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Energy spectrum measurement for pulsed hard X-ray from 15 keV to 600 keV

Su Zhaofeng,  Lai Dingguo, Qiu Mengtong,  Ren Shuqing, Xu Qifu, Yang Shi
(State Key Laboratory of Intense Pulsed Radiation Simulation and Effect (Northwest Institute of Nuclear Technology), Xi’an 710024, China)

Abstract: This paper introduces the basic principle and design ideas of absorptive method for X-ray energy
spectrum measurement. Si-PIN detectors array and Cu, Al attenuation materials were used to design the energy
spectrometer combining theoretical calculation and experimental study. The collimating and anti-interference system
was developed to obtain higher signal-to-noise ratio waveforms. The influence of scattering was researched. The
different attenuation waveforms of pulsed hard X-ray at Shanguang Il accelerator were measured experimentally in the
vacuum environment. The energy spectrum was calculated. The maximum energy of X-ray was about 600 keV, and
the average energy was about 89.1 keV, which agreed with the calculation results.
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Table 1 Distance between the detector and the copper absorption plate when scatter-transmission ratio is 5%

thickness of the copper absorption plate/mm 1.00 2.16 4.10 501 7.00 7.98 10.07 12.00
distance between the detector and the copper absorption plate/cm 042 1.0 1.8 2.6 2.9 3.5 4.4 5.1
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Fig. 3 Energy deposition curves of photon on the detectors after Fig. 4 Photogragh of the energy spectrometer
absorption plate of different mass thickness in the experiment
P 3 6T 25 AN 1A o e 52 BE A W A0 5 A 0 8 L 1 e e DU AR 2 4 BERRAUSE AT R R

fifk BE T ) B 0 Al

AR i3 RE TR AR 9 ) 475 32 2 AT SIS BEBOR R R o R0 S 6 T 2 R R R R AL P TR
50 B A S B G 2R, T SUIE S 1 LA AT S R0 1 D AR B SRR A AL 19 05 0, %07 1 TR AU BUE WD R BE I, 1 1 S R
I MR, BARIE B X ) R BOERE AX= B ) R R A AT A S E )

A=USV" (5)
W Sy
AT =VSU" (6
KA AT A3
B=USV'X,A=A"B=VS'U'B (7

% g=U'B, P=S*g, WA i X, = > (V.. P).
i=1

P 6 S fire i A5 20 1 Jok o A XS 4R 0 BE IS 5 B T A5 R U L, BEACA G T I BE L AU T R A XA B

W 25 1R, 67 i = RE 200 600 keV, - RE Ry 89.1 keV, FRIB TN 93.6 keV, 250 45 AL 15
TEAEW) A b, fE R LR RS IR i AR — 8, 7EBE R 120~300 keV #B43, ST HE 1% 45 B 1S A5 P00 i, 5% LI
PRI Ay S 6 e HICST 0 O B R i, SE R AR 5 %, PRI AR Ok 08 A SIS R AR AT

160
—0 —— 7.98 mm Cu 10F g4t
—— 1.00 mm Cu —— 10.07 mm Cu —aA— calculated
120 b —— 2.16 mm Cu —— 12.00 mm Cu gl —e— experimental
—— 4,10 mm Cu —— 3.00 mm Al
> —— 5.0l mm Cu — 7.11 mm Al !
N —— 7.00mm Cu —— 11.03 mm Al 6
& 80t >~ \
E e
E it \
a0l \ \
2r \K \-
Aa S
I o N S o 0 T s
0 100 200 300 400 500 600 0 100 200 300 400 500 600
time / ns energy / keV
Fig. 5 Measured waveforms of the spectrometer Fig. 6 Spectrum comparison between experiment
B 5 BETEAX Ay Iy R energy and theoretical calculation

