hERZ  MEE ¥ XXF 20204 2£50% SE12#H7:129510 @ COPIERRE Y Ze kAl
> 7S

SCIENTIA SINICA Physica, Mechanica & Astronomica physcn.scichina.com #/" SCIENCE CHINA PRESS

B | GECAMMDHHS RUSNEEE Q) Grossrark

GECAMEN 575 KX IZHL 53 17

BARS, FHT, R, RRA, A, KA, EA, R
1. ERE B e R A BRI 7 TR R AP B o, 63 100049

2. EARPABE R, EAT 100049

RN, BHEIC, E-mail: liaojinyuan @ihep.ac.cn; ' ¥, E-mail: luogi @ihep.ac.cn

Wik H 39: 2020-01-21; 52 H 3: 2020-04-23; RAZ% H R H 11: 2020-11-11
Fp R 2 B A P S SRR R T (G 5 - XDA15052700)F1 9 (B Bt Bt g VA R 2% B s 8T 78 1HRIT H (%5 : QYZDB-SSW-SLHO12) % B

WE 54 E &5 e B8 K 42 K Il % (Gravitational wave high-energy Electromagnetic Counterpart
All-sky Monitor, GECAM) T £ it X F20204F & & 4%, ¥ LI 5| A7 9% & b e g AR %5 & B R A LR
AR EN. GECAMM in B4t A RN AN R AR EEZNHNFFRZ — KMNBELT RN A D 5T A RN
B 3t Fn E fr BIGECAMML T £ i 77 3%, FF 45 A GECAM 4 w7 & 45 A iy U2 v o2 A A JR A 0L, T b 2 o 77 3%
HGECAME Lt H AT T FE, BET AR RE. FTREREE. FTRAELXFERNEESHNMEH L
F W EALNE . AT A % E(10-1000 keVEE B T, & #1070 ergs™ em™, FF 4210 o)y 5 & 3% 09 & (L
¥ EE06 (- BT EZ)EA. RMNEEET HAFHRELEMH (1) X T HE 4 8 FFRB 13110487 5 L
18 BB 48 5T X B2 K, GECAME ik Z 45° /2 45 (2) *f T 5| 71 = GW 170817 i H.% %f 5 1K (GRB 170817A),
GECAME L1z H10° £ 4.

X§8iW  GECAM, ZE L& &,
PACS: 95.75.Pq, 98.70.Rz, 95.55.Ka, 95.85.Pw

I %% (Gravitational wave high-energy Electromagnetic
Counterpart All-sky Monitor, GECAM) T 2 #& DL
H19734F K& BN D 5 LAk, s Tn S g imr 5105t 2o 1 2R B AR A RS A, R
T E I Z40% 4E, N R MBT Foo0 T HRom B, S SEBUN 51 7 R FL RO LR S5 AE B R IR 1
BE KA FH RSN ES AL SR SRR
SN En A B R S 20074 1 JOW I B GECAMRE HE 52 N A7 B8 A1 (4 R I [ A
I #(GRB 170817A)5 5| 71 (GW17081T)p p 5 S AL 4545 S, UEIARVAT 70 B AR A PR st Fevh, X
P, BT 25 MG i R SCERR K B SR P BRI 8 A2 GECAM SR ZE R E TR R —.
20204 RIUKE A 53 (151 F738 2 i RE FRLREG AR 42 RIS GECAMER 1 78 %% il B & 33k 47 S I ik 2 1 5E £,

jilll3

1 35l

SIRAME:  Eilke, BH, KU1 %. GECAMIE Ry ¥ BB HT. th RALS2: M2 3% K303, 2020, 50: 129510
Liao J-Y , Luo Q, Zhu Y, et al. The localization method of GECAM and simulation analysis (in Chinese). Sci Sin-Phys Mech Astron, 2020, 50: 129510,
doi: 10.1360/SSPMA-2020-0018

©2020 (FERFE) &4 www.scichina.com



physcn.scichina.com
https://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA-2020-0018&domain=pdf&date_stamp=2020-11-11
www.scichina.com
mailto:liaojinyuan@ihep.ac.cn
mailto:luoqi@ihep.ac.cn
https://doi.org/10.1360/SSPMA-2020-0018

B HETCAE.

