) in M82 offers a
rare opportunity to study the physics of thermonuclear
supernovae at extremely late phases (greater than or similar
to 800 days). Using the Hubble Space Telescope, we
obtained 6 epochs of high-precision photometry for SN
2014) from 277 days to 1181 days past the B-band
maximum light. The reprocessing of electrons and X-rays
emitted by the radioactive decay chain Co-57 -> Fe-57 is
needed to explain the significant flattening of both the
F606W-band and the pseudo-bolometric light curves. The
flattening confirms previous predictions that the late-time
evolution of type la supernova luminosities requires
additional energy input from the decay of Co-57. By
assuming the F606W-band luminosity scales with the
bolometric luminosity at similar to 500 days after the B-band
maximum light, a mass ratio Ni-57/Ni-56 similar to
0.065(-0.005)(+0.004) is required. This mass ratio is roughly
similar to 3 times the solar ratio and favors a progenitor
white dwarf with a mass near the Chandrasekhar limit. A
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similar fit using the constructed pseudo-bolometric
luminosity gives a mass ratio Ni-57/Ni-56 similar to
0.066(-0.009)(+0.008) . Astrometric tests based on the
multi-epoch HST ACS/WFC images reveal no significant
circumstellar light echoes in between 0.3 and 100 pc from
the supernova.
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Observations of Turbulent Magnetic Reconnection within a
Solar Current Sheet

Cheng, X (Cheng, X.); Li, Y (Li, Y.); Wan, LF (Wan, L. F.); Ding,
MD (Ding, M. D.); Chen, PF (Chen, P. F.); Zhang, J (Zhang, J.);
Liu, JJ (Liu, J. J.)

ASTROPHYSICAL JOURNAL
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Magnetic reconnection is a fundamental physical process in
various astrophysical, space, and laboratory environments.
Many pieces of evidence for magnetic reconnection have
been uncovered. However, its specific processes that could
be fragmented and turbulent have been short of direct
observational evidence. Here, we present observations of a
super-hot current sheet during the SOL2017-09-10T
X8.2-class solar flare that display the fragmented and
turbulent nature of magnetic reconnection. As bilateral
plasmas converge toward the current sheet, significant
plasma heating and nonthermal motions are detected
therein. Two oppositely directed outflow jets are
intermittently expelled out of the fragmenting current sheet,
whose intensity shows a power-law distribution in the
spatial frequency domain. The intensity and velocity of the
sunward outflow jets also display a power-law distribution in
the temporal frequency domain. The length-to-width ratio
of current sheet is estimated to be larger than the
theoretical threshold and thus ensures its occurrence. The
observations therefore suggest that fragmented and
turbulent magnetic reconnection occurs in the long
stretching current sheet.
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Optical Observations of the Young Type Ic Supernova SN
2014L in M99

Zhang, Jujia, Wang, Xiaofeng, Vinkd, J6zsef.
The Astrophysical Journal 863(1):109

We present optical spectroscopic and photometric
observations of the nearby type Ic supernova (SN Ic) SN
2014L. This SN was discovered by the Tsinghua-NAOC
Transient Survey (TNTS) in the nearby type-Sc spiral galaxy
M99 (NGC 4254). Fitting to the early-time light curve
indicates that SN 2014L was detected at only a few hours
after the shock breakout, and it reached a peak brightness of
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SM_{\rm V} = -17.73 \pm 0.28$ mag (SL= [2.06\pm 0.50]
\times 107{42}$ erg s${-1}$) approximately 13 days later.
SN 2014L shows a close resemblance to SN 2007gr in the
photometric evolution, while it shows stronger absorption
features of intermediate-mass elements (especially \Call) in
the early-time spectra. Based on simple modeling of the
observed light curves, we derived the mass of synthesized
SA56}SNi as SM_{\rm Ni} = 0.075 \pm 0.025 M_{\odot}$,
and the mass and total energy of the ejecta as SM_{\rm ej} =
1.00 \pm 0.20 M_\odot$ and SE_{\rm ej}=1.45\pm0.25$ foe,
respectively. Given these typical explosion parameters, the
early detection, and the extensive observations, we suggest
that SN 2014L could be a template sample for the
investigation of SNe Ic.

DOI:  10.3847/1538-4357/aaceaf
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Characterization of Type la Supernova Light Curves Using
Principal Component Analysis of Sparse Functional Data

He, SY (He, Shiyuan); Wang, LF (Wang, Lifan); Huang, JHZ
(Huang, Jianhua Z.)

ASTROPHYSICAL JOURNAL
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With growing data from ongoing and future supernova
surveys, it is possible to empirically quantify the shapes of
SNIa light curves in more detail, and to quantitatively relate
the shape parameters with the intrinsic properties of SNla.
Building such relationships is critical in controlling systematic
errors associated with supernova cosmology. Based on a
collection of well-observed SNla samples accumulated in the
past years, we construct an empirical SNla light curve model
using a statistical method called the functional principal
component analysis (FPCA) for sparse and irregularly
sampled functional data. Using this method, the entire light
curve of an SNla is represented by a linear combination of
principal component functions, and the SNla is represented
by a few numbers called "principal component scores."
These scores are used to establish relations between light
curve shapes and physical quantities such as intrinsic color,
interstellar dust reddening, spectral line strength, and
spectral classes. These relations allow for descriptions of
some critical physical quantities based purely on light curve
shape parameters. Our study shows that some important
spectral feature information is being encoded in the broad
band light curves; for instance, we find that the light curve
shapes are correlated with the velocity and velocity gradient
of the Si 11.6355 line. This is important for supernova surveys
(e.g., LSST and WFIRST). Moreover, the FPCA light curve
model is used to construct the entire light curve shape,
which in turn is used in a functional linear form to adjust
intrinsic luminosity when fitting distance models.

e
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Mapping Circumstellar Matter with Polarized Light: The
Case of Supernova 2014J in M82

Yang, Y (Yang, Yi); Wang, LF (Wang, Lifan); Baade, D (Baade,
Dietrich); Brown, PJ (Brown, Peter. J.); Cikota, A (Cikota,
Aleksandar); Cracraft, M (Cracraft, Misty); Hoflich, PA
(Hoflich, Peter A.); Maund, JR (Maund, Justyn R.); Patat, F
(Patat, Ferdinando); Sparks, WB (Sparks, William B.);

Spyromilio, J (Spyromilio, Jason); Stevance, HF (Stevance,
Heloise F.); Wang, XF (Wang, Xiaofeng); Wheeler, JC
(Wheeler, J. Craig)

ASTROPHYSICAL JOURNAL

4:: 854 #: 1 3k 5: 55

Optical polarimetry is an effective way of probing the
environment of a supernova for dust. We acquired linear
HST ACS/WFC polarimetry in bandsF475W, F606W, and
F775W of the supernova (SN) 2014J) in M82 at six epochs
from similar to 277 days to similar to 1181 days after the
B-band maximum. The polarization measured at day 277
shows conspicuous deviations from other epochs. These
differences can be attributed to at least similar to 10(-6)
M-circle dot of circumstellar dust located at a distance of
similar to 5 x 10(17) cm from the SN. The scattering dust
grains revealed by these observations seem to be aligned
with the dust in the interstellar medium that is responsible
for the large reddening toward the supernova. The presence
of this circumstellar dust sets strong constraints on the
progenitor system that led to the explosion of SN 2014J;
however, it cannot discriminate between single-and
double-degenerate models.
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The Scattering of FRBs by the Intergalactic Medium:
Variations, Strength, and Dependence on Dispersion
Measures

Zhu, WS (Zhu, Weishan); Feng, LL (Feng, Long-Long); Zhang,
FP (Zhang, Fupeng)

ASTROPHYSICAL JOURNAL
%: 865 M1: 2 ik 5: 147

The scattering of fast radio bursts (FRBs) by the intergalactic
medium  (IGM) is  explored using cosmological
hydrodynamical simulations. We confirm that the scattering
by the clumpy IGM has significant line-of-sight variations.
We demonstrate that the scattering by the IGM in the voids
and walls of the cosmic web is weak, but it can be
significantly enhanced by the gas in clusters and filaments.
The observed nonmonotonic dependence of the FRB widths
on the dispersion measures (DM) cannot determine whether
the IGM is an important scattering matter or not. The IGM
may dominate the scattering of some FRBs, and the host
galaxy dominates others. For the former case, the scattering
should be primarily caused by the medium in clusters. A
mock sample of 500 sources shows that tau(IGM) alpha
DMIGM (1.6-2.1) at z < 1.5. Assuming that the turbulence
follows Kolmogorov scaling, we find that an outer scale of LO
similar to 5 pc is required to make tau(IGM) 1-10 ms at nu =
1 GHz. The required L-0 similar to 5 pc can alleviate the
tension in the timescales of turbulent heating and cooling
but is still similar to 4 orders of magnitude lower than the
presumed injection scale of turbulence in the IGM. The gap
is expected to be effectively shortened if the simulation
resolution is further increased. The mechanisms that may
further reduce the gap are shortly discussed. If future
observations can justify the role of the IGM in the
broadening of FRBs, it can help to probe the gas in clusters
and filaments.
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A Large-scale Survey of CO and Its Isotopologues toward
the Rosette Molecular Cloud

Li, C (Li, Chong); Wang, HC (Wang, Hongchi); Zhang, MM
(zhang, Miaomiao); Ma, YH (Ma, Yuehui); Fang, M (Fang,
Min); Yang, J (Yang, Ji)

ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES
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Using the PMO-13.7 m millimeter telescope at Delingha in
China, we have conducted a large-scale simultaneous survey
of (CO)-C-12, (CO)-C-13, and (CO)-0-18 J = 1 - 0 emission
toward the Rosette molecular cloud (RMC) region with a sky
coverage of 3 degrees.5 x 2 degrees.5. The majority of the
emission in the region comes from the RMC complex, with
velocities lying in the range from -2 to 20.5 km s(-1). Beyond
this velocity range, 73 molecular clumps are identified with
kinematic distances from 2.4 to 11 kpc. Based on the spatial
and velocity distribution, nine individual clouds, C1-C9, have
been identified for the RMC complex. It appears that the C3
cloud is different from other clouds in the RMC complex in
view of its characteristic velocity, excitation temperature,
and velocity dispersion. Most of the young stellar clusters in
the region are located in positions of both high column
density and high excitation temperature. Seven new
molecular filaments are discovered in the RMC complex.
Evidence for cloud-cloud collision is found in the region of
young stellar clusters REFL9 and PouF, showing that these
young stellar clusters probably result from a cloud-cloud
collision. The abundance ratios of (CO)-C-13 to (CO)-0-18 in
the region have a mean value of 13.7, which is 2.5 times
larger than the solar system value, showing that UV photons
from the nearby OB clusters have a strong influence on the
chemistry of clouds in the RMC complex.
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Molecular Gas toward the Gemini OB1 Molecular Cloud
Complex. Il. CO Outflow Candidates with Possible WISE
Associations

Li, YJ (Li, Yingjie); Li, FC (Li, Fa-Cheng); Xu, Y (Xu, Ye); Wang, C
(Wang, Chen); Du, XY (Du, Xin-Yu); Yang, WJ (Yang, Wenjin);
Yang, J (Yang, Ji)
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We present a large-scale survey of CO outflows in the Gem
OB1 molecular cloud complex and its surroundings, using

the Purple Mountain Observatory Delingha 13.7 m telescope.

A total of 198 outflow candidates were identified over a
large area (similar to 58.5 square degrees), of which 193 are
newly detected. Approximately 68% (134/198) are
associated with the Gem OB1 molecular cloud complex,
including clouds GGMC 1, GGMC 2, BFS 52, GGMC 3, and
GGMC 4. Other regions studied are: the Local arm (Local
Lynds, West Front), Swallow, Horn, and Remote cloud.
Outflow candidates in GGMC 1, BFS 52, and Swallow are
mainly located at ring-like or filamentary structures. To
avoid excessive uncertainty in distant regions (greater than
or similar to 3.8 kpc), we only estimated the physical
parameters for clouds in the Gem OB1 molecular cloud
complex and in the Local arm. In those clouds, the total
kinetic energy and the energy injection rate of the identified
outflow candidates are less than or similar to 1% and less
than or similar to 3% of the turbulent energy and the
turbulent dissipation rate of each cloud, indicating that the
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identified outflow candidates cannot provide enough energy
to balance turbulence of their host cloud at the scale of the
entire cloud (several to dozens of parsecs). The gravitational
binding energy of each cloud is greater than or similar to 135
times the total kinetic energy of the identified outflow
candidates within the corresponding cloud, indicating that
the identified outflow candidates cannot cause major
disruptions to the integrity of their host cloud at the scale of
the entire cloud.
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Introduction of Chinese Antarctic Optical Telescopes

Li, ZY (Li, Zhengyang); Yuan, XY (Yuan, Xiangyan); Cui, XQ (Cui,
Xiangqun); Wang, LF (Wang, Lifan); Shang, ZH (Shang,
Zhaohui); Du, FJ (Du, Fujia); Gong, XF (Gong, Xuefei); Gu, BZ
(Gu, Bozhong); Hu, Y (Hu, Yi); Jiang, P (Jiang, Peng); Li, XY (Li,
Xiaoyan); Lu, HP (Lu, Haiping); Ma, B (Ma, Bin); Wei, FH (Wei,
Fuhai); Wen, HK (Wen, Haikun); Xu, J (Xu, Jin); Yang, SH
(Yang, Shihai); Zhou, HY (Zhou, Honyan)

GROUND-BASED AND AIRBORNE TELESCOPES VI
#: 10700 SC#k*5: 107001L

The site testing shows that Antarctic Dome A is one of the
best site on earth for astronomical observations, for
wavelength ranging from visible to infrared and
sub-millimeter. Continuous observation for nearly four
months in polar nights makes Dome A quite suitable for time
domain astronomy. In the past decade CCAA already led a
series of Antarctic astronomy activities and telescope
projects which will be introduced in this paper. The first
generation telescope is Chinese Small Telescope Array
known as CSTAR, which was composed of four identical
telescopes with 145mm entrance pupil, 20 square degrees
FOV and different filters, all pointing to the celestial South
Point, mainly used for variable stars detection and site
testing. The telescope was deployed in Dome A in Jan. 2008,
and followed by automatic observations for four consecutive
winters. Three Antarctic Survey Telescopes (AST3) is the
second generation telescope capable of pointing and
tracking in very low temperature, with 500mm entrance
pupil, 8.5 square degree FOV. AST3-1 and AST3-2 were
respectively mounted on Dome A in Jan. 2012 and 2015,
fully remotely controlled for supernovae survey and
exoplanets searching. In Aug. 2017, AST3-2 successfully
detected the optical counterpart of LIGO Source GW 170817.
Now AST3-3 is under development for both optical and near
infrared sky survey by matching different cameras. Based on
the experience of the above smaller sized optical telescopes,
the 2.5m Kunlun Dark Universe Survey Telescope (KDUST)
was proposed for high resolution imaging over wide field of
view. Currently the KDUST proposal was submitted to the
government and waiting for project review.

2 Z FK: Conference on Ground-based and Airborne
Telescopes VII
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Optical observations of the 2002cx-like supernova 2014ek
and characterizations of SNe lax

Li, LY (Li, Linyi); Wang, XF (Wang, Xiaofeng); Zhang, JJ (Zhang,
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Jujia); Arcavi, | (Arcavi, lair); Zhang, TM (Zhang, Tianmeng);
Rui, LM (Rui, Liming); Hosseinzadeh, G (Hosseinzadeh,
Griffin); Howell, DA (Howell, D. Andrew); McCully, C
(McCully, Curtis); Zhang, KC (Zhang, Kaicheng); Valenti, S
(Valenti, Stefano); Mo, J (Mo, Jun); Li, WX (Li, Wenxiong);
Huang, F (Huang, Fang); Xiang, DF (Xiang, Danfeng); Wang,
LF (Wang, Lifan); Zhou, X (Zhou, Xu)
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We present optical observations of supernova (SN) 2014ek,
discovered during the Tsinghua University-National
Astronomical Observatories, Chinese Academy of Sciences
(NAOC) Transient Survey (TNTS), which shows properties
that are consistent with those of SN2002cx-like events
(dubbed as SNe lax). The photometry indicates that it is
underluminous compared with normal SNe la, with the
absolute V-band peak magnitude being -17.66 +/- 0.20 mag.
The spectra are characterized by highly ionized Fe Il and
intermediate-mass elements (IMEs). The expansion velocity
of the ejecta is found to be similar to 5000 km s(-1) near the
maximum light, only half of that measured for normal SNe Ia.
The overall spectral evolution is quite similar to that of SN
2002cx and SN 2005hk, while the absorption features of the
main IMEs seem to be relatively weaker. The Ni-56 mass
synthesized in the explosion is estimated to be about
0.08M(circle dot) from the pseudo-bolometric light curve.
Based on a large sample of SNe lax, we examined the
relations between peak luminosity, ejecta velocity, decline
rate and peak V-R colour, but did not find noticeable
correlations between these observables, in particular when
a few extreme events like SN 2008ha are excluded from the
analysis. For this sample, we also studied the birthplace
environments and confirm that they still hold the trend of
occurring preferentially in late-type spiral galaxies.
Moreover, SNe lax tend to occur in large star-forming
regions of their host galaxies, more similar to SNe Ibc than
SNe I, favouring the idea that their progenitors should be
associated with very young stellar populations. Nevertheless,
the progenitors of SNe lax may have relatively lower
metallicity, as suggested by the evidence that they prefer to
explode in outer regions of host galaxies.
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The first release of the AST3-1 Point Source Catalogue from
Dome A, Antarctica
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The three Antarctic Survey Telescopes (AST3) aim to carry
out time-domain imaging survey at Dome A, Antarctica, The
first of the three telescopes (AST3-1) was successfully
deployed in 2012 January. AST3-1 is a 500 mm aperture
modified Schmidt telescope with a 680 mm diameter
primary mirror. AST3-1 is equipped with a SDSS i filter and a
10k x 10k frame transfer CCD camera, reduced to 5k x 10k by
electronic shuttering, resulting in a 4.3 deg(2) field of view.
To verify the capability of AST3-1 for a variety of science
goals, extensive commissioning was carried out between
2012 March and May. The commissioning included a survey
covering 2000 deg(2) as well as the entire Large and Small
Magellanic Clouds. Frequent repeated images were made of
the centre of the Large Magellanic Cloud, a selected
exoplanet transit field, and fields including some Wolf-Rayet
stars. Here, we present the data reduction and photometric
measurements of the point sources observed by AST3-1. We
have achieved a survey depth of 19.3 mag in 60 s exposures
with 5 mmag precision in the light curves of bright stars. The
facility achieves sub-mmag photometric precision under
stable survey conditions, approaching its photon noise limit,
These results demonstrate that AST3-1 at Dome A is
extraordinarily competitive in time-domain astronomy,
including both quick searches for faint transients and the
detection of tiny transit signals.
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Dark Energy Survey Year 1 results: cross-correlation
redshifts - methods and systematics characterization
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We use numerical simulations to characterize the
performance of a clustering-based method to calibrate
photometric redshift biases. In particular, we cross-correlate
the weak lensing source galaxies from the Dark Energy
Survey Year 1 sample with redMaGiC galaxies (luminous red
galaxies with secure photometric redshifts) to estimate the
redshift distribution of the former sample. The recovered
redshift distributions are used to calibrate the photometric
redshift bias of standard photo-z methods applied to the
same source galaxy sample. We apply the method to two
photo-z codes run in our simulated data: Bayesian
Photometric Redshift and Directional Neighbourhood Fitting.
We characterize the systematic uncertainties of our
calibration procedure, and find that these systematic
uncertainties dominate our error budget. The dominant
systematics are due to our assumption of unevolving bias
and clustering across each redshift bin, and to differences
between the shapes of the redshift distributions derived by
clustering versus photo-zs. The systematic uncertainty in the
mean redshift bias of the source galaxy sample is Delta z less
than or similar to 0.02, though the precise value depends on
the redshift bin under consideration. We discuss possible
ways to mitigate the impact of our dominant systematics in
future analyses.
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Dark Energy Survey Year 1 Results: redshift distributions of
the weak-lensing source galaxies

Hoyle, B (Hoyle, B.); Gruen, D (Gruen, D.); Bernstein, GM
(Bernstein, G. M.); Rau, MM (Rau, M. M.); De Vicente, J (De
Vicente, J.); Hartley, G (Hartley, G.); Gaztanaga, E (Gaztanaga,
E.); DeRose, J (DeRose, J.); Troxel, MA (Troxel, M. A.); Davis,
C (Davis, C.); Alarcon, A (Alarcon, A.); MacCrann, N
(MacCrann, N.); Prat, J (Prat, J.); Sanchez, C (Sanchez, C.);
Sheldon, E (Sheldon, E.); Wechsler, RH (Wechsler, R. H.);
Asorey, J (Asorey, J.); Becker, MR (Becker, M. R.); Bonnett, C
(Bonnett, C.); Rosell, AC (Rosell, A. Carnero); Carollo, D
(Carollo, D.); Kind, MC (Kind, M. Carrasco); Castander, FJ
(Castander, F. J.); Cawthon, R (Cawthon, R.); Chang, C (Chang,
C.); Childress, M (Childress, M.); Davis, TM (Davis, T. M.);
Drlica-Wagner, A (Drlica-Wagner, A.); Gatti, M (Gatti, M.);
Glazebrook, K (Glazebrook, K.); Gschwend, J (Gschwend, J.);
Hinton, SR (Hinton, S. R.); Hoormann, JK (Hoormann, J. K.);
Kim, AG (Kim, A. G.); King, A (King, A.); Kuehn, K (Kuehn, K.);
Lewis, G (Lewis, G.); Lidman, C (Lidman, C.); Lin, H (Lin, H.);
Macaulay, E (Macaulay, E.); Maia, MAG (Maia, M. A. G.);
Martini, P (Martini, P.); Mudd, D (Mudd, D.); Moller, A
(Moller, A.); Nichol, RC (Nichol, R. C.); Ogando, RLC (Ogando,
R. L. C.); Rollins, RP (Rollins, R. P.); Roodman, A (Roodman,

64

A.); Ross, AJ (Ross, A. J.); Rozo, E (Rozo, E.); Rykoff, ES
(Rykoff, E. S.); Samuroff, S (Samuroff, S.); Sevilla-Noarbe, |
(Sevilla-Noarbe, 1.); Sharp, R (Sharp, R.); Sommer, NE
(Sommer, N. E.); Tucker, BE (Tucker, B. E.); Uddin, SA (Uddin,
S. A.); Varga, TN (Varga, T. N.); Vielzeuf, P (Vielzeuf, P.); Yuan,
F (Yuan, F.); Zhang, B (Zhang, B.); Abbott, TMC (Abbott, T. M.
C.); Abdalla, FB (Abdalla, F. B.); Allam, S (Allam, S.); Annis, J
(Annis, J.); Bechtol, K (Bechtol, K.); Benoit-Levy, A
(Benoit-Levy, A.); Bertin, E (Bertin, E.); Brooks, D (Brooks, D.);
Buckley-Geer, E (Buckley-Geer, E.); Burke, L (Burke, L.);
Busha, MT (Busha, M. T.); Capozzi, D (Capozzi, D.); Carretero,
J (Carretero, J.); Crocce, M (Crocce, M.); D'Andrea, CB
(D'Andrea, C. B.); da Costa, LN (da Costa, L. N.); Depoy, DL
(Depoy, D. L.); Desai, S (Desai, S.); Diehl, HT (Diehl, H. T.);
Doel, P (Doel, P.); Eifler, TF (Eifler, T. F.); Estrada, J (Estrada,
J.); Evrard, AE (Evrard, A. E.); Fernandez, E (Fernandez, E.);
Flaugher, B (Flaugher, B.); Fosalba, P (Fosalba, P.); Frieman, J
(Frieman, J.); Garcia-Bellido, J (Garcia-Bellido, J.); Gerdes,
DW (Gerdes, D. W.); Giannantonio, T (Giannantonio, T.);
Goldstein, DA (Goldstein, D. A.); Gruendl, RA (Gruendl, R. A.);
Gutierrez, G (Gutierrez, G.); Honscheid, K (Honscheid, K.);
James, DJ (James, D. J.); Jarvis, M (Jarvis, M.); Jeltema, T
(Jeltema, T.); Johnson, MWG (Johnson, M. W. G.); Johnson,
MD (Johnson, M. D.); Kirk, D (Kirk, D.); Krause, E (Krause, E.);
Kuhlmann, S (Kuhlmann, S.); Kuropatkin, N (Kuropatkin, N.);
Lahav, O (Lahav, 0.); Li, TS (Li, T. S.); Lima, M (Lima, M.);
March, M (March, M.); Marshall, L (Marshall, L.); Melchior, P
(Melchior, P.); Menanteau, F (Menanteau, F.); Miquel, R
(Miquel, R.); Nord, B (Nord, B.); O'Neill, CR (O'Neill, C. R.);
Plazas, AA (Plazas, A. A.); Romer, AK (Romer, A. K.); Sako, M
(Sako, M.); Sanchez, E (Sanchez, E.); Santiago, B (Santiago,
B.); Scarpine, V (Scarpine, V.); Schindler, R (Schindler, R.);
Schubnell, M (Schubnell, M.); Smith, M (Smith, M.); Smith,
RC (Smith, R. C.); Soares-Santos, M (Soares-Santos, M.);
Sobreira, F (Sobreira, F.); Suchyta, E (Suchyta, E.); Swanson,
MEC (Swanson, M. E. C.); Tarle, G (Tarle, G.); Thomas, D
(Thomas, D.); Tucker, DL (Tucker, D. L.); Vikram, V (Vikram,
V.); Walker, AR (Walker, A. R.); Weller, J (Weller, J.); Wester,
W (Wester, W.); Wolf, RC (Wolf, R. C.); Yanny, B (Yanny, B.);
Zuntz, J (Zuntz, J.)

MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
%478 1}]: 1 : 592-610

We describe the derivation and validation of redshift
distribution estimates and their uncertainties for the
populations of galaxies used as weak-lensing sources in the
Dark Energy Survey (DES) Year 1 cosmological analyses. The
Bayesian Photometric Redshift (BPZ) code is used to assign
galaxies to four redshift bins between z approximate to 0.2
and approximate to 1.3, and to produce initial estimates of
the lensing-weighted redshift distributions n(PZ)(i)(z)
proportional to d(n)(i)/dz for members of bin i. Accurate
determination of cosmological parameters depends critically
on knowledge of n(i), but is insensitive to bin assignments or
redshift errors for individual galaxies. The cosmological
analyses allow for shifts n(i)(z) = n(PZ)(i)(z - Delta z(i)) to
correct the mean redshift of n(i)(z) for biases in n(PZ)(i). The
Delta z(i) are constrained by comparison of independently
estimated 30-band photometric redshifts of galaxies in the
Cosmic Evolution Survey (COSMOS) field to BPZ estimates
made from the DES griz fluxes, for a sample matched in
fluxes, pre-seeing size, and lensing weight to the DES
weak-lensing sources. In companion papers, the Delta z(i) of
the three lowest redshift bins are further constrained by the
angular clustering of the source galaxies around red galaxies
with secure photometric redshifts at 0.15 < z < 0.9. This
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paper details the BPZ and COSMOS procedures, and
demonstrates that the cosmological inference is insensitive
to details of the n(i)(z) beyond the choice of Delta z(i). The
clustering and COSMOS validation methods produce
consistent estimates of Delta z(i) in the bins where both can
be applied, with combined uncertainties of sigma(i)(Delta z)
= 0.015, 0.013, 0.011, and 0.022 in the four bins. Repeating
the photo-z procedure instead using the Directional
Neighbourhood Fitting algorithm, or using the n(i)(z)
estimated from the matched sample in COSMOS, yields no
discernible difference in cosmological inferences.
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Rapidly evolving transients in the Dark Energy Survey
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We present the results of a search for rapidly evolving
transients in the Dark Energy Survey Supernova Programme.
These events are characterized by fast light-curve evolution
(rise to peak in less than or similar to 10 d and exponential
decline in less than or similar to 30 d after peak). We
discovered 72 events, including 37 transients with a
spectroscopic redshift from host galaxy spectral features.
The 37 events increase the total number of rapid optical
transients by more than a factor of two. They are found at a

wide range of redshifts (0.05 < z < 1.56) and peak
brightnesses (-15.75 > M-g > -22.25). The multiband
photometry is well fit by a blackbody up to few weeks after
peak. The events appear to be hot (T approximate to 10
000-30 000 K) and large (R approximate to 10(14) -2 x 10(15)
cm) at peak, and generally expand and cool in time, though
some events show evidence for a receding photosphere with
roughly constant temperature. Spectra taken around peak
are dominated by a blue featureless continuum consistent
with hot, optically thick ejecta. We compare our events with
a previously suggested physical scenario involving shock
breakout in an optically thick wind surrounding a
core-collapse supernova, we conclude that current models
for such a scenario might need an additional power source
to describe the exponential decline. We find that these
transients tend to favour star-forming host galaxies, which
could be consistent with a core-collapse origin. However,
more detailed modelling of the light curves is necessary to
determine their physical origin.
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The build up of the correlation between halo spin and the
large-scale structure
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Both simulations and observations have confirmed that the
spin of haloes/galaxies is correlated with the large-scale
structure (LSS) with a mass dependence such that the spin of
low-mass haloes/galaxies tend to be parallel with the LSS,
while that of massive haloes/galaxies tend to be
perpendicular with the LSS. It is still unclear how this mass
dependence is built up over time. We use N-body
simulations to trace the evolution of the halo spin-LSS
correlation and find that at early times the spin of all halo
progenitors is parallel with the LSS. As time goes on, mass
collapsing around massive halo is more isotropic, especially
the recent mass accretion along the slowest collapsing
direction is significant and it brings the halo spin to be
perpendicular with the LSS. Adopting the fractional
anisotropy (FA) parameter to describe the degree of
anisotropy of the large-scale environment, we find that the
spin-LSS correlation is a strong function of the environment
such that a higher FA (more anisotropic environment) leads
to an aligned signal, and a lower anisotropy leads to a
misaligned signal. In general, our results show that the
spin-LSS correlation is a combined consequence of mass
flow and halo growth within the cosmic web. Our predicted
environmental dependence between spin and large-scale
structure can be further tested using galaxy surveys.
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In this work, we present a novel centroiding method based
on Fourier space Phase Fitting (FPF) for Point Spread
Function (PSF) reconstruction. We generate two sets of
simulations to test our method. The first set is generated by
GalSim with an elliptical Moffat profile and strong
anisotropy that shifts the center of the PSF. The second set
of simulations is drawn from CFHT i band stellar imaging
data. We find non-negligible anisotropy from CFHT stellar
images, which leads to similar to 0.08 scatter in units of
pixels using a polynomial fitting method (Vakili & Hogg).
When we apply the FPF method to estimate the centroid in
real space, the scatter reduces to similar to 0.04 in S/N = 200
CFHT-like sample. In low signal-to-noise ratio (S/N; 50 and
100) CFHT-like samples, the background noise dominates
the shifting of the centroid; therefore, the scatter estimated
from different methods is similar. We compare polynomial
fitting and FPF using GalSim simulation with optical
anisotropy. We find that in all S/N (50, 100, and 200)
samples, FPF performs better than polynomial fitting by a
factor of similar to 3. In general, we suggest that in real
observations there exists anisotropy that shifts the centroid,
and thus, the FPF method provides a better way to
accurately locate it.
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Intracluster light (ICL) in observations is usually identified
through the surface brightness limit (SBL) method. In this
paper, for the first time we produce mock images of galaxy
groups and clusters, using a cosmological hydrodynamical
simulation to investigate the ICL fraction and focus on its
dependence on observational parameters, e.g., the SBL, the
effects of cosmological redshift-dimming, point-spread
function (PSF), and CCD pixel size. Detailed analyses suggest
that the width of the PSF has a significant effect on the
measured ICL fraction, while the relatively small pixel size
shows almost no influence. It is found that the measured ICL
fraction depends strongly on the SBL. At a fixed SBL and
redshift, the measured ICL fraction decreases with
increasing halo mass, while with a much fainter SBL, it does
not depend on halo mass at low redshifts. In our work, the
measured ICL fraction shows a clear dependence on the
cosmological redshift-dimming effect. It is found that there
is more mass locked in the ICL component than light,
suggesting that the use of a constant mass-to-light ratio at
high surface brightness levels will lead to an underestimate
of ICL mass. Furthermore, it is found that the radial profile of
ICL shows a characteristic radius that is almost independent
of halo mass. The current measurement of ICL from
observations has a large dispersion due to different methods,
and we emphasize the importance of using the same
definition when observational results are compared with
theoretical predictions.
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StarGO: A New Method to Identify the Galactic Origins of
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We develop a new method, Stars' Galactic Origin (StarGO),
to identify the galactic origins of halo stars using their
kinematics. Our method is based on a self-organizing map
(SOM), which is one of the most popular unsupervised
learning algorithms. STARGO combines SOM with a novel
adaptive group identification algorithm with essentially no
free parameters. To evaluate our model, we build a
synthetic stellar halo from mergers of nine satellites in the
Milky Way. We construct the mock catalog by extracting a
heliocentric volume of 10 kpc from our simulations and
assigning expected observational uncertainties
corresponding to bright stars from Gaia DR2 and LAMOST
DR5. We compare the results from STARGO against those
from a friends-of-friends-based method in the space of
orbital energy and angular momentum. We show that
STARGO is able to systematically identify more satellites and
achieve higher number fraction of identified stars for most
of the satellites within the extracted heliocentric volume.
When applied to data from Gaia DR2, STARGO will enable us
to reveal the origins of the inner stellar halo in
unprecedented detail.
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Prediction of Supernova Rates in Known Galaxy-Galaxy
Strong-lens Systems

Shu, YP (Shu, Yiping); Bolton, AS (Bolton, Adam S.); Mao, SD
(Mao, Shude); Kang, X (Kang, Xi); Li, GL (Li, Guoliang);
Soraisam, M (Soraisam, Monika)
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We propose a new strategy of finding strongly lensed
supernovae (SNe) by monitoring known galaxy-scale
strong-lens systems. Strongly lensed SNe are potentially
powerful tools for the study of cosmology, galaxy evolution,
and stellar populations, but they are extremely rare. By
targeting known strongly lensed star-forming galaxies, our
strategy significantly boosts the detection efficiency for
lensed SNe compared to a blind search. As a reference
sample, we compile the 128 galaxy-galaxy strong-lens
systems from the Sloan Lens ACS Survey (SLACS), the SLACS
for the Masses Survey, and the Baryon Oscillation
Spectroscopic Survey Emission-Line Lens Survey. Within this
sample, we estimate the rates of strongly lensed Type la SN
(SNIa) and core-collapse SN (CCSN) to be 1.23 +/- 0.12 and
10.4 +/- 1.1 events per year, respectively. The lensed SN
images are expected to be widely separated with a median
separation of 2 arcsec. Assuming a conservative fiducial
lensing magnification factor of 5 for the most highly
magnified SN image, we forecast that a monitoring program
with a single-visit depth of 24.7 mag (5 sigma point source, r
band) and a cadence of 5 days can detect 0.49 strongly
lensed SNIa event and 2.1 strongly lensed CCSN events per
year within this sample. Our proposed targeted-search
strategy is particularly useful for prompt and efficient
identifications and follow-up observations of strongly lensed
SN candidates. It also allows telescopes with small fields of
view and limited time to efficiently discover strongly lensed
SNe with a pencil-beam scanning strategy.
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ELUCID. V. Lighting Dark Matter Halos with Galaxies

Yang, XH (Yang, Xiaohu); Zhang, YC (Zhang, Youcai); Wang,
HY (Wang, Huiyuan); Liu, CZ (Liu, Chengze); Lu, TH (Lu,
Tianhuan); Li, SJ (Li, Shijie); Shi, F (Shi, Feng); Jing, YP (Jing, Y.
P.); Mo, HJ (Mo, H. J.); van den Bosch, FC (van den Bosch,
Frank C.); Kang, X (Kang, Xi); Cui, WG (Cui, Weiguang); Guo,
H (Guo, Hong); Li, GL (Li, Guoliang); Lim, SH (Lim, S. H.); Lu, Y
(Lu, Yi); Luo, WT (Luo, Wentao); Wei, CL (Wei, Chengliang);
Yang, L (Yang, Lei)
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In a recent study, using the distribution of galaxies in the
north galactic pole of the SDSS DR7 region enclosed in a 500
h(-1) Mpc box, we carried out our ELUCID simulation
(ELUCID 1ll). Here, we light the dark matter halos and
subhalos in the reconstructed region in the simulation with
galaxies in the SDSS observations using a novel
neighborhood abundance matching method. Before we
make use of the galaxy-subhalo connections established in
the ELUCID simulation to evaluate galaxy formation models,
we set out to explore the reliability of such a link. For this
purpose, we focus on the following few aspects of galaxies:
(1) the central-subhalo luminosity and mass relations, (2) the
satellite fraction of galaxies, (3) the conditional luminosity
function (CLF) and conditional stellar mass function (CSMF)
of galaxies, and (4) the cross-correlation functions between
galaxies and dark matter particles, most of which are
measured separately for all, red, and blue galaxy
populations. We find that our neighborhood abundance
matching method accurately reproduces the central-subhalo
relations, satellite fraction, and the CLFs, CSMFs, and biases
of galaxies. These features ensure that galaxy-subhalo
connections thus established will be very useful in
constraining galaxy formation processes. We provide some
suggestions for the three levels of using the galaxy-subhalo
pairs for galaxy formation constraints. The galaxy-subhalo
links and the subhalo merger trees in the SDSS DR7 region
extracted from our ELUCID simulation are available upon
request.
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Galaxy-Galaxy Weak-lensing Measurements from SDSS. II.
Host Halo Properties of Galaxy Groups

Luo, WT (Luo, Wentao); Yang, XH (Yang, Xiaohu); Lu, TH (Lu,
Tianhuan); Shi, F (Shi, Feng); Zhang, J (Zhang, Jun); Mo, HJ
(Mo, H. J.); Shu, CG (Shu, Chenggang); Fu, LP (Fu, Liping);
Radovich, M (Radovich, Mario); Zhang, JJ (Zhang, Jiajun); Li,
N (Li, Nan); Sunayama, T (Sunayama, Tomomi); Wang, L
(Wang, Lei)
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In this second paper in a series studying galaxy-galaxy
lensing signals using Sloan Digital Sky Survey Data Release 7
(SDSS DR7), we present our measurement and modeling of
the lensing signals around groups of galaxies. We divide the
groups into four halo mass bins and measure the signals
around four different halo-center tracers: brightest central
galaxies (BCGs), luminosity-weighted centers,
number-weighted centers, and X-ray peak positions. For
groups cross-identified in both X-ray and SDSS DR7, we
further split the groups into low and high X-ray emission

subsamples, both of which are assigned to two halo-center
tracers, BCGs and X-ray peak positions. The galaxy-galaxy
lensing signals show that BCGs, among the four candidates,
are the best halo-center tracers. We model the lensing
signals using a combination of four contributions: the
off-center NFW host halo profile, subhalo contribution,
stellar contribution, and projected two-halo term. We
sample the posterior of five parameters, i.e., the halo mass,
concentration, off-centering distance, subhalo mass, and
fraction of subhalos, via a Monte Carlo Markov Chain
(MCMC)package using the galaxy-galaxy lensing signals.
After taking into account the sampling effects (e.g.,
Eddington bias), we found that the best-fit halo masses
obtained from lensing signals are quite consistent with those
obtained in the group catalog based on an abundance
matching method, except in the lowest mass bin.
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Removing the Impact of Correlated PSF Uncertainties in
Weak Lensing

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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Accurate reconstruction of the spatial distributions of the
point-spread function (PSF) is crucial for high precision
cosmic shear measurements. Nevertheless, current methods
are not good at recovering the PSF fluctuations of high
spatial frequencies. In general, the residual PSF fluctuations
are spatially correlated, and therefore can significantly
contaminate the correlation functions of the weak lensing
signals. We propose a method to correct for this
contamination statistically, without any assumptions on the
PSF and galaxy morphologies or their spatial distribution.
We demonstrate our idea with the data from the W2 field of
CFHTLenS.
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An Investigation of the Interstellar Environment of
Supernova Remnant CTB87

Liu, QC (Liu, Qian-Cheng); Chen, Y (Chen, Yang); Chen, BQ
(Chen, Bing-Qiu); Zhou, P (Zhou, Ping); Wang, XT (Wang,
Xiao-Tao); Su, Y (Su, Yang)
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We present a new millimeter CO-line observation toward
supernova remnant (SNR) CTB 87, which was regarded
purely as a pulsar wind nebula (PWN), and an optical
investigation of a coincident surrounding superbubble. The
CO observation shows that the SNR delineated by the radio
emission is projectively covered by a molecular cloud (MC)
complex at VLSR = -60 to -54 km s(-1). Both the symmetric
axis of the radio emission and the trailing X-ray PWN appear
projectively to be along a gap between two molecular gas
patches at -58 to -57 km s(-1). Asymmetric broad profiles of
(CO)-C-12 lines peaked at -58 km s(-1) are found at the
eastern and southwestern edges of the radio emission. This
represents a kinematic signature consistent with an SNR-MC
interaction. We also find that a superbubble, similar to 37" in
radius, appears to surround the SNR from H | 21 cm (V-LSR
similar to-61 to -68 km s(-1)), WISE mid-IR, and optical
extinction data. We build a multi-band photometric stellar
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sample of stars within the superbubble region and find 82
OB star candidates. The likely peak distance in the stars'
distribution seems consistent with the distance previously
suggested for CTB 87. We suggest the arc-like radio emission
is mainly a relic of the part of the blast wave that propagates
into the MC complex and is now in a radiative stage while
the other part of the blast wave has been expanding into the
low-density region in the superbubble. This scenario
naturally explains the lack of X-ray emission related to the
ejecta and blast wave. The SNR-MC interaction also favors a
hadronic contribution to the.-ray emission from the CTB 87
region.
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Dynamic Equilibrium Sets of the Atomic Content of Galaxies
across Cosmic Time

Wang, L (Wang, Liang); Obreschkow, D (Obreschkow, Danail);
Lagos, CDP (Lagos, Claudia D. P.); Sweet, SM (Sweet, Sarah
M.); Fisher, DB (Fisher, Deanne B.); Glazebrook, K
(Glazebrook, Karl); Maccio, AV (Maccio, Andrea V.); Dutton,
AA (Dutton, Aaron A.); Kang, X (Kang, Xi)
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We analyze 88 independent, high-resolution, cosmological
zoomed-in simulations of disk galaxies in the NIHAO
simulations suite to explore the connection between the
atomic gas fraction and angular momentum (AM) of baryons
throughout cosmic time. The study is motivated by the
analytical model of Obreschkow et al., which predicts a
relation between the atomic gas fraction f(atm) and the
integrated atomic stability parameter q = j sigma/(GM),
where M and j are the mass and specific AM of the galaxy
(stars+cold gas) and sigma is the velocity dispersion of the
atomic gas. We show that the simulated galaxies follow this
relation from their formation (z similar or equal to 4) to the
present within similar to 0.5 dex. To explain this behavior,
we explore the evolution of the local Toomre stability and
find that 90%-100% of the atomic gas in all simulated
galaxies is stable at any time. In other words, throughout the
entire epoch of peak star formation until today, the
timescale for accretion is longer than the timescale to reach
equilibrium, thus resulting in a quasi-static equilibrium of
atomic gas at any time. Hence, the evolution of f(atm)
depends on the complex hierarchical growth history
primarily via the evolution of g. An exception is galaxies
subject to strong environmental effects.
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The Discrepancy between Einstein Mass and Dynamical
Mass for SIS and Power-law Mass Models

Li, R (Li, Rui); Wang, JC (Wang, Jiancheng); Shu, YP (Shu,
Yiping); Xu, ZY (Xu, Zhaoyi)
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We  investigate the  discrepancy  between the
two-dimensional projected lensing mass and the dynamical
mass for an ensemble of 97 strong gravitational lensing
systems discovered by the Sloan Lens ACS Survey, the BOSS
Emission-Line Lens Survey (BELLS), and the BELLS for
GALaxy-Ly alpha EmitteR sYstems Survey. We fit the lensing
data to obtain the Einstein mass and use the velocity
dispersion of the lensing galaxies provided by the Sloan
Digital Sky Survey to get the projected dynamical mass
within the Einstein radius by assuming the power-law mass
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approximation. The discrepancy is found to be obvious and
quantified by Bayesian analysis. For the singular isothermal
sphere mass model, we obtain that the Einstein mass is 20.7%
more than the dynamical mass, and the discrepancy
increases with the redshift of the lensing galaxies. For the
more general power-law mass model, the discrepancy still
exists within a 1 sigma credible region. We suspect the main
reason for this discrepancy is mass contamination, including
all invisible masses along the line of sight. In addition, the
measurement errors and the approximation of the mass
models could also contribute to the discrepancy.
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The Spin Alignment of Galaxies with the Large-scale Tidal
Field in Hydrodynamic Simulations

Wang, P (Wang, Peng); Guo, Q (Guo, Quan); Kang, X (Kang,
Xi); Libeskind, NI (Libeskind, Noam, I)
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The correlation between the spins of dark matter halos and
the large-scale structure (LSS) has been studied in great
detail over a large redshift range, while investigations of
galaxies are still incomplete. Motivated by this point, we use
the state-of-the-art hydrodynamic simulation, lllustris-1, to
investigate mainly the spin-LSS correlation of galaxies at a
redshift of z = 0. We mainly find that the spins of low-mass,
blue, oblate galaxies are preferentially aligned with the
slowest collapsing direction (e(3)) of the large-scale tidal
field, while massive, red, prolate galaxy spins tend to be
perpendicular to e(3). The transition from a parallel to a
perpendicular trend occurs at similar to 10(9.4) h(-1)
M-circle dot in the stellar mass, similar to 0.62 in the g-r
color, and similar to 0.4 in triaxiality. The transition stellar
mass decreases with increasing redshifts. The alignment was
found to be primarily correlated with the galaxy stellar mass.
Our results are consistent with previous studies both in
N-body simulations and observations. Our study also fills the
vacancy in the study of the galaxy spin-LSS correlation at z =
0 using hydrodynamical simulations and also provides
important insight to understand the formation and evolution
of galaxy angular momentum.
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SDSS J0909+4449: A large-separation strongly lensed
quasar at z similar to 2.8 with three images

Shu, YP (Shu, Yiping); Marques-Chaves, R (Marques-Chaves,
Rui); Evans, NW (Evans, N. Wyn); Perez-Fournon, |
(Perez-Fournon, Ismael)
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We report the discovery of SDSS J0909+4449, an exceptional
system consisting of a quasar at z = 2.788 strongly lensed by
a group of galaxies at z similar to 0.9 into three images
separated by up to 14 arcsec based on archival data
collected by the Sloan Digital Sky Survey, extended Baryon
Oscillation Spectroscopic Survey, Beijing-Arizona Sky Survey,
the Mayall z-band Legacy Survey, and the Gemini Telescope.
We discuss two hypotheses on the nature of SDSS
J0909+4449, i.e. a rare triply imaged quasar in the naked
cusp configuration and a typical quadruply imaged quasar
with the fourth image undetected in this data. We find that
simple lens models can provide excellent fits to the
observed image positions and the non-detection under
either hypothesis. Deeper imaging data, spectroscopic
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observations, and follow-up light-curve measurements will
be helpful in determining which hypothesis is correct and
provide better constraints on the lens mass distribution.
Nevertheless, given its unusually large image separations,
SDSS J0909+4449 will be a unique probe for the mass
structure and the underlying cooling and stellar feedback
processes on group or cluster scales.
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Strong-lensing measurement of the total-mass-density
profile out to three effective radii for z similar to 0.5
early-type galaxies

Li, R (Li, Rui); Shu, YP (Shu, Yiping); Wang, JC (Wang,
Jiancheng)
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We measure the total-mass-density profiles out to three
effective radii for a sample of 63 z similar to 0.5, massive
early-type galaxies (ETGs) acting as strong gravitational
lenses through a joint analysis of lensing and stellar
dynamics. The compilation is selected from three
galaxy-scale strong-lens samples, namely the Baryon
Oscillation Spectroscopic Survey (BOSS) Emission-Line Lens
Survey (BELLS), the BELLS for GAlaxy-Ly alpha EmitteR
sYstems Survey (BELLS GALLERY), and the Strong Lensing
Legacy Survey (SL2S). Utilizing the wide source-redshift
coverage (0.8-3.5) provided by these three samples, we
build a statistically significant ensemble of massive ETGs for
which robust mass measurements can be achieved within a
broad range of Einstein radii up to three effective radii.
Characterizing the three-dimensional total-mass-density
distribution by a power-law profile as rho proportional to
r(-gamma), we find that the average logarithmic density
slope for the entire sample is <gamma > =
2.000(-0.032)(+0.033) (68 per cent CL) with an intrinsic
scatter of delta = 0.180(-0.028)(+0.032). Further
parametrizing gamma as a function of redshift z and the
ratio of Einstein radius to effective radius R-ein/R-eff, we
find that the average density distributions of these massive
ETGs become steeper at later cosmic times and at larger
radii,  with magnitudes d <gamma >/dz =
-0.309(-0.160)(+0.166) and d <gamma >/d
log(10)(R-ein/R-eff) = 0.194(-0.083)(+0.092).
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The correspondence between convergence peaks from
weak lensing and massive dark matter haloes

Wei, CL (Wei, Chengliang); Li, GL (Li, Guoliang); Kang, X (Kang,
Xi); Liu, XK (Liu, Xiangkun); Fan, ZH (Fan, Zuhui); Yuan, S
(Yuan, Shuo); Pan, CZ (Pan, Chuzhong)
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The convergence peaks, constructed from galaxy shape
measurement in weak lensing, are a powerful probe of
cosmology as the peaks can be connected with the
underlined dark matter haloes. However, the capability of
convergence peak statistic is affected by the noise in galaxy
shape measurement, signal-to-noise ratio (SNR), as well as
the contribution from the projected mass distribution from
the large-scale structures along the line of sight (LOS). In this
paper, we use the ray-tracing simulation on a curved sky to
investigate the correspondence between the convergence
peak and the dark matter haloes at the LOS. We find that, in
case of no noise and for source galaxies at z(s) = 1, more

than 65 per cent peaks with SNR >= 3 (SNR) are related to
more than one massive haloes with mass larger than
10(13)M(circle dot). Those massive haloes contribute 87.2
per cent to high peaks (SNR >= 5) and the remaining
contributions are from the large-scale structures. On the
other hand, the peak distribution is skewed by the noise in
galaxy shape measurement, especially for lower SNR peaks.
In the noisy field where the shape noise is modelled as a
Gaussian distribution, about 60 per cent high peaks (SNR >=
5) are true peaks and the fraction decreases to 20 per cent
for lower peaks (3 <= SNR < 5). Furthermore, we find that
high peaks (SNR >= 5) are dominated by very massive haloes
larger than 10(14) M-circle dot.
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The different growth pathways of brightest cluster galaxies
and intracluster light

Contini, E (Contini, E.); Yi, SK (Yi, S. K.); Kang, X (Kang, X.)
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We study the growth pathways of brightest central galaxies
(BCGs) and intracluster light (ICE) by means of a
semi-analytic model. We assume that ICL forms by stellar
stripping of satellite galaxies and violent processes during
mergers, and implement two independent models: One
considers both mergers and stellar stripping (named
STANDARD model), and the other considers only mergers
(named MERGERS model). We find that BCGs and ICL form,
grow, and overall evolve at different times and with
different time-scales, but they show a clear coevolution
after redshift z similar to 0.7-0.8. Around 90 per cent of the
ICE from stellar stripping is built up in the innermost 150 kpc
from the halo centre and the dominant contribution comes
from disc-like galaxies (B/T < 0.4) through a large number of
small/intermediate stripping events (M-strip/M-sat < 0.3).
The fractions of stellar mass in BCGs and in the ICL over the
total stellar mass within the virial radius of the halo evolve
differently with time. At high redshift, the BCG accounts for
the bulk of the mass, but its contribution gradually
decreases with time and stays constant after z similar to
0.4-0.5. The ICL, instead, grows very fast and its contribution
keeps increasing down to the present time. The STANDARD
and MERGERS models make very similar predictions in most
of the cases, but predict different amounts of ICL associated
with galaxies within the virial radius of the group/cluster
other than the BCG, at z = 0. We then suggest that this
quantity is a valid observable that can shed light on the
relative importance of mergers and stellar stripping for the
formation of ICL.
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The large-scale environment from cosmological simulations
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A high dust emissivity index B for a CO-faint galaxy in a
filamentary Lya nebulaatz=3.1

Yuta Kato, Yuichi Matsuda, Daisuke lono, Bunyo
Hatsukade, Hideki Umehata, Kotaro Kohno, David M
Alexander, Yiping Ao, Scott C Chapman, Matthew Hayes
the Astronomical Society of Japan,

Volume 70, Issue 5, October 2018, L6,

We present COJ = 4-3 line and 3mm dust continuum
observations of a 100 kpc-scale filamentary Lya nebula
(SSA22 LAB18) at z = 3.1 using the Atacama Large
Millimeter/submillimeter Array (ALMA). We detected the
COJ = 4-3 line at a systemic zCO = 3.093 + 0.001 at 110
from one of the ALMA continuum sources associated with
the Lya filament. We estimated the COJ = 4-3 luminosity of
L ' CO(4-3)=(2.3+0.2)x109LCO(4-3) !
=(2.3+0.2)x109K km s-1 pc2 for this CO source, which is one
order of magnitude smaller than those of typical z > 1 dusty
star-forming galaxies (DSFGs) of similar far-infrared
luminosity LIR ~ 1012 L®. We derived a molecular gas mass
of Mgas=(4.4+0.9-0.6)x109M © Mgas=(4.4-0.6+0.9)x109M
®© and a star-formation rate of SFR=270 + 160 M©® yr-1.
We also estimated a gas depletion time of tdep = 17 *
10 Myr, which is shorter than those of typical DSFGs. It is
suggested that this source is in the transition phase from
DSFG to a gas-poor, early-type galaxy. From ALMA to
Herschel multi-band dust continuum observations, we
measured a dust emissivity index B = 2.3 £ 0.2, which is
similar to those of local gas-poor, early-type galaxies. From
recent laboratory experiments, the specific chemical
compositions needed to reproduce such a high B for
interstellar dust at the submillimeter wavelengths. ALMA CO
and multi-band dust continuum observations can constrain
the evolutionary stage of high-redshift galaxies through tdep
and B, and thus we can investigate the chemical composition
of dust even in the early Universe.
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The magnification invariant of circularly-symmetric lens
models

Wei, CL (Wei, Cheng-Liang); Chu, Z (Chu, Zhe); Shu, YP (Shu,
Yi-Ping)

RESEARCH IN ASTRONOMY AND ASTROPHYSICS
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In the context of strong gravitational lensing, the
magnification of an image is crucially important for
constraining various lens models. For several commonly
used quadruple lens models, the magnification invariants,
defined as the sum of the signed magnifications of images,
have been analytically derived when the image multiplicity is
a maximum. In this paper, we further study the
magnification of several disk lens models, including (a)
exponential disk lens, (b) Gaussian disk lens, (c) modified
Hubble profile lens, and another two of the popular
three-dimensional symmetrical lens models, (d) NFW lens
and (e) Einasto lens. We find that magnification invariant
exists for each lens model. Moreover, our results show that
magnification invariants can be significantly changed by the
characteristic surface mass density kappa(c).

