% 66 & 5 4 1
2025 £ 7 H

K X % i
ACTA ASTRONOMICA SINICA

Vol. 66 No. 4
Jul., 2025

doi: 10.15940/j.cnki.0001-5245.2025.04.003

EAR-HXMTREI7SE AN K [E] i

Bttt
(FE R E e B A AP 4L 100049)

?ﬁﬂ% [] JE 7 2 R - XA 2 1A i) 22 37 8% (Insight-Hard X-ray Modulation Telescope, fij FR 2 HR-HXMT)E
MIZATHIG yrIARR TGO, A& BB EIUAR KRB A0 . BETE AT AR AE DL A K 3 AL, Rk 2 ok, e
ER-HXMT 30 E YRR Bl T 5 15354 T 1 BB, 25841 T 53800 AR R B AL DL R R RS THRIRE .
Bk E, ER-HXMTHESA KA & T, 5 300 AR AR T 58 195 6 75 PUA 1 BE 1% A AR 24T 7T S A 1

XA MREE: (UEF, 70E: BRSO, XS5k KR

hE SRS P11, XEFRIRRE: A

1 3518

ZHR-HXMT (Insight-Hard X-ray Modulation
Telescope) & H [ £ 100 F 24 2 ) X o 28 28 0 5%
201746 H 15 H Kt 28 4, 78 X 26 R SC 4 i
137 FmA R, H BT 3A F AT, 7
& K % 2 4% 5% (Low Energy telescope, LE)®,
At ¥ iz 5% (Medium Energy telescope, ME)®LA &
f51 fE 22 1 5% (High Energy telescope, HE)". 3/~ E
A [ B [R50, A6 73 ZUHR-HXMTH A % fg B
KA AT RRUR vy BT 8] 43 % 1R . B IR -HXMT Y
FEMRESES T KL

EIR-HXMT K &6 43 B 57 5 R VR B X A
X5 LR IR R s WLIAT 450 7RI U, R R -
HXMT 3k 15 0 i B[R] A3 X 4R ) 245
S FE L A TRAR 5. N T 3R AT SE R P B
AT EE R, AR B HER Al Uk AT G R E L BRI
R X 2R U5 1 RO 2 b B IR-HXM Tk
AW R EZAES, 55072 I8 1 43418 Ry 5

2024-10-1145F J5 i, 2025-01-0205 & Sk

2 A R M. X PTAME 55 B AN [F) UL SR,
Ut A AN R R A AR AIE L A R Al 1 7 i X
Ty 2 A R M, SR P M i UL - 22 1
77 AT AR A HT; 6 TR IE A RIKOR, AR
5 5 YU SR P K Y R A 45 5 FT B e AT T T T
VEREATAG V. AR TR T T A Ry B 4
AR, FIR-HXMTRE W0 f A R A T 2R
HRIBZ. T HIR-HXMT/E #E B3 x5, AL
B FEAE AR T B B AT B M PR 15 21 v
AR RE ST, B, 2= 2 45 T X A £k 4[] B0z
(X-ray Multi-Mirror Mission, XMM-Newton )"
R 48 F7 XU 2k K S & (Chandra X-ray Observa-
tory)"", AT A5 H At — e v A BE O R R
FH A% 45 (Fon-of LI 45 2, 41 4, BeppoSAX/PDS
(Satellite per Astronomia X/Phoswich Detection
System)"” ¥ RXTE/HEXTE (Rossi X-ray Tim-
ing Explorer/High Energy X-ray Timing Experi-
ment )™ [K b ER IR-HXMT 75 22415 H 5 545 54
LR 3 RO P A AL 7. Oy T N

THE K E AR 4 5H (12333007). [ K E AR F RI(2021YFA0718500). [ B 2 B [ bR & E 5 H

(113111KYSB20190020) % B

t liaojinyuan@ihep.ac.cn


https://doi.org/10.15940/j.cnki.0001-5245.2025.04.003
https://doi.org/10.15940/j.cnki.0001-5245.2025.04.003
https://doi.org/10.15940/j.cnki.0001-5245.2025.04.003
mailto:liaojinyuan@ihep.ac.cn

66 & X X

% 4R 4 4

B H 0 A I BEAT il o, BUIR-HXMTH T H 5 & 1
KRR R T AR AR A,

xR 1 REEETR. PRETRURSEETREN
FEHFTEH
Table 1 Main instrumental parameters
of LE, ME and HE

LE ME HE
Swept Charge
Detector type Si-PIN Phoswich
Device
Energy range
0.7-13 5-40 20-250
/keV
Geometrical
) 384 952 5096
area/cm
Small FoV
1.6° x 6° 1° x4°  1.1° x 5.7°
(FWHM)
Large FoV
4° x 6° 4° x 4°  5.77° x b.7°
(FWHM)

EIR-HXMTIz 47 £ — N UIE = FE550 km, {5l
F43°H I M [ PIE b el i TAE R &
R-HXMTIE 47 P08 L= (B A5 R 2, & Mok 1
5 TR & DR A8 AH BLAE F P2 A 2 Fp R R
B4R P o S 2R T B IR -HXM T AR
TR R, T 7. 28 X2 AE (Cosmic
X-ray Background, CXB)LA J # Bk Sz & 5 25 th