ThEREE: Bl i RO

2020 £ 550 % A 12 3

I ) ) R A ST 0 B A% B T b TR R AT B A
FEMr et e, T E B EREIEE AR, B L
SE L FRER IS [A) A AR /N, {ELRE FBE R XS 1 T 7 5 3 LAk
BB, BT 8 A7 T B 55 A A AR SCEH A A B,
[ RE SR 95K, (H £ B8 /51 1 78 A0 K . GECAMXY
i 8 1R A 8 A UE N 5 2 5 51 7 AR Ak
W AR AR e B LAEAT RE RS AT 51 S HA R S
ACHS AT 22 U B R BN S5 R B AR 1) S

GECAMA H #% H 4 g i /), 75 2t fn 5
SF 2 B AE B BRI B8 (0 T H 0 A 3R AT b, DAIRELAN
B3R X AL E. GECAMT] LLK FH W Fh 23 #r 5 =03k
A7 TR 7 672 1) XoF - HR W 248 14 8 3 14 47 100 &, TR) e
73 F00 5 B 10 BE 1 LA K AL B (5 FR B0 A 58 AD);
2) % TGECAM XUA e iH(th ] 45 & HALE L T
SR, R e T 2 18] (AN () R SR AT
SERL. A A AT GECAMFIHH 204 5 fr Bk, I
TEM BN R, LLGeantd A5 4L, it A Ji 1A 28 i B
X AN R 2 85 A S S 28 2 AT T B8 AL, R 2
BN T R R AN 5 2 A (bR g FL 22 FRB 131104
SEAAAIN B 5 22 06 RIAAFN 5] J7 3 GW 170817 HL % B
) R 5 4

2 GECAM{EY

GECAME, & W i T &, iz AT 1E A1 [F] HLiE L
T8 00 AR 29 2929°, HLIE & BE D600 km) It OR R7 AH AL
M. 5 FIGECAM I B iC 425 AN 55 56 4 45
#%(Gamma-Ray Detector, GRD)FI8/™ fif Hi, i T~ ¥
M #%(Charged Particle Detector, CPD). GRDH & £
Bl (LaBrs ) &h 7R AEE G HE A% 38 28 (SIPM)ZH R, B A R
MIBEX S 22, N 5 26 g 77, v LAXT AN 5 2 4T
AR, BEdl DA A R X A7 B ) I & A 72 B CPDHH
SRL DN MR AR R ' F A% 1 38 2H R, 32 4R
ST R, 3 IR AE T IR GRD AT BRI
FR) 2 I 2 15 5K E R TS AF, X 70 m 5 & S RLT
A

> GRD X REFRI A HT A 4 5o+, IF
AR LRI TS N5 Y BE & 5 (> 100 ke V) I
5561, 25 MNGRDZy 7l 4 18] AN [E] 1) J7 9], £ESLAK f
A A A3 AT (R T T R HOEK 1 T W), IXAE )

A £33 U BB T U B R I B R A M RI BT R
X (~70%4= ), F H. % NG 75 1) (1) 2 ST AR 2 AR AH
2. Ak, GECAMP il T2 BEA AT DLSZ I 58 R
X R B A S B .

FE XN 5 2k 5 58 0 I, B AEGECAMEE fif AL
bR & NEET 0T, Rl TR s RS s
FJ200044 b5 5 T, 13 20 5 28 5 1 AR & R 4.
GECAM# frj LA S #Anf AA bR RN TEM N A S WAL
HGECAME A /48 SCF 01, BRRFII A B4, LR N
ZHT R AL bR R 35 NGECAME faf 44475 2.