% 126 %, 1L 248 %

Alignment between Satellite and Central Galaxies in the
SDSS DR7: Dependence on Large-scale Environment

Wang, P (Wang, Peng); Luo, Y (Luo, Yu); Kang, X (Kang, Xi);
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Libeskind, NI (Libeskind, Noam I.); Wang, L (Wang, Lei);
Zhang, YC (Zhang, Youcai); Tempel, E (Tempel, EImo); Guo, Q
(Guo, Quan)
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The alignment between satellites and central galaxies has
been studied in detail both in observational and theoretical
works. The widely accepted fact is that satellites
preferentially reside along the major axis of their central
galaxy. However, the origin and large-scale environmental
dependence of this alignment are still unknown. In an
attempt to determine these variables, we use data
constructed from Sloan Digital Sky Survey DR7 to investigate
the large-scale environmental dependence of this alignment
with emphasis on examining the alignment's dependence on
the color of the central galaxy. We find a very strong
large-scale environmental dependence of the
satellite-central alignment (SCA) in groups with blue centrals.
Satellites of blue centrals in knots are preferentially located
perpendicular to the major axes of the centrals, and the
alignment angle decreases with environment, namely, when
going from knots to voids. The alignment angle strongly
depends on the (0.1)(g - r) color of centrals. We suggest that
the SCA is the result of a competition between satellite
accretion within large-scale structure (LSS) and galaxy
evolution inside host halos. For groups containing red
central galaxies, the SCA is mainly determined by the
evolution effect, while for blue central dominated groups,
the effect of the LSS plays a more important role, especially
in knots. Our results provide an explanation for how the SCA
forms within different large-scale environments. The
perpendicular case in groups and knots with blue centrals
may also provide insight into understanding similar polar
arrangements, such as the formation of the Milky Way and
Centaurus A's satellite system.
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Full-sky Ray-tracing Simulation of Weak Lensing Using
ELUCID Simulations: Exploring Galaxy Intrinsic Alignment
and Cosmic Shear Correlations

Wei, CL (Wei, Chengliang); Li, GL (Li, Guoliang); Kang, X (Kang,
Xi); Luo, Y (Luo, Yu); Xia, QL (Xia, Qianli); Wang, P (Wang,
Peng); Yang, XH (Yang, Xiaohu); Wang, HY (Wang, Huiyuan);
Jing, YP (Jing, Yipeng); Mo, HJ (Mo, Houjun); Lin, WP (Lin,
Weipeng); Wang, Y (Wang, Yang); Li, SJ (Li, Shijie); Lu, Y (Lu,
Yi); Zhang, YC (Zhang, Youcai); Lim, SH (Lim, S. H.); Tweed, D
(Tweed, Dylan); Cui, WG (Cui, Weiguang)
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The intrinsic alignment of galaxies is an important systematic
effect in weak-lensing surveys, which can affect the derived
cosmological parameters. One direct way to distinguish
different alignment models and quantify their effects on the
measurement is to produce mock weak-lensing surveys. In
this work, we use the full-sky ray-tracing technique to
produce mock images of galaxies from the ELUCID N-body
simulation run with WMAP9 cosmology. In our model, we
assume that the shape of the central elliptical galaxy follows
that of the dark matter halo, and that of the spiral galaxy
follows the halo spin. Using the mock galaxy images, a
combination of galaxy intrinsic shape and the gravitational
shear, we compare the predicted tomographic shear
correlations to the results of the Kilo-Degree Survey (KiDS)
and Deep Lens Survey (DLS). We find that our predictions
stay between the KiDS and DLS results. We rule out a model
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in which the satellite galaxies are radially aligned with the
center galaxy; otherwise, the shear correlations on small
scales are too high. Most importantly, we find that although
the intrinsic alignment of spiral galaxies is very weak, they
induce a positive correlation between the gravitational
shear signal and the intrinsic galaxy orientation (Gl). This is
because the spiral galaxy is tangentially aligned with the
nearby large-scale overdensity, contrary to the radial
alignment of the elliptical galaxy. Our results explain the
origin of the detected positive Gl term in the weak-lensing
surveys. We conclude that in future analyses, the Gl model
must include the dependence on galaxy types in more detail.
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Statistical Test of Distance-Duality Relation with Type la
Supernovae and Baryon Acoustic Oscillations

Ma, C (Ma, Cong); Corasaniti, PS (Corasaniti, Pier-Stefano)
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We test the distance-duality relation eta equivalent to d(L)
[(1 + z)(2)d(A)] = 1 between cosmological luminosity
distance (d(L)) from the JLA SNe la compilation and
angular-diameter distance (d(A)) based on Baryon
Oscillation Spectroscopic Survey (BOSS) and WiggleZ baryon
acoustic oscillation measurements. The d(L) measurements
are matched to d(A) redshift by a statistically consistent
compression procedure. With Monte Carlo methods,
nontrivial and correlated distributions of. can be explored in
a straightforward manner without resorting to a particular
evolution template eta(z). Assuming independent
constraints on cosmological parameters that are necessary
to obtain d(L) and d(A) values, we find 9% constraints
consistent with eta = 1 from the analysis of SNla + BOSS and
an 18% bound results from SNla + WiggleZ. These results are
contrary to previous claims that eta < 1 has been found close
to or above the 1 sigma level. We discuss the effect of
different cosmological parameter inputs and the use of the
apparent deviation from distance-duality as a proxy of
systematic effects on cosmic distance measurements. The
results suggest possible systematic overestimation of SNla
luminosity distances compared with d(A) data when a Planck
Lambda CDM cosmological parameter inference is used to
enhance the precision. If interpreted as an extinction
correction due to a gray dust component, the effect is
broadly consistent with independent observational
constraints.
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ELUCID. IV. Galaxy Quenching and its Relation to Halo Mass,
Environment, and Assembly Bias

Wang, HY (Wang, Huiyuan); Mo, HJ (Mo, H. J.); Chen, SH
(Chen, Sihan); Yang, Y (Yang, Yang); Yang, XH (Yang, Xiaohu);
Wang, E (van den Bosch, Frank C.); van den Bosch, FC (Jing,
Yipeng); Jing, YP (Kang, Xi); Kang, X (Lin, Weipeng); Lin, WP
(Lim, S. H.); Lim, SH (Huang, Shuiyao); Huang, SY (Lu, Yi); Lu,
Y (Li, Shijie); Li, SJ (Cui, Weiguang); Cui, WG (Zhang, Youcai);
Zhang, YC (Tweed, Dylan); Tweed, D (Wei, Chengliang); Wei,
CL (Li, Guoliang); Li, GL (Shi, Feng); Shi, F (Wang, Enci)
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We examine the quenched fraction of central and satellite
galaxies as a function of galaxy stellar mass, halo mass, and
the matter density of their large-scale environment. Matter

densities are inferred from our ELUCID simulation, a
constrained simulation of the local universe sampled by
SDSS, while halo masses and central/satellite classification
are taken from the galaxy group catalog of Yang et al. The
quenched fraction for the total population increases
systematically with the three quantities. We find that
the"environmental quenching efficiency," which quantifies
the quenched fraction as a function of halo mass, is
independent of stellar mass. And this independence is the
origin of the stellar mass independence of density-based
qguenching efficiency found in previous studies. Considering
centrals and satellites separately, we find that the two
populations follow similar correlations of quenching
efficiency with halo mass and stellar mass, suggesting that
they have experienced similar quenching processes in their
host halo. We demonstrate that satellite quenching alone
cannot account for the environmental quenching efficiency
of the total galaxy population, and that the difference
between the two populations found previously arises mainly
from the fact that centrals and satellites of the same stellar
mass reside, on average, in halos of different mass. After
removing these effects of halo mass and stellar mass, there
remains a weak, but significant, residual dependence on
environmental density, which is eliminated when halo
assembly bias is taken into account. Our results therefore
indicate that halo mass is the prime environmental
parameter that regulates the quenching of both centrals and
satellites.
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The BOSS Emission-line Lens Survey. V. Morphology and
Substructure of Lensed Ly alpha Emitters at Redshift Z
approximate to 2.5 in the BELLS GALLERY

Cornachione, MA (Cornachione, Matthew A.); Bolton, AS
(Bolton, Adam S.); Shu, YP (Shu, Yiping); Zheng, Z (Zheng,
Zheng); Montero-Dorta, AD (Montero-Dorta, Antonio D.);
Brownstein, JR (Brownstein, Joel R.); Oguri, M (Oguri,
Masamune); Kochanek, CS (Kochanek, Christopher S.); Mao,
SD (Mao, Shude); Perez-Fournon, | (Perez-Fournon, Ismael);
Marques-Chaves, R (Marques-Chaves, Rui); Menard, B
(Menard, Brice)
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We present a morphological study of the 17 lensed Ly alpha
emitter (LAE) galaxies of the Baryon Oscillation
Spectroscopic Survey Emission-Line Lens Survey (BELLS) for
the GALaxy-Ly alpha EmitteR sYstems (BELLS GALLERY)
sample. This analysis combines the magnification effect of
strong galaxy-galaxy lensing with the high resolution of the
Hubble Space Telescope to achieve a physical resolution of
similar to 80 pc for this 2 < z < 3 LAE sample, allowing a
detailed characterization of the LAE rest-frame ultraviolet
continuum surface brightness profiles and substructure. We
use lens-model reconstructions of the LAEs to identify and
model individual clumps, which we subsequently use to
constrain the parameters of a generative statistical model of
the LAE population. Since the BELLS GALLERY sample is
selected primarily on the basis of Ly alpha emission, the LAEs
that we study here are likely to be directly comparable to
those selected in wide-field, narrowband LAE surveys, in
contrast with the lensed LAEs identified in cluster-lensing
fields. We find an LAE clumpiness fraction of approximately
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88%, which is significantly higher than that found in previous
(non-lensing) studies. We find a well-resolved characteristic
clump half-light radii of similar to 350 pc, a scale comparable
to the largest H Il regions seen in the local universe. This
statistical characterization of LAE surface-brightness profiles
will be incorporated into future lensing analyses using the
BELLS GALLERY sample to constrain the incidence of
dark-matter substructure in the foreground lensing galaxies.

e
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The Strong Gravitationally Lensed Herschel Galaxy HLock01:

Optical Spectroscopy Reveals a Close Galaxy Merger with
Evidence of Inflowing Gas
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Hooshang); Oliver, S (Oliver, Seb); Omont, A (Omont, Alain);
Scott, D (Scott, Douglas); Shu, YP (Shu, Yiping); Wardlow, J
(Wardlow, Julie)
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The submillimeter galaxy (SMG) HERMES J105751.1+ 573027
(hereafter HLock01) at z = 2.9574 +/- 0.0001 is one of the
brightest gravitationally lensed sources discovered in the
Herschel Multi-tiered Extragalactic Survey. Apart from the
high flux densities in the far-infrared, it is also extremely
bright in the rest-frame ultraviolet (UV), with a total
apparent magnitude m(UV) similar or equal to 19.7 mag. We
report here deep spectroscopic observations with the Gran
Telescopio Canarias of the optically bright lensed images of
HLockO1. Our results suggest that HLockOl is a merger
system composed of the Herschel-selected SMG and an
optically bright Lyman break-like galaxy (LBG), separated by
only 3.3 kpc in projection. While the SMG appears very
massive. (M-* similar or equal to 5 x 10(11) M-circle dot),
with a highly extinguished stellar component (A(V) similar or
equal to 4.3), the LBG is a young, lower-mass (M-* similar or
equal to 1 x 10(10) M-circle dot), but still luminous (10 x
L-UV*) satellite galaxy. Detailed analysis of the high
signal-to-noise ratio (S/N) rest-frame UV spectrum of the
LBG shows complex kinematics of the gas, exhibiting both
blueshifted and redshifted absorption components. While
the blueshifted component is associated with strong galactic
outflows from the massive stars in the LBG, as is common in
most star-forming galaxies, the redshifted component may
be associated with gas inflow seen along a favorable
sightline to the LBG. We also find evidence of an extended
gas reservoir around HLock01 at an impact parameter of 110
kpc, through the detection of C Il lambda lambda 1334
absorption in the red wing of a bright Ly alpha emitter at z
similar or equal to 3.327. The data presented here highlight
the power of gravitational lensing in high S/N studies to
probe deeply into the physics of high-z star-forming galaxies.
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A Survey of Atomic Carbon [C i] in High-redshift
Main-sequence Galaxies

Valentino, Francesco, Magdis, Georgios E., Daddi, Emanuele
10.3847/1538-4357/aaeb88

The Astrophysical Journal

We present the first results of an ALMA survey of the lower
fine structure line of atomic carbon [C
11$(*3P_1\,-\,M3}P_0)$ in far infrared-selected galaxies on
the main sequence at $z\sim1.2$ in the COSMOS field. We
compare our sample with a comprehensive compilation of
data available in the literature for local and high-redshift
starbursting systems and quasars. We show that the [C
1]($73P_1$S\rightarrow$$”3P_0$) luminosity correlates on
global scales with the infrared luminosity SL {\rm
IR}S similarly to low-$JS CO transitions. We report a
systematic  variation of SL' {\rm [C\,1]"3P_1\,-\,
A3P_0}S/SL_{\rm IR}S as a function of the galaxy type, with
the ratio being larger for main-sequence galaxies than for
starbursts and sub-millimeter galaxies at fixed SL_{\rm IR}S.
The SL'_{\rm [C\LI173P_1\-\, A3P_0}$/SL'_{\rm
CO(2-1)}$ and SM_{\rm{[C 11}}$/SM_{\rm dust}$ mass ratios
are similar for main-sequence galaxies and for local and
high-redshift starbursts within a 0.2 dex intrinsic scatter,
suggesting that [C I] is a good tracer of molecular gas mass
as CO and dust.
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Herschel Spectroscopy of the Taffy Galaxies (UGC
12914/12915=VV 254): Enhanced [C Il] Emission in the
Collisionally Formed Bridge

Peterson, BW (Peterson, B. W.); Appleton, PN (Appleton, P.
N.); Bitsakis, T (Bitsakis, T.); Guillard, P (Guillard, P.); Alatalo,
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Gallagher, S (Gallagher, S.); Gao, Y (Gao, Y.); Helou, G (Helou,
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(Lisenfeld, U.); Lu, N (Lu, N.); Ogle, P (Ogle, P.); des Forets, GP
(des Forets, G. Pineau); van der Werf, P (van der Werf, P.); Xu,
CK (Xu, C. K.)
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Using the PACS and SPIRE spectrometers on board Herschel,
we obtained observations of the Taffy galaxies (UGC
12914/12915) and bridge. The Taffy system is believed to be
the result of a face-on collision between two gas-rich
galaxies, in which the stellar disks passed through each other,
but the gas was dispersed into a massive H | and molecular
bridge between them. Emission is detected and mapped in
both galaxies and the bridge in the [C Il] 157.7 mu m and [O
1163.2 mu m fine-structure lines. Additionally, SPIRE FTS
spectroscopy detects the [C 1] P-3(2) -> P-3(1)(809.3 GHz)
and [C 1] P-3(1) -> P-3(0)(492.2 GHz) neutral carbon lines,
and weakly detects high-J CO transitions in the bridge. These
results indicate that the bridge is composed of a warm
multi-phase medium consistent with shock and turbulent
heating. Despite low star formation rates in the bridge, the
[C 1] emission appears to be enhanced, reaching [C Il]/FIR
ratios of 3.3% in parts of the bridge. Both the [C II] and [O I]
lines show broad intrinsic multi-component profiles, similar
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to those seen in previous CO (1-0) and H | observations. The
[C 1] emission shares similar line profiles with both the
double-peaked H | profiles and shares a high-velocity
component with single-peaked CO profiles in the bridge,
suggesting that the [C II] emission originates in both the
neutral and molecular phases. We show that it is feasible
that a combination of turbulently heated H-2 and high
column-density H |, resulting from the galaxy collision, is
responsible for the enhanced [C 1] emission.

e

% 134 %, 3L 248 %

CO (7-6), [C1] 370 mu m, and [N II] 205 mu m Line Emission
of the QSO BRI1335-0417 at Redshift 4.407

Lu, NY (Lu, Nanyao); Cao, TW (Cao, Tianwen); Diaz-Santos, T
(Diaz-Santos, Tanio); Zhao, YH (Zhao, Yinghe); Privon, GC
(Privon, George C.); Cheng, C (Cheng, Cheng); Gao, Y (Gao,
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(Sanders, David B.)
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We present the results from our Atacama Large
Millimeter/submillimeter Array (ALMA) imaging observations
of the CO(7-6), [C 1] 370 mu m (hereafter [C I]), and [N 1l] 205
mu m (hereafter [N I1]) lines and their underlying continuum
emission of BRI 1335-0417, an infrared bright quasar at z =
4.407. At the achieved resolutions of similar to 1." 1 to 1." 2
(or 7.5-8.2 kpc), the continuum at 205 and 372 mu m (rest
frame), the CO(7-6), and the [C I] emissions are at best
barely resolved whereas the [N II] emission is well resolved
with a beam-deconvolved major axis of 1." 3 (+/- 0." 3) or
9(+/- 2) kpc. As a warm dense gas tracer, the CO(7-6)
emission shows a more compact spatial distribution and a
significantly higher peak velocity dispersion than the other
two lines that probe lower density gas, a picture favoring a
merger-triggered star formation (SF) scenario over an
orderly rotating SF disk. The CO(7 -6) data also indicate a
possible QSO-driven gas outflow that reaches a maximum
line-of-sight velocity of 500-600 km s(-1). The far-infrared
(FIR) dust temperature (T-dust) of 41.5 K from a graybody fit
to the continuum agrees well with the average T-dust
inferred from various line luminosity ratios. The resulting
LCO(7-6)/L-FIR luminosity ratio is consistent with that of
local luminous infrared galaxies powered predominantly by
SF. The LCO(7-6)-inferred SF rate is 5.1(+/- 1.5) x 10(3)
M-circle dot yr(-1). The system has an effective star-forming
region of 1.7(-0.8)(+1.7) kpc in diameter and a molecular gas
reservoir of similar to 5 x 10(11) M-circle dot.

P
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The MALATANG Survey: The L-GAS-L-IR Correlation on
Sub-kiloparsec Scale in Six Nearby Star-forming Galaxies as
Traced by HCN J=4 -> 3 and HCO+ J=4 ->3
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We present HCN J = 4 -> 3 and HCO+ J = 4 -> 3 maps of six
nearby star-forming galaxies, NGC 253, NGC 1068, IC 342,
M82, M83, and NGC 6946, obtained with the James Clerk
Maxwell Telescope as part of the MALATANG survey. All
galaxies were mapped in the central 2' x 2' region at 14 "
(FWHM) resolution (corresponding to linear scales of similar
to 0.2-1.0 kpc). The L-IR-L'(dense) relation, where the dense
gas is traced by the HCN J =4 -> 3 and the HCO+J =4 -> 3
emission, measured in our sample of spatially resolved
galaxies is found to follow the linear correlation established
globally in galaxies within the scatter. We find that the
luminosity ratio, L-IR/L'(dense), shows systematic variations
with L-IR within individual spatially resolved galaxies,
whereas the galaxy-integrated ratios vary little. A rising trend
is also found between L-IR/L'(dense) ratio and the
warm-dust temperature gauged by the 70 mu m/100 mu m
flux ratio. We find that the luminosity ratios of IR/HCN (4-3)
and IR/HCO+ (4-3), which can be taken as a proxy for the star
formation efficiency (SFE) in the dense molecular gas
(SFEdense), appear to be nearly independent of the dense
gas fraction (f(dense)) for our sample of galaxies. The SFE of
the total molecular gas (SFEmol) is found to increase
substantially with f(dense) when combining our data with
those on local (ultra) luminous infrared galaxies and high-z
quasars. The mean L'(HCN(4-3))/L'(HCO+(4-3)) line ratio
measured for the six targeted galaxies is 0.9 +/- 0.6. No
significant correlation is found for the L'(HCN(4-3))
L'(HCO+(4-3)) ratio with the star formation rate as traced by
L-IR, nor with the warm-dust temperature, for the different
populations of galaxies.
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Far-infrared Herschel SPIRE spectroscopy of lensed
starbursts reveals physical conditions of ionized gas

Zhang, ZY (Zhang, Zhi-Yu); Ivison, RJ (lvison, R. J.); George,
RD (George, R. D.); Zhao, YH (Zhao, Yinghe); Dunne, L (Dunne,
L.); Herrera-Camus, R (Herrera-Camus, R.); Lewis, AJR (Lewis,
A. J. R.); Liu, DZ (Liu, Daizhong); Naylor, D (Naylor, D.); Oteo, |
(Oteo, Ivan); Riechers, DA (Riechers, D. A.); Smail, | (Smail,
lan); Yang, CT (Yang, Chentao); Eales, S (Eales, Stephen);
Hopwood, R (Hopwood, Ros); Maddox, S (Maddox, Steve);
Omont, A (Omont, Alain); van der Werf, P (van der Werf,
Paul)

MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
2481 #: 1 71: 59-97

The most intensively star-forming galaxies are extremely
luminous at far-infrared ( FIR) wavelengths, highly obscured
at optical and ultraviolet wavelengths, and lie at z >= 1-3. We
present a programme of FIR spectroscopic observations with
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the SPIRE FTS, as well as photometric observations with
PACS, both on board Herschel, towards a sample of 45
gravitationally lensed, dusty starbursts across z similar to
1-3.6. In total, we detected 27 individual lines down to 3
sigma, including nine [C 1I]] 158 mu m lines with confirmed
spectroscopic redshifts, five possible [C 1] lines consistent
with their FIR photometric redshifts, and in some individual
sources a few [O11I]] 88 mu m, [O 111]] 52 mu m, [O 1] 145 mu m,
[O1] 63 mum, [N I] 122 mu m and OH 119 mu m ( in
absorption) lines. To derive the typical physical properties of
the gas in the sample, we stack all spectra weighted by their
intrinsic luminosity and by their 500 mu m flux densities,
with the spectra scaled to a common redshift. In the stacked
spectra, we detect emission lines of [CIl] 158 mu m, [N 1]
122 mum, [O 1l 8 mum, [Ol]] 52 mum, [O1] 63 mum
and the absorption doublet of OH at 119 mu m, at high
fidelity. We find that the average electron densities traced by
the [NII] and [O 1lI] lines are higher than the average values
in local star-forming galaxies and ULIRGs, using the same
tracers. From the [NII]/[C lI] and [O 11/[C 1] ratios, we find
that the [Cll] emission is likely dominated by the
photodominated regions (PDR), instead of by ionized gas or
large-scale shocks.
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Super-deblended Dust Emission in Galaxies. I. The
GOODS-North Catalog and the Cosmic Star Formation Rate
Density out to Redshift 6

Liu, Daizhong, Daddi, Emanuele, Dickinson, Mark

The Astrophysical Journal 853(2)

We present a new technique to measure multi-wavelength
"Super-deblended" photometry from highly confused
images, which we apply to Herschel and ground-based
far-infrared (FIR) and (sub-)millimeter (mm) data in the
northern field of the Great Observatories Origins Deep
Survey (GOODS). There are two key novelties. First, starting
with a large database of deep Spitzer 24{\mu}m and VLA
20cm detections that are used to define prior positions for
fitting the FIR/submm data, we perform an active selection
of useful priors independently at each frequency band,
moving from less to more confused bands. Exploiting
knowledge of redshift and all available photometry, we
identify hopelessly faint priors that we remove from the
fitting pool. This approach significantly reduces blending
degeneracies and allows reliable photometry to be obtained
for galaxies in FIR+mm bands. Second, we obtain
well-behaved, nearly Gaussian flux density uncertainties,
individually tailored to all fitted priors in each band. This is
done by exploiting extensive simulations that allow us to
calibrate.
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Super-deblended Dust Emission in Galaxies. Il. Far-IR to

(Sub)millimeter Photometry and High-redshift Galaxy
Candidates in the Full COSMOS Field

Jin Shuowen, Daddi Emanuele, Liu Daizhong

The Astrophysical Journal

We present a ‘"super-deblended" far-infrared to
(sub)millimeter photometric catalog in the Cosmic Evolution
Survey (COSMOS), prepared with the method recently
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developed by Liu et al. 2018, with key adaptations. We
obtain point spread function (PSF) fitting photometry at
fixed prior positions including 88,008 galaxies detected in
either VLA 1.4~GHz, 3~GHz and/or MIPS 24~Su$m images.
By adding a specifically carved mass-selected sample (with
an evolving stellar mass limit), a highly complete prior
sample of 194,428 galaxies is achieved for deblending
FIR/(sub)mm images. We performed “active' removal of non
relevant priors at FIR/(sub)mm bands using spectral energy
distribution (SED) fitting and redshift information. In order to
cope with the shallower COSMOS data we subtract from the
maps the flux of faint non-fitted priors and explicitly account
for the uncertainty of this step. The resulting photometry
(including data from Spitzer, Herschel, SCUBA2, AZzTEC,
MAMBO and NSF's Karl G. Jansky Very Large Array at 3~GHz
and 1.4~GHz) displays well behaved.
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The Effect of Galaxy Interactions on Molecular Gas
Properties
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Galaxy interactions are often accompanied by an enhanced
star formation rate (SFR). Since molecular gas is essential for
star formation, it is vital to establish whether and by how
much galaxy interactions affect the molecular gas properties.
We investigate the effect of interactions on global molecular
gas properties by studying a sample of 58 galaxies in pairs
and 154 control galaxies. Molecular gas properties are
determined from observations with the JCMT, PMO, and CSO
telescopes and supplemented with data from the xCOLD
GASS and JINGLE surveys at<SUP> 12</SUP>CO(1-0) and
<SUP>12</SUP>CO(2-1). The SFR, gas mass
(M<INF>H2</INF>), and gas fraction (f<INF>gas</INF>) are
all enhanced in galaxies in pairs by similar to 2.5 times
compared to the controls matched in redshift, mass, and
effective radius, while the enhancement of star formation
efficiency (SFE equivalent to SFR/M<INF>H2</INF>) is less
than a factor of 2. We also find that the enhancements in
SFR, MK<INF>H<INF>2</INF></INF> and f<INF>gas</INF>,
increase with decreasing pair separation and are larger in
systems with smaller stellar mass ratio. Conversely, the SFE is
only enhanced in close pairs (separation <20 kpc) and
equal-mass systems; therefore, most galaxies in pairs lie in
the same parameter space on the
SFR-M<INF>H</INF><INF>2</INF> plane as controls. This is
the first time that the dependence of molecular gas
properties on merger configurations is probed statistically
with a relatively large sample and a carefully selected control
sample for individual galaxies. We conclude that galaxy
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interactions do modify the molecular gas properties,
although the strength of the effect is dependent on merger
configuration.
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The Herschel Bright Sources (HerBS): sample definition and
SCUBA-2 observations
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We present the Herschel Bright Sources (HerBS) sample, a
sample of bright, high-redshift Herschel sources detected in
the 616.4 deg(2) Herschel Astrophysical Terahertz Large Area
Survey. The HerBS sample contains 209 galaxies, selected
with a 500 mu m flux density greater than 80 mly and an
estimated redshift greater than 2. The sample consists of a
combination of hyperluminous infrared galaxies and lensed
ultraluminous infrared galaxies during the epoch of peak
cosmic star formation. In this paper, we present
Submillimetre CommonUser Bolometer Array 2 (SCUBA-2)
observations at 850 mu m of 189 galaxies of the HerBS
sample, 152 of these sources were detected. We fit a
spectral template to the HerschelSpectral and Photometric
Imaging Receiver (SPIRE) and 850 mu m SCUBA-2 flux
densities of 22 sources with spectroscopically determined
redshifts, using a two- component modified blackbody
spectrum as a template. We find a cold- and hot- dust
temperature of 21.29(-1.66)(+1.35) and 45.80(-3.48)(+2.88)
K, a cold-to-hot dust mass ratio of 26.62(-6.74)(+5.61) and a
beta of 1.83(-0.28)(+0.14) . The poor quality of the fit
suggests that the sample of galaxies is too diverse to be
explained by our simple model. Comparison of our sample to
a galaxy evolution model indicates that the fraction of lenses
are high. Out of the 152 SCUBA-2 detected galaxies, the
model predicts 128.4 +/- 2.1 of those galaxies to be lensed
(84.5 per cent). The SPIRE 500 mu m flux suggests that out of
all 209 HerBS sources, we expect 158.1 +/- 1.7 lensed
sources, giving a total lensing fraction of 76 per cent.
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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
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In this work, we present new the Swedish-ESO PI receiver for
the Atacama Pathfinder Experiment APEX/SEPIA Band-5
observations targeting the CO (J = 2-1) emission line of 24

Herschel-detected galaxies at z = 0.1-0.2. Combining this
sample with our recent new Valparafso ALMA Line Emission
Survey (VALES), we investigate the star formation efficiencies
[SFEs = star formation rate (SFR)/M-H2] of galaxies at low
redshift. We find the SFE of our sample bridges the gap
between normal star-forming galaxies and Ultra-Luminous
Infrared Galaxies (ULIRGs), which are thought to be triggered
by different star formation modes. Considering the SFE' as
the SFR and the L'(CO) ratio, our data show a continuous and
smooth increment as a function of infrared luminosity (or
star formation rate) with a scatter about 0.5 dex, instead of a
steep jump with a bimodal behaviour. This result is due to
the use of a sample with a much larger range of
sSFR/sSFR(ms) using LIRGs, with luminosities covering the
range between normal and ULIRGs. We conclude that the
main parameters controlling the scatter of the SFE in
star-forming galaxies are the systematic uncertainty of the
alpha(CO) conversion factor, the gas fraction, and physical
size.

142 %, L 248 %

JINGLE, a JCMT legacy survey of dust and gas for galaxy
evolution studies - I. Survey overview and first results
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JINGLE is a new JCMT legacy survey designed to
systematically study the cold interstellar medium of galaxies
in the local Universe. As part of the survey we perform 850
mu m continuum measurements with SCUBA-2 for a
representative sample of 193 Herschel-selected galaxies
withM(*) > 10(9) M-circle dot, as well as integrated CO(2-1)
line fluxes with RxA3m for a subset of 90 of these galaxies.
The sample is selected from fields covered by the
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Herschel-ATLAS survey that are also targeted by the MaNGA
optical integral-field spectroscopic survey. The new JCMT
observations combined with the multiwavelength ancillary
data will allow for the robust characterization of the
properties of dust in the nearby Universe, and the
benchmarking of scaling relations between dust, gas, and
global galaxy properties. In this paper we give an overview of
the survey objectives and details about the sample selection
and JCMT observations, present a consistent 30-band
UV-to-FIR photometric catalogue with derived properties,
and introduce the JINGLE Main Data Release. Science
highlights include the non-linearity of the relation between
850 mu m luminosity and CO line luminosity (log LCO(2-1) =
1.372 loglL(850)-1.376), and the serendipitous discovery of
candidate z > 6 galaxies.

! Molecular Clouds and Star Formation
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The Serpens filament at the onset of slightly supercritical
collapse
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The Serpens filament, as one of the nearest infrared dark
clouds, is regarded as a pristine filament at a very early
evolutionary stage of star formation. In order to study its
molecular content and dynamical state, we mapped this
filament in seven species: (CO)-O-18, HCO+, HNC, HCN,
N2H+, CS, and CH30H. Among them, HCO+, HNC, HCN, and
CS show self-absorption, while (CO)-0-18 is most sensitive to
the filamentary structure. A kinematic analysis demonstrates
that this filament forms a velocity-coherent (trans) sonic
structure, a large part of which is one of the most quiescent
regions in the Serpens cloud. Widespread (CO)-O-18
depletion is found throughout the Serpens filament. Based
on the Herschel dust-derived H-2 column density map, the
line mass of the filament is 36-41 M-circle dot pc(-1), and its
full width at half maximum is 0.17 +/- 0.01 pc, while its
length is approximate to 1.6 pc. The inner radial column
density profile of this filament can be well fitted with a
Plummer profile with an exponent of 2.2 +/- 0.1, a scale
radius of 0.018 +/- 0.003 pc, and a central density of (4.0 +/-
0.8) x 10(4) cm(-3). The Serpens filament appears to be
slightly supercritical. The widespread blue-skewed HNC and
CS line profiles and HCN hyperfine line anomalies across this
filament indicate radial infall in parts of the Serpens filament.
(CO)-0-18 velocity gradients also indicate accretion flows
along the filament. The velocity and density structures
suggest that such accretion flows are likely due to a
longitudinal collapse parallel to the filament's long axis. Both
the radial infall rate (similar to 72 M-circle dot Myr(-1),
inferred from HNC and CS blue-skewed profiles) and the
longitudinal accretion rate (similar to 10 M-circle dot Myr(-1),
inferred from (CO)-O-18 velocity gradients) along the
Serpens filament are lower than all previously reported
values in other filaments. This indicates that the Serpens
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filament lies at an early evolutionary stage when collapse
has just begun, or that thermal and nonthermal support are
effective in providing support against gravity.