B 6 BERES s 4 RIS TR L

4 &

AR T R 5 o X B ) A SR, 7 T RO RO B EAT TR RIS
VE, BIF TR X TR AR R G DT T O I AR LA S B TR O 0 D R O (R L 4R
U2 25 A LB 5 LU 5% AR o AR BUAS TR, S I 1 D 5 2877 A i Bk o B XS5 1 i
i, 6T (0 B A HEZ0 9 600 keV, P HIAE HE Y 89.1 ke, P H 4 XS T VP AU HCRE X S 46 8 0 803 1K 7 AR

035005-4



HIREEEE . 15~600 keV Rk i B8 X 4 28 GE 1% I &

TAEE RN RAEER L

R

TEJG SE PRI T 15 . RGNV IR BB e b B, 55 45 5 SC PR B0, TF IR EH X PEAT 5T, 55 14 s RN
for B RE A2 0 HF B H AL 1R 0 BE 7, DAL BE T SR A 15 AR, i i i 2t B AR A9 RV AR HEAL , $7 i RE T 45 R A ] £
JE o Bl ARG TE AR WITR A, 27 B0k M 22 14 SC BEBOR AR 1 T oe, 7 2L S AR SCIERIMTE 7

52 3k

(1] Wehs, 302, ik, % RIERESEZERERE IR A AR (T, S80Sk 75, 2013, 25(11):2995-2998. (Chen Nan, Dai Man, Gao Feng, et al. Energy
spectrum measurement with circular array method[J]. High Power Laser and Particle Beams, 2013, 25(11): 2995-2998)

[2] JRJREE, iifeae, BB 25, 46, M RElk b X ST ZRREIS It (7). B4, 2010, 59(11): 7729-7735. (Su Zhaofeng, Yang Hailiang, Qiu Aici, et al. Measurements
of energy spectra for high energy pulsed X-ray[J]. Acta Physica Sinica, 2010, 59(11): 7729-7735)

[3] Carlson G A, Lorence L J. A differential absorption spectrometer for determining flash X-ray spectra from 10 keV~2000 keV [J]. IEEE Trans Nucl Sci, 1988,
35(6): 1255-1259.

[4] Steven G G, Pereira N R. Differential absorption spectrometer for pulsed bremsstrahlung [J]. Rev Sci Instrum, 1999, 64(7): 1835-1840.

[5] 4hk, FRAGH, BIR), 5. Peknprl XSk gl it Se s i o (1. IR TRERlAHR, 2009, 43(7): 658-662. (Quan Lin, Zheng Weibo, Tu Jing, et al. Spectra
measurement for fast pulsed hard X-ray[J]. Atomic Energy Science and Technology, 2009, 43(7): 658-662)

(6] JRJkER, WHifgse, NGNS, 5. BRIk by SR RE I B U (0], 3R IOE 58T 5, 2010, 22(5): 1137-1140. (Su Zhaofeng, Yang Hailiang, Sun Jianfeng, et al.
Development of intense pulse y-ray spectrometer[J]. High Power Laser and Particle Beams, 2010, 22(5): 1137-1140)

(7] T3k, =8, T2, % 2B SHA N R S RE X RERS (1], SRIOE SR T3, 2012, 24(6): 1466-1470. (Wang Yi, Li Qin, Jiang Xiaoguo, et al. High-energy
X-ray spectrum estimation by attenuated transmission method [J]. High Power Laser and Particle Beams, 2012, 24(6): 1466-1470)

(8] ‘REANE, THEE, T4s4%, 5. AROCHRIZRAE DK i AE X 2R A I 2 b (4 0 (). B P2 SR IIE A, 2003, 23(1): 46-49. (Song Zhaohui, Wang Baohui,
Wang Kuilu, et al. Application of thermoluminescence dosimeter on the measurement of hard X-ray pulse energy spectrum[J]. Nuclear Electronics and Detection
Technology, 2003, 23(1): 46-49)

(9] Z=wAE, fal/Neg, 3l SCiE, %6, 5~88 ke VABIX BEXOGAEIAS 2 & [J]. RG-S K T3, 2014, 26: 112007. (Li Chaoguang, He Xiaoan, Zhang Wenhai, et al.
Measurement of hard X-ray spectrum at 5-88keV [J]. High Power Laser and Particle Beams, 2014, 26: 112007)

[10] Reims N, Sukowski F, Kilicarslan K. Developing a Compton spectrometer for determination of X-ray tube spectra[C]//IEEE Nuclear Science Symposium and

Medical Imaging Conference Record. 2012: 3265-3268.