3 GECAMiIt# S HEMEEL

X TR R AN 5 5 s AR 1T &, AR 4R
W28 FAR PRI B DS 1 B A AT s A T2 [
br bW B ALk 2 —. B Bt AT e AL oy
WTIX —AE 55, 75 S brib AT v 75 B AR T fe 15 A AL
() BN 2 AP i 250 80 3 T B P 0] ) A0 24 i 7 2
e S5 AR 5 2 77 1 ), AN S 7 ) R LA LR AN
TEN S 5 R vl 0 1 g, AR & PRI 28 SR B i 1)
6 E0 3 B 6 20 [ B R 2 0 1 R 1) 7 AL R RE . A
& b, DLSREUIN S A B O 3 2 H B A
Ml DR PR T 2.

(1) B 55 1 BE V5 i o 1, 80 & BRI 2% Ok
FIH B A ZE AL E. BB b8 2 i i 2% an
CGRO/BATSE, Fermi/GBM)Mh [fii & £ 2 /37 ¥ %
M7 3T Z 05 R AT i S 1 € {7 F A (BATSER)
LOCBURSTH. 7% Pl Fermi/GBM ] DoL &y 119, 1%
HRBESFT R RN TR R R AT, TR
THHEBRERME FEffBEr R mikmi £,

() [F B X B REIEMALE — B A H
F, W R R Re 518 E BRI RAR AR 7R 22 7,
A BE 250 8 AL R TG VEHEBR 52, 51 4, 20154,
Connaughton®§ A U945 H Fermi/GBMZE T /5 (1) it
37 () DoL B V2 75 N 5y & 5E A Hh A7 7E8°—13° 1) fhi
2. 20164F, Burgess& A M4 H 36 T 77 £ (2) 1 Dl it
Wi & & A7 B 5 #3 J7 1 (BAyesian Location Recon-
struciton of GRBs, BALROG), ¥ H. 5 H1Z 77 1= R %
AHXTDOLSVEA R B R Gk 0] R, DL R AE RE %
25 A5 2 R e A Ao vk R 4T PR 247 B s

129510-2



B HETCAE.

ThEREE: Bl i RO

2020 £ 550 % A 12 3

IR2E G IEA A3

N T EGECAMIE i # BE ik 21 e 2, FATTAE I
T 58 O S R T T R ORA SR T, [ B X E 1 A
SEALREATER A 7 M7, I LA SE 1 0 U5 T
By A e h .

3.1 GECAM{Y &SN A1’

GRD#E AT B8 1% I & i, SRAF 1) 9 Ik 5 sE R ik,
T A28 LT REIE T 86 H 3. I8 A s B,
Al DL1S BRI 5 H 1 52 B 11 5 5 SeBR RE i (F(E),
BAL: phs~'em2 keV YL R, Bl

S_d,c=f J(E)Rq(c, E|'Y)dE, ey
0

Hor, §, RN FAISERN E8d. BEIEC L1 BAL
B 18] 9 PR T2 R E, Ra(e, EI'P)FR N NG fe
BERDEFERMZSd. feiEc Lt R, 5 N5
1077 IR SR(PE B AT A6 hr R T, PIREKR 4k 5
oFp).

ASCRR PR 2] 1) 06F T FE % 2 K 1A 18] 1) HR 0 2
BE I8 c b (1) S LIS (8] P B DU T RO RHET ., 72
A JER 3 BRI B B TB) Y UAR ' T BB AN R T I
14 BT IS ] PN TR T O ARHES 4 o 2 A

Tae=Sac+Bac = f F(E)R(c, EIW)dE + By,.
0
)

A ASGRDIT &, HAES W MNAY 5 07 fr A oK,
BRI 5 #A & % B A B R B, GECAM
W5 5 B R B A 50N GRD, BN, = 50. 78 52 B v
R N T RE R ERI 0 AN RAE
(RS FA DX T, PR 2% 1) H - 22 R O N, DRI AN 3
Wil 2 2 NN X N R R R

GECAM & PR | 25 4% 25 i 5 F] Geant4 % 14
BT ZHFR P BRI, Geantd & F T 1104 i
FiF1FE B, & 2 T & Re ) 3R = 8] A&
e 12 7R Geantd 2 /7 1, 45 E GEACAM# fif. T
B G R E A, ] DU SRR N % T
SGRDH TR, AT 45 214 > GRD I X 35 1 )3
TR NG AR AR 2 & S0 00 v BE M E A

B, BENBUET, 7524 5 A BE A7 o AR IR A2 8
it Geantd 2 7 AL IR HL. 7/EGECAMZ faf. L2 *F
G EAREA F, DR PRERELEES
S 25 8 AR IR, AT DAL 3R B RE S GRD ) A<
Jog (13,141,

32 D REEERE

SENLAATHRR T =R 2 AR Bandfl
R, RE 0 R TR CED A M A A R R A
il:l_lJA [15,16].

