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Efficiency calibration of solar X-ray detector onboard MSS-1B satellite

FAN Lipeng'” GUO Siming® SHI Yonggiang® CHEN Jianwu’® ZUO Fuchang® ZHOU Xing’
HUANG Shikui* SHU Ziyao® GUO Kaiyue® QIE Xiaoyu” YU Tao® WU linjie’
\(Hebei University of Science and Technology, Shijiazhuang 050091, China)
2(National Institute of Metrology, Beijing 100029, China)

3(Beijing Institute of Control Engineering, Beijing 100190, China)

Abstract  [Background] The solar X-ray detector (SXD) is the main scientific instrument onboard the Macau
Science Satellite-1B (MSS-1B). It consists of two parts—a soft X-ray detection unit and a hard X-ray detection unit—
with a dual-channel design comprising a silicon drift detector (SDD) and a cadmium zinc telluride detector (CZT).

Both the precise energy spectrum and intensity of the Sun can be simultaneously obtained by the SXD, hence to
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quantify the level of solar flares and study their evolutionary process. [Purpose] This study aims to calibrate the
detection efficiencies of the SDD and CZT, so as to invert the observed data for obtaining real solar X-ray data.
[Methods] The Monte Carlo code MCNP5 (Monte Carlo N-Particle 5) was employed to calculate the SDD and CZT
efficiencies by simulation. Soft and hard X-ray detection efficiency calibration experiments were performed using a
monochromatic X-ray ground calibration facility via relative measurement methods. [Results] The experimental
results for the SDD-1 and CZT-1 efficiency calibration agree well with the predicted results of the simulation. In
particular, the maximum relative error between the experimental and simulated efficiencies of SDD-1 dose not
exceed 3.59% @16 keV, and the maximum relative error between the experimental and simulated efficiencies of CZT-
1 dose not exceed 9.54%@120 keV. The relative expanded uncertainty of the monochromatic X-ray flow intensity
measurement is 3.8% (k=2), and the uncertainty of the simulation results for the SXD is 0.12%. [Conclusions] This
study provides not only data support for SXD onboard MSS-1B satellite, but also valuable guidance for the

calibration of other astronomical satellites’ detectors in the future.
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Fig.1 Schematic of the single-crystal monochromatic X-ray detector ground calibration facility
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Fig.2 Schematic of the double-crystal monochromatic X-ray detector ground calibration facility
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Fig.3 Photograph of the monochromatic X-ray ground calibration facility (a), photograph of the SXD calibration site (b)
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Table 1 Characteristics of the monochromators

PR PO (Y Single-crystal monochromator

X #L 4% Double-crystal monochromator

s Crystal LiF(200), LiF(220), LiF(420)

Si(220), Si(551)

fit FJi H Energy range 5~40 keV 20~161 keV

A PLkE FA BE Bragg angle 4°~25° 2.5°~7.5°

.t Monochromaticity AE/E < 3%@10 keV AE/E < 2%@60 keV
HL{8% Monochromatic light >90% >90%

JH & Flux >5000 cm”s™ >2000 cm™s™
1726 Adjustable step <0.2 keV <0.2keV

FeBE ) Spot size 1~10 mm 1~10 mm

1.2 KPEXSTHEIRNIZE

SXD 41 & 4 B 7w, 31 X S 2 3R I 7T (Soft X-
ray Detect Unit, SXDU) FIA# X 5 2& £8] #. 7t (Hard
X-ray Detect Unit, HXDU) 13 1 #E BL 2% « X 5 28 45 )

F R0 Ah R A . SXDU A FH AN AN [ 1T AR 1)
SDD, PAY™ At W AN [F] S5 40 K FHRE B IR B WLl e

ML e &3 Bl Wi 4 1~20 keV. HXDU 1 WE/\*H
[F) T AR ) CZ T, LA 50 U 55040 1 ] Sk, W00l e £
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Fig.5 Detection efficiency curve of HPGe detector
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Fig.7 Diagram of geometric model of the CZT
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Fig.8 Monochromatic energy spectra measured using HPGe
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9 A SDD-1 S50 2R MR X L. 4
A B8 A 1R 5258 BOR AR R R W) & LT, AN L
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3.2 CZT-1 BRI

