£, HEo O % 5 6 i 4 W Vol 41,No. 9,pp2823-2828
1 H Spectroscopy and Spectral Analysis September, 2021

Lucy-Richardson iX fXH# & £ X ST &R X0 TR A

MFH, BRM, B, k', £5%F°, F &, TTE BRE, K OB

TR AP AEBE . H AR K& 130012

of [ B2 B R BRI SE T . ARt 100049
PEFEBE RS, JEat 100049

BIRVL KR GRS, BIRIL W/RIEE 150080

e N

OE OB XN TR R ESE B X R R T A, R R X R B GERT T SCD B
#% CCD236. EZXFREHEAE 0. 7~13. 0 keV BYEK X SHE06 T HEAT M . T2 RS0 . 75 2005 B0 # HEAT HE4f
M PERE AR AE » HC R B 3% B i R0 I P KA A o R H R IR P RE S 0 BT 0 S B . CCD236 5 I 45 i 1 BE 1 5F
I e LI SR ) B S T TR A S R R A R B A R AR AR . — T DU O E R B R
TR ROCIR ) B S RETE o i 0T A AT LA A — 2 R ) A, ) T B o o 5 i A RE B AT S R
fRi o B OB BUR L Lucy-Richardson B AUH L . HLAH A R JL AR 1 DL IR B S A7 a8 3 o i
i BT AT S A AT BOLIN O YR A LIRS RE T . A B 0 B M X CCD236 SR 197 Fe I & R 1 ik
ol . Sl i, RETEMIRERE 0 HE N 144.3 eV IETHEI T 65.6 eV@5. 9 keV, ¥ 22 1% 52> 9 B M 410 741 »
P20 T RE IS IR LU o SR RE IS 2 04 42 FEAR /NG (<C70. 0 V) R ST R AL A, TSR IR B L Dy 8. 4, B
A5 ARG 3ty AT 052 S S AR A ) o TS o 5 36 T X R X R Dl AT A 3 B SRR R ST . SR
RETE A RE 1 20 . S 4 SR b BT R A ROl il R sk S . BB I LR . AT LARSF 3T T X
SISO RV T,

KEIR X LM CCD236; Lucy-Richardson #5148 X 458564347
FESES: 0562.371 XERFRIDED : A DOI: 10. 3964/j. issn. 1000-0593(2021)09-2823-06

[
51 5

H, 157 #8484 (charge-coupled device, CCD) J&—Fff] 2
N T RIC 5% . B2 2 R M RE 3% 430 A A 4R T & . 1
T g (swept charge device, SCD) J2& — F 45 5k 25 Bl ) CCD
PRI » O 7 AR P B HL AT 12 33 . SCD R 4% 2 1
KT A AEE L EEHBITH T, 1999 48, HEM
e2v 23w Wl 75— SCD £ #8 CCD54™, H i H F
SMART-1" I Chandrayaan-1"7 L& , 2 7 i 8 X 526
i B8 75 4% (the hard X-ray modulation telescope, HXMT)L*
{5 fE X 5 £k BT 4 (low energy X-ray telescope, LE)!™ f4%
ARESR, e2v AR A LE B H A &I & 1785w — 1R
SCD——CCD236, CCD236 £l #5 #H kb CCD54 41 A ¥ K 1
REOE R, P IEERE AT . CCD236 AL AE X S 0. 7~

p—
ot
-

1 CCD236 ¥Rl g8 L4 &
B MR 4 SRR
Fig. 1 A detector package of CCD236
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Fig. 2 The RSP of CCD236 detector
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The spectra are normalized by area

Fig. 10 Spectrum measurement of material by CCD236

detector; The spectrum is normalized by area
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Table 1 Analysis results of element composition
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An Application of Lucy Richardson Iterative in X-Ray Fluorescence
Analysis
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Abstract Hard X-ray Modulation Telescope ( HXMT) is China’ s first X-ray astronomical satellite. Low Energy X-ray
Telescope (LE) is one of the HXMT’s payloads, which used a special swept charge device (SCD) CCD236 detector to observed
photons in an energy band of 0. 7~13. 0 keV. The CCD236 detectors need to be calibrated well before the launch of HXMT,
including the calibration of the energy response matrix, which is the key to energy spectrum analysis. The output spectrum of
CDD236 is not the actual emission spectrum of the observation source but the convolution result of the emission spectrum and the
energy response matrix (RSP). Generally, we can apply a direct deconvolution method to restore the spectrum of the source. A
general deconvolution algorithm is the Lucy-Richardson iterative method which uses the Bayes theorem of conditional probability
to carry out repeated operations. Using this method, one can use the RSP to deconvolute with the output spectrum, and
restoration of the actual spectrum can be obtained by this method. The spectrum of ** Fe radioactive source can be restored using
LR iterative algorithm for verifying the robustness of this method. After the iteration, the energy resolution is optimized from
144.3 t0 65. 6 eV @ 5.9 keV, and the continuous plateau is obviously suppressed. The restoration spectrum, which is composed
of two Gaussian peaks with very narrow FWHM, can well characterize the structure of the real emission X-ray of * Fe. At the
same time, the X-ray fluorescence spectrum of a composite was inversely solved by this method, and the X-ray fluorescence
spectrum of the material was reproduced by iteration. The FWHM of each spectrum line was very small, and the main spectrum
line of Ag element in the material was changed into an independent line spectrum by iteration. This kind of inverse energy

spectrum can be well used for the analysis of element composition.
Keywords X-ray detector CCD236; Lucy-Richardson iterative method; X-ray fluorescence analysis
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