% 144 %, 3L 248 %

Magnetic Fields toward Ophiuchus-B Derived from
SCUBA-2 Polarization Measurements

Soam, A (Soam, Archana); Pattle, K (Pattle, Kate);
Ward-Thompson, D (Ward-Thompson, Derek); Lee, CW (Lee,
Chang Won); Sadavoy, S (Sadavoy, Sarah); Koch, PM (Koch,
Patrick M.); Kim, G (Kim, Gwanjeong); Kwon, J (Kwon,
Jungmi); Kwon, W (Kwon, Woojin); Arzoumanian, D
(Arzoumanian, Doris); Berry, D (Berry, David); Hoang, T
(Hoang, Thiem); Tamura, M (Tamura, Motohide); Lee, SS (Lee,
Sang-Sung); Liu, T (Liu, Tie); Kim, KT (Kim, Kee-Tae);
Johnstone, D (Johnstone, Doug); Nakamura, F (Nakamura,
Fumitaka); Lyo, AR (Lyo, A-Ran); Onaka, T (Onaka, Takashi);
Kim, J (Kim, Jongsoo); Furuya, RS (Furuya, Ray S.); Hasegawa,
T (Hasegawa, Tetsuo); Lai, SP (Lai, Shih-Ping); Bastien, P
(Bastien, Pierre); Chung, EJ (Chung, Eun Jung); Kim, S (Kim,
Shinyoung); Parsons, H (Parsons, Harriet); Rawlings, MG
(Rawlings, Mark G.); Mairs, S (Mairs, Steve); Graves, SF
(Graves, Sarah F.); Robitaille, JF (Robitaille, Jean-Franois); Liu,
HL (Liu, Hong-Li); Whitworth, AP (Whitworth, Anthony P.);
Eswaraiah, C (Eswaraiah, Chakali); Rao, R (Rao, Ramprasad);
Yoo, H (Yoo, Hyunju); Houde, M (Houde, Martin); Kang, JH
(Kang, Ji-hyun); Doi, Y (Doi, Yasuo); Choi, M (Choi, Minho);
Kang, M (Kang, Miju); Coude, S (Coude, Simon); Li, HB (Li,
Hua-bai); Matsumura, M (Matsumura, Masafumi); Matthews,
BC (Matthews, Brenda C.); Pon, A (Pon, Andy); Di Francesco,
J (Di Francesco, James); Hayashi, SS (Hayashi, Saeko S.);
Kawabata, KS (Kawabata, Koji S.); Inutsuka, SI (Inutsuka,
Shu-ichiro); Qiu, K (Qiu, Keping); Franzmann, E (Franzmann,
Erica); Friberg, P (Friberg, Per); Greaves, JS (Greaves, Jane S.);
Kirk, JM (Kirk, Jason M.); Li, D (Li, Di); Shinnaga, H (Shinnaga,
Hiroko); van Loo, S (van Loo, Sven); Aso, Y (Aso, Yusuke);
Byun, DY (Byun, Do-Young); 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); Drabek-Maunder,
E (Drabek-Maunder, Emily); Eyres, SPS (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); Hatchell, J (Hatchell, Jennifer);
Holland, W (Holland, Wayne); Inoue, T (Inoue, Tsuyoshi);
Iwasaki, K (lwasaki, Kazunari); Jeong, IG (Jeong, 1I-Gyo); Kang,
SJ (Kang, Sung-ju); Kemper, F (Kemper, Francisca); Kim, KH
(Kim, Kyoung Hee); Kim, MR (Kim, Mi-Ryang); Lacaille, KM
(Lacaille, Kevin M.); Lee, JE (Lee, Jeong-Eun); Li, DL (Li, Dalei);
Liu, JH (Liu, Junhao); Liu, SY (Liu, Sheng-Yuan);
Moriarty-Schieven, GH (Moriarty-Schieven, Gerald H.);
Nakanishi, H (Nakanishi, Hiroyuki); Ohashi, N (Ohashi,
Nagayoshi); 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); Savini, G
(Savini, Giorgio); Scaife, AMM (Scaife, Anna M. M.); Tang, YW
(Tang, Ya-Wen); Tomisaka, K (Tomisaka, Kohji); Wang, HC
(Wang, Hongchi); Wang, JW (Wang, Jia-Wei); Yen, HW (Yen,
Hsi-Wei); Yuan, JH (Yuan, lJinghua); Zhang, CP (Zhang,
Chuan-Peng); Zhang, GY (Zhang, Guoyin); Zhou, JJ (Zhou,
Jianjun); Zhu, L (Zhu, Lei); Andre, P (Andre, Philippe); Dowell,
D (Dowell, Darren); Falle, S (Falle, Sam); Tsukamoto, Y
(Tsukamoto, Yusuke); Kanamori, Y (Kanamori, Yoshihiro);
Kataoka, A (Kataoka, Akimasa); Kobayashi, MIN (Kobayashi,
Masato I. N.); Nagata, T (Nagata, Tetsuya); Saito, H (Saito,



Annual Report’2017—-Abstract List of Publications in 2018

Hiro); Seta, M (Seta, Masumichi); Hwang, J (Hwang, lJihye);
Han, I (Han, llseung); Lee, H (Lee, Hyeseung); Zenko, T (Zenko,
Tetsuya)

ASTROPHYSICAL JOURNAL

%: 861 #: 1 Wk 5 65

We present the results of dust emission polarization
measurements of Ophiuchus-B (Oph-B) carried out using the
Submillimetre Common-User Bolometer Array 2 (SCUBA-2)
camera with its associated polarimeter (POL-2) on the James
Clerk Maxwell Telescope in Hawaii. This work is part of the
B-fields in Star-forming Region Observations survey initiated
to understand the role of magnetic fields in star formation
for nearby star-forming molecular clouds. We present a first
look at the geometry and strength of magnetic fields in
Oph-B. The field geometry is traced over similar to 0.2 pc,
with clear detection of both of the sub-clumps of Oph-B. The
field pattern appears significantly disordered in sub-clump
Oph-B1. The field geometry in Oph-B2 is more ordered, with
a tendency to be along the major axis of the clump, parallel
to the filamentary structure within which it lies. The degree
of polarization decreases systematically toward the dense
core material in the two sub-clumps. The field lines in the
lower density material along the periphery are smoothly
joined to the large-scale magnetic fields probed by NIR
polarization observations. We estimated a magnetic field
strength of 630 +/- 410 mu G in the Oph-B2 sub-clump using
a Davis-Chandrasekhar-Fermi analysis. With this magnetic
field strength, we find a mass-to-flux ratio lambda = 1.6 +/-
1.1, which suggests that the Oph-B2 clump is slightly
magnetically supercritical.
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Molecular line emission in NGC 4945, imaged with ALMA
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NGC 4945 is one of the nearest (D approximate to 3.8 Mpc;
1" approximate to 19 pc) starburst galaxies. To investigate
the structure, dynamics, and composition of the dense
nuclear gas of this galaxy, ALMA band 3 (lambda
approximate to 3-4mm) observations were carried out with
approximate to 2" resolution. Three HCN and two HCO+
isotopologues, CS, C3H2, SiO, HCO, and CH3C2H were
measured. Spectral line imaging demonstrates the presence
of a rotating nuclear disk of projected size 10" x 2" reaching
out to a galactocentric radius of r 100 pc with position angle
PA = 45 degrees +/- 2 degrees, inclination i = 75 degrees +/-
2 degrees and an unresolved bright central core of less than
or similar to 2" size The continuum source, representing
mostly free free radiation from star forming regions, is more
compact than the nuclear disk by a linear factor of two but

shows the same position angle and is centered 0".39 +/-
0".14 northeast of the nuclear accretion disk defined by H20
maser emission. Near the systemic velocity but outside the
nuclear disk, both HCN J =1 -> 0 and CS J = 2 -> 1 delineate
molecular arms of length greater than or similar to 15"
(greater than or similar to 285 pc) on opposite sides of the
dynamical center. These are connected by a (deprojected)
approximate to 0.6 kpc sized molecular bridge, likely a dense
gaseous bar seen almost ends -on, shifting gas from the
front and back side into the nuclear disk. Modeling this
nuclear disk located farther inside (r less than or similar to
100 pc) with tilted rings provides a good fit by inferring a
coplanar outflow reaching a characteristic deprojected
velocity of approximate to 50 km s(-1). All our molecular
lines, with the notable exception of CH3C2H, show
significant  absorption near the systemic velocity
(approximate to 571 km s(-1)), within the range approximate
to 500-660 km s(-1). Apparently, only molecular transitions
with low critical H-2 density (n(crit) less than or similar to
10(4) cm(-3)) do not show absorption. The velocity field of
the nuclear disk, derived from CH3C2H, provides evidence
for rigid rotation in the inner few arcseconds and a
dynamical mass of M-tot = (2.1 +/- 0.2) x 10(8) M-circle dot
inside a galactocentric radius of 2".45 (approximate to 45 pc),
with a significantly flattened rotation curve farther out.
Velocity integrated line intensity maps with most
pronounced absorption show molecular peak positions up to
approximate to 1".5 (approximate to 30 pc) southwest of the
continuum peak, presumably due to absorption, which
appears to be most severe slightly northeast of the nuclear
maser disk. A nitrogen isotope ratio of N-14/N-15
approximate to 200-450 is estimated. This range of values is
much higher then previously reported on a tentative basis.
Therefore, because N-15 is less abundant than expected, the
question for strong N-15 enrichment by massive star ejecta
in starbursts still remains to be settled.
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ALMA 26 Arcmin(2) Survey of GOODS-S at One Millimeter
(ASAGAO): Average Morphology of High-z Dusty
Star-forming Galaxies in an Exponential Disk (n similar or
equal to 1)
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We present morphological properties of dusty star-forming
galaxies at z = 1-3 determined with the high-resolution
(FWHM  similar to  0." 19)  Atacama Large
Milllimeter/submillimeter Array (ALMA) 1 mm map of our
ASAGAO survey covering a 26 arcmin(2) area in GOODS-S. In
conjunction with the ALMA archival data, our sample
consists of 45 ALMA sources with infrared luminosity (L-IR)
range of similar to 10(11) - 10(13) L circle dot. To obtain an
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average rest-frame far-infrared (FIR) profile, we perform
individual measurements and careful stacking of the ALMA
sources using the uv-visibility method that includes
positional-uncertainty and smoothing-effect evaluations
through Monte Carlo simulations. We find that our sample
has an average FIR-wavelength Sersic index and effective
radius of n(FIR) = 1.2 +/- 0.2 and R-e,R- FIR = 1.0-1.3 kpc,
respectively, additionally with a point-source component at
the center, indicative of the existence of active galactic
nuclei. The average FIR profile agrees with a morphology of
an exponential disk clearly distinguished from a de
Vaucouleurs spheroidal profile (Sersic index of 4). We also
examine the rest-frame optical Sersic index n(opt) and
effective radius R-e,R-opt with deep Hubble Space Telescope
(HST) images. Interestingly, we obtain n(opt) = 0.9 +/- 0.3
(similar or equal to n(FIR)) and R-e,R-opt = 3.2 +/- 0.6 kpc (>
R-e,R-FIR), suggesting that the dusty disk-like structure is
embedded within a larger stellar disk. The rest-frame UV and
FIR data of HST and ALMA provide us with a radial profile of
the total star formation rate (SFR), where the infrared SFR
dominates over the UV SFR at the center. Under the
assumption of a constant SFR, a compact stellar distribution
in z similar to 1-2 compact quiescent galaxies (cQGs) is well
reproduced, while a spheroidal stellar morphology of cQGs
(n(opt) = 4) is not, suggestive of other important
mechanism(s) such as dynamical dissipation.
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Kinetic temperature of massive star-forming molecular
clumps measured with formaldehyde Ill. The Orion
molecular cloud 1
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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
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
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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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A First Look at BISTRO Observations of the rho Oph-A core

Kwon, J (Kwon, Jungmi); Doi, Y (Doi, Yasuo); Tamura, M
(Tamura, Motohide); Matsumura, M (Matsumura, Masafumi);
Pattle, K (Pattle, Kate); Berry, D (Berry, David); Sadavoy, S
(Sadavoy, Sarah); Matthews, BC (Matthews, Brenda C.);
Ward-Thompson, D (Ward-Thompson, Derek); Hasegawa, T
(Hasegawa, Tetsuo); Furuya, RS (Furuya, Ray S.); Pon, A (Pon,
Andy); Di Francesco, J (Di Francesco, James); Arzoumanian, D
(Arzoumanian, Doris); Hayashi, SS (Hayashi, Saeko S.);
Kawabata, KS (Kawabata, Koji S.); Onaka, T (Onaka, Takashi);
Choi, M (Choi, Minho); Kang, M (Kang, Miju); Hoang, T
(Hoang, Thiem); Lee, CW (Lee, Chang Won); Lee, SS (Lee,
Sang-Sung); Liu, HL (Liu, Hong-Li); Liu, T (Liu, Tie); Inutsuka, S
(Inutsuka, Shu-ichiro); Eswaraiah, C (Eswaraiah, Chakali);
Bastien, P (Bastien, Pierre); Kwon, W (Kwon, Woojin); Lai, SP
(Lai, Shih-Ping); Qiu, KP (Qiu, Keping); Coude, S (Coude,
Simon); Franzmann, E (Franzmann, Erica); Friberg, P (Friberg,
Per); Graves, SF (Graves, Sarah F.); Greaves, JS (Greaves, Jane
S.); Houde, M (Houde, Martin); Johnstone, D (Johnstone,
Doug); Kirk, JM (Kirk, Jason M.); Koch, PM (Koch, Patrick M.);
Di Li, D (Li, Di); Parsons, H (Parsons, Harriet); Rao, R (Rao,
Ramprasad); Rawlings, MG (Rawlings, Mark G.); Shinnaga, H
(Shinnaga, Hiroko); van Loo, S (van Loo, Sven); Aso, Y (Aso,
Yusuke); Byun, DY (Byun, Do-Young); 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); Drabek-Maunder, E
(Drabek-Maunder, Emily); Eyres, SPS (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, Q (Gu, Qilao); Hatchell, J (Hatchell, Jennifer);
Holland, W (Holland, Wayne); Inoue, T (Inoue, Tsuyoshi);
Iwasaki, K (lwasaki, Kazunari); Jeong, IG (Jeong, II-Gyo); Kang,
JH (Kang, Ji-hyun); Kang, SJ (Kang, Sung-ju); Kemper, F
(Kemper, Francisca); Kim, G (Kim, Gwanjeong); Kim, J (Kim,
Jongsoo); Kim, KT (Kim, Kee-Tae); Kim, KH (Kim, Kyoung Hee);
Kim, MR (Kim, Mi-Ryang); Kim, S (Kim, Shinyoung); Lacaille,
KM (Lacaille, Kevin M.); Lee, JE (Lee, Jeong-Eun); Li, DL (Li,
Dalei); Li, HB (Li, Hua-bai); Liu, JH (Liu, Junhao); Liu, SY (Liu,
Sheng-Yuan); Lyo, AR (Lyo, A-Ran); Mairs, S (Mairs, Steve);
Moriarty-Schieven, GH (Moriarty-Schieven, Gerald H.);
Nakamura, F (Nakamura, Fumitaka); Nakanishi, H (Nakanishi,
Hiroyuki); Ohashi, N (Ohashi, Nagayoshi); 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-Franois); Savini, G
(Savini, Giorgio); Scaife, AMM (Scaife, Anna M. M.); Soam, A
(Soam, Archana); 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,
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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); Nakagawa, T
(Nakagawa, Takao); Kanamori, Y (Kanamori, Yoshihiro);
Kataoka, A (Kataoka, Akimasa); Kobayashi, MIN (Kobayashi,
Masato I. N.); Nagata, T (Nagata, Tetsuya); Saito, H (Saito,
Hiro); Seta, M (Seta, Masumichi); Zenko, T (Zenko, Tetsuya)
ASTROPHYSICAL JOURNAL
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We present 850 mu m imaging polarimetry data of the rho
Oph-A core taken with the Submillimeter Common-User
Bolometer Array-2 (SCUBA-2) and its polarimeter (POL-2) as
part of our ongoing survey project, B-fields In STar forming
RegiOns (BISTRO). The polarization vectors are used to
identify the orientation of the magnetic field projected on
the plane of the sky at a resolution of 0.01 pc. We identify 10
subregions with distinct polarization fractions and angles in
the 0.2 pc rho Oph-A core; some of them can be part of a
coherent magnetic field structure in the rho Oph region. The
results are consistent with previous observations of the
brightest regions of rho Oph-A, where the degrees of
polarization are at a level of a few percent, but our data
reveal for the first time the magnetic field structures in the
fainter regions surrounding the core where the degree of
polarization is much higher (>5%). A comparison with
previous near-infrared polarimetric data shows that there
are several magnetic field components that are consistent at
near-infrared and submillimeter wavelengths. Using the
Davis-Chandrasekhar-Fermi method, we also derive
magnetic field strengths in several subcore regions, which
range from approximately 0.2 to 5 mG. We also find a
correlation between the magnetic field orientations
projected on the sky and the core centroid velocity
components.
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The Arizona Radio Observatory CO Mapping Survey of
Galactic Molecular Clouds. VI. The Cep OB3 Cloud (Cepheus
B and C) in CO J=2-1, (CO)-C-13 J=2-1, and CO J=3-2

Bieging, JH (Bieging, John H.); Patel, S (Patel, Saahil);
Hofmann, R (Hofmann, Ryan); Peters, WL (Peters, William L.);
Kainulainen, J (Kainulainen, Jouni); Zhang, MM (Zhang,
Miaomiao); Stutz, AM (Stutz, Amelia M.)

ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES
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We present (1) new fully sampled maps of CO and (CO)-C-13
J = 2-1 emission and CO J = 3-2 emission toward the
molecular clouds Cep B and C, associated with the Cep OB3
association; (2) a map of extinction, A(V), derived from IR
colors of background stars; and (3) the distribution of young
stellar objects (YSOs) over the same field as the molecular
maps. An LTE analysis of the CO and (CO)-C-13. maps yields
the distribution of molecular column densities and
temperatures. Substantial variations are evident across the
clouds; smaller subregions show correlations between
molecular properties and dust extinction, consistent with a
picture of outer photodissociation regions with a layer of
CO-dark molecular gas, a CO self-shielded interior, and an
inner cold dense region where CO is largely depleted onto
grains. Comparing the distribution of YSOs with molecular
gas surface density shows a power-law relation very similar
in slope to that for the giant molecular cloud associated with

the H Il region Sh2-235 from a previous paper in this series
that employed the same methodology. We note the
presence of several compact, isolated CO emission sources
in the J = 3-2 maps. The gas temperature and (CO)-C-13.
velocity dispersion yield a map of the sonic Mach number,
which varies across the cloud but always exceeds unity,
confirming the pervasiveness of supersonic turbulence over
length scales greater than or similar to 0.1 pc (the map
resolution). We also compute a J = 2-1 CO X-factor that
varies with position but is, on average, within. 20% of the
Galactic average derived from CO J = 1-0 observations.
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A Machine-learning Method for Identifying
Multiwavelength Counterparts of Submillimeter Galaxies:
Training and Testing Using AS2UDS and ALESS

An, FX (An, Fang Xia); Stach, SM (Stach, S. M.); Smail, | (Smail,
lan); Swinbank, AM (Swinbank, A. M.); Almaini, O (Almaini,
0.); Simpson, C (Simpson, C.); Hartley, W (Hartley, W.);
Maltby, DT (Maltby, D. T.); Ivison, RJ (lvison, R. J.);
Arumugam, V (Arumugam, V.); Wardlow, JL (Wardlow, J. L.);
Cooke, EA (Cooke, E. A.); Gullberg, B (Gullberg, B.); Thomson,
AP (Thomson, A. P.); Chen, CC (Chen, Chian-Chou); Simpson,
JM (Simpson, J. M.); Geach, JE (Geach, J. E.); Scott, D (Scott,
D.); Dunlop, JS (Dunlop, J. S.); Farrah, D (Farrah, D.); van der
Werf, P (van der Werf, P.); Blain, AW (Blain, A. W.); Conselice,
C (Conselice, C.); Michalowski, M (Michalowski, M.);
Chapman, SC (Chapman, S. C.); Coppin, KEK (Coppin, K. E. K.)

ASTROPHYSICAL JOURNAL
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We describe the application of supervised machine-learning
algorithms to identify the likely multiwavelength
counterparts to submillimeter sources detected in
panoramic, single-dish submillimeter surveys. As a training
set, we employ a sample of 695 (S-870 mu m greater than or
similar to 1 mly) submillimeter galaxies (SMGs) with precise
identifications from the ALMA follow-up of the SCUBA-2
Cosmology Legacy Survey's UKIDSS-UDS field (AS2UDS). We
show that radio emission, near-/mid-infrared colors,
photometric redshift, and absolute H-band magnitude are
effective predictors that can distinguish SMGs from
submillimeter-faint field galaxies. Our combined radio +
machinelearning method is able to successfully recover
similar to 85% of ALMA-identified SMGs that are detected in
at least three bands from the ultraviolet to radio. We
confirm the robustness of our method by dividing our
training set into independent subsets and using these for
training and testing, respectively, as well as applying our
method to an independent sample of similar to 100
ALMA-identified SMGs from the ALMA/LABOCA ECDF-South
Survey (ALESS). To further test our methodology, we stack
the 870 mu m ALMA maps at the positions of those K-band
galaxies that are classified as SMG counterparts by the
machine learning but do not have a >4.3 sigma ALMA
detection. The median peak flux density of these galaxies is
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S-870 mu m, = (0.61 +/- 0.03) mly, demonstrating that our
method can recover faint and/or diffuse SMGs even when
they are below the detection threshold of our ALMA
observations. In future, we will apply this method to
samples drawn from panoramic single-dish submillimeter
surveys that currently lack interferometric follow-up
observations to address science questions that can only be
tackled with large statistical samples of SMGs.
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High-Speed Device-Independent Quantum Random
Number Generation without a Detection Loophole

Liu, Y (Liu, Yang); Yuan, X (Yuan, Xiao); Li, MH (Li, Ming-Han);
Zhang, WJ (Zhang, Weijun); Zhao, Q (Zhao, Qi); Zhong, JQ
(zhong, Jiagiang); Cao, Y (Cao, Yuan); Li, YH (Li, Yu-Huai);
Chen, LK (Chen, Luo-Kan); Li, H (Li, Hao); Peng, TY (Peng,
Tianyi); Chen, YA (Chen, Yu-Ao); Peng, CZ (Peng, Cheng-Zhi);
Shi, SC (Shi, Sheng-Cai); Wang, Z (Wang, Zhen); You, LX (You,
Lixing); Ma, XF (Ma, Xiongfeng); Fan, JY (Fan, Jingyun); Zhang,
Q (Zhang, Qiang); Pan, JW (Pan, Jian-Wei)

PHYSICAL REVIEW LETTERS
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Quantum mechanics provides the means of generating
genuine randomness that is impossible with deterministic
classical processes. Remarkably, the unpredictability of
randomness can be certified in a manner that is
independent of implementation devices. Here, we present
an experimental study of device-independent quantum
random number generation based on a
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detection-loophole-free Bell test with entangled photons. In
the randomness analysis, without the independent identical
distribution assumption, we consider the worst case
scenario that the adversary launches the most powerful
attacks against the quantum adversary. After considering
statistical fluctuations and applying an 80 Gb x 45.6 Mb
Toeplitz matrix hashing, we achieve a final random bit rate
of 114 bits/s, with a failure probability less than 10(-5). This
marks a critical step towards realistic applications in
cryptography and fundamental physics tests.
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Upgrading SCUBA-2 with a newly designed thermal filter
stack

Cookson, JL (Cookson, Jamie L.); Bintley, D (Bintley, Dan); Li,
SL (Li, Shaoliang); Ade, PAR (Ade, Peter A. R.); Sudiwala, R
(Sudiwala, Rashmikant); Tucker, C (Tucker, Carole)
MILLIMETER, SUBMILLIMETER, AND FAR-INFRARED
DETECTORS AND INSTRUMENTATION FOR ASTRONOMY IX
45: 10708 LR 5 : 1070839

SCUBA-2 is a world leading wide field submillimeter camera
on the JCMT with two, large format background limited TES
arrays, which are used to image simultaneously in the 450
mu m and 850um atmospheric windows. SCUBA-2 has been
producing excellent science for over 6 years however, as we
reported previously, excess in-band power loading of the
arrays is a concern. One possibility that we considered was
that the currently installed hot-pressed filters at the 4K
stage were being warmed significantly above 4K by incoming
infrared radiation. In an attempt to reduce the power
loading we cryogenically tested a new 60K filter stack that
incorporated a redesigned thermal blocking filter. A direct
comparison was then made to the performance of the
existing 60K filter stack installed in SCUBA-2. We saw a
tremendous improvement in the infrared rejection with the
new design and proceeded to install the new filter stack into
SCUBA-2.

In this paper, we describe the testing and installation of the
new and improved design of thermal blocking filter into the
instrument and report the resulting performance change
based on data from the first 12 months of science operation
with the new filters. We also present the combined filter
bandpass profiles as measured in-situ with FTS-2.

2 % FR: Conference on Millimeter, Submillimeter, and
Far-Infrared Detectors and Instrumentation for Astronomy
IX

2 1: JUN 12-15, 2018

2= A Austin, TX
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Improved selection criteria for H Il regions, based on IRAS
sources

Yan, QZ (Yan, Qing-Zeng); Xu, Y (Xu, Ye); Walsh, AJ (Walsh, A.
J.); Macquart, JP (Macquart, J. P.); MacLeod, GC (MacLeod, G.
C.); Zhang, B (Zhang, Bo); Hancock, PJ (Hancock, P. J.); Chen,
X (Chen, Xi); Tang, ZH (Tang, Zheng-Hong)
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We present new criteria for selecting HIl regions from the
Infrared Astronomical Satellite (IRAS) Point Source
Catalogue (PSC), based on an HIl region catalogue derived
manually from the all-sky Wide-field Infrared Survey
Explorer (WISE). The criteria are used to augment the
number of HIl region candidates in theMilkyWay. The
criteria are defined by the linear decision boundary of two
samples: IRAS point sources associated with known HIl
regions, which serve as the Hll region sample, and IRAS point
sources at high Galactic latitudes, which serve as the non-H
Il region sample. Amachine learning classifier, specifically a
support vector machine, is used to determine the decision
boundary. We investigate all combinations of four IRAS
bands and suggest that the optimal criterion is log
(F-60/F-12) >= (-0.19 x log (F-100/F-25) + 1.52), with
detections at 60 and 100 mu m. This selects 3041 HIl region
candidates from the IRAS PSC. We find that IRAS HIl region
candidates show evidence of evolution on the two-colour
diagram. Merging the WISE HII catalogue with IRAS HII
region candidates, we estimate a lower Ilimit of
approximately 10 200 for the number of HIl regions in the
Milky Way.
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ALMA twenty-six arcmin2 survey of GOODS-S at one
millimeter (ASAGAO): Source catalog and number counts

Hatsukade, Bunyo, Kohno, Kotaro, Yamaguchi, Yuki.
Publications of the Astronomical Society of Japan
10.1093/pasj/psy104

We present the survey design, data reduction, construction
of images, and source catalog of the Atacama Large
Millimeter/submillimeter Array (ALMA) twenty-six arcmin?2
survey of GOODS-S at one-millimeter (ASAGAO). ASAGAO is
a deep (1sigma ~ 61 uly/beam for a 250 klambda-tapered
map with a synthesized beam size of 0.51" x 0.45") and wide
area (26 arcmin”2) survey on a contiguous field at 1.2 mm.
By combining with ALMA archival data in the GOODS-South
field, we obtained a deeper map in the same region (1sigma
~ 30 uly/beam for a deep region with a 250 klambda-taper,
and a synthesized beam size of 0.59" x 0.53"), providing the
largest sample of sources (25 sources at >=5.0sigma, 45
sources at >=4.5sigma) among ALMA blank-field surveys to
date. The number counts shows that 52(+11 -8)% of the
extragalactic background light at 1.2 mm is resolved into
discrete sources at S1.2m > 135 uly. We create infrared (IR)
luminosity functions (LFs) in the redshift range of z = 1-3
from the ASAGAO sources with KS-band counterparts.
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The first CCD photometric study of the open cluster NGC
744

Wang, K (Wang, Kun); Deng, LC (Deng, Li-Cai); Luo, ZQ (Luo,
Zhi-Quan); Yan, ZZ (Yan, Zheng-Zhou); Liu, QL (Liu, Qi-Li); Sun,
JJ (Sun, Jin-Jiang); Zhou, Q (Zhou, Qiang)

RESEARCH IN ASTRONOMY AND ASTROPHYSICS
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We present the first CCD photometric observations of open
cluster NGC 744, as part of the 50BiN Open Cluster Survey.
The color-magnitude diagrams of this cluster were derived

from absolute BV Rl photometry on a good photometric
night. A brief isochrone fitting gives a distance modulus of
(m- M)(v) = 11.58 +/- 0.2 and a reddening of E(B-V) = 0.35
+/- 0.05 with an age of log t = 8.30 +/- 0.05. By carefully
examining the RV time-series data, we discovered four new
variable stars in a 20' x 20' field around the cluster. We
classified them as three eclipsing binary stars and one delta
Scuti pulsating star, mainly based on the light-curve shape,
the detected periods and the positions on the
color-magnitude diagrams.

i Gas distribution and Properties of the
. I
| Milky Way }
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Performance of a 1.4 THz Twin-Slot Superconductivity Hot
Electron Bolometer Mixer

Daowei Wang K.M. Zhou Yuan Ren

DOI: 10.1109/ICMMT.2018.8563642

Conference: 2018 International Conference on Microwave
and Millimeter Wave Technology (ICMMT)

In this paper, the direct detection behaviors of a
superconducting hot electron bolometer integrated with a
log spiral antenna are investigated by using Fourier
Transform Spectrometer (FTS). We find the response of the
bolometer to a modulated signal can be detected by a
lock-in amplifier not only from the DC bias current, but also
from the output noise power at the IF port of the HEB.
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Sparse Millimeter-Wave InSAR Imaging Approach Based on
MC

Yilong Zhang, Yuehua Li, Jianfei Chen

IEEE Geoscience and Remote Sensing Letters

High-resolution millimetre wave images of contiguous
targets often suffer from the influence of sidelobe artefacts,
partial correlation between targets and so on. Owing to the
characteristics of near-field synthetic aperture imaging
radiometers [such as the changing point spread function
(PSF) and slender sideline], the existing CLEAN algorithms
are unsuitable for near-field synthetic aperture.
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Terahertz Superconducting Radiometric Spectrometer in
Tibet for Atmospheric Science

S. Li, Q. J. Yao, D. Liu, W. Y. Duan, K. Zhang, J. D. Jin, Z. H. Lin,
F. Wu, J. P. Yang and W. Miao,

Terahertz superconducting radiometric spectrometer (TSRS),
as one of seven instruments of the atmospheric profiling
synthetic observation system (APSOS) project, was
completed in the middle

J. Infrared, Millimeter, Terahertz Waves, pp. 1-12, 2018.
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Sparse Millimeter-Wave InSAR Imaging Approach Based on
MmcC