Band#& A 1515 SR

fBand(E)

E \ (@+2) E
(100 keV) P~ .
< (a' _ﬁ) Epeak .

E peak

—A a+?2
(—E )ﬁexp B-a) [—(a —B) Epeax «F
100 keV 100 keV (a + 2)
E> (CZ _IB) Epeak'
a+2
(3

Horp, AN BB A, a, B, Epad? A 72 H— L H
H(phs'em?keVh), (KEEIGHEEL & ARG 45 2L
VvF, I RE &

R WY Oy

_(a+2)E], @)

E (4
E)=Al—2—
feomr(E) (100 keV) eXp[ Epeat

Ho, 3B B A, o, Epas B2 0 — 15
H(phs'em?keV"), (KAEIGFEEL. vF, IE{EHAEE.

R

E

100 keV) ’ ©)
Hop, 2B B A, o B R — L E
H(phs'ecm?keV™!). BEIEIEEL

T 24 R AEALE A7, =R 2R oy ) i ST 3R AT
L& . LQR IR S H 1 R A, IR K A A
R FE, SHETTRE R, 3, 44 Bk k. ULk
SRR AI AT LG — H F(E, QFon. 4ia(), kA

fou(E) = A

129510-3



B HETCAE.

ThEREE: Bl i RO

2020 £ 550 % A 12 3

J7 Y BETE 2 BN QI N & 5L I 8] Y72 2R
#rdy BEIECPTITR DG T IIRHES o AT LA A

Sa.(P,Q) = fm fENMY, Q) R,(c, E|'P)dE. (6)
0

33 HEOHEEMSH

BATR AR, RIS R e i 2
ORI J7 b B8 — BEalepy, SR S8d. BYid e bR
FIAE 5 (6 T 5, A5 A RA 43 A, B
(Td,c t)/l[,_(. C_T"“’t

Age!

[(S e + By )t] e SactBaort
- FP '

HNERAAETT Y. BEBQT R ] IR
NN

P ¥, Q) =

(N

Ne (T4 t)/ld.r e Tact

Pat. @) = | [ =2

c=1

®)

ZTFRA 7 AT B R ARK 55 1200 F] AR S 3 iy
B AL, T A TE R, T RLRE a(8)HEAT i i oL
M v SRR, B 2(8) AT AR A4

_ [S_d,c - Sd,c]z)

20—(1,02

N,
< 1
pa(¥,Q) = exp (
lc:_1[ O 4,¢

(©))

Ht, S g RN AR d.
B, 04 BTN RN 2.
AJEATT).

PR 7T ARA & ALLSR B SL( P, ),

B ) 55 ] L
bt T 9451 520518 T

Ny
LP,Q) = [ | pa¥, ). (10)
d=1
256 3:0(2)-(10), AT LA ELAE T AN [F) B AE AN [H]
AL AL TSR B RLR bR B, LA i %
M7 A 2P BERE S H0Q, M5 2152 A 45 2R J e
PrARZE.

4 B

FRAIASE FH 22 T 505379 v B9 B 4 S )t T 5 A
FE Fr X GECAMI € B fE /1 HEAT 1 A4 50 #r. #4400

(KI5 AP ER 3 (1) BOE B A RIS a
K0, W FT Al 2 Hous T 5 AL FERIRZ I (2) BHX AR
PRI A BEAT R0 E . AR 23000 5 7 THT ) 45
HEATIAA.