XA AT A ok, B IR -HXMTLE B T00 3 22 3 45 bt
- M5 ) #% (Particle Monitor, PM), 1] F & #8025
B F(RERE > 20 MeV)AlHL T (E > 1.5
MeV)®. ZEBIZATHT6 yr, PMiT 50K 1 3 ) A
AR/, SR RARA EHL X . e X, 382
B KU 7 % X (South Atlantic Anomaly, SAA).
H20224F LK, T K BH G 2 13 5 5 R R
FE 360, PMutEOR B AR BT T B FRAT7E EUIR-
HXMT A JE o 58 3 — 22 KA AR 10, SR 171X A
2 K BH & 3h 8 B SR IR, 7ER K2 FE B 5 LEM
MEHR I 25 (58 R 452 49 DL K HES# 52 faf FRL -3
(G Ak B R %, DRIk, 2 AT ] R AR -HXMT
0 A JEG A, B T8 5 v L O R A1E 9 4k, 3 T 5%
AR AT A 21

A LR A R T B AR-HXMTAE #Lis 17 /i 6
yrif A B . 4 I i R A 1) 25 R IX R0 =% 5% iy
6 yrP ZAR-HXMT 3/ F EA 808 AR,
0,5 25 AT 1 7E B0 TR WL AR A1 AR JR A (1) R
Gk 2. K2R 71X 23 R XU ) LA
B AR AR, BIR-HXMTH 3 SHim 4 A
ANER/NFTTT W IR (FoVs). F1fMFE1ER T
XL (17 S A S EUE B X T LEFMER € £
MU, A8 /NI PRI 2% AT R 20 #r. DR,
AR LEAMME (1)UL A4 AF A AS R ASE Y 32 24 v
FEIX BRI 28 b A S ARG T 55
2-4T i AN HLE. MEFHEM AR, B4t
W 7E 25 575 HEAT

= 2 BR-HXMTHI6 yrAIARILNER

Table 2 Observation of Insight-HXMT background in six years

ObsID Duration Target”
P0101293 (001-191 2017-11-02 to 2019-06-26 Blank Sky
P0202041 (001-161 2019-07-10 to 2020-07-22 Blank Sky
P0301293 (001-115 2020-08-06 to 2021-08-30 Blank Sky
P0401293 (001-115 2021-09-14 to 2022-08-29 Blank Sky

2022-09-28 to 2023-08-14 Blank Sky

P0101297
P0101322

)

( )

( )

( )

P0501293 (001-103)
(201-217)

(001-001)

( )

P0114550 (001-003

2017-09-13 to 2018-09-14
2017-07-19 to 2017-07-23
2017-09-20 to 2017-09-27

PSR B0540-69
PSR B0540-69
GW 170817
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Table2 Continued

ObsID Duration Target®

P0101326 (001-018) 2017-07-08 to 2019-02-19 Cas A

P0202041 (200-208) 2019-07-13 to 2020-07-29 Cas A

P0302291 (001-020) 2020-08-23 to 2021-08-21 Cas A

P0402348 (001-015) 2021-09-17 to 2022-08-19 Cas A

P0502131 (001-022) 2022-09-22 to 2023-08-17 Cas A

* The observations of the blank sky are used as background observations for LE, ME, and HE.
The observations of PSR B0540-69, GW 170817, and Cas A are only used for background
analysis in HE (as the sources are very weak for HE and can be considered as ‘blank sky’).
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Fig. 2 Light curve of the LE large (blue), small (green) and blocked (red) FoV detectors in different energy bands
(ObsID: P050129303501). The good time interval is marked with shadows.
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Fig. 3 Geographical distributions of the background of LE

small FoV detectors before (top) and after (bottom)
on 30 June 2020

202207-202306:
202107-202206:
202007-202106:
201907-202006:
201807-201906:
201707-201806:

Bttt ]

2 0.06
E
= 0.04
0.02 § il
0 L 1 1 1 1 1
2 4 6 8 10
Energy/keV

(F: /N A SRiEAS)

Fig. 4 Spectra of the LE small (left) and blocked (right) FoV detectors for every year since Insight-HXMT operation in orbit
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Fig. 5 An example of the LE background estimation.
Top: spectrum of a blank sky observation (black) and the
estimated background spectrum (red). Bottom:

residuals in terms of errors (o).
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Fig. 6 Systematic errors of the LE background
model from July 2017 to June 2023
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7 Left: geographical distributions (top: ascending orbital phase, bottom: descending orbital phase) of the background

intensity of ME small FoV detectors in the first year. Right: same as the left panel but for the sixth year.
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Fig. 8 Light curves of the background observation by the
ME small FoV detectors in six energy bands
(TO = 2022-06-18T07:15:53.5)
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estimated background spectrum (red). Bottom: residuals in

terms of errors (o).
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ABsTRACT

This paper reviews the in-orbit background of the Hard X-ray Modulation Telescope

(HXMT) over the first six years, including the geographical distributions, spectral and temporal
characteristics, as well as the long-term evolution of the in-orbit background of each payload. In
addition, we also review the estimation methods for the in-orbit background of each payload of Insight-
HXMT, providing a comprehensive introduction to the strategies for background estimation and the
accuracy of the estimation. Overall, the in-orbit background of Insight-HXMT is consistent with
expectations, and the background models for each payload can reliably estimate the spectrum and light
curve of the in-orbit background.
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