Y. L. Zhang, Y. H. Li, J. F. Chen, S. Shahir and S. Safavi-Naeini,
High-resolution millimetre wave images of contiguous
targets often suffer from the influence of sidelobe artefacts,
partial correlation between targets and so on. Owing to the
characteristics of near-field synthetic aperture imaging
radiometers [such as the changing point spread function
(PSF) and slender sideline], the existing CLEAN algorithms
are unsuitable for near-field synthetic aperture

IEEE Geosci. Rem. Sens. Lett., vol. 15, pp. 714-718, 2018.
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Verification of the transparency of polystyrene multi-layer
insulation using terahertz time domain spectroscopy

B. W. Fan, Q. Shiand S. C. Shi,

The effects of layer thickness on the compatibility between
polycarbonate (PC) and polystyrene (PS) and physical
properties of PC/PS multilayered film via nanolayer
coextrusion are studied. The morphology of multilayered
structure is observed using a scanning electron microscope.
This multilayered structure may have a negative impact on
the transparency, but it can improve the water resistance
and heat resistance of film. To characterize the compatibility
between PC and PS, differential scanning calorimetry is used
to measure the glass transition temperature. The
compatibility is found to be improved with the decrease of
layer thickness. Therefore, the viscosity of multilayered film
is also reduced with the decrease of layer thickness. In
addition, the multilayered structure can improve the tensile
strength with the increase of layer numbers. Because of the
complete and continuous layer structure of PC, the PC/PS
multilayered film can retain its mechanical strength at the
temperature above Tg of PS.

in The 9th International Symposium on Ultrafast
Phenomena and Terahertz Waves (ISUPTW 2018), 2018, p.
WI15.
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Terahertz Atmospheric Transmission Measured at Ali with a
Fourier Transform Spectrometer

W. Miao, Z. H. Lin, S. Li, M. Yao, B. W. Fan, Y. Geng, S. L. Li, Q.

J. Yao and S. C. Shi,

The terahertz (THz) and FIR band is a frequency regime to be
fully explored in astronomy. However, water vapor renders
the terrestrial atmosphere opaque to this band over nearly
all of the Earth's surface. Dome A in Antarctic — the site for
China's Antarctic Observatory, with an altitude of 4093 m
and temperature below -80 Celsius degree in winter, may
offer the best possible access for ground-based astronomical
observations in the THz and FIR band. We recently carried
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out measurements of atmospheric radiation from Dome A
spanning the entire water vapor pure rotation band from 20
um to 350 pm wavelength by an unmanned Fourier
transform spectrometer (FTS). Our measurements expose
atmospheric windows having significant transmission
throughout this band. This talk will firstly introduce our FTS
measurement results from Dome A, and then the latest
development of superconducting mixers and detectors for
the DATES telescope proposed to build at China's Antarctic
Observatory.

in Fourier Transform Spectroscopy, 2018, p. FT3B. 3.
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A Fully Integrated Heterodyne Receiver Based on a Hot
Electron Bolometer Mixer and a Quantum Cascade Laser

W. Miao, H. Gao, Z. Lou, J. Hu, W. Zhang, Y. Ren, K. M. Zhou,
S. C. Shi, H. Li, J. C. Cao and D. Yan,

We report on a very compact heterodyne receiver by
integrating a superconducting NbN hot electron bolometer
(HEB) mixer and a semi-insulating surface-plasmon quantum
cascade laser (QCL) operating at 2.5 THz as local oscillator in
a single block. To ensure effective pumping of the HEB mixer,
the QCL’s beam is collimated with a parabolic mirror that is
integrated in the block too. After the collimation, the beam
coupling efficiency between the HEB mixer and the QCL
reaches approximately 0.9 and the superconducting HEB
mixer can be easily pumped by the QCL. We then measured
the receiver noise temperature of the integrated HEB/QCL
receiver with a vacuum experimental setup. The lowest
uncorrected receiver noise temperature is found to be about
750 K at 2.5 THz.

presented at the 29th IEEE International Symposium on
Space THz Technology (ISSTT2018), Pasadena, 2018.
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Characterization of a  graphene-based terahertz
hot-electron bolometer

H. Gao, W. Miao, Z. Wang, W. Zhang, Y. Geng, S. C. Shi, C. Yu,
Z.He, Q. Liuand F.ZH,

In this paper, we present the development of a
graphene-based hot electron bolometer with Johnson noise
readout. The bolometer is a graphene microbridge
connected to a log spiral antenna

in Infrared, Millimeter-Wave, and Terahertz Technologies V,
2018, p. 108260X.
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High Sensitivity Terahertz Detection Module

K. Zhang, S. C. Shi, Q. J. Yao, J. Li, W. Zhang, Z. H. Lin, Z. Lou,
W. Miao, D. Liu and R. Q. Mao,

High Sensitivity Terahertz Detection Module (HSTDM) is one
of the backend modules planned for the Chinese Space
Station Telescope. The HSTDM is a 0.41~0.51THz high
sensitivity, high frequency resolution niobium nitride (NbN)
SIS (Superconductor-Insulator-Superconductor)  receiver
system operating in a temperature range of 10K. The
HSTDM will be used to achieve dual science tasks on
terahertz astronomical and atmospheric observations from
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space, while demonstrating the high-energy-gap NbN
superconducting mixer technology and terahertz signal
source technology in space. In this paper, the HSTDM
project and system are presented.

in 2018 International Conference on Microwave and
Millimeter Wave Technology (ICMMT), 2018, pp. 1-3.
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Characterization of NB and TiN superconducting CPW lines
with thru-line calibration method

W.T. Ly, J. Hu, J. P. Yang, Z. Wang and S. C. Shi,

A superconducting sampling measurement system is a highly
useful tool for analyzing ultrahigh speed electrical signals in
cryogenic environments, due to a time resolution at ps levels
with low current levels of /spl mu/A. The digitizing sampling
system is composed of a Josephson sampling circuit, digital
delay line, feedback signal detection circuit and a computer.
The Josephson sampling circuit is designed for ETL's
Nb-AIO/sub x/-Nb junction technology. A TDR measurement
method using a CPW flip-chip bonding technique is
proposed. The theoretical spatial resolution is estimated to
reach around a hundred /spl mu/m.

in Infrared, Millimeter-Wave, and Terahertz Technologies V,
2018, p. 108260S.
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The influence of Nb and Ti interface on DC characteristics of
superconducting titanium transition edge sensors

Y. Geng, W. Zhang, Z. Wang, J. Q. Zhong, W. Miao, Q. J. Yao
and S. C. Shi,

TESs are attractive in quantum optics and quantum
information experiments owing to high efficiency and
photon number resolving capability. We present the DC
characteristics of TESs with different overlapping area
between Ti microbridge and Nb leads.

in The 9th International Symposium on Ultrafast Phenomena
and Terahertz Waves (ISUPTW 2018), 2018, p. ThB4.
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Dependence of Noise Temperature of Superconducting HEB
Mixers on Frequency and Bath Temperature

K. M. Zhou, D. W. Wang, W. Miao, W. Zhang and S. C. Shi,
Abstract In this paper, the noise temperature and IF
bandwidth of a 1.4 THz twin-slot antenna coupled NbN
superconducting HEB mixer are thoroughly investigated. The
RF noise and conversion gain of the HEB mixer have been
measured and analyzed. An anti-reflection coating has been
applied on the elliptical lens to reduce the RF noise, the
measured lowest noise temperature (450 K) achieves
state-of-the-art sensitivity at 1.3 THz. The measured IF noise
bandwidth is about 3 GHz, which is sufficiently large for
some astronomical applications.

in 2018 International Conference on Microwave and
Millimeter Wave Technology (ICMMT), 2018, pp. 1-3.
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Performance of a 1.4 THz Twin-Slot Superconductivity Hot
Electron Bolometer Mixer

D. W. Wang, K. M. Zhou, Y. Ren, W. Miao, W. Zhang and S. C.

Shi,

In order to improve the response performance of
mid-infrared detectors, we designed and fabricated a
superconducting hot electron bolometer mixer (HEBM) with
a mid-infrared twin slot antenna. The design frequency was
61.3 THz, and the HEBs were formed as a superconducting
strip with Au antennas and electrodes. Here, the
superconductivity of the Nb/NbN layer under the Au
electrodes was suppressed by a Ni (1.8 nm) thin film. For
evaluating the mid-infrared HEBM properties, measurement
setup without beam splitter was constructed. In this setup,
local oscillator power was applied directly to the HEBM, and
we confirmed that the critical current of the HEB can be
reduced to be almost zero by the LO irradiation. The HEBM
responses with clear polarization dependencies were also
observed.

in 2018 International Conference on Microwave and
Millimeter Wave Technology (ICMMT), 2018, pp. 1-3.
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Near-field measurements of the terahertz superconducting
spectrometer for atmospheric observation

Jie Hu, Sheng Li, Chuan Su

The optical verification of a terahertz superconducting
spectrometer (TSR) featured
withsuperconducting-insulator-superconducting (SIS)
receivers developed at Purple Mountain Observatory (PMO)
foratmospheric profiling synthetic observation system
project (APSOS) has been presented. Near-fields of TSR at
230GHz and 280 GHz have been measured and far-fields are
derived. The misalignment of the optics at 280 GHz is
analysed in detail by physical optics (PO)

B 171 %, It 248 %

Analysis of a discrete-layout bimorph disk elements
piezoelectric deformable mirror

Wang, HR (Wang, Hairen); Chen, ZG (Chen, Ziguang); Yang,
SF (Yang, Shengfeng); Hu, L (Hu, Lin); Hu, M (Hu, Ming)
JOURNAL OF ASTRONOMICAL TELESCOPES INSTRUMENTS
AND SYSTEMS

A 4 #1: 2 RS 029001

We introduce a discrete-layout bimorph disk elements
piezoelectric deformable mirror (DBDEPDM), driven by the
circular  flexural-mode piezoelectric  actuators. We
formulated an electromechanical model for analyzing the
performance of the new deformable mirror. As a numerical
example, a 21-actuators DBDEPDM with an aperture of 165
mm was modeled. The presented results demonstrate that
the DBDEPDM has a stroke larger than 10 mu m and the
resonance frequency is 4.456 kHz. Compared with the

83
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conventional piezoelectric deformable mirrors, the
DBDEPDM has a larger stroke, higher resonance frequency,
and provides higher spatial resolution due to the circular
shape of its actuators. Moreover, numerical simulations of
influence functions on the model are provided. (C) 2018
Society of Photo-Optical Instrumentation Engineers (SPIE)

e
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Research on the optimization of a bimorph piezoelectric
deformable mirror based on zeroth-order method

Hairen Wang, Lin Hu

DOI: 10.1117/12.2231590

The deformable mirror adjusts the mirror surface shape to
compensate the wavefront error in the adaptive optics
system. Recently, the adaptive optics has been widely used
in many applications, such as astronomical telescopes, high
power laser systems, etc. These applications require large
diameter deformable mirrors with large stroke, high speed
and low cost. Thus, the bimorph piezoelectric deformable
mirror, which is a good match for the applications, has
attracted more and more attentions. In this paper, we use
zeroth-order optimization method to optimize the physical
parameters of a bimorph piezoelectric deformable mirror
that consists of a metal reflective layer deposited on the top
of a slim piezoelectric ceramic surface layer. The electrodes
are deposited on the bottom of the piezoelectric ceramic
layer. The physical parameters to be optimized include the
optimal thickness ratio between the piezoelectric layer and
reflective layer, inter-electrode distance, and so on. A few
reasonable designs are obtained by a comparative study
presented for three geometries of electrodes

% 173 %, L 248 %
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Zhou Tao; Ye Zhoujun; Shi Yaohui; Liang Yanmin; Hao
Xufeng; Qian Yuan

Thermal distortion for honeycomb sandwich construction
rigid reflector of satellite antenna

Acta Materiae Compositae Sinica

%35 #: 8 T1: 2065-2073

To explore the main self-structure factors affecting the
thermal distortion of rigid antenna reflector in orbit,a

84

spaceborne honeycomb sandwich structure model with a
diameter of 1.2mwas analyzed.Firstly,by altering the skin
material,the thickness of adhesive,the property include
stiffness and coefficient of thermal expansion (CTE)of
honeycomb,a finite element simulation software was used
to calculate the root mean square(RMS)of the thermal
deformation of the reflector when the ambient temperature
changes from 20°Cto-80°C.Furthermore,the causes of each
factor were analyzed.Secondly,two typical honeycomb
sandwich structure reflectors of M55Jand T300skin materials
were prepared by autoclave molding process so as to
validate simulation results.The results indicate that the
thermal deformation of the M55J skin material reflector is
smaller than that of the T300.In addition, there is a linear
relationship between the thermal distortion and the
thickness of the adhesive,the thinner the later, the smaller
the former.When the thickness of the adhesive layer is
constant,the thermal deformation of the honeycomb is the
dominant factor.The effect of the skin stiffness on the
thermal deformation of honeycomb is obvious as the
increasment of the stiffness value is 2times.Moreover,when
the normal CTE of honeycomb is changed by 11 times,the
relative increment of thermal deformation is more than
80%.The thermal distortions of the two typical reflectors
were measured as the environment temperature changed
from 20°Cto-80°C.The difference of the thermal distortion
between  simulation and testing is  15.7%and
15.2%,respectively,which proves the simulation results are
reliable.By optimizing the corresponding parameters can
provide reference for the design of spaceborne antenna
reflector.
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Development of a compact readout system for optical CCD
in Higashi-Hiroshima Observatory

Liu, W (Liu, Wei); Sako, S (Sako, Shigeyuki); Kawabata, K
(Kawabata, Koji); Shi, SC (Shi, Sheng-Cai); Yoshida, M
(Yoshida, Michitoshi); Utsumi, Y (Utsumi, Yousuke)

HIGH ENERGY, OPTICAL, AND INFRARED DETECTORS FOR
ASTRONOMY VIII

4: 10709 3CHR 5 : 107091X

We developed a new CCD readout system for the Kanata
1.5m telescope in Higashi-Hiroshima  Astronomical
Observatory, Hiroshima University, Japan, based on the
system originally developed by the Kiso Array Controller
(KAC) project. In this development we aim at reducing the
size and the cost of the system. The system consists of CCD
drive circuit, three-order low-pass filters, differential input
A/D converter, FPGA, LVDC board, and can be operated by
Linux host. We report the current design and performances
of this system, and the future work as well. This readout
system will be easily applicable to many other astronomical
instruments.

22 4 Fk: Conference on High Energy, Optical, and Infrared
Detectors for Astronomy VIII

2> A $%1: JUN 10-13, 2018

St

% 176 %, It 248 %

A comparative study of the thermal performance of
primary mirror at the four typical sites

Wang, HR (Wang, Hairen); Cheng, JQ (Cheng, Jingquan); Lou,
Z (Lou, Zheng); Liang, M (Liang, Ming); Zheng, XZ (Zheng,
Xianzhong); Zuo, YX (Zuo, Yingxi); Yang, J (Yang, Ji)
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We propose a heat dissipation model to assess whether the
material and thickness of the primary mirror of a telescope
design exceed the upper constraint of the requirement in
terms of the four typical sites: Dome A of Antarctica, Ali of
Tibet, Mauna Kea of Hawaii and Chajnantor of Chile. It
accounts for thermal conduction, heat convection, and
radiation heat transfer whose effective sky temperature
depends on the ambient air temperature, vapor pressure,
and relative humidity. In addition, the values of the heat
convection coefficient, sharply decreasing due to the low
atmospheric pressure, are considered. We apply the model
to analyze the thermal performance of a 2.5 m primary
mirror of a wide field survey telescope (WFST). Under the
conditions of the four typical sites in the world, a
comparative study of WFST for two thicknesses of the
primary mirror is presented via steady thermal analysis and
transient thermal analysis using the proposed model. The
results reveal that all RMS errors on the mirror surface of
primary mirrors are smaller than 5 nm, which fulfill the
performance requirements of WFST, and demonstrate that
the proposed model is useful for evaluating the heat
dissipation of the primary mirror on those sites.
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The TOP-SCOPE Survey of Planck Galactic Cold Clumps:
Survey Overview and Results of an Exemplar Source, PGCC
G26.53+0.17

Liu, T (Liu, Tie); Kim, KT (Kim, Kee-Tae); Juvela, M (Juvela,
Mika); Wang, K (Wang, Ke); Tatematsu, K (Tatematsu,
Ken'ichi); Di Francesco, J (Di Francesco, James); Liu, SY (Liu,
Sheng-Yuan); Wu, YF (Wu, VYuefang); Thompson, M
(Thompson, Mark); Fuller, G (Fuller, Gary); Eden, D (Eden,
David); Li, D (Li, Di); Ristorcelli, | (Ristorcelli, 1.); Kang, SJ
(Kang, Sung-ju); Lin, YX (Lin, Yuxin); Johnstone, D (Johnstone,
D.); He, JH (He, J. H.); Koch, PM (Koch, P. M.); Sanhueza, P
(Sanhueza, Patricio); Qin, SL (Qin, Sheng-Li); Zhang, Q (Zhang,
Q.); Hirano, N (Hirano, N.); Goldsmith, PF (Goldsmith, Paul
F.); Evans, NJ (Evans, Neal J., II); White, GJ (White, Glenn J.);
Choi, M (Choi, Minho); Lee, CW (Lee, Chang Won); Toth, LV
(Toth, L. V.); Mairs, S (Mairs, Steve); Yi, HW (Yi, H. -W.); Tang,
MY (Tang, Mengyao); Soam, A (Soam, Archana); Peretto, N
(Peretto, N.); Samal, MR (Samal, Manash R.); Fich, M (Fich,
Michel); Parsons, H (Parsons, Harriet); Yuan, JH (Yuan,
Jinghua); Zhang, CP (Zhang, Chuan-Peng); Malinen, J
(Malinen, Johanna); Bendo, GJ (Bendo, George l.);
Rivera-Ingraham, A (Rivera-Ingraham, A.); Liu, HL (Liu,
Hong-Li); Wouterloot, J (Wouterloot, Jan); Li, PS (Li, Pak
Shing); Qian, L (Qian, Lei); Rawlings, J (Rawlings, Jonathan);
Rawlings, MG (Rawlings, Mark G.); Feng, SY (Feng, Siyi);
Aikawa, Y (Aikawa, Yuri); Akhter, S (Akhter, S.); Alina, D
(Alina, Dana); Bell, G (Bell, Graham); Bernard, JP (Bernard, J.
-P.); Blain, A (Blain, Andrew); Bogner, R (Bogner, Rebeka);
Bronfman, L (Bronfman, L.); Byun, DY (Byun, D. -Y.);
Chapman, S (Chapman, Scott); Chen, HR (Chen, Huei-Ru);
Chen, M (Chen, M.); Chen, WP (Chen, Wen-Ping); Chen, X
(Chen, X.); Chen, XP (Chen, Xuepeng); Chrysostomou, A
(Chrysostomou, A.); Cosentino, G (Cosentino, Giuliana);
Cunningham, MR (Cunningham, M. R.); Demyk, K (Demyk,
K.); Drabek-Maunder, E (Drabek-Maunder, Emily); Doi, Y (Doi,
Yasuo); Eswaraiah, C (Eswaraiah, C.); Falgarone, E (Falgarone,
Edith); Feher, O (Feher, O.); Fraser, H (Fraser, Helen); Friberg,
P (Friberg, Per); Garay, G (Garay, G.); Ge, JX (Ge, J. X.); Gear,

WK (Gear, W. K.); Greaves, J (Greaves, Jane); Guan, X (Guan,
X.); Harvey-Smith, L (Harvey-Smith, Lisa); Hasegawa, T
(Hasegawa, Tetsuo); Hatchell, J (Hatchell, J.); He, YX (He,
Yuxin); Henkel, C (Henkel, C.); Hirota, T (Hirota, T.); Holland,
W (Holland, W.); Hughes, A (Hughes, A.); Jarken, E (Jarken,
E.); Ji, TG (Ji, Tae-Geun); Jimenez-Serra, | (Jimenez-Serra,
Izaskun); Kang, MJ (Kang, Miju); Kawabata, KS (Kawabata,
Koji S.); Kim, G (Kim, Gwanjeong); Kim, J (Kim, Jungha); Kim, J
(Kim, Jongsoo); Kim, S (Kim, Shinyoung); Koo, BC (Koo, B. -C.);
Kwon, W (Kwon, Woojin); Kuan, YJ (Kuan, Yi-Jehng); Lacaille,
KM (Lacaille, K. M.); Lai, SP (Lai, Shih-Ping); Lee, CF (Lee, C.
F.); Lee, JE (Lee, J. -E.); Lee, YU (Lee, Y. -U.); Li, DL (Li, Dalei);
Li, HB (Li, Hua-Bai); Lo, N (Lo, N.); Lopez, JAP (Lopez, John A.
P.); Lu, X (Lu, Xing); Lyo, AR (Lyo, A-Ran); Mardones, D
(Mardones, D.); Marston, A (Marston, A.); McGehee, P
(McGehee, P.); Meng, F (Meng, F.); Montier, L (Montier, L.);
Montillaud, J (Montillaud, Julien); Moore, T (Moore, T.);
Morata, O (Morata, 0.); Moriarty-Schieven, GH
(Moriarty-Schieven, Gerald H.); Ohashi, S (Ohashi, S.); Pak, S
(Pak, Soojong); Park, G (Park, Geumsook); Paladini, R
(Paladini, R.); Pattle, KM (Pattle, Kate M.); Pech, G (Pech,
Gerardo); Pelkonen, VM (Pelkonen, V. -M.); Qiu, K (Qiu, K.);
Ren, ZY (Ren, Zhi-Yuan); Richer, J (Richer, John); Saito, M
(Saito, M.); Sakai, T (Sakai, Takeshi); Shang, H (Shang, H.);
Shinnaga, H (Shinnaga, Hiroko); Stamatellos, D (Stamatellos,
Dimitris); Tang, YW (Tang, Y. -W.); Traficante, A (Traficante,
Alessio); Vastel, C (Vastel, Charlotte); Viti, S (Viti, S.); Walsh,
A (Walsh, Andrew); Wang, BR (Wang, Bingru); Wang, HC
(Wang, Hongchi); Wang, JZ (Wang, Junzhi); Ward-Thompson,
D (Ward-Thompson, D.); Whitworth, A (Whitworth,
Anthony); Xu, Y (Xu, Ye); Yang, J (Yang, J.); Yang, YL (Yang,
Yao-Lun); Yuan, LX (Yuan, Lixia); Zavagno, A (Zavagno, A.);
Zhang, GY (Zhang, Guoyin); Zhang, HW (Zhang, H. -W.); Zhou,
CL (Zhou, Chenlin); Zhou, JJ (Zhou, Jianjun); Zhu, L (Zhu, Lei);
Zuo, P (Zuo, Pei); Zhang, C (Zhang, Chao)

ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES
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The low dust temperatures (< 14 K) of Planck Galactic cold
clumps (PGCCs) make them ideal targets to probe the initial
conditions and very early phase of star formation.
"TOP-SCOPE" is a joint survey program targeting similar to
2000 PGCCs in J = 1-0 transitions of CO isotopologues and
similar to 1000 PGCCs in 850 mu m continuum emission. The
objective of the "TOP-SCOPE" survey and the joint surveys
(SMT 10 m, KVN 21 m, and NRO 45 m) is to statistically study
the initial conditions occurring during star formation and the
evolution of molecular clouds, across a wide range of
environments. The observations, data analysis, and example
science cases for these surveys are introduced with an
exemplar source, PGCC G26.53+0.17 (G26), which is a
filamentary infrared dark cloud (IRDC). The total mass,
length, and mean line mass (M/L) of the G26 filament are
similar to 6200 M-circle dot, similar to 12 pc, and similar to
500 M-circle dot pc(-1), respectively. Ten massive clumps,
including eight starless ones, are found along the filament.
The most massive clump as a whole may still be in global
collapse, while its denser part seems to be undergoing
expansion owing to outflow feedback. The fragmentation in
the G26 filament from cloud scale to clump scale is in
agreement with gravitational fragmentation of an
isothermal, nonmagnetized, and turbulent supported
cylinder. A bimodal behavior in dust emissivity spectral index
(beta) distribution is found in G26, suggesting grain growth
along the filament. The G26 filament may be formed owing
to large-scale compression flows evidenced by the
temperature and velocity gradients across its natal cloud.
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A comparison of the local spiral structure from Gaia DR2
and VLBI maser parallaxes

Xu, Y (Xu, Y.); Bian, SB (Bian, S. B.); Reid, MJ (Reid, M. J.); Li,
JJ (Li, J. J.); Zhang, B (Zhang, B.); Yan, QZ (Yan, Q. Z.); Dame,
TM (Dame, T. M.); Menten, KM (Menten, K. M.); He, ZH (He,
Z. H.); Liao, SL (Liao, S. L.); Tang, ZH (Tang, Z. H.)
ASTRONOMY & ASTROPHYSICS
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Context. The Gaia mission has released the second data set
(Gaia DR2), which contains parallaxes and proper motions
for a large number of massive, young stars.

Aims. We investigate the spiral structure in the solar
neighborhood revealed by Gaia DR2 and compare it with
that depicted by VLBI maser parallaxes.

Methods. We examined three samples with different
constraints on parallax uncertainty and distance errors and
stellar spectral types: (1) all OB stars with parallax errors of
less than 10%; (2) only O-type stars with 0.1 mas errors
imposed and with parallax distance errors of less than 0.2
kpc; and (3) only O-type stars with 0.05 mas errors imposed
and with parallax distance errors of less than 0.3 kpc.
Results. In spite of the significant distance uncertainties for
stars in DR2 beyond 1.4 kpc, the spiral structure in the solar
neighborhood demonstrated by Gaia agrees well with that
illustrated by VLBI maser results. The O-type stars available
from DR2 extend the spiral arm models determined from
VLBI maser parallaxes into the fourth Galactic quadrant, and
suggest the existence of a new spur between the Local and
Sagittarius arms.
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Gas kinematics and star formation in the filamentary
molecular cloud G47.06+0.26

Xu, JL (Xu, Jin-Long); Xu, Y (Xu, Ye); Zhang, CP (Zhang,
Chuan-Peng); Liu, XL (Liu, Xiao-Lan); Yu, NP (Yu, Naiping);
Ning, CC (Ning, Chang-Chun); Ju, BG (Ju, Bing-Gang)
ASTRONOMY & ASTROPHYSICS
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Aims. We performed a multi-wavelength study toward the
filamentary cloud G47.06 + 0.26 to investigate the gas
kinematics and star formation.

Methods. We present the (CO)-C-12 (J = 1-0), (CO)-C-13 (J =
1-0) and (CO)-0-18 (J = 1-0) observations of G47.06 + 0.26
obtained with the Purple Mountain Observation (PMO) 13.7
m radio telescope to investigate the detailed kinematics of
the filament. Radio continuum and infrared archival data
were obtained from the NRAO VLA Sky Survey (NVSS), the
APEX Telescope Large Area Survey of the Galaxy (ATLASGAL),
the Galactic Legacy Infrared Mid-Plane Survey Extraordinaire
(GLIMPSE) survey, and the Multi-band Imaging Photometer
Survey of the Galaxy (MIPSGAL). To trace massive clumps
and extract young stellar objects in G47.06 + 0.26, we used
the BGPS catalog v2.0 and the GLIMPSE | catalog,
respectively.