X CZT B ThRE R, 8L 3 mm G, 15825 ke V.
50 keV.80 keV H1 120 keV AEEABM bR E . HAb,
HT CZT MK, A B A EETF AT
R4 AL B 5 BlbR E , 8 LN AVBL.CD 455
T 120 ke V B A JEHE 0K, O HPGe F1 CZT R 4E
300 s, HAth 3 /MR RAE R 200 s. [FIFEHL, X HPGe

%2 SDD-1;NEHIE
Table 2 Measurement results for SDD-1

ek SDD-1 3R AR SDD-1 BUICR T
Energy / keV Experimental efficiency of SDD-1/ % Simulation efficiency of SDD-1/ % Relative error / %
8 94.44 97.23 2.87

12 88.51 91.12 2.86

16 64.71 62.47 -3.59

20 38.53 39.82 3.24
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Fig.9 Detection efficiency curve of SDD-1 T,
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Table 3 Measurement results for CZT-1
e ARUEIRRCE  BRUKIACE  CRSLIAE DRSERACE CPHSRME CZT-1RURCE  MxRE
Energy Experimental ~ Experimental =~ Experimental = Experimental Average Simulation Relative
/ keV efficiency of A efficiency of B efficiency of C efficiency of D experimental efficiency of error / %
/% /% 1% /% efficiency / % CZT-1/%
25 55.10 55.91 54.44 55.01 55.12 57.02 3.33
50 83.46 83.64 83.55 83.34 83.50 81.26 -2.75
80 90.98 92.51 94.92 94.61 93.26 88.78 -5.04
120 77.54 81.07 78.03 78.60 78.81 87.13 9.54
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Fig.10 Detection efficiency curve of CZT-1
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Table 4 Uncertainty of the flow intensity measurement

Wi H Item

AR AN % ¥ Relative uncertainty / %

&1 Energy spectrum counting

PRI 2 Detection efficiency

PRITH X Detection area

PRIHE 5E AL Detector location

B AHRARE AT 72 £ Combined relative standard uncertainty
FEXTH FE A 7€ £ Relative expanded uncertainty

0.3
1.8
0.5
0.2
1.9
3.8(k=2)

®5 EREFERUERNTHEE

Table 5 Uncertainty of the Monte Carlo simulation results

fit itk AFXS AN 52 5
Energy / keV Counting statistics / % Relative uncertainty / %
8 0.02 0.02

12 0.04 0.04

16 0.08 0.08

20 0.12 0.12

25 0.08 0.08

50 0.05 0.05

80 0.03 0.03

120 0.04 0.04
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A %SG K AR B AN 8 AT T AT, HLRE
XS 2RI I A X B AN N 3.8% (k=2)
SXD FRI AR L B A 2 E R 0.12%. ARSE
I ON“ARL— 57 TR SLIR 2 B AR R AL T HE
P, A R ST TR A SRR 25 1 TR b s SR A T
27, D KON JE B2 RS X T R i bR e 2 E 5
Ao R4S 8 .

Fok, ATE HE— 2B %) 5 keV DAF B AE # X 5t
Aobr o 2 B AT I, LB i e B V0 B K b 8 g
7753 2 R S TR N B B B X £ 1) M T B e
Bt REtEIrESFHREA AT ES TEHR
RO TEARS AL XF, I AXRET E
a3
YEERBKARR  # WM A5t S, T RARE

1, HPGe #7 /& 4R Wl 28 v K FH X AT 2 R 25 2 4 AL
B EFUGHERAATIRBELEM IR R
B RXTERNL: A AR KER L8 ERTEF
e SE R, 7 RO PE X A SR B S B AL, 8
XRERNE= BAEE FTE FHENART,
RERII B R TR, R R E S REA AT
BXZTERENL,

SE3H

1 Shi Y Q, Li L S, Chen J W, et al. Design of the solar X-
ray detector for the Macau Science Satellite-1B[J]. Earth
and Planetary Physics, 2023, 7(1): 125 - 130. DOI: 10.
26464/epp2023018.