(1] T4kpe, B30, S0, 55 B Tk by 2 i e B 5 430 (0] BUARN AR, 2014, 5(3): 169-173. (Wang Jihu, Ma Wenyan, Weng
Xiufeng, et al. Simulation and analysis of spectrum reconstruction of pulsed y-rays using expectation maximization method [J]. Modern Applied Physics, 2014,
5(3):169-173)

(12] HIFF, HRE, XA, 45 6MV XSTERERISIINGE [1]. JETAERIAHOR, 1998, 32(6):499-502. (Xiao Kaiyu, Cui Gaoxian, Liu Haocai, et al.
Experimental measurements of bremsspectrum from 6 MV X-ray[J]. Atomic Energy Science and Technology, 1998, 32(6): 499-502)

[13] oo, Bkibdmst iz &b 3 5 iR 22500 (M. Jeat: ERE Tk i ikt, 1997: 169-169. (Chen Yuanjin. Pulsed radiation field measurement data
processing and error analysis[M]. Beijing: National Defense Industry Press, 1997: 169-169)

[14] B, EREHRNES RIS AT (M]. Jbat: e REE, 1990: 75-75. (Ji Changsong. Handbook of nuclear radiation detectors and their
experiment techniques [M]. Beijing: Atomic Energy Press, 1990: 75-75)

[15] faEAL. MRSt Rl & S0 o 2 BN M. bt v B R 2% H iR, 1990: 109-111. (He Changli. Singular value decomposition method

for solving ill-conditioned linear equations and its application[M]. Beijing: China University of Geosciences Press, 1990: 109-111)

035005-5


https://doi.org/10.3788/HPLPB20132511.2995
https://doi.org/10.3788/HPLPB20132511.2995
https://doi.org/10.7498/aps.59.7729
https://doi.org/10.7498/aps.59.7729
https://doi.org/10.1109/23.25448
https://doi.org/10.3788/HPLPB20102205.1137
https://doi.org/10.3788/HPLPB20102205.1137
https://doi.org/10.3788/HPLPB20122406.1466
https://doi.org/10.3788/HPLPB20122406.1466
https://doi.org/10.3969/j.issn.0258-0934.2003.01.011
https://doi.org/10.3969/j.issn.0258-0934.2003.01.011
https://doi.org/10.3969/j.issn.0258-0934.2003.01.011
https://doi.org/10.3788/HPLPB20142611.112007
https://doi.org/10.3788/HPLPB20142611.112007
https://doi.org/10.3969/j.issn.2095-6223.2014.03.001
https://doi.org/10.3969/j.issn.2095-6223.2014.03.001
https://doi.org/10.3788/HPLPB20132511.2995
https://doi.org/10.3788/HPLPB20132511.2995
https://doi.org/10.7498/aps.59.7729
https://doi.org/10.7498/aps.59.7729
https://doi.org/10.1109/23.25448
https://doi.org/10.3788/HPLPB20102205.1137
https://doi.org/10.3788/HPLPB20102205.1137
https://doi.org/10.3788/HPLPB20122406.1466
https://doi.org/10.3788/HPLPB20122406.1466
https://doi.org/10.3969/j.issn.0258-0934.2003.01.011
https://doi.org/10.3969/j.issn.0258-0934.2003.01.011
https://doi.org/10.3969/j.issn.0258-0934.2003.01.011
https://doi.org/10.3788/HPLPB20142611.112007
https://doi.org/10.3788/HPLPB20142611.112007
https://doi.org/10.3969/j.issn.2095-6223.2014.03.001
https://doi.org/10.3969/j.issn.2095-6223.2014.03.001