Results. The (CO)-C-12 (J = 1-0) and (CO)-C-13 (J = 1-0)
emission of G47.06 + 0.26 appear to show a filamentary
structure. The filament extends about 45' (58.1 pc) along the
east-west direction. The mean width is about 6.8 pc, as
traced by the (CO)-C-13 (J = 1 0) emission. G47.06 + 0.26 has
a linear mass density of similar to 361.5 M-circle dot pc(-1).
The external pressure (due to neighboring bubbles and HII
regions) may help preventing the filament from dispersing
under the effects of turbulence. From the velocity-field map,
we discern a velocity gradient perpendicular to G47.06 +
0.26. From the Bolocam Galactic Plane Survey (BGPS)
catalog, we found nine BGPS sources in G47.06 + 0.26, that
appear to these sources have sufficient mass to form
massive stars. We obtained that the clump formation
efficiency (CFE) is similar to 18% in the filament. Four
infrared bubbles were found to be located in, and adjacent
to, G47.06 + 0.26. Particularly, infrared bubble N98 shows a
cometary structure. CO molecular gas adjacent to N98 also
shows a very intense emission. HIl regions associated with
infrared bubbles can inject the energy to surrounding gas.
We calculated the kinetic energy, ionization energy, and
thermal energy of two HIl regions in G47.06 + 0.26. From the
GLIMPSE | catalog, we selected some Class | sources with an
age of similar to 10(5) yr, which are clustered along the
filament. The feedback from the HIl regions may cause the
formation of a new generation of stars in filament G47.06 +
0.26.
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The spiral structure of the Milky Way

Xu, Y (Xu, Ye); Hou, LG (Hou, Li-Gang); Wu, YW (Wu,
Yuan-Wei)

RESEARCH IN ASTRONOMY AND ASTROPHYSICS

%18 W1: 12 CHkS: 146

The morphology and kinematics of the spiral structure of the
Milky Way are long-standing problems in astrophysics. In
this review we firstly summarize variousmethodswith
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different tracers used to solve this puzzle. The astrometry of
Galactic sources is gradually alleviating this difficult situation
caused mainly by large distance uncertainties, as we can
currently obtain accurate parallaxes (a few mu as) and
proper motions (approximate to 1 kms(-1)) by using Very
Long Baseline Interferometry (VLBI). On the other hand, the
Gaia mission is providing the largest, uniform sample of
parallaxes for O-type stars in the entire Milky Way. Based
upon the VLBI maser and Gaia O-star parallax measurements,
nearby spiral structures of the Perseus, Local, Sagittarius and
Scutum Arms are determined in unprecedented detail.
Meanwhile, we estimate fundamental Galactic parameters
of the distance to the Galactic center, R-0, to be 8.35 +/-
0.18 kpc, and circular rotation speed at the Sun, theta(0), to
be 240 +/- 10 kms(-1). We found kinematic differences
between O stars and interstellar masers: the O stars, on
average, rotate faster, > 8 kms(-1) than maser-traced
high-mass star forming regions.
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A 95 GHz methanol emission survey toward eight small
supernova remnants

Ying-lie LiYe XuXi ChenDeng-Rong LuYan SunXin-Yu
DuZzhi-Qiang Shen
Research in Astronomy and Astrophysics
We report on a 95 GHz (80-71A+) methanol (CH30H)
emission survey with the Purple Mountain Observatory
Delingha 13.7 m telescope. Eight supernova remnants (SNRs)
with angular size<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) . CH30H 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 otheris (70, 120) km s-1.
They are probably excited by interaction with these SNRs
and adjacent molecular gas in the central molecular zone
(CM2) , although star formation may play an important
role in exciting CH30H emission in some regions of CMZ. We
infer that tidal action is unlikely to be an excitation source
for CH30H emission.
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A challenge to identify an optical counterpart of the
gravitational wave event GW151226 with Hyper
Suprime-Cam(dagger)

Utsumi, Y (Utsumi, Yousuke); Tominaga, N (Tominaga,
Nozomu); Tanaka, M (Tanaka, Masaomi); Morokuma, T
(Morokuma, Tomoki); Yoshida, M (Yoshida, Michitoshi);
Asakura, Y (Asakura, Yuichiro); Finet, F (Finet, Francois);
Furusawa, H (Furusawa, Hisanori); Kawabata, KS (Kawabata,
Koji S.); Liu, W (Liu, Wei); Matsubayashi, K (Matsubayashi,
Kazuya); Moritani, Y (Moritani, Yuki); Motohara, K
(Motohara, Kentaro); Nakata, F (Nakata, Fumiaki); Ohta, K
(Ohta, Kouji); Terai, T (Terai, Tsuyoshi); Uemura, M (Uemura,
Makoto); Yasuda, N (Yasuda, Naoki)
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We present the results of detailed analysis of an optical
imaging survey conducted using the Subaru/Hyper
Suprime-Cam (HSC) that aimed to identify an optical
counterpart to the gravitational wave event GW151226. In
half a night, the i- and z-band imaging survey by HSC
covered 63.5 deg(2) of the error region, which contains
about 7% of the LIGO localization probability, and the same
field was observed in three different epochs. The detectable
magnitude of the candidates in a differenced image is
evaluated as i similar to 23.2 mag for the requirement of at
least two 5 sigma detections, and 1744 candidates are
discovered. Assuming a kilonova as an optical counterpart,
we compare the optical properties of the candidates with
model predictions. A red and rapidly declining light curve
condition enables the discrimination of a kilonova from
other transients, and a small number of candidates satisfy
this condition. The presence of stellar-like counterparts in
the reference frame suggests that the surviving candidates
are likely to be flare stars. The fact that most of those
candidates are in the galactic plane, vertical bar b vertical
bar< 5 degrees, supports this interpretation. We also check
whether the candidates are associated with the nearby
GLADE galaxies, which reduces the number of contaminants
even with a looser color cut. When a better probability map
(with localization accuracy of similar to 50 deg(2)) is
available, kilonova searches of up to approximately 200Mpc
will become feasible by conducting immediate follow-up
observations with an interval of 3-6 d.
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An estimation of Envisat's rotational state accounting for
the precession of its rotational axis caused by
gravity-gradient torque

Lin, HY (Lin, Hou-Yuan); Zhao, CY (Zhao, Chang-Yin)
ADVANCES IN SPACE RESEARCH

461 #: 1 71: 182-188

The rotational state of Envisat is re-estimated using the
specular glint times in optical observation data obtained
from 2013 to 2015. The model is simplified to a uniaxial
symmetric model with the first order variation of its angular
momentum subject to a gravity gradient torque causing
precession around the normal of the orbital plane. The
sense of Envisat's rotation can be derived from
observational data, and is found to be opposite to the sense
of its orbital motion. The rotational period is estimated to be
(120.674 +/- 0.068) exp ((4.5095 +/- 0.0096) x 10(-4).t,
where t is measured in days from the beginning of 2013. The
standard deviation is 0.760 s, making this the best fit
obtained for Envisat in the literature to date. The results
demonstrate that the angle between the angular
momentum vector and the negative normal of the orbital
plane librates around a mean value of 8.53 +/- 0.42 degrees
with an amplitude from about 0.7 degrees (in 2013) to 0.5
degrees (in 2015), with the libration period equal to the
precession period of the angtilar momentum, from about
4.8 days (in 2013) to 3.4 days (in 2015). The ratio of the
minimum to maximum principal moments of inertia is
estimated to be 0.0818 +/- 0.0011, and the initial longitude
of the angular momentum in the orbital coordinate system
is 40.5 degrees +/- 9.3 degrees. The direction of the rotation
axis derived from our results at September 23, 2013, UTC
20:57 is similar to the results obtained from satellite laser
ranging data but about 20 closer to the negative normal of

the orbital plane. (C) 2017 COSPAR. Published by Elsevier Ltd.

All rights reserved.
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On the lunar node resonance of the orbital plane evolution
of the Earth's satellite orbits

Zhu, TL (Zhu, Ting-Lei)

ADVANCES IN SPACE RESEARCH

%61 #: 11 71: 2761-2776

This paper aims to investigate the effects of lunar node
resonance on the circular medium Earth orbits (MEO). The
dynamical model is established in classical Hamiltonian
systems with the application of Lie transform to remove the
non-resonant terms. Resonant condition, stability and phase
structures are studied. The lunar node resonance occurs
when the secular changing rates of the orbital node (with
respect to the equator) and the lunar node (with respect to
the ecliptic) form a simple integer ratio. The resonant
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conditions are satisfied for both inclined and equatorial
orbits. The orbital plane would have long period (with typical
timescales of several centuries) fluctuation due to the
resonance. (C) 2018 COSPAR. Published by Elsevier Ltd. All
rights reserved.
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Deep Learning for Mid-term Forecast of Daily Index of Solar
10.6 cm Radio Flux

Xin Wang

DOI: 10.1007/978-981-10-4837-1_8

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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Retrieval of atmospheric mass densities in lower
thermosphere below 200 km from precise orbit of re-entry
object CZ-3B R/B by analytical and numerical methods

Zhang, MJ (Zhang, Ming-liang); Wang, HB (Wang, Hong-Bo);
Zhao, CY (Zhao, Chang-Yin); Xiong, JN (Xiong, Jian-Ning); Wei,
D (Wei, Dong); Zhang, W (Zhang, Wei); Yu, SX (Yu,
Sheng-Xian)

ASTROPHYSICS AND SPACE SCIENCE
%363 I: 8 HkS: 175

Taking the re-entry object CZ-3B R/B (COSPAR identifier
2012-018D, NORAD catalog number 38253) as an example,
retrieval of atmospheric mass densities in lower
thermosphere below 200 km from its rebuilt precise orbit is
studied in this paper. Two methodologies, i.e. analytical and
numerical methods, are adopted in the retrieval. Basic
principles of these two methodologies are briefly introduced.
Based on the short-arc sparse observational data
accumulated in the high accuracy re-entry prediction, orbit
determinations of re-entry object CZ-3B R/B are performed
sectionally, and then its precise orbit is rebuilt. According to
the orbit theory, the variation of orbital semi-major axis of
re-entry object CZ-3B R/B induced by atmospheric drag
perturbation only is derived from the rebuilt precise orbit. In
the derivation of secular change of the orbital semi-major
axis of re-entry object CZ-3B R/B induced by atmospheric
drag perturbation only, the time-span is set as one minute
tentatively. And then retrieval results of atmospheric mass
densities in lower thermosphere below 200 km by analytical
and numerical methods are presented, as well as their bias
deviations from the calculated results of the NRLMSISE-00
empirical model of the atmosphere. Setting bias deviation
bands, the corresponding 'confidence coefficients' of the
retrieved atmospheric mass densities with respect to the
model values are given. Average bias deviations of the
retrieved atmospheric mass densities by analytical and
numerical methods from the model values are also
calculated respectively. On the whole, the retrieved
atmospheric mass densities by numerical method approach
to the model values more closely; the differences between
the retrieved results and the model values are relatively
smaller at the peaks of atmospheric mass densities than the
other places.

%0193 %, Jt 248 %
Beam combining of high energy fibre lasers

Cheng Xue; Wang Jianli; Liu Changhua

Infrared and Laser engineering

%: 47 W1: 1 7: 0103011-1-0103011-11

Beam combining of high energy fibre lasers is the research
hotspot especially for the directed energy application in
recent years, which can overcome the output power lever
limits of one single-mode fibre laser, and establish the
theoretical foundation for the application of laser weapons
with high power and perfect beam quality. Research status
of fibre laser incoherent combining and coherent combining
were presented. In the section of incoherent combining, the
combining principle and combining level of beam overlap
and spectral beam combining were introduced. In the
section of coherent combining, the key combining apparatus
of transmission-type and reflection-type equivalent large
aperture laser array output and optical element of single
aperture output were analyzed in detail. The advantages
and disadvantages and range of application of high power
fibre laser beam coherent combining and incoherent
combining were compared briefly.
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Orbit error characteristic and distribution of TLE using
CHAMP orbit data

Xu, XL (Xu, Xiao-li); Xiong, YQ (Xiong, Yong-qing)
ASTROPHYSICS AND SPACE SCIENCE

41363 H1: 2 k5 31

Space object orbital covariance data is required for collision
risk assessments, but publicly accessible two line element
(TLE) data does not provide orbital error information. This
paper compared historical TLE data and GPS precision
ephemerides of CHAMP to assess TLE orbit accuracy from
2002 to 2008, inclusive. TLE error spatial variations with
longitude and latitude were calculated to analyze error
characteristics and distribution. The results indicate that TLE
orbit data are systematically biased from the limited SGP4
model. The biases can reach the level of kilometers, and the
sign and magnitude are correlate significantly with
longitude.

. . . ]
| Satellite Precise Orbit Determination |
i and Application |
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Influence of Ice Nuclei Parameterization Schemes on the
Hail Process

Liu, XL (Liu, Xiaoli); Fu, Y (Fu, Ye); Cao, ZB (Cao, Zhibin); Jin,
SL (Jin, Shuanglong)

ADVANCES IN METEOROLOGY

HkS: 4204137

Ice nuclei are very important factors as they significantly
affect the development and evolvement of convective
clouds such as hail clouds. In this study, numerical
simulations of hail processes in the Zhejiang Province were
conducted using a mesoscale numerical model (WRF v3.4).
The effects of six ice nuclei parameterization schemes on the
macroscopic and microscopic structures of hail clouds were
compared. The effect of the ice nuclei concentration on
ground hailfall is stronger than that on ground rainfall. There
were significant spatiotemporal, intensity, and distribution
differences in hailfall. Changes in the ice nuclei
concentration caused different changes in hydrometeors
and directly affected the ice crystals, and, hence, the
spatiotemporal distribution of other hydrometeors and the
thermodynamic structure of clouds. An increased ice nuclei
concentration raises the initial concentration of ice crystals
with higher mixing ratio. In the developing and early
maturation stages of hail cloud, a larger number of ice
crystals competed for water vapor with increasing ice nuclei
concentration. This effect prevents ice crystals from
maturing into snow particles and inhibits the formation and
growth of hail embryos. During later maturation stages,

updraft in the cloud intensified and more supercooled water
was transported above the 0 degrees C level, benefitting the
production and growth of hail particles. An increased ice
nuclei concentration therefore favors the formation of hail.

% 196 %, It 248 %

Numerical Study of a Southwest Vortex Rainstorm Process
Influenced by the Eastward Movement of Tibetan Plateau
Vortex

Xiaoli Liu Zhibin Cao

Advances in Meteorology

A number of studies revealed the possible eastward
movement of the Tibetan Plateau low-pressure system in
summer and indicated the enhancement effect of this
process on the southwest vortex in the Sichuan Basin, which
can induce strong convective precipitation and flood events
in China. In this study, a numerical simulation of a southwest
vortex rainstorm process was performed. The results show
that the low-pressure system originated from the Tibetan
Plateau affects the southwest vortex mainly at the middle
level, causing the strength increase of southwest vortex
(SWV), and acts as a connection between the positive
vorticity centers at the upper and lower layers. For the
microscopic cloud structure, the vertical updraft of the cloud
cluster embedded in the SWV increases as the low-pressure
system from the plateau arrives at the Sichuan Basin. Vapor
and liquid cloud water at the lower level are transported
upward, based on which the ice cloud at the upper level and
the warm cloud at the lower level are joined to create
favorable conditions for the growth of ice crystals. As the ice
crystals grow up, snow and graupel particles form, which
substantially elevates the precipitation. This effect leads to
the rapid development of SWV rainstorm clouds and the
occurrence of precipitation. In addition to the effect of the
plateau vortex, the subsequent merging of the convective
clouds is another important factor for heavy rainfall because
it also leads to development of convective clouds, causing
heavy rainfall.

IV. Planetary Sciences and Deep Space Exploration
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The GTC exoplanet transit spectroscopy survey IX.
Detection of haze, Na, K, and Li in the super-Neptune
WASP-127b

Chen, G (Chen, G.); Palle, E (Palle, E.); Welbanks, L
(Welbanks, L.); Prieto-Arranz, J (Prieto-Arranz, J.);
Madhusudhan, N (Madhusudhan, N.); Gandhi, S (Gandhi, S.);
Casasayas-Barris, N (Casasayas-Barris, N.); Murgas, F
(Murgas, F.); Nortmann, L (Nortmann, L.); Crouzet, N
(Crouzet, N.); Parviainen, H (Parviainen, H.); Gandolfi, D
(Gandolfi, D.)

ASTRONOMY & ASTROPHYSICS

4 616 SCHR 5 AL45

Exoplanets with relatively clear atmospheres are prime
targets for detailed studies of chemical compositions and
abundances in their atmospheres. Alkali metals have long
been suggested to exhibit broad wings due to pressure
broadening, but most of the alkali detections only show very
narrow absorption cores, probably because of the presence
of clouds. We report the strong detection of the
pressure-broadened spectral profiles of Na, K, and Li
absorption in the atmosphere of the super-Neptune
WASP-127b, at 4.1 sigma, 5.0 sigma, and 3.4 sigma,
respectively. We performed a spectral retrieval modeling on
the high-quality optical transmission spectrum newly
acquired with the 10.4m Gran Telescopio Canarias (GTC), in
combination with the re-analyzed optical transmission
spectrum obtained with the 2.5 m Nordic Optical Telescope
(NOT). By assuming a patchy cloudy model, we retrieved the
abundances of Na, K, and Li, which are super-solar at 3.7
sigma for K and 5.1 sigma for Li (and only 1.8 sigma for Na).
We constrained the presence of haze coverage to be around
52%. We also found a hint of water absorption, but cannot
constrain it with the global retrieval owing to larger
uncertainties in the probed wavelengths. WASP-127b will be
extremely valuable for atmospheric characterization in the
era of James Webb Space Telescope.
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Na I and H alpha absorption features in the atmosphere of
MASCARA-2b/KELT-20b

Casasayas-Barris, N (Casasayas-Barris, N.); Palle, E (Palle, E.);
Yan, F (Yan, F.); Chen, G (Chen, G.); Albrecht, S (Albrecht, S.);
Nortmann, L (Nortmann, L.); Van Eylen, V (Van Eylen, V.);
Snellen, | (Snellen, 1.); Talens, GJJ (Talens, G. J. J.); Hernandez,
JIG (Gonzalez Hernandez, J. 1.); Rebolo, R (Rebolo, R.); Otten,
GPPL (Otten, G. P. P. L.)

ASTRONOMY & ASTROPHYSICS

4 616 SCHR 5 A151

We used the HARPS-North high resolution spectrograph (R =
115 000) at Telescopio Nazionale Galileo (TNG) to observe
one transit of the highly irradiated planet
MASCARA-2b/KELT-20b. Using only one transit observation,
we are able to clearly resolve the spectral features of the
atomic sodium (Na 1) doublet and the H alpha line in its
atmosphere, which are corroborated with the transmission
calculated from their respective transmission light curves
(TLC). In particular, we resolve two spectral features
centered on the Na | doublet position with an averaged
absorption depth of 0.17 +/- 0.03% for a 0.75 angstrom
bandwidth with line contrasts of 0.44 +/- 0.11% (D-2) and
0.37 +/- 0.08% (D-1). The Na | TLC have also been computed,
showing a large Rossiter-McLaughlin (RM) effect, which has
a 0.20 +/- 0.05% Na | transit absorption for a 0.75 angstrom
passband that is consistent with the absorption depth value
measured from the final transmission spectrum. We observe
a second feature centered on the H alpha line with 0.6 +/-
0.1% contrast and an absorption depth of 0.59 +/- 0.08% for
a 0.75 angstrom passband that has consistent absorptions in
its TLC, which corresponds to an effective radius of
R-lambda/R-P = 1.20 +/- 0.04. While the signal-to-noise ratio
(S/N) of the final transmission spectrum is not sufficient to
adjust different temperature profiles to the lines, we find
that higher temperatures than the equilibrium (T-eq = 2260
+/- 50K) are needed to explain the lines contrast. Particularly,
we find that the Na | lines core require a temperature of T =
4210 +/- 180K and that H alpha requires a temperature of T
= 4330 +/- 520 K. MASCARA-2b, like other planets orbiting
A-type stars, receives a large amount of UV energy from its
host star. This energy excites the atomic hydrogen and
produces H alpha absorption, leading to the expansion and
abrasion of the atmosphere. The study of other Balmer lines
in the transmission spectrum would allow the determination
of the atmospheric temperature profile and the calculation
of the lifetime of the atmosphere with escape rate
measurements. In the case of MASCARA-2b, residual
features are observed in the H beta and H gamma lines, but
they are not statistically significant. More transit
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observations are needed to confirm our findings in Na | and
H alpha and to build up enough S/N to explore the presence
of H beta and H gamma planetary absorptions.

e
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The GTC exoplanet transit spectroscopy survey VIII. Flat
transmission spectrum for the warm gas giant WASP-80b

Parviainen, H (Parviainen, H.); Palle, E (Palle, E.); Chen, G
(Chen, G.); Nortmann, L (Nortmann, L.); Murgas, F (Murgas,
F.); Nowak, G (Nowak, G.); Aigrain, S (Aigrain, S.); Booth, A
(Booth, A.); Abazorius, M (Abazorius, M.); Iro, N (Iro, N.)
ASTRONOMY & ASTROPHYSICS
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Aims. We set out to study the atmosphere of WASP-80b, a
warm inflated gas giant with an equilibrium temperature of
similar to 800 K, using ground-based transmission
spectroscopy covering the spectral range from 520 to 910
nm. The observations allow us to probe the existence and
abundance of K and Na in WASP-80b's atmosphere,
existence of high-altitude clouds, and Rayleigh-scattering in
the blue end of the spectrum.

Methods. We observed two spectroscopic time series of
WASP-80b transits with the OSIRIS spectrograph installed in
the Gran Telescopio Canarias (GTC), and use the
observations to estimate the planet's transmission spectrum
between 520 nm and 910 nm in 20 nm-wide passbands, and
around the K | and Na | resonance doublets in 6 nm-wide
passbands. We jointly model three previously published
broadband datasets consisting of 27 light curves, prior to a
transmission spectroscopy analysis in order to obtain
improved estimates of the planet's orbital parameters,
average radius ratio, and stellar density. The parameter
posteriors from the broadband analysis are used to set

informative priors on the transmission spectroscopy analysis.

The final transmission spectroscopy analyses are carried out
jointly for the two nights using a divide-by-white approach
to remove the common-mode systematics, and Gaussian
processes to model the residual wavelength-dependent
systematics.

Results. We recover a flat transmission spectrum with no
evidence of Rayleigh scattering or K | or Na | absorption, and
obtain an improved system characterisation as a by-product
of the broadband- and GTC-dataset modelling. The
transmission spectra estimated separately from the two
observing runs are consistent with each other, as are the
transmission spectra estimated using either a parametric or
nonparametric systematics model. The flat transmission
spectrum favours an atmosphere model with high-altitude
clouds over cloud-free models with stellar or sub-stellar
metallicities.

Conclusions. Our results disagree with the recently
published discovery of strong K | absorption in WASP-80b's
atmosphere based on ground-based transmission
spectroscopy with FORS2 at VLT.
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Detection of He | 110830 A absorption on HD 189733 b with
CARMENES high-resolution transmission spectroscopy

Caballero, J.A. y Sanz Forcada, J. y Cortés Contreras, Miriam
y Montes Gutiérrez, David

We present three transit observations of HD 189733 b
obtained with the high-resolution spectrograph CARMENES
at Calar Alto. A strong absorption signal is detected in the
near-infrared He | triplet at 10830 A in all three transits.
During mid-transit, the mean absorption level is 0.88 + 0.04%
measured in a £10 km s”(-1) range at a net blueshift of -3.5
+ 0.4 km s s7(-1) (10829.84-10830.57 A). The absorption
signal exhibits radial velocities of +6.5 + 3.1 km s s*(-1) and
-12.6 + 1.0 km s s?(-1) during ingress and egress,
respectively; all radial velocities are measured in the
planetary rest frame. We show that stellar activity related
pseudo-signals interfere with the planetary atmospheric
absorption signal. They could contribute as much as 80% of
the observed signal and might also affect the observed
radial velocity signature, but pseudo-signals are very unlikely
to explain the entire signal. The observed line ratio between
the two unresolved and the third line of the He | triplet is 2.8
+ 0.2, which strongly deviates from the value expected for
an optically thin atmospheres. When interpreted in terms of
absorption in the planetary atmosphere, this favors a
compact helium atmosphere with an extent of only 0.2
planetary radii and a substantial column density on the
order of 4 x 107(12) cm s”(-2) . The observed radial
velocities can be understood either in terms of atmospheric
circulation with equatorial superrotation or as a sign of an
asymmetric atmospheric component of evaporating material.
We detect no clear signature of ongoing evaporation, like
pre- or post-transit absorption, which could indicate
material beyond the planetary Roche lobe, or radial
velocities in excess of the escape velocity. These findings do
not contradict planetary evaporation, but only show that the
detected helium absorption in HD 189733 b does not trace
the atmospheric layers that show pronounced escape
signatures.

%5 202 %, L 248 %

Tilting Styx and Nix but not Uranus with a
Spin-Precession-Mean-motion resonance

Quillen, AC (Quillen, Alice C.); Chen, YY (Chen, Yuan-Yuan);
Noyelles, B (Noyelles, Benoit); Loane, S (Loane, Santiago)
CELESTIAL MECHANICS & DYNAMICAL ASTRONOMY

%: 130 H#: 2 SCHRS: UNSP 11

A Hamiltonian model is constructed for the spin axis of a
planet perturbed by a nearby planet with both planets in
orbit about a star. We expand the planet-planet
gravitational potential perturbation to first order in orbital
inclinations and eccentricities, finding terms describing spin
resonances involving the spin precession rate and the two
planetary mean motions. Convergent planetary migration
allows the spinning planet to be captured into spin
resonance. With initial obliquity near zero, the spin
resonance can lift the planet's obliquity to near 90. or 180.
depending upon whether the spin resonance is first or
zeroth order in inclination. Past capture of Uranus into such
a spin resonance could give an alternative non-collisional
scenario accounting for Uranus's high obliquity. However,
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we find that the time spent in spin resonance must be so
long that this scenario cannot be responsible for Uranus's
high obliquity. Our model can be used to study spin
resonance in satellite systems. Our Hamiltonian model
explains how Styx and Nix can be tilted to high obliquity via
outward migration of Charon, a phenomenon previously
seen in numerical simulations.

203 %, Ft 248 %

Transiting Exoplanet Monitoring Project (TEMP). IV. Refined
System Parameters, Transit Timing Variations, and Orbital
Stability of the Transiting Planetary System HAT-P-25

Wang, XY (Wang, Xian-Yu); Wang, SH (Wang, Songhu); Hinse,
TC (Hinse, Tobias C.); Li, K (Li, Kai); Wang, YH (Wang,
Yong-Hao); Laughlin, G (Laughlin, Gregory); Liu, HG (Liu,
Hui-Gen); Zhang, H (Zhang, Hui); Wu, ZY (Wu, Zhen-Yu);
Zhou, X (Zhou, Xu); Zhou, JL (Zhou, Ji-Lin); Hu, SM (Hu,
Shao-Ming); Wu, DH (Wu, Dong-Hong); Peng, XY (Peng,
Xi-Yan); Chen, YY (Chen, Yuan-Yuan)

PUBLICATIONS OF THE ASTRONOMICAL SOCIETY OF THE
PACIFIC
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We present eight new light curves of the transiting
extra-solar planet HAT-P-25b obtained from 2013 to 2016
with three telescopes at two observatories. We use the new
light curves, along with recent literature material, to
estimate the physical and orbital parameters of the
transiting planet. Specifically, we determine the mid-transit
times (T-C) and update the linear ephemeris, T-C[0] =
2456418.80996 +/- 0.00025 [BJD(TDB)] and P = 3.65281572
+/- 0.00000095 days. We carry out a search for transit timing
variations (TTVs), and find no significant TTV signal at the
Delta T = 80 s-level, placing a limit on the possible strength
of planet-planet interactions (TTVG). In the course of our
analysis, we calculate the upper mass-limits of the potential
nearby perturbers. Near the 1:2, 2:1, and 3:1 resonances
with HAT-P-25b, perturbers with masses greater than 0.5,
0.3, and 0.5 M-circle plus respectively, can be excluded.
Furthermore, based on the analysis of TTVs caused by light
travel time effect (LTTE) we also eliminate the possibility
that a long-period perturber exists with M-p > 3000 M-J
within a = 11.2 au of the parent star.

Ephemerial Astronomy and

Astronomical Reference System
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Probing f(T) gravity with gravitational time advancement
Deng, XM (Deng, Xue-Mei)

CLASSICAL AND QUANTUM GRAVITY

%:35 H]: 17 A5 175013

The effects of a quadratic f(T) gravity on astronomical
observations and solar system experiments were recently
considered in previous works. Its deviation from Einstein's

general relativity is characterized by a model parameter a
and the cosmological constant A whose constraints were
respectively found as vertical bar alpha vertical bar <= 2.3 x
10 m(2) and vertical bar Lambda vertical bar <= 1.8 x 10(-43)
m(-2) in the solar system. In this paper, a new test of the f(T)
gravity by measuring the gravitational time advancement is
presented and studied. The gravitational time advancement
arises in a two-way light propagation between an observer
and a distant spacecraft, where the light traveling time is
recorded by the observer's proper time. It is found that (1)
relying on their signs, alpha and Lambda can make the
gravitational time advancement smaller or larger than the
one of general relativity; (2) the configuration of the inferior
conjunction between the observer and the spacecraft is
more suitable for detecting the advancement, because its
effect is almost 3.5 times larger than the one in the superior
conjunction; (3) the time advancement could be effectively
complementary to Shapiro time delay for gravitational
experiments in practice; and (4) the implement of planetary
laser ranging and optical clocks in the future will provide
much more insight into the f(T) gravity.

#5205 %, Ft 248 %

Solar system and binary pulsars tests of the minimal
momentum uncertainty principle

Xue-Mei Deng

DOI:  10.1209/0295-5075/120/60004

The light time equation and frequency shift are worked out
in the framework of a second parametrized post-Newtonian
(2PPN) formalism in the Solar System barycentric reference
system (SSBRS) developed in a recently published paper.
Effects of each body’s oblateness, spin and translational
motion are taken into account for the light propagation. It is
found that, at the second post-Newtonian

% 206 %, St 248 %
The nearby triple star HIP 101955

Fang, X (Fang, Xia)

ASTROMETRY AND ASTROPHYSICS IN THE GAIA SKY

412 #: 5330 7: 356-357

The nearby triple star HIP 101955 with strongly inclined
orbit still remains. Thus the long-term dynamical stability
deserves to be discussed based on the new dynamical state
parameters (component masses and kinematic parameters)
derived from fitting the accurate three-body model to the
radial velocity, the Hipparcos Intermediate Astrometric Data
(HIAD), and the accumulated speckle and visual data. It is
found that the three-body system remains integrated and
most likely undergoes Kozai cycles. With the already
accumulated high-precision data, the three-body effects
cannot always be neglected in the determination of the
dynamical state. And it is expected that this will be the
general case under the available Gaia data.

2 W 4% F . 330th Symposium  of the
International-Astronomical-Union (IAU)

2> A $41: APR 24-28, 2017

223 5 Nice, FRANCE

% 207 %, L 248 %

93



Purple Mountain Observatory CAS

Effects of a brane world on gravitational time advancement

Deng, XM (Deng, Xue-Mei)

MODERN PHYSICS LETTERS A

%:: 33 J: 19 CHR 5 1850110

Solar System tests of a brane world, which is called DMPR
model, were studied in recent works. The correction of
DMPR model to the general relativity (GR) in the
four-dimensional curved spacetime can be parametrized by
a "tidal charge" parameter Q. The parameter Q in this model
was obtained and improved as vertical bar Q vertical bar less
than or similar to 6.7 m(2) by the Earth-Mercury ranging. A
new test of the DMPR model based on gravitational time
advancement is proposed and investigated in this work. The
advancement is a gravitational consequence on round-trip
proper time duration of a photon. For ranging a distant
spacecraft, it is shown that (1) the "tidal charge" parameter
can make the advancement larger or smaller than the one of
GR, depending on the sign of Q; (2) the superior conjunction
(SC) and the inferior conjunction (IC) are all suitable for
detecting the advancement; (3) the advancement can be
complementary to the classical test of Shapiro time delay for
detecting the brane world; and (4) the implementation of
optical clocks and planetary laser ranging will provide more
insights on the brane world model in the future.