2 FK KBS, KA, & K 5 F A K X ST ZRER

0] 5% A AR DU B 5 R [T]. Bk B 22 4R, 2014, 57
(11): 3812 - 3821.
WEI Fei, ZHANG Xiaoxin, ZHANG Binquan, et al. Pre-
flight calibration and the first results for the Solar X Ray
Spectrometer (SXRS) onboard FY-2F satellite[J]. Chinese
Journal of Geophysics, 2014, 57(11): 3812 - 3821.

3 Li X Q, Xu'Y B, An Z H, et al. The high-energy particle
package CSESIJ].
Technology and Methods, 2019, 3(3): 22. DOI: 10.1007/
s41605-019-0101-7.

4 Reinard A, Hill S, Bailey S, et al. Report on GOES SXI/
XRS calibration effort[C]//Optical
Applications. Proc SPIE 6689, Solar Physics and Space

onboard Radiation  Detection

Engineering +

Weather Instrumentation II, San Diego, California, USA.
2007, 6689: 152 - 161. DOI: 10.1117/12.734268.

5 Mason J P, Woods T N, Chamberlin P C, et al. MinXSS-2
CubeSat mission overview:
successful MinXSS-1 mission[J].
Research, 2020, 66(1): 3 - 9. DOI: 10.1016/j. asr. 2019.
02.011.

6 Vadawale S V, Shanmugam M, Acharya Y B, et al. Solar

improvements from the

Advances in Space

X-ray monitor (XSM) on-board chandrayaan-2 orbiter[J].
Advances in Space Research, 2014, 54(10): 2021 - 2028.

090401-8


http://dx.doi.org/10.26464/epp2023018
http://dx.doi.org/10.26464/epp2023018
http://dx.doi.org/10.1007/s41605-019-0101-7
http://dx.doi.org/10.1007/s41605-019-0101-7
http://dx.doi.org/10.1117/12.734268
http://dx.doi.org/10.1016/j.asr.2019.02.011
http://dx.doi.org/10.1016/j.asr.2019.02.011

% AR

2023, 46: 090401

11

12

13

DOI: 10.1016/j.as1.2013.06.002.

Bloomfield D S, Byrne M P, Hurford G J, et al. Data
processing and analysis software for the spectrometer/
telescope for imaging X-rays (STIX) onboard Solar
Orbiter[J]. Figshare Poster. 2013, 732: 295 - 298. DOI:
10.6084/m9.figshare.734291.v2.

Liu W, Zhang Z, Wu J, et al. Pre-launch characterization
of the spectrometer of Hard X-ray Imager (HXI) onboard
the ASO-S mission[J]. Journal of Instrumentation, 2022,
17(5): P05045. DOI: 10.1088/1748-0221/17/05/p05045.
Sankarasubramanian K, Sudhakar M, Nandi A, et al. X-
ray spectrometers on-board aditya-L1 for solar flare
studies[J]. Current Science, 2017, 113(4): 625 - 627.
DOI: 10.18520/cs/v113/i04/625-627.

Guo S M, Wu J J, Hou D J. The development,
performances and applications of the monochromatic X-
rays facilities in (0.218 - 301) keV at NIM, China[J].
Nuclear Science and Techniques, 2021, 32(6): 65. DOI:
10.1007/s41365-021-00890-2.

Jiang Z, Wang E Y, Song R Q, et al. Optimization of a
double crystal monochromator[J]. Journal of the Korean
Physical Society, 2021, 79(8): 697 - 705. DOI: 10.1007/
$40042-021-00294-w.

