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Abstract: In this paper, a structural design scheme of modulated X-ray source based on self-
generated magnetic field confinement effect is proposed. The characteristic X-ray yields of
conversion targets with different thickness are simulated by Monte Carlo method when
several common target materials, such as Cr, Ni, Cu, Rh, Pd, Ag, Cd, W, Au, are used as
back-end X-ray conversion targets. The characteristic X-ray energy spectra, the spatial

angle distribution, and the size of focus at the optimum conversion target thickness are
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calculated. According to the application background of monochromatic X-rays, the yields

and the characteristic signal-to-noise ratio (CSNR) corresponding to different conversion

target thickness of several common target materials are calculated. The results show that the

modulated X-ray source based on the self-generated magnetic field confinement effect has the

advantages of fast modulation rate, high photon yield, and small focal spot size. Combined

with monochromatic crystals, X-rays with high intensity and good monochromaticity can be

obtained.

Keywords: modulated pulse X-ray source; X-ray conversion target; Monte Carlo method;

optimum thickness; characteristic X-ray
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Fig. 1 Model of structural target
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Tab.1 Common X-ray conversion target material

Material Atomic number Density/(gscm™*)

Cr (chromium) 24 7.19
Ni (nickeD 28 8.902
Cu (copper) 29 8.96
Rh (rhodium) 45 12.41
Pd (palladium) 46 12.023
Ag (silver) 47 10.53
Cd (cadmium) 48 8.65
W (tungsten) 74 19. 35
Au (gold) 79 19.32
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Fig. 2 The yield of X-ray vs. the thickness

of different conversion target materials
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Fig. 3 X-ray energy spectra produced by different

conversion targets with the target thickness of H
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(a) X-ray photon distribution on the target

(b) X-ray distribution statistics
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Fig.5 The size and the intensity

distributions of X-ray focal spot
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Tab.2 H,, .H,, and H\ of different target materials

H/pm
Target

H,, H ., H conr
Ni 1484 <50 <50
Cu 1596 <50 <50
Rh 1048 502 <50
Pd 1082 514 <50
Ag 1211 557 <50
Cd 1424 713 <50
w 603 500 430
Au 576 491 376

2ol m.H, 5 H,, BRTRFHZ 0%
e % B R 22 573X B iy AS [R) SR A A 4 ik
X BTk ry RE B S RE R o0 A 22 S BT EL, AR Z MRS
A K RRAE 32k AE B 50/ B8 6 6 40 S8 J5 B2 84
WA B R XS B WA T o S L
B CSNR B 0 T Z #PRE, Ko FRAE 35 26 8 5L
i SRR, DR IR XA 4k 52 A% i T
VR IR B/ SRR XS 407 05 A 77 1 B 2 4
JEJE ) 2R AL AT I

3 REERE

ASCWFFE T 6T B A W39 2 R8O B4 Tk i 8 o
X AR 4 J e 4 L M) MCNP BEALL T HEL IR AE
e i B H AT TP Y iz AR SO T LR R DA A
BRI B e AR R o A T A X R =S [ A
JEOM A B X OB R BE L RS TR X S
CSNR A1 # bt 5% e FL IR BE AL G & . 5 AT
SeH = P F/NVRL PR ) X AR AR L T A ARG
LN A X5 2 PR AT I g AR Ol T
W L BE RS /NI 2 B R AR A L TR
o 5 e AN B A MR A I X ER . AR AR SO 5 46
Xt e A L PR B S R 5 R R A e R L A AN [
X SR RE B R, A2 0 T AR A A B IR
LWk X LRSS,

&%k

[1] JONES CP, BRENNER C M, STITT C A, et al. Evaluating
laser-driven bremsstrahlung radiation sources for imaging and
analysis of nuclear waste packages[J]. Journal of Hazardous
Materials, 2016, 318: 694 —701.

[2] LARSON B C, YANG W G, ICE G E, et al. Three-dimensional
X-ray structural microscopy with submicrometre resolution
[J]. Nature, 2002, 415(6 874): 887 —890.

[3] CHEN H M, WANG G D, CHUANG Y J, et al. Nanoscintillator-
mediated X-ray inducible photodynamic therapy for in vivo
cancer treatment[J]. Nano Lett, 2015, 15(4): 2 249 — 2 256.

[4] KEALHOFER C, FOREMAN S, KASEVICH M. Ultrafast
X-ray point source for space-based communications [C]//
Stanfords 2009 PNT Challenges and Opportunities Symposium,
Stanford, 2009.

[5] LI H, TANG X B, HANG S, et al. Re-entry blackout elimination
and communication performance analysis based on laser-
plasma induced X-ray emission[J]. Phys Plasmas, 2019, 26
(3): 033503.

[6] HANG S, TANG X B, LI H, et al. Novel approach for Mars

020601-6



135

mow H

(7]

(8]

(9]

[10]

[11]

entry blackout elimination based on X-ray communication [J].
Journal of Spacecraft and Rockets, 2019, 56(5): 6 389 — 6 395.
MU J X, TANG X B, LIU Y P, et al. High penetration
X-ray communication under physical shielding[J]. Journal of
X-Ray Science and Technology, 2020, 28(2): 187 —196.
MILLER S, SINGH B, COOL S, et al. Ultrahigh-speed X-ray
imaging of hypervelocity projectiles[J]. Nuclear Instrum Methods
Phys Res A, 2011, 648(Suppl 1): 5 293 — 5 296.