#5208 %, 3t 248 %
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Testing Photons Coupled to Weyl Tensor with Gravitational
Time Advancement

Li, G (Li, Gang); Deng, XM (Deng, Xue-Mei)
COMMUNICATIONS IN THEORETICAL PHYSICS

%:70 W 6 T1: 721-727

Classical Solar System tests of photons coupled to Weyl
tensor with two polarizations were studied in a recent work.
A coupling strength parameter a in this model was firstly
obtained as |alpha] less than or similar to 4 x 10(11) m(2) by
using available datasets in the Solar System. In this paper, a
new test called by gravitational time advancement is
proposed and investigated to test such the coupling. This
new test, which is quite different from Shapiro time delay,
depends strongly on round-trip proper time span (not
coordinate time one) of flight of radio pulses between an
observer on the Earth and a distant spacecraft. For ranging a
spacecraft getting far away from the Sun, two special cases
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(the superior/inferior conjunctions) are used to analyse the
observability in the advancement contributed by the Weyl
coupling. We found that the situation of the inferior
conjunction is more suitable for detecting the advancement
caused by such the Weyl coupling. In either case, two kinds
of polarizations make the advancement in the model smaller
or larger than the one of general relativity. Although the
observability in the advancement could be out of the reach
of already existing technology, the implement of planetary
laser ranging and optical clocks might provide us more
insights on such the Weyl coupling in the near future.

% 210 %, 3L 248 %

Excitation of lon Cyclotron Waves by lon and Electron
Beams in Compensated-current System

Xiang, L (Xiang, L.); Wu, DJ (Wu, D. J.); Chen, L (Chen, L.)
ASTROPHYSICAL JOURNAL

4 857 #: 2 CHk5: 108

lon cyclotron waves (ICWs) can play important roles in the
energization of plasma particles. Charged particle beams are
ubiquitous in space, and astrophysical plasmas and can
effectively lead to the generation of ICWs. Based on linear
kinetic theory, we consider the excitation of ICWs by ion and
electron beams in a compensated-current system. We also
investigate the competition between reactive and kinetic
instabilities. The results show that ion and electron beams
both are capable of generating ICWs. For ICWs driven by ion
beams, there is a critical beam velocity, v(bi)(c), and critical
wavenumber, k(z)(c), for a fixed beam density; the reactive
instability dominates the growth of ICWs when the
ion-beam velocity v(bi) > v(bi)(c) and the wavenumber k(z) <
k(z)(c), and the maximal growth rate is reached at k(z)
similar or equal to 2k(z)(c)/3 for a given v(bi) > v(bi)(c). For
the slow ion beams with v(bi) < v(bi)(c), the kinetic instability
can provide important growth rates of ICWs. On the other
hand, ICWs driven by electron beams are excited only by the
reactive instability, but require a critical velocity, v(be)(c) >>
v(A) (the Alfven velocity). In addition, the comparison
between the approximate analytical results based on the
kinetic theory and the exact numerical calculation based on
the fluid model demonstrates that the reactive instabilities
can well agree quantitatively with the numerical results by
the fluid model. Finally, some possible applications of the
present results to ICWs observed in the solar wind are
briefly discussed.

¥ 211 4, It 248 %

Modulation of lon and Electron Pitch Angle in the Presence
of Large-amplitude, Low-frequency, Left-hand Circularly
Polarized Electromagnetic Waves Observed by MMS

Zhao, JS (Zhao, J. S.); Wang, TY (Wang, T. Y.); Dunlop, MW
(Dunlop, M. W.); He, JS (He, J. S.); Dong, XC (Dong, X. C.); Wu,
DJ (Wu, D. J.); Khotyaintsev, YV (Khotyaintsev, Yu. V.); Ergun,
RE (Ergun, R. E.); Russell, CT (Russell, C. T.); Giles, BL (Giles, B.
L.); Torbert, RB (Torbert, R. B.); Burch, JL (Burch, J. L)
ASTROPHYSICAL JOURNAL
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Most studies on low-frequency electromagnetic cyclotron
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waves have assumed a small wave amplitude, which ensures

the reasonable application of linear and quasi-linear theories.

However, the topic of large-amplitude electromagnetic
cyclotron waves has not received much attention. Using
Magnetospheric Multiscale measurements, this study
observes low-frequency, left-hand circularly polarized
electromagnetic waves with magnetic fluctuation similar to
1-2 nT in the dusk flank side of the Earth's magnetosheath.
Considering the ambient magnetic field similar to 15 nT
therein, the relative wave amplitude is of the order of 0.1.
These large magnetic field fluctuations result in a periodic
variation of the ion pitch angle. The electron pitch angle
exhibits a localized distribution feature with a timescale
approximating the wave period. Moreover, some electrons
are trapped at a pitch angle similar to 90 degrees, and the
trapping is more remarkable as strong waves arise. These
two features of the electron pitch angle distribution imply
that the trapping of electrons (partly) results from
large-amplitude electromagnetic cyclotron fluctuations. Our
results illustrate the important role of large-amplitude
electromagnetic cyclotron waves on the dynamics of
charged particles.

212 %, 3t 248 %

Nonlinear Decay of Alfven Waves Driven by Interplaying
Two- and Three-dimensional Nonlinear Interactions

Zhao, JS (Zhao, J. S.); Voitenko, Y (Voitenko, Y.); De Keyser, J
(De Keyser, J.); Wu, DJ (Wu, D. J.)

ASTROPHYSICAL JOURNAL
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We study the decay of Alfven waves in the solar wind,
accounting for the joint operation of two-dimensional (2D)
scalar and three-dimensional (3D) vector nonlinear
interactions between Alfven and slow waves. These
interactions have previously been studied separately in
long-and short-wavelength limits where they lead to 2D
scalar and 3D vector decays, correspondingly. The joined
action of the scalar and vector interactions shifts the
transition between 2D and 3D decays to significantly smaller
wavenumbers than was predicted by Zhao et al. who
compared separate scalar and vector decays. In application
to the broadband Alfven waves in the solar wind, this means
that the vector nonlinear coupling dominates in the
extended wavenumber range 5 x 10(-4) less than or similar
to rho(i)k(0 perpendicular to) less than or similar to 1, where
the decay is essentially 3D and nonlocal, generating product
Alfven and slow waves around the ion gyroscale. Here.i is
the ion gyroradius, and k(O perpendicular to) is the pump
Alfven wavenumber. It appears that, except for the smallest
wavenumbers at and below rho(i)k(0 perpendicular to)
similar to 10(-4) in Channel |, the nonlinear decay of
magnetohydrodynamic Alfven waves propagating from the
Sun is nonlocal and cannot generate counter-propagating
Alfven waves with similar scales needed for the turbulent
cascade. Evaluation of the nonlinear frequency shift shows
that product Alfven waves can still be approximately
described as normal Alfvenic eigenmodes. On the contrary,
nonlinearly driven slow waves deviate considerably from
normal modes and are therefore difficult to identify on the
basis of their phase velocities and/or polarization.

% 213 %, It 248 %

Two- and Three-dimensional Nonlinear Instabilities of
Whistler Waves

Zhao, JS (Zhao, Jinsong); Sun, HY (Sun, Heyu); Yu, MY (Yu,
Mingyoung)

ASTROPHYSICAL JOURNAL
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Recently, two-dimensional (2D) nonlinear instabilities of
whistler waves from resonant wave-wave interaction have
gained much attention in numerical simulations as well as
observations in space plasmas. In this paper, both 2D and
three-dimensional (3D) nonlinear instabilities of whistler
waves are investigated using electron
magnetohydrodynamics (EMHD). It is found that decay
instabilities can excite waves with a broadband wavenumber
spectrum, including highly oblique propagating whistler
waves. Whistler waves with lambda(e)k = 1 would excite
counter-propagating whistler waves, and the wave with
lambda(e)k not equal 1 can produce both co- and
counter-propagating whistler waves, where lambda(e) is the
electron inertial length and k is the wavenumber. Moreover,
it is shown that 3D instabilities have similar nonlinear
growth rate distributions as in 2D decay for the azimuthal
wavelength much larger than lambda(e). These results
suggest that nonlinear wave-wave interaction can play an
important role in the scattering of whistler waves in the
solar wind and the Earth's magnetosphere, and are also
helpful for understanding nonlinear wave-wave interaction
in the formation and development of EMHD turbulence.

214 %, 3t 248 %

Nature of Magnetic Holes above lon Scales: A Mixture of
Stable Slow Magnetosonic and Unstable Mirror Modes in a
Double-polytropic Scenario?

Zhang, L (Zhang, Lei); He, JS (He, Jiansen); Zhao, JS (Zhao,
Jinsong); Yao, S (Yao, Shuo); Feng, XS (Feng, Xueshang)
ASTROPHYSICAL JOURNAL
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Magnetic holes are common features with a prominent dip
of magnetic field strength in space plasma turbulence. As to
their nature, there exists a dispute of explanations among
discontinuities, magnetic reconnection, solitons,
kinetic-scale  electron vortexes, slow waves, and
mirror-mode instability. As magnetic holes are often
accompanied by thermal anisotropy, at
magnetohydrodynamic scales double-polytropic equations
can serve as an appropriate description. The reason for the
long-lasting dispute lies in the fact that both mirror-mode
structures and oblique slow-mode waves are characterized
with  anticorrelation between plasma density (or
temperature) and magnetic field strength, which, as often
used in preceding works, is also the characteristic feature of
magnetic holes. Therefore, to finally and unambiguously
diagnose the nature of magnetic holes above ion scales, we
propose to resort to other features, among which
nu(parallel to) and its phase relation with vertical bar B
vertical bar and n behave differently between mirrormode
structures and slow-mode waves. Herewith we establish a
model with superposition of both slow and mirror modes to
reproduce the observed types of behaviors (n, nu(parallel
to), vertical bar B vertical bar, T-parallel to, T-perpendicular
to). This model inspires new understanding of the nature of
magnetic holes: the magnetic hole in reality is not solely
contributed by only one mode, but a mixture of the two
modes with an adjustable amplitude ratio.
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Observations of Whistler Waves Correlated with
Electron-scale Coherent Structures in the Magnetosheath
Turbulent Plasma

Huang, SY (Huang, S. Y.); Sahraoui, F (Sahraoui, F.); Yuan, ZG
(Yuan, Z. G.); Le Contel, O (Le Contel, O.); Breuillard, H
(Breuillard, H.); He, JS (He, J. S.); Zhao, JS (Zhao, J. S.); Fu, HS
(Fu, H. S.); Zhou, M (Zhou, M.); Deng, XH (Deng, X. H.); Wang,
XY (Wang, X. Y.); Du, JW (Du, J. W.); Yu, XD (Yu, X. D.); Wang,
DD (Wang, D. D.); Pollock, CJ (Pollock, C. J.); Torbert, RB
(Torbert, R. B.); Burch, JL (Burch, J. L.)

ASTROPHYSICAL JOURNAL
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A new type of electron-scale coherent structure, referred to
as electron vortex magnetic holes, was identified recently in
the Earth's magnetosheath turbulent plasma. These
electron-scale magnetic holes are characterized by magnetic
field strength depression, electron density enhancement,
temperature and temperature anisotropy increase (a
significant increase in perpendicular temperature and a
decrease in parallel temperature), and an electron vortex
formed by the trapped electrons. The strong increase of
electron temperature indicates that these magnetic holes
have a strong connection with the energization of electrons.
Here, using high time resolution in situ measurements from
the MMS mission, it is further shown that electron-scale
whistler waves coexist with electron-scale magnetic holes.
These whistler waves were found not propagating from
remote regions, but generated locally due to electron
temperature anisotropy (Te-perpendicular to/Te-parallel to)
inside the magnetic holes. This study provides new insights
into the electron-scale plasma dynamics in turbulent
plasmas.
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Two-dimensional Hybrid Simulations of Filamentary
Structures and Kinetic Slow Waves Downstream of a
Quasi-parallel Shock

Hao, YF (Hao, Yufei); Lu, QM (Lu, Quanming); Gao, XL (Gao,
Xinliang); Wang, HY (Wang, Huanyu); Wu, DJ (Wu, Dejin);
Wang, S (Wang, Shui)

ASTROPHYSICAL JOURNAL
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In this paper, with two-dimensional hybrid simulations, we
study the generation mechanism of filamentary structures
downstream of a quasi-parallel shock. The results show that
in the downstream both the amplitude of magnetic field and
number density exhibit obvious filamentary structures, and
the magnetic field and number density are anticorrelated.
Detailed analyses find that these downstream compressive
waves propagate almost perpendicular to the magnetic field,
and the dominant wave number is around the inverse of the
ion kinetic scale. Their parallel and perpendicular
components roughly satisfy delta B-parallel to/delta
B-perpendicular to = root 1+1/rho(2)(i)k(perpendicular to)(2)
(where delta B-parallel to and delta B-perpendicular to
represent the parallel and in-plane perpendicular
components of magnetic field, k(perpendicular to) is the
wave number in the perpendicular direction, and rho(i) in
the ion gyroradius), and their Alfven ratio also roughly
agrees with the analytical relation R-Ai = (1 + 2
rho(2)k(perpendicular to)(2))/beta (where R-Ai and beta
indicate the Alfven ratio and plasma beta, respectively),
while the corresponding cross helicity and compressibility
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show good agreement with previous theoretical calculations.
All of these properties are consistent with those of kinetic
slow waves (KSWs). Therefore, we conclude that the
filamentary structures downstream of a quasi-parallel shock
are produced by the excitation of KSWs.
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Polarization properties of low frequency electromagnetic
cyclotron waves associated with magnetic clouds

Zhao, GQ (Zhao, G. Q.); Feng, HQ (Feng, H. Q.); Wu, DJ (Wu,
D. J.); Huang, J (Huang, J.)

ASTROPHYSICS AND SPACE SCIENCE
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Recent studies have revealed that there are a large number
of low frequency electromagnetic cyclotron waves (ECWs)
occurring in and around magnetic clouds (MCs) that are
common magnetic structures in interplanetary space. Using
magnetic field data from the STEREO spacecraft, this paper
investigates polarization properties of ECWs associated with
120 MCs. Results show that the ECWs are highly transverse,
strongly polarized waves with large ellipticities. Specifically,
almost all of the waves take place with the ratios of
transverse power to total power higher than 0.94,
polarization degrees greater than 0.85, and ellipticities
larger than 0.5. The mean values of these quantities can be
up to 0.99, 0.96, 0.85, respectively. In particular, there is a
tendency of ellipticities decreasing with respect to the wave
normal angles for ECWs with left handed polarization. The
decreasing tendency is consistent with the recent theory
and simulation results.
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Statistical Study of Low-Frequency Electromagnetic
Cyclotron Waves in the Solar Wind at 1 AU

Zhao, GQ (Zhao, G. Q.); Feng, HQ (Feng, H. Q.); Wu, DJ (Wu,
D. J.); Liu, Q (Liu, Q.); Zhao, Y (Zhao, Y.); Zhao, A (Zhao, A.);
Huang, J (Huang, J.)

JOURNAL OF GEOPHYSICAL RESEARCH-SPACE PHYSICS
#5123 #]: 3 71: 1715-1730

Electromagnetic cyclotron waves (ECWs) near the proton
cyclotron frequency are common wave activities in the solar
wind and have attracted much attention in recent years.
This paper investigates 82,809 ECWs based on magnetic
field data from the Solar Terrestrial Relations Observatory-A
mission between 2007 and 2013. Results show that ECWs
may last for just a few seconds or incessantly for several
tens of minutes. The time fraction of ECW storms among all
solar wind is about 0.9%; the storms are obtained with the
duration threshold of 10 min, amplitude criterion of 0.032
nT, and time separation limit of 3 min for combination of
intermittent ECWs. Most of ECWs have their amplitudes less
than 1 nT, while some ECWs have large amplitudes
comparable to the ambient magnetic field. The distributions
of the durations and amplitudes of these ECWs are
characterized by power law spectra, respectively, with
spectrum indexes around 4. Statistically, there seems to be a
tendency that ECWs with a longer duration will have a larger
amplitude. Observed ECW properties are time dependent,
and the median frequency of left-hand ECWs can be lower
than that of right-hand ECWs in some months in the
spacecraft frame. The percentage of left-hand ECWs varies
in a large range with respect to months; it is much low (26%)
in a month, though it frequently exceeds 50% in other
months.  Characteristics of ECWs with concurrent
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polarizations are also researched. The present study should
be of importance for a more complete picture of ECWs in
the solar wind.

% 219 %, L 248 %

The Influence of IMF B-y on the Bow Shock: Observation
Result

Wang, M (Wang, M.); Lu, JY (Lu, J. Y.); Kabin, K (Kabin, K.);
Yuan, HZ (Yuan, H. Z.); Liu, ZQ (Liu, Z. -Q.); Zhao, JS (Zhao, J.
S.); Li, G (Li, G.)

JOURNAL OF GEOPHYSICAL RESEARCH-SPACE PHYSICS
#1123 #1: 3 71: 1915-1926

In this study we use the bow shock crossings contained in
the Space Physics Data Facility database, collected by four
spacecraft (IMP 8, Geotail, Magion-4, and Clusterl) to
analyze the effect of the interplanetary magnetic field (IMF)
B-y component on the bow shock position and shape.
Although the IMF B-z component is usually considered much
more geoeffective than B-y, we find that the dayside bow
shock is more responsive to the eastward component of the
IMF than the north-south one. We believe that the
explanation lies in the changes that the B-z component
induces on the magnetopause location and shape, which
largely compensate the corresponding changes in the
dayside bow shock location. In the tail, we find that the bow
shock cross section is elongated roughly in the direction
perpendicular to the IMF direction, which agrees with earlier
modeling studies.
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lon-Scale Kinetic Alfven Turbulence: MMS Measurements
of the Alfven Ratio in the Magnetosheath

Roberts, OW (Roberts, O. W.); Toledo-Redondo, S
(Toledo-Redondo, S.); Perrone, D (Perrone, D.); Zhao, J (Zhao,
J.); Narita, Y (Narita, Y.); Gershman, D (Gershman, D.);
Nakamura, R (Nakamura, R.); Lavraud, B (Lavraud, B.);
Escoubet, CP (Escoubet, C. P.); Giles, B (Giles, B.); Dorelli, J
(Dorelli, J.); Pollock, C (Pollock, C.); Burch, J (Burch, J.)
GEOPHYSICAL RESEARCH LETTERS
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Turbulence in the Earth's magnetosheath at ion kinetic
scales is investigated with the magnetospheric multiscale
spacecraft. Several possibilities in the wave paradigm have
been invoked to explain plasma turbulence at ion kinetic
scales such as kinetic Alfven, slow, or magnetosonic waves.
To differentiate between these different plasma waves is a
challenging task, especially since some waves, in particular,
kinetic slow waves and kinetic Alfven waves, share some
properties making the possibility to distinguishing between
them very difficult. Using the excellent time resolution data
set provided from both the fluxgate magnetometer and the
Fast Plasma Instrument, the ratio of trace velocity
fluctuations to the magnetic fluctuations (in Alfven units),
which is termed the Alfven ratio, can be calculated down to
ion kinetic scales. Comparison of the measured Alfven ratio
is performed with respect to the expectation from two-fluid
magnetohydrodynamic theory for the kinetic slow wave and
kinetic Alfven wave. Moreover, the plasma data also allow
normalized fluctuation amplitudes of density and magnetic
field to be compared differentiating between
magnetosonic-like and kinetic Alfven-like turbulence. Using
these two different ratios, we can rule out that the

fluctuations at ion scales are dominated by
magnetosonic-like  fluctuations or  kinetic slow-like
fluctuations and show that they are consistent with kinetic
Alfven-like fluctuations. This suggests that in the wave
paradigm, heating in the direction of the parallel magnetic
field is predominantly by the Landau damping of the kinetic
Alfven wave.
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Observation of Oblique Lower Band Chorus Generated by
Nonlinear Three-Wave Interaction

Teng, S (Teng, S.); Zhao, J (Zhao, J.); Tao, X (Tao, X.); Wang, S
(Wang, S.); Reeves, GD (Reeves, G. D.) GEOPHYSICAL
RESEARCH LETTERS

4 45 11: 13 T1: 6343-6352

Oblique whistler mode waves have been suggested to play
an important role in radiation belt electron dynamics.
Recently, X. Fu et al. (2017, ) proposed that highly oblique
lower band whistler waves could be generated by nonlinear
three-wave resonance. Here we present the first
observational evidence of such process, using Van Allen
Probes data, where an oblique lower band chorus wave is
generated by two quasi-parallel waves through nonlinear
three-wave interaction. The wave resonance condition is
satisfied even in the presence of frequency chirping of one
of the pump waves. Different from the simulation results of
X. Fu et al. (2017), simultaneous particle data do not show a
plateau in the electron distribution, which could be due to
the very weak intensity of the generated waves. These
results should help to better understand the generation of
oblique waves in the inner magnetosphere and their relative
roles in energetic electron dynamics.

Plain Language Summary Oblique lower band whistler mode
waves play an important role in the energetic electron
dynamics in the magnetosphere. Recent research has also
tried to understand how these highly oblique waves are
generated. This paper presents the observations which
directly confirm a recently proposed generation mechanism
of oblique waves via nonlinear wave-wave interaction. In
this theory, an oblique whistler wave, called the daughter
wave, can obtain energy from the coupling with two parent
whistler waves. Our observation shows that the generated
oblique whistler waves also exhibit frequency chirping,
caused by the frequency chirping of one of the parent waves.
However, the observed waves are too weak to effectively
scatter or energize electrons. Our study should be useful to
further understand how the oblique waves are excited and
their effects on energetic electron dynamics in the inner
magnetosphere.
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Transiting Exoplanet Monitoring Project (TEMP). I. Refined
System Parameters and Transit Timing Variations of
HAT-P-29b

Wang, SH (Wang, Songhu); Wang, XY (Wang, Xian-Yu); Wang,
YH (Wang, Yong-Hao); Liu, HG (Liu, Hui-Gen); Hinse, TC
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(Hinse, Tobias C.); Eastman, J (Eastman, Jason); Bayliss, D
(Bayliss, Daniel); Hori, Y (Hori, Yasunori); Hu, SM (Hu,
Shao-Ming); Li, K (Li, Kai); Liu, JZ (Liu, Jinzhong); Narita, N
(Narita, Norio); Peng, XY (Peng, Xiyan); Wittenmyer, RA
(Wittenmyer, R. A.); Wu, ZY (Wu, Zhen-Yu); Zhang, H (Zhang,
Hui); Zhang, XJ (Zhang, Xiaojia); Zhao, HB (Zhao, Haibin);
Zhou, JL (Zhou, Ji-Lin); Zhou, G (Zhou, George); Zhou, X (Zhou,
Xu); Laughlin, G (Laughlin, Gregory)

ASTRONOMICAL JOURNAL
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We report the photometry of six transits of the hot Jupiter
HAT-P-29b obtained from 2013 October to 2015 January.
We analyze the new light curves, in combination with the
published photometric, Doppler velocimetric, and
spectroscopic measurements, finding an updated orbital
ephemeris for the HAT-P-29 system, T-C[0] =
2456170.5494(15)[BJD(TDB)] and P = 5.723390(13) days.
This result is 17.63 s (4.0 sigma) longer than the previously
published value, amounting to errors exceeding 2.5 hr at the
time of writing (on UTC 2018 June 1). The measured transit
mid-times for HAT-P-29b show no compelling evidence of
timing anomalies from a linear model, which rules out the
presence of perturbers with masses greater than 0.6, 0.7,
0.5, and 0.4M(circle plus) near the 1:2, 2:3, 3:2, and 2:1
resonances with HAT-P-29b, respectively.
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A Pilot Study of Asteroid Spin Rate Using the CNEOST at
Xu-Yi Observatory

Yeh, TS (Yeh, Ting-Shuo); Chang, CK (Chang, Chan-Kao); Li, B
(Li, Bin); Lin, HW (Lin, Hsing-Wen); Zhao, HB (Zhao, Hai-Bin);
Ji, JH (Ji, Jian-Hui); Ip, WH (Ip, Wing-Huen)

SERENDIPITIES IN THE SOLAR SYSTEM AND BEYOND
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Several important physical properties of asteroid can be
derived from light curve, such as rotation sense (e.g.
rotation period and spin pole orientation), general shape
(e.g., axis ratio estimated form light curve amplitude and
shape model from light curve inversion), interior structure
(i.e., the 2.2 hr spin-rate limit of rubble-pile asteroids) and
taxonomic type (e.g., phase-curve relation). Moreover, the
statistics on asteroid spin rate and pole orientation are also
important to understand how rotational status was affected
by various mechanisms (e.g., mutual collision, tidal force and
the YORP effect). To have a comprehensive study on the
aforementioned questions, it relies on a large sample of
asteroid rotation. Therefore, we initiated our cross-strait
bilateral cooperation with the Purple Mountain Observatory
(PMO) to collect asteroid light curves using the CNEOST
(Chinese Near-Earth Object Survey Telescope) at XuYi station.
A pilot survey of-40 square degrees using 8-min cadence had
been carried out during February 27-March 2 2017. 1650
light curves were collected, from which 79 highly reliable
rotation periods were derived. In order to collect more
samples, we will continue to carry out more high-cadence
observations in next two years.

2 2 FR: Symposium Celebrating Prof. Wing-Huen Ip's
70th Birthday - Serendipities in the Solar System and Beyond
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Transiting Exoplanet Monitoring Project (TEMP). lil. On the
Relocation of the Kepler-9 b Transit

Wang, SH (Wang, Songhu); Wu, DH (Wu, Dong-Hong);
Addison, BC (Addison, Brett C.); Laughlin, G (Laughlin,
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Gregory); Liu, HG (Liu, Hui-Gen); Wang, YH (Wang,
Yong-Hao); Yang, TZ (Yang, Taozhi); Yang, M (Yang, Ming);
Yisikandeer, A (Yisikandeer, Abudusaimaitijiang); Hong, RQ
(Hong, Renquan); Li, B (Li, Bin); Liu, JZ (Liu, Jinzhong); Zhao,
HB (Zhao, Haibin); Wu, ZY (Wu, Zhen-Yu); Hu, SM (Hu,
Shao-Ming); Zhou, X (Zhou, Xu); Zhou, JL (Zhou, Ji-Lin); Zhang,
H (Zhang, Hui); Zheng, J (Zheng, Jie); Wang, W (Wang, Wei);
Fan, Z (Fan, Zhou); Niu, HB (Niu, Hubiao); Chen, YY (Chen,
Yuan-Yuan); Lu, H (Lu, Hao); Peng, XY (Peng, Xiyan); Li, K (Li,
Kai); Guo, DF (Guo, Di-Fu)

ASTRONOMICAL JOURNAL
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The Kepler-9 system harbors three known transiting planets.
The system holds significant interest for several reasons.
First, the outer two planets exhibit a period ratio that is
close to a 2: 1 orbital commensurability, with attendant
dynamical consequences. Second, both planets lie in the
planetary mass "desert" that is generally associated with the
rapid gas agglomeration phase of the core accretion process.
Third, there exist attractive prospects for accurately
measuring both the sky-projected stellar spin-orbit angles as
well as the mutual orbital inclination between the planets in
the system. Following the original Kepler detection
announcement in 2010, the initially reported orbital
ephemerides for Kepler-9. b and c¢ have degraded
significantly, due to the limited time base-line of
observations on which the discovery of the system rested.
Here, we report new ground-based photometric
observations and extensive dynamical modeling of the
system. These efforts allow us to photometrically recover
the transit of Kepler-9. b and thereby greatly improve the
predictions for upcoming transit mid-times. Accurate
ephemerides of this system are important in order to
confidently schedule follow-up observations of this system,
for both in-transit Doppler measurements as well as for
atmospheric transmission spectra taken during transit.
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New open cluster candidates discovered in the XSTPS-GAC
survey

Guo, JC (Guo, Jin-Cheng); Zhang, HW (Zhang, Hua-Wei);
Zhang, HH (Zhang, Hui-Hua); Liu, XW (Liu, Xiao-Wei); Yuan,
HB (Yuan, Hai-Bo); Huang, Y (Huang, Yang); Wang, S (Wang,
Song); Chen, L (Chen, Li); Zhao, HB (Zhao, Hai-Bin); Liu, JF
(Liu, Ji-Feng); Chen, BQ (Chen, Bing-Qiu); Xiang, MS (Xiang,
Mao-Sheng); Tian, ZJ (Tian, Zhi-Jia); Huo, ZY (Huo, Zhi-Ying);
Wang, C (Wang, Chun)

RESEARCH IN ASTRONOMY AND ASTROPHYSICS
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The Xuyi Schmidt Telescope Photometric Survey of the
Galactic Anti-center (XSTPS-GAC) is a photometric sky survey
that covers nearly 6000 deg(2) towards the Galactic
Anti-center (GAC) in the g, r, i bands. Half of its survey field is
located on the Galactic Anti-center disk, which makes
XSTPS-GAC highly suitable to search for new open clusters in
the GAC region. In this paper, we report new open cluster
candidates discovered in this survey, as well as properties of
these open cluster candidates, such as age, distance and
reddening, derived by isochrone fitting in the
color-magnitude diagram (CMD). These open cluster
candidates are stellar density peaks detected in the star
density maps by applying the method from Koposov et al.
Each candidate is inspected in terms of its true color image
composed from three XSTPS-GAC band images. Then its
CMD is checked, in order to identify whether the central
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region stars have a clear isochrone-like trend differing from
background stars. The parameters derived from isochrone
fitting for these candidates are mainly based on three band
photometry of XSTPS-GAC. Moreover, when these new
candidates are able to be seen clearly in 2MASS data, their
parameters are also derived based on the 2MASS (J - H, J)
CMD. There are a total of 320 known open clusters
rediscovered and 24 new open cluster candidates
discovered in this work. Furthermore, the parameters of
these new candidates, as well as another 11 previously
known open clusters, are properly determined for the first
time.