41 ENMBEESRSUNXEIN

TE3 2N IRATA A T =M, i T Band B
TTERFIRIE TE T 0] AL VA R L AR R 8 151 1 H
SN E AL RE ST B BRI BRI, SR X
Wl B, AR, BRI 48— R A T Band 5 BY 33E 47 540 2
fr. 3R 1Ry 7 =Rl g R A S () Band B S5, 7R
TEZHa, B, EpeafiE MIIEHL T, H— 0 AT L
18 & (Flux).

AT T GECAMK B A [R] 77 [ () o 45 5%
JE(10-1000 keVEEEL T, & N107° ergs™' cm™2, #F
2210 s)ZHEAL. B 1 ER T GECAMXY T2k H
AN TR 77 1) 1) = o B8 % 1) o 6L e ). B A SRR
B, GECAMUX T~ # it & i (o7 i i LU A 4 % B 40, 3
M T EREE T (> 100 keV)TEAL 2%t /E F 58 Ny
52 . GECAMIE B itk f B N A B8 1 1 R N 4k 2
s FEIHTABFRE R T, 0 ~ 45°H10 ~ 135° H XUE A7
ZE180° K, AN — R AT LLE 2 2, JF H G 240m
TR /0N, [R1 T A7 17 22 L AR G Sfe g B K — .

B 2(a) A2 = FhAE FE 2% 1Y) 0 RG FE 5 R A &2
FRELIT[A] (0 &, B 2(0) /2 & Ak il &, Frsk
B IA) 26 2R RAN G — 2 I, R A ) B R
55, SEALKE B ZE, B e I, R K B
HTFHRZ, TR ZE AR, BT LLE AR .

N 3T (o3 A e A A R AT DUE Y, BRAE
THEo AT 8 A B T AR 2 50 3 4 Dy Re v A R (PR
Z ¥, B, Epea7E)s B E(G H— S HAMK).
U A, RIX AL E, @i B T RI2 TR i 25 A B,

R PR R 24

Table 1 Parameters of three typical hardness spectra

Model a B Epeak (keV)
L7e -1.9 -3.7 70

G -1.0 -23 230
T 0.0 -1.5 1000
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Figure 1 The GECAM all sky localization accuracy for three typi-
cal Band’s GRB spectra. Panels (a)-(c) are for the soft, medium and
hard Band’s GRB spectra, respectively. For each panel, the left and right
halves show the localization accuracy of the two half-skies that are basi-
cally consistent with each other. The color bar refers the statistic errors
in the above panels (unit: deg).
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Table 2 Comparison of GECAM and BAT detection for suspected FRB
counterpart®

BERY ZH YA BATi% % GECAMiR 7

TE AL 0.11° & 4.3°

T A 5.8x107 2.6x107*# 2.0x107°
@ -1.16 (-0.78, +0.68) 0.02
TEAL 0.11°& 5.4°

A 8.7x107 - 1.4x10™
Bandi¥ a -1.0 - 0.11
B -23 - o
Epeak 230 - 89.7

a) RN TIE IR ; &R IRBATE ALk 2 N90% B A5 &, #3R LFH
R H AR AL ARYE HoAh 2401 5, A 994 Zphs™ em2keV ™!, Epeulf]
LT fEkeV
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Figure 2
same as Panel (a), but with the flux and duration.
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(a) The 2-D distribution of the localization error with the fluence and duration for the soft, medium and hard Band’s GRB spectra. (b) The
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Figure 3 (a) GECAM simulative spectral fitting with the parameters of the third group (—0.320 s—+0.256 s) in Table 3 with the Comptonized model
eq. (4). (b) GECAM simulative spectral fitting with the parameters of the fourth group (+0.832 s—+1.984 s) in Table 3 with the Black Body model.