OBARA H, ZUGUCHI M, SATO E, et al. Application of
harder stroboscopic X-ray generator to high-speed radiography
[JJ. Proc of SPIE, 2001, 4 183.

CUNNINGHAM R, ZHAO C, PARAB N, et al. Keyhole
threshold and morphology in laser melting revealed by ultra-
high-speed X-ray imaging [J]. Science, 2019, 363 (6 429):
849 —852.

ek, METE, BaraR, . T as X2 £ 0o i 4
il kb & 5T IR AT ()] WM, 2014, 63(16): 160701.
(MA Xiaofei, ZHAO Bao-sheng, SHENG Li-zhi, et al. Grid-
controlled emission source for space X-ray communication[J]. Acta

Phys Sin, 2014, 63(16): 160701.)

%S 020503-6 T

(12]

(13]

[14]

[16]

[(17]

IEC. Electromagnetic compatibility (EMC) Part 2: Environment-
section  9: HEMP

disturbance: TEC 61000-2-9[S]. 1996.

Description  of environment-radiated
BAUM C E. Some considerations concerning analytic EMP
criteria waveforms: Note 285 [R]. Air Force Weapons
Laboratory, 1976.

HOAD R, RADASKY W A. Progress in high-altitude
electromagnetic pulse ( HEMP) standardization [J]. IEEE
Trans Electromagn Compat, 2013, 55(3): 532 —538.

ol DR, B4, 5. BiE M2 BRI bR Y S 80
MR T PR EE, 2014, 5(2): 135 -139. (CHENG
Yin-hui, MA Liang, LI Jin-xi, et al. Frequency-domain method
for determining HEMP standard waveform parameters []].
Modern Applied Physics, 2014, 5(2): 135 -139.)

MENG C. Numerical simulation of the HEMP environment[]].
IEEE Trans Electromagn Compat, 2013, 55(3): 440 —455.
R, PR, RS s B A e Tk e A R A UL
FICT//HEFH 22 R 2, BEATF, 2005. (GAO Chun-
xia, CHEN Yu-sheng, WANG Hou-liang. Medium altitude
nuclear electromagnetic pulse simulation in 2-D space [C]//

Academic Annual Meeting of China Association of Science and

technology, Urumgqi, 2005.)

[12]

[13]

[14]

[15]

[16]

(18]

[19]

[20]

[21]

020601-7

MAINE P, STRICKLAND D, BADO P, et al. Generation of
ultrahigh peak power pulses by chirped pulse amplification
[J]. IEEE ] Quantum electronics, 1988, 24(2): 398 —403.
LI H, TANG X B, HANG S, et al. High directional laser-
plasma-induced X-ray source assisted by collimated electron
beams in targets with a self-generated magnetic field [J].
Fusion Engineering and Design, 2019, 144: 193 —201.
DAWSON J. One-dimensional plasma model [J]. Phys Fluids,
1962, 5(4): 445 —459.

XURAS, R, 24, 7.5 MeV LT3 X B 5 B i 1%
HHFFELC]/ /PR 22 2017 AR RAFE 2, g, 2017. (LIU
Bao-jie, ZHU Zhi-bin,
design of 7.5 MeV electron beam[C]//2017 Annual Conference
of Chinese Nuclear Society, Weihai, 2017.)

SRR, WA, W, B mIUIRPIEGE S X SRR
L] AERUmR R 2 2= 4l BB, 2015, 51(1): 36 —
39. (ZHANG Yao-feng, HUANG Jian-wei, HU Tao, et al.

LI Jin-hai. Study on X-ray converter

Bremsstrahlung X-ray converter design for a high power
electron linear accelerator [J]. Journal of Beijing Normal

University: Natural Science, 2015, 51(1): 36 —39.)

Bolsy, 4, DR, & SEBEEKRE TR Aan
T[], FHEWE, 2017, 34(4): 403—408. (CHENG Yin-
hui, LI Jin-xi, MA Liang, et al. Self-consistent method in
calculation of high-altitude electromagnetic pulse environment
[J]. Chinese Journal of Computational Physics, 2017, 34(4):
403 -408.)

GIRI D V, PRATHER W D, BAUM C E. The relationship
NEMP

simulator  performance

Air

and

[R].

standards

538

between

specifications: ~ Note Force  Weapons

Laboratory, 2009.

AL, B, SocAE, L R EEIK vl 2 S R 2R 1 Y R
AT MBOCSRFH, 1999, 11¢3): 355 - 358. (YU
Wen, CAI Xin-hua, HUANG Wen-hua, et al. The current
mode destroy of semiconductor devices by electromagnetic
pulse[J]. High Power Laser and Particle Beams, 1999, 11
(3): 355-358.)

JAARE, REIEAR, SRYE. XUHCRL A R A L TR R TR E T T
WEAS R (0] 3RO S RF R, 2005, 17(12): 1861 -1 864.
(ZHOU Huai-an, DU Zheng-wei, GONG Ke. Transient

response of bipolar junction transistor under intense

electromagnetic pulse [J]. High Power Laser and Particle

Beams, 2005, 17(12): 1 861 -1 864.)