226 %, 3t 248 %

Fundamentals of the orbit and response for TianQin

Hu, XC (Hu, Xin-Chun); Li, XH (Li, Xiao-Hong); Wang, Y (Wang,
Yan); Feng, WF (Feng, Wen-Fan); Zhou, MY (Zhou, Ming-Yue);
Hu, YM (Hu, Yi-Ming); Hu, SC (Hu, Shou-Cun); Mei, JW (Mei,
Jian-Wei); Shao, CG (Shao, Cheng-Gang)

CLASSICAL AND QUANTUM GRAVITY

% 35 #]: 9 3Lk 5 095008

TianQin is a space-based laser interferometric gravitational
wave detector aimed at detecting gravitational waves at low
frequencies (0.1 mHz-1 Hz). It is formed by three identical
drag-free  spacecrafts in an equilateral triangular
constellation orbiting around the Earth. The distance
between each pair of spacecrafts is approximately 1.7 x 10(5)
km. The spacecrafts are interconnected by infrared laser
beams forming up to three Michelson-type interferometers.
The detailed mission design and the study of science
objectives for the TianQin project depend crucially on the
orbit and the response of the detector. In this paper, we
provide the analytic expressions for the coordinates of the
orbit for each spacecraft in the heliocentric-ecliptic
coordinate system to the leading orders. This enables a
sufficiently accurate study of science objectives and data
analysis, and serves as a first step to further orbit design and
optimization. We calculate the response of a single
Michelson detector to plane gravitational waves in arbitrary
waveform which is valid in the full range of the sensitive
frequencies. It is then used to generate the more realistic
sensitivity curve of TianQin. We apply this model on a
reference white-dwarf binary as a proof of principle.
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Limits on radio emission from meteors using the MWA

Zhang, X (Zhang, X.); Hancock, P (Hancock, P.); Devillepoix,
HAR (Devillepoix, H. A. R.); Wayth, RB (Wayth, R. B.);
Beardsley, A (Beardsley, A.); Crosse, B (Crosse, B.); Emrich, D
(Emrich, D.); Franzen, TMO (Franzen, T. M. 0.); Gaensler, BM
(Gaensler, B. M.); Horsley, L (Horsley, L.); Johnston-Hollitt, M
(Johnston-Hollitt, M.); Kaplan, DL (Kaplan, D. L.); Kenney, D
(Kenney, D.); Morales, MF (Morales, M. F.); Pallot, D (Pallot,
D.); Steele, K (Steele, K.); Tingay, SJ (Tingay, S. J.); Trott, CM
(Trott, C. M.); Walker, M (Walker, M.); Williams, A (Williams,
A.); Wu, C (Wu, C.); Ji, JH (Ji, Jianghui); Ma, YH (Ma, Yuehua)
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
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Recently, low-frequency, broad-band radio emission has
been observed accompanying bright meteors by the Long
Wavelength Array (LWA). The broad-band spectra between

20 and 60MHz were captured for several events, while the
spectral index (dependence of flux density on frequency,
with S-nu proportional to nu(alpha)) was estimated to be -4
+/- 1 during the peak of meteor afterglows. Here we present
a survey of meteor emission and other transient events
using the Murchison Wide Field Array (MWA) at 72-103 MHz.
In our 322 h survey, down to a 5 sigma detection threshold
of 3.5 Jy beam(-1), no transient candidates were identified
as intrinsic emission from meteors. We derived an upper
limit of -3.7 (95 per cent confidence limit) on the spectral
index in our frequency range. We also report detections of
other transient events, such as reflected FM broadcast
signals from small satellites, conclusively demonstrating the
ability of the MWA to detect and track space debris on
scales as small as 0.1 m in low Earth orbits.
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Dynamical properties and acceleration of hierarchical dust
in the vicinity of comet 67P/Churyumov-Gerasimenko

Skorov, Y (Skorov, Yu.); Reshetnyk, V (Reshetnyk, V.); Rezac,
L (Rezac, L.); Zhao, Y (Zhao, Y.); Marschall, R (Marschall, R.);
Blum, J (Blum, J.); Hartogh, P (Hartogh, P.)
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A significant fraction of cometary dust grains leaving the
nucleus surface are extremely porous and fluffy particles as
revealed by recent observation from the Rosetta mission. In
this paper our aim is to investigate the dynamics of such
grains when subjected to a gas flow, representing the
cometary outgassing. We perform numerical experiments to
quantify how the internal porous texture is reflected in
quantities such as effective cross-section, gas drag
coefficient, and light scattering efficiency. We also derive
particle speeds for the different types of aggregates as a
function of radial distance and compare them to the
observations by the GIADA instrument. Using our original
method for constructing hierarchical aggregates we increase
the level of aggregation to reach particle sizes up to few
millimeters, consistent with the observations. In addition, a
non-constant gas velocity is now considered in the
framework of free molecular as well as fully collisional flow
models, and radiation pressure calculations use the effective
medium theory appropriate for such particles. These
improvements lead us to conclude that dynamical models
should account for accelerating gas flow, which leads to a
smaller terminal speed of fluffy dust grains. Secondly, solar
radiation pressure calculated based on the Mie theory
approximation can lead to orders of magnitude error for the
very porous particles, instead the effective medium theory
should be used. Finally, although numerical simulations can
reproduce the GIADA measurements of dust speeds, we
cannot conclude that there exists a preferred model of
porous particles build as a ballistic cluster aggregate.
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Compositional Imprints in Density-Distance-Time: A Rocky
Composition for Close-in Low-mass Exoplanets from the
Location of the Valley of Evaporation

Jin, S (Jin, Sheng); Mordasini, C (Mordasini, Christoph)
ASTROPHYSICAL JOURNAL
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We use an end-to-end model of planet formation,
thermodynamic evolution, and atmospheric escape to
investigate how the statistical imprints of evaporation
depend on the bulk composition of planetary cores (rocky
versus icy). We find that the population-wide imprints like
the location of the ‘'evaporation valley" in the
distance-radius plane and the corresponding bimodal radius
distribution clearly differ depending on the bulk composition
of the cores. Comparison with the observed position of the
valley suggests that close-in low-mass Kepler planets have a
predominantly Earth-like rocky composition. Combined with
the excess of period ratios outside of MMR, this suggests
that low-mass Kepler planets formed inside of the water
iceline but were still undergoing orbital migration. The core
radius becomes visible for planets losing all primordial H/He.
For planets in this " triangle of evaporation" in the
distance-radius plane, the degeneracy in composition is
reduced. In the observed planetary mass-mean density
diagram, we identify a trend to more volatile-rich
compositions with an increasing radius (R/R-circle plus less
than or similar to 1.6 rocky; 1.6-3.0 ices, and/or H/He;
greater than or similar to 3: H/He). The mass-density
diagram contains important information about formation
and evolution. Its characteristic broken V-shape reveals the
transitions from solid planets to low-mass core-dominated
planets with H/He and finally to gas-dominated giants.
Evaporation causes the density and orbital distance to be
anticorrelated for low-mass planets in contrast to giants,
where closer-in planets are less dense, likely due to inflation.
The temporal evolution of the statistical properties reported
here will be of interest for the PLATO 2.0 mission, which will
observe the temporal dimension.
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Study on Rotational Parameters for Asteroid 4179 Toutatis
from Chang'e-2's Close Flyby

Zhao, YH (Zhao, Yuhui); Ji, JH (Ji, Jianghui)

SERENDIPITIES IN THE SOLAR SYSTEM AND BEYOND

#%:513 T: 111-114

This paper shows a review of the determination of rotational
parameters of Toutatis based on the observational results
from Chang'e-2's close flyby in Dec 2012. We use the 3-D
shape model derived from ground-based radar observations
to determine the 3-1-3 Euler angles at the flyby epoch,
which are evaluated to be -20.1 degrees +/- 1, 27.6 degrees
+/- 1 degrees and 42.2 degrees +/- 1 degrees. Spin and
precession periods are evaluated to be 5.38 +/-. 0.03 days
and 7.40 +/- 0.03 days, respectively. The large value of
tumbling angle (angle between angular momentum axis and
spin axis) caused the significant amplitude of Toutatis'
tumbling attitude observed from Earth.

2 WA FR: Symposium Celebrating Prof. Wing-Huen Ip's
70th Birthday - Serendipities in the Solar System and Beyond
£ HI%: JuL 10-13, 2017
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New Constraints on Turbulence and Embedded Planet Mass
in the HD 163296 Disk from Planet-Disk Hydrodynamic
Simulations

Liu, SF (Liu, Shang-Fei); Jin, S (Jin, Sheng); Li, ST (Li, Shengtai);
Isella, A (Isella, Andrea); Li, H (Li, Hui)

ASTROPHYSICAL JOURNAL
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Recent Atacama Large Millimeter and Submillimeter Array
(ALMA) observations of the protoplanetary disk around the
Herbig Ae star HD 163296 revealed three depleted dust gaps
at 60, 100, and 160 au in the 1.3 mm continuum as well as
CO depletion in the middle and outer dust gaps. However,
no CO depletion was found in the inner dust gap. To
examine the planet-disk interaction model, we present
results of 2D two fluid (gas + dust) hydrodynamic
simulations coupled with 3D radiative transfer simulations.
To fit the high gas-to-dust ratio of the first gap, we find that
the Shakura-Sunyaev viscosity parameter alpha must be very
small (less than or similar to 10(-4)) in the inner disk. On the
other hand, a relatively large alpha (similar to 7.5 x 10(-3)) is
required to reproduce the dust surface density in the outer
disk. We interpret the variation of alpha as an indicator of
the transition from an inner dead zone to the outer
magnetorotational instability (MRI) active zone. Within
similar to 100 au, the HD 163296 disk's ionization level is low,
and non-ideal magnetohydrodynamic effects could suppress
the MRI, so the disk can be largely laminar The disk's
ionization level gradually increases toward larger radii, and
the outermost disk (r > 300 au) becomes turbulent due to
MRI. Under this condition, we find that the observed dust
continuum and CO gas line emissions can be reasonably fit
by three half-Jovian-mass planets (0.46, 0.46, and 0.58 M-J)
at 59, 105, and 160 au, respectively.
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Formation of S-type planets in close binaries:
scattering-induced tidal capture of circumbinary planets

Gong, YX (Gong, Yan-Xiang); Ji, JH (Ji, Jianghui)

MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY
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Although several S-type and P-type planets in binary systems
were discovered in past years, S-type planets have not yet
been found in close binaries with an orbital separation not
more than 5 au. Recent studies suggest that S-type planets
in close binaries may be detected through high-accuracy
observations. However, nowadays planet formation theories

imply that it is difficult for S-type planets in close binaries
systems to form in situ. In this work, we extensively perform
numerical simulations to explore scenarios of planet-planet
scattering among circumbinary planets and subsequent tidal
capture in various binary configurations, to examine
whether the mechanism can play a part in producing such
kind of planets. Our results show that this mechanism is
robust. The maximum capture probability is similar to 10 per
cent, which can be comparable to the tidal capture
probability of hot Jupiters in single star systems. The capture
probability is related to binary configurations, where a
smaller eccentricity or a low mass ratio of the binary will
lead to a larger probability of capture, and vice versa.
Furthermore, we find that S-type planets with retrograde
orbits can be naturally produced via capture process. These
planets on retrograde orbits can help us distinguish in situ
formation and post-capture origin for S-type planet in close
binaries systems. The forthcoming missions (PLATO) will
provide the opportunity and feasibility to detect such
planets. Our work provides several suggestions for selecting
target binaries in search for S-type planets in the near
future.
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The formation mechanism of 4179 Toutatis' elongated
bilobed structure in a close Earth encounter scenario

Hu, SC (Hu, Shoucun); Ji, JH (Ji, Jianghui); Richardson, DC
(Richardson, Derek C.); Zhao, YH (Zhao, Yuhui); Zhang, Y
(zhang, Yun)
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%: 478 1: 1 71: 501-515

The optical images of near-Earth asteroid 4179 Toutatis
acquired by Chang'e-2 spacecraft show that Toutatis has an
elongated contact binary configuration, with the contact
point located along the long axis. We speculate that such
configuration may have resulted from a low-speed impact
between two components. In this work, we performed a
series of numerical simulations and compared the results
with the optical images, to examine the mechanism and
better understand the formation of Toutatis. Herein, we
propose a scenario that an assumed separated binary
precursor could undergo a close encounter with Earth,
leading to an impact between the primary and secondary,
and the elongation is caused by Earth's tide. The precursor is
assumed to be a doubly synchronous binary with a
semimajor axis of 4R(p) (radius of primary) and the two
components are represented as spherical cohesionless
self-gravitating granular aggregates. The mutual orbits are
simulated in a Monte Carlo routine to provide appropriate
parameters for our N-body simulations of impact and tidal
distortion. We employ the PK DG RAV package with a
soft-sphere discrete element method to explore the entire
scenarios. The results show that contact binary
configurations are natural outcomes under this scenario,
whereas the shape of the primary is almost not affected by
the impact of the secondary. However, our simulations
further provide an elongated contact binary configuration
best matching to the shape of Toutatis at an approaching
distance r(p) = 1.4-1.5 R-e (Earth radius), indicative of a likely
formation scenario for configurations of Toutatis-like
elongated contact binaries.
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Dating phosphates of the strongly shocked Suizhou
chondrite

Li, SL (Li, Shaolin); Hsu, WB (Hsu, Weibiao)
AMERICAN MINERALOGIST
#:103 HH: 11 T1: 1789-1799

Impacts on undifferentiated asteroidal bodies provide
invaluable information for understanding the solar system
evolution. Nevertheless, dating early and small-scale impact
events is technically challenging. Uranium-lead (U-Pb)
systematics of U-bearing phases within shock-induced melt
veins (SMVs) of chondrites may be significantly disturbed by
localized heating, thus providing opportunities to date these
impact events. As one of the major U hosts in chondrites,
apatite in the Suizhou (L6) chondrite has been
compositionally and structurally modified to varying degrees
by shock metamorphism. Apatite grains in the host
remained largely intact during the impact and have recorded
the initial thermal cooling time (similar to 4550 Ma) on their
parent body. Apatite grains in regions less than 100 mu m
bordering the SMVs or in relatively "cold" regions within the
SMVs were partly decomposed to tuite, driven by the
localized transient heating within the SMVs. Their U-Pb
systematics were disrupted to varying extents. Apatite in
regions close to the center of the SMVs has been completely
transformed to tuite, which yields an age of 4481 +/- 30 Ma
(2 sigma), providing an upper limit to the impact event. This
study clearly demonstrates that by integrating in situ U-Pb
isotope analysis with detailed microstructural and
compositional analysis of phosphates, it is possible to
deduce the timing of early and small-scale celestial impact
events, and hence create a more comprehensive
understanding of the impact history of the solar system.

% 239 %, It 248 %

Multiple impact events on the L-chondritic parent body:
Insights from SIMS U-Pb dating of Ca-phosphates in the
NWA 7251 L-melt breccia

Li, Y (Li, Ye); Hsu, WB (Hsu, Weibiao)
METEORITICS & PLANETARY SCIENCE
%53 #]: 5 71: 1081-1095

Here we report in situ secondary ionization mass
spectrometry Ca-phosphate U-Pb ages for an L-impact melt
breccia (NWA 7251), which are integrated with petrological
and mineral chemical studies of this meteorite. NWA 7251 is
a heavily shocked rock that is composed mainly of the
chondrite host, impact melt portion, and melt veins
(crosscutting and pervasive type). The host is an L4
chondrite that has been shocked to S4. The impact melt
portion has a fine-grained igneous texture, and is composed
mainly of olivine, low-Ca pyroxene, high-Ca pyroxene, and
albitic glass. The impact melt was generated at pressure
of >30-35 GPa and temperature of >1300-1500 degrees C
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during an impact event. The Ca-phosphate grains in the host
were affected by a shock heating event. Most of the
Ca-phosphate grains in the melt were neocrystallized, but
relatively large grains enclosed by or adjacent to metal veins
or melt globules are likely inherited. The U-Pb isotopic
systematics of Ca-phosphates in NWA 7251 yield an upper
intercept age of 4457 +/- 56 Ma and a lower intercept age of
574 +/- 82 Ma on the normal U-Pb concordia diagram. The
age of 4457 +/- 56 Ma is interpreted to be related to an early
shocking event rather than the thermal metamorphism of
the parent body. The impact melt and veins in NWA 7251
were generated at 574 +/- 82 Ma, resulting from disruption
of the L chondrite parent body.

240 %, Ft 248 %

The nature of the L chondrite parent body's disruption as
deduced from high-pressure phases in the Sixiangkou L6
chondrite

Li, SL (Li, Shaolin); Hsu, WB (Hsu, Weibiao)
METEORITICS & PLANETARY SCIENCE
%153 #H: 10 71: 2107-2121

The disruption of the L chondrite parent body (LCPB) at
similar to 470Ma is currently the best-documented
catastrophic celestial impact event, based on the large
number of L chondritic materials associated with this event.
Uranium-lead (U-Pb) dating of apatite and its high-pressure
decomposition product, tuite, in the Sixiangkou L6 chondrite
provides a temporal link to this event. The U-Pb system of
phosphates adjacent to shock melt veins was altered to
varying degrees and the discordance of the U-Pb system
correlates closely with the extent of apatite decomposition.
This suggests that the U-Pb system of apatite could be
substantially disturbed by high-temperature pulse during
shock compression from natural impacts, at least on the
scale of mineral grains. Although many L chondrites can be
temporally related to the catastrophic LCPB impact event,
the shock conditions experienced by each individual
meteorite vary. This could be due to the different geologic
settings of these meteorites on their parent body. The shock
pressure and duration derived from most meteorites may
only reflect local shock features rather than the impact
conditions, although they could provide lower limits to the
impact conditions. The Sixiangkou shock duration (similar to
4s), estimated from high-pressure transformation kinetics,
provides a lower limit to the high-pressure pulse of the LCPB
disruption impact. Combined with available literature data
of L chondrites associated with this impact event, our results
suggest that the LCPB suffered a catastrophic collision with a
large projectile (with a diameter of at least 18-22km) at a
low impact velocity (5-6kms(-1)). This is consistent with
astronomical estimates based on the dynamical evolution of
L chondritic asteroids.

o241 %, 3t o248 %

Petrogenesis of ore-bearing porphyry in non-subduction
setting: a case study of the Eocene potassic intrusions in
the western Yangtze Block

Liu, Z (Liu, Zheng); Liao, SY (Liao, Shi-Yong); Zhou, Q (Zhou,
Qing); Zhang, X (Zhang, Xin)

MINERALOGY AND PETROLOGY
#:112 #3: 6 71: 801-817
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In the western Yangtze Block, abundant Eocene (similar to
38-34 Ma) potassic adakite-like intrusions and associated
porphyry copper deposits are exposed in non-subduction
setting, including Machangjing, Beiya, Binchuan, Habo and
Tongchang intrusions. All these ore-bearing porphyries share
many geochemical characteristics of adakite such as
depletion in heavy rare earth elements (HREEs), enrichment
in Sr and Ba, absence of negative Eu anomalies, high SiO2,
Al203, Sr/Y, La/Yb and low Y, Yb contents. They also exhibit
affinities of potassic rocks, e.g., alkali-rich, high K20/Na20
ratios and enrichment in light rare earth elements (LREEs)
and large ion lithophile elements (LILEs). Their Sr-Nd isotopic
ratios are similar to coeval shoshonitic lamprophyres.
Geochemical data indicate that they were probably
produced by partial melting of newly underplated potassic
rocks sourced from a modified and enriched lithospheric
mantle. These underplated rocks have elevated oxygen
fugacity, water and copper contents, with high metallogenic
potential. We propose that all the studied potassic rocks
were emplaced in a post-collisional setting, associated with
the local removal of lithospheric mantle.

% 242 %, 3L 248 %

The Absolute Reflectance and New Calibration Site of the
Moon

Wu, YZ (Wu, Yunzhao); Wang, ZC (Wang, Zhenchao); Cai, W
(Cai, Wei); Lu, Y (Lu, Yu)

ASTRONOMICAL JOURNAL

#1155 #: 5 kS 213

How bright the Moon is forms a simple but fundamental and
important question. Although numerous efforts have been
made to answer this question such as use of sophisticated
electro-optical measurements and suggestions for
calibration sites, the answer is still debated. An in situ
measurement with a calibration panel on the surface of the
Moon is crucial for obtaining the accurate absolute
reflectance and resolving the debate. China's Chang'E-3
(CE-3) "Yutu" rover accomplished this type of measurement
using the Visible-Near Infrared Spectrometer (VNIS). The
measurements of the VNIS, which were at large emission
and phase angles, complement existing measurements for
the range of photometric geometry. The in situ reflectance
shows that the CE-3 landing site is very dark with an average
reflectance of 3.86% in the visible bands. The results are
compared with recent mission instruments: the Lunar
Reconnaissance Orbiter Camera (LROC) Wide Angle Camera
(WAC), the Spectral Profiler (SP) on board the SELENE, the
Moon Mineralogy Mapper (M-3) on board the
Chandrayaan-1, and the Chang'E-1 Interference Imaging
Spectrometer (IIM). The differences in the measurements of
these instruments are very large and indicate inherent
differences in their absolute calibration. The M-3 and IIM
measurements are smaller than LROC WAC and SP, and the
VNIS measurement falls between these two pairs. When
using the Moon as a radiance source for the on-orbit

calibration of spacecraft instruments, one should be
cautious about the data. We propose that the CE-3 landing
site, a young and homogeneous surface, should serve as the
new calibration site.
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Mineralogy of Mare Frigoris

Zhang Xiaomeng; Zhang Xunyu; Chen Yuan; Cai Wei; Lu Yu;
Wu Yunzhao

Earth Science Frontiers
%125 : 1 71: 314-324

Mineral composition of mare basalt reflects chemical
composition of magma source together with physical and
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chemical environments of the rock's formation, which is
significant for both researches of origin and evolution of the
Moon and exploitation and utilization of lunar resource.In
this study, an elongated mare was chosen as our research
area, and Moon Mineralogy Mapper (M~3) hyperspectral
data was applied to mineral spatial distribution.Mare
Frigoris was mapped and characterized into 25 basalt units
based on multi-source remote sensing data including
spectrum, terrain and elements abundance.We extracted
169 spectra curves of fresh craters from M~3 hyperspectral
image.Spectral parameters such as absorption center and
absorption band area ratio were obtained through data
processing.Mafic mineral variation of Mare Frigoris basalt
was acquired by analyzing reflectance spectra's absorption
features.Basalt units in eastern Frigoris are older, with mafic
mineral dominated by clinopyroxene containing lower CaO
compared to returned lunar samples, which is similar to
older basalt units in Mare Serenitatis and Mare
Imbrium.Basalt units of western Frigoris and Sinus Roris are
younger and rich in olivine.And the late stage basalts in
Oceanus Procellarum and Mare Imbrium show the same
feature too.These wide-spread olivine-rich basalts suggest
the uniqueness in the global evolution of the
moon.Geographically speaking, Frigoris is an individual mare,
but its source region may have connections with mares
around in consideration of mineral differences between
western and eastern Frigoris as well as mineral similarities
with mares at the same location.

% 246 %, 3L 248 %

Geology, tectonism and composition of the northwest
Imbrium region

Wu, YZ (Wu, Yunzhao); Li, L (Li, Lin); Luo, XX (Luo, Xiaoxing);
Lu, Y (Lu, Yu); Chen, Y (Chen, Yuan); Pieters, CM (Pieters,
Cade M.); Basilevsky, AT (Basilevsky, Alexander T.); Head, JW
(Head, James W.)

ICARUS
#:303 T1: 67-90

The objective of this study is to explore the regional geology
of the northwest Imbrium region in which the Chang'E-3
(CE-3) landing site is located. CE-3 successfully landed on
December 14, 2013 on the un-sampled Eratosthenian
basalts whose study is important for understanding the
evolution of the Moon. New geologic and structural maps of
the research area were produced through the integrated
analysis of diverse datasets. The highlands surrounding
Imbrium differ from typical Farside Highlands Terrain (FHT).
The Iridum highland region (as well as the surrounding
Imbrium region) exhibits elevated concentrations of Fe, and
abundant local exposures of low-Ca pyroxene and olivine
bearing lithologies. In this study these highlands are named
as mafic highlands (MH). Our dating results using crater
size-frequency distributions (CSFDs) show that the Iridum
basin (hosting Sinus Iridum) was formed-3.8 Ga, shortly
following the Imbrium basin formation and before the last
large multiringed basin, Orientale. The Eratosthenian period
of lunar basalt eruptions, which lasted longer than other
stratigraphic units, is suggested to divide into the Lower
Eratosthenian mare (LEm) and Upper Eratosthenian mare
(UEm) units. This subdivision is based on whether lava fronts
can be clearly seen or not and the age separating the units is
2.35 Ga. The mafic mineralogy of the mare basalts in
Imbrium is characterized by abundant olivine in the
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Eratosthenian-aged basalts and average pyroxene
compositions near pigeonite to sub-calcic augite in the
Imbrian and Em1 units. The thickness of individual lava for
UEm units is 8-11 m, indicative of high effusion rates. The
thickness of the Em3 unit ranges from similar to 17 m to
similar to 45 m with lesser thickness to the west and greater
thickness in the interior and to the east. The estimated
volume and average flux of the Eratosthenian-aged basalts
are greater than previously thought. The presence of these
youngest basalts in the Procellarum-KREEP terrain (PKT) is
hypothesized to be a causal relationship, with the PKT
terrain reducing the thickness of the lithosphere and
permitting preferential dike emplacement and extrusion
there. We speculate that high-Ti and olivine-rich
composition in late stage basalts may be consistent with low
Si and high Ti and low degrees of partial melting. Large
numbers of sinuous rilles and small ridges are identified and
mapped. Many young ridges were found inside Imbrium,
suggesting a very extended period (at least as young as the
last 50 Ma) of the Moon's tectonic activity. The distinct
compositions of both highlands and mare basalts and
extended tectonism emphasize how the Imbrium basin is an
important area for understanding the Moon. (C) 2017
Elsevier Inc. All rights reserved.
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Spectroscopic observations of the Moon at the lunar
surface

Wau, YZ (Wu, Yunzhao); Hapke, B (Hapke, Bruce)
EARTH AND PLANETARY SCIENCE LETTERS
41 484 T1: 145-153

The Moon's reflectance spectrum records many of its
important properties. However, prior to Chang'E-3 (CE-3), no
spectra had previously been measured on the lunar surface.
Here we show the in situ reflectance spectra of the Moon
acquired on the lunar surface by the Visible-Near Infrared
Spectrometer (VNIS) onboard the CE-3 rover. The VNIS
detected thermal radiation from the lunar regolith, though
with much shorter wavelength range than typical thermal
radiometer. The measured temperatures are higher than
expected from theoretical model, indicating low thermal
inertia of the lunar soil and the effects of grain facet on soil
temperature in submillimeter scale. The in situ spectra also
reveal that 1) brightness changes visible from orbit are
related to the reduction in maturity due to the removal of
the fine and weathered particles by the lander's rocket
exhaust, not the smoothing of the surface and 2) the spectra
of the uppermost soil detected by remote sensing exhibit
substantial differences with that immediately beneath,
which has important implications for the remote
compositional analysis. The reflectance spectra measured by
VNIS not only reveal the thermal, compositional, and
space-weathering properties of the Moon but also provide a
means for the calibration of optical instruments that view
the surface remotely. (C) 2017 Elsevier B.V. All rights
reserved.

2 248 %, L 248 %

The Thickness and Volume of Young Basalts Within Mare
Imbrium

Chen, Y (Chen, Yuan); Li, CL (Li, Chunlai); Ren, X (Ren, Xin);
Liu, JJ (Liu, Jianjun); Wu, YZ (Wu, Yunzhao); Lu, Y (Lu, Yu); Cai,
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W (Cai, Wei); Zhang, XY (Zhang, Xunyu)
JOURNAL OF GEOPHYSICAL RESEARCH-PLANETS
%1123 #H: 2 Ti: 630-645

Basaltic volcanism is one of the most important geologic
processes of the Moon. Research on the thickness and
volume of late-stage basalts of Mare Imbrium helps better
understand the source of lunar volcanism and eruption
styles. Based on whether apparent flow fronts exist or not,
the late-stage basalts within Mare Imbrium were divided
into two groups, namely, Upper Eratosthenian basalts (UEm)
and Lower Eratosthenian basalts (LEm). Employing the
topographic profile analysis method for UEm and the crater
excavation technique for LEm, we studied the thickness and
distribution of Eratosthenian basalts in Mare Imbrium. For
the UEm units, their thicknesses were estimated to be
similar to 16-34 (2)m with several layers of individual lava
(similar to 8-13m) inside. The estimated thickness of LEm
units was similar to 14-45(1)m, with a trend of reducing
thickness from north to south. The measured thickness of
late-stage basalts around the Chang'E-3 landing site (similar
to 371m) was quite close to the results acquired by the lunar
penetrating radar carried on board the Yutu Rover (similar
to 35m). The total volume of the late-stage basalts in Mare
Imbrium was calculated to be similar to 8,671 (320)km(3),
which is 4 times lower than that of Schaber's estimation
(similar to 4x10(4)km(3)). Our results indicate that the actual
volume is much lower than previous estimates of the final
stage of the late basaltic eruption of Mare Imbrium.
Together, the area flux and transport distance of the lava
flows gradually decreased with time. These results suggest
that late-stage volcanic evolution of the Moon might be
revised.

Plain Language Summary The late stage younger than 3.1Ga
volcanism of the Moon deposited large areas of basalts in
Mare Imbrium and Oceanus Procellarum. These basalts have
different colors (dark and blue) compared to old basalts
sampled by Apollo and Luna missions. In order to
understand how these young basalts erupted in Mare
Imbrium, we estimated their thickness and volume using
multiple data. Using detailed visible and near-infrared
spectral data in combination with topographic information,
we estimated the height of lava flows and the thickness of
late-stage rocks excavated by impact craters. Our results
indicate that these young basalts have a thickness of tens of
meters and a total volume of similar to 8,671 (+/- 320)km(3).
Both values are smaller than those of previous estimates,
suggesting a smaller volcanic activity than previously
thought. These results indicate that the magmatic activity
gradually weakened in this region.
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