Guo S M, Jiang Z, Wu J J, et al. Research on a tunable
monochromatic X-rays source in (5~40) keV[J]. Applied
Radiation and Isotopes: Including Data, Instrumentation
and Methods for Use in Agriculture, Industry and
Medicine, 2022, 181: 110096. DOI: 10.1016/j. apradiso.
2022.110096.

Li T P, Xiong S L, Zhang S N, et al. Insight-HXMT

observations of the first binary neutron star merger

14

15

16

17

18

19

090401-9

GW170817[J].
Astronomy, 2018, 61(3): 031011. DOI: 10.1007/s11433-
017-9107-5.

An Z H, Antier S, Bi X Z, et al. Insight-HXMT and
GECAM-C observations of the brightest-of-all-time GRB
221009A[EB/OL]. (2023-03-03) [2023-03-18]. https://
arxiv.org/abs/2303.01203.

Liu S A, Qin G J, Li J S, et al. Overall design of fine

guidance sensor in attitude determination for the SVOM

Science China Physics, Mechanics &

satellite[J]. Journal of Physics: Conference Series, 2022,
2220(1): 012010. DOI: 10.1088/1742-6596/2220/1/
012010.

Li X F, Liu C Z, Chang Z, et al. Ground-based calibration
and characterization of the HE detectors for Insight-
HXMTT([J]. Journal of High Energy Astrophysics, 2019,
24: 6 - 14. DOL: 10.1016/j.jheap.2019.09.003.

Wen X, Sun J C, He J A, et al. Calibration study of the
Gamma-Ray Monitor onboard the SVOM satellite[J].
Nuclear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors and
Associated Equipment, 2021, 1003: 165301. DOI: 10.
1016/j.nima.2021.165301.

Xiao S, Liu Y Q, Peng W X, et al. On-ground and on-
orbit time calibrations of GECAM[J]. Monthly Notices of
the Royal Astronomical Society, 2022, 511(1): 964 - 971.
DOI: 10.1093/mnras/stac085.

Liu HR, Wu J J, Liang J C, ef al. LEGe detector intrinsic
efficiency calibration for parallel incident photons[J].
Applied Radiation and Isotopes, 2016, 109: 551 - 554.
DOI: 10.1016/j.apradiso.2015.11.102.


http://dx.doi.org/10.1016/j.asr.2013.06.002
http://dx.doi.org/10.6084/m9.figshare.734291.v2
http://dx.doi.org/10.6084/m9.figshare.734291.v2
http://dx.doi.org/10.1088/1748-0221/17/05/p05045
http://dx.doi.org/10.18520/cs/v113/i04/625-627
http://dx.doi.org/10.1007/s41365-021-00890-2
http://dx.doi.org/10.1007/s41365-021-00890-2
http://dx.doi.org/10.1007/s40042-021-00294-w
http://dx.doi.org/10.1007/s40042-021-00294-w
http://dx.doi.org/10.1016/j.apradiso.2022.110096
http://dx.doi.org/10.1016/j.apradiso.2022.110096
http://dx.doi.org/10.1007/s11433-017-9107-5
http://dx.doi.org/10.1007/s11433-017-9107-5
https://arxiv.org/abs/2303.01203
https://arxiv.org/abs/2303.01203
http://dx.doi.org/10.1088/1742-6596/2220/1/012010
http://dx.doi.org/10.1088/1742-6596/2220/1/012010
http://dx.doi.org/10.1016/j.jheap.2019.09.003
http://dx.doi.org/10.1016/j.nima.2021.165301
http://dx.doi.org/10.1016/j.nima.2021.165301
http://dx.doi.org/10.1093/mnras/stac085
http://dx.doi.org/10.1016/j.apradiso.2015.11.102

	1.1　 单能X射线地面标定装置
	1.2　 太阳X射线探测器
	2.1　 实验方法
	2.2　 实验步骤
	2.3　 仿真计算设置
	3.1　 SDD-1的探测效率
	3.2　 CZT-1的探测效率
	4.1　 流强测量的不确定度
	4.2　 蒙特卡罗模拟的不确定度