£ 3 GECAM5GBMXTGW 1708175 WA [ G i A4 % Lo
Table 3 Comparison of GECAM and GBM for the spectral detection of GW170817 counterpart®

SHORR T'start (5) Teng (5) G R B AR
Epea = 21554 (22)
-0.192 +0.064 @ = 0.14+0.59 (0.40)
Fluence = 1.40+0.30 (0.14)
Epeak = 229+78 (30)
-0.128 -0.064 @ = 0.85+1.38 (1.00)
SCHR[3] Fluence = 0.50+0.20 (0.08)
Epeak = 18562 (26)
-0.320 +0.256 a = —0.62+0.40 (0.25)
Fluence = 1.80+0.40 (0.19)
kT =10.3+1.5 (1.3)
0832 1984 Fluence = 0.6120.12 (0.09)
Epeax = 158.172804 (22.1)
-0.26 +0.57 a = -0.660-38 (0.25)
SCHR[18] Fluence = 1.40+0.30 (0.14)
kT =10.82263 (1.3)
+0.95 +1.79

Fluence = 0.53+0.002 (0.08)

a) #5'5 W AGECAMMII ik 2, R SHELLLN: Epe sEkeV, Fluence & 1077 ergcm™; kT 72keV
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AT AT HERR AR e, H PR NS BT
AR S AT TE SRR 2 A 56, (ELACAR M B 5 32 SE
;TR AT A AT BEAFAE 25 5. [A ik, GECAMYE FLE 1) 5
R g v e 5 Y AT AL S A 22

GECAMM i T E A7 T-[F] —#hiE . $UE &,
HATEAALAR 2 180°, IXFE I /7 R AFFGECAMAE
FLUE A R e WA 5 55 26 2, I HOOUR B ¥ 1 n] DA
15 HhBRHE BT AR (K 4).
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Table 4 Comparison of parameters between GECAM and GBM detection for GW170817

SRR SR GBM%; GECAMIR % (30° A Jff) GECAMI% % (90° A\ 4})
ENLRZE 17.4° 10.3° 9.2°
Epeak 128.0+48.7 24.1 19.1
GCN21528 119
@ 0.88+0.44 0.24 0.17
Fluence 2.2+0.5 0.26 0.21
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21 A B R GW 1708171 6 25 B AR Al A

Figure 4 Comparison between the location capabilities of GECAM
(blue) and GBM (black). For both instruments, the dots are the loca-
tions, and the three circles from inside to outside are the 1-o-, 2-0, 3-0

confidence intervals, respectively. The red pentagram is the optical coun-
terpart location of GW170817.
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The localization method of GECAM and simulation
analysis

LIAO Jin-Yuan'*, LUO Qi'?", ZHU Yue', SONG Xin-Ying', PENG Wen-Xi'!, XIAO Shuo'?,
LI Gang' & XIONG Shao-Lin'

1 Key Laboratory of Particle Astrophysics, Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China;
2 University of Chinese Academy of Sciences, Beijing 100049, China

Gravitational wave high-energy Electromagnetic Counterpart All-sky Monitor (GECAM) is scheduled to launch in late
2020. It will monitor the whole sky for gamma-ray transients, such as Gamma-Ray Bursts (GRBs) and high-energy elec-
tromagnetic counterpart of gravitational wave events. One of the key scientific capabilities of GECAM is to localize the
GRB. In this study, we established a ground localization method for GECAM by simultaneously fitting the spectrum and
location of GRB. In addition, with the instrument response and in-flight background simulated using the current GECAM
mass model, we examined the localization capability of GECAM. As a result, we derived the relationship between local-
ization accuracy and different parameters of the GRB, such as brightness, spectral hardness, and burst duration. Moreover,
for typical brightness (flux 107 ergs™' cm™2 in 10-1000 keV energy range with duration of 10 s) spectrum of medium
hardness, the localization accuracy was observed at about 0.6° (1-0 statistical error). We also performed localization for
two special bursts: (1) the suspected high-energy counterpart of the Fast Radio Burst (FRB 131104) with the GECAM
localization error approximately 5° and (2) the gamma-ray electromagnetic counterpart (GRB 170817A) of the first binary
neutron star merger gravitational wave event GW170817, with GECAM localization error of about 10°.

GECAM, localization algorithm, simulation
PACS: 95.75.Pq, 98.70.Rz, 95.55.Ka, 95.85.Pw
doi: 10.1360/SSPMA-2020-0018
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