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Fig. 1. An electron beam radiographs a carbon target: (a) The schematic diagram; (b) (Color online) The

electron fluence distributions on the detection plane; (c) (Color online) The Y-direction averaged electron

fluence distribution along the X direction in the range —1 cm < X < 1 cm
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Fig. 2. (a) Contrast versus the incident electron energy; (b) contrast versus the target thickness nonuniformity.

FR, BN T RE & 4 5 8 3.8 MeV,
7.0 MeV, 078 ™k 4 JE RS Aty BB FL T T
JEBER I SIPE A/t 178 A0 KT 32 A0 XS b B ) R
ZERwE 2 (b) o, XFR—EEASME, A
ST RE N 3.8 MeV, BV 5 B2 T S SR I, A
XFT 7.0 MeV HLFIE 0L, v SEELEE RN ELFE, fig
5 43 HEE At /t = 0.3% (WAL, X T NI

TREEN 7.0 MeV 1150, B ISR 0 oK 51 50T
HBE7TPHEE 10% LA_E 1 22K,

£k AT, SN BT BE R A L S R R R
J%, W LAAT RO Y H R SR o ) AR A U
ERRERAR, FEEL P R EUh S WL B AR L.

0

2.3 S5RFRIGETRIELE

WO g d w7 4L MeV BEE R T, JF 2
T BRAR U =01 A ] Fluka B0 T 51 SN
BRBE B AL, 8L 5 T ARIERL X L, TR

HL R T ACE LS W (0 S TR, EEXTE L (a)

- 0.060 (‘a) - e

z

2 0045¢ .

> —— 44 MeV

g oo30F 80 MeV

<

]

8 0.015 _

]
ok s . _
-1.0 -0.5 0 0.5 1.0

X/cm
B3 BT AR

FLE A SR K22

) T B8 e ST T 2, o F SR R Dy B RE P AT T
W, RTHC95 < 107, BRI B A, 2 5 HONGT
T AR A AEE N 44 MeV, 80 MeV, By i T3
IR, RN T B R A, W 3 (a)
Firw. R BRI R A R RS A, BEEA S
At/ A T g2 25 i 3 (b) B,

B3 (a) i th, M T RE SN 44 MeV, B H 5
FEFRIEHEE (1 cm JERAENT NS FER BT FRER LN
44 MeV) I, 38 885 5 A rhoek S 42 Mk # X3
LT IE W MR XL MR XX LG T~ 94.8%,
R 7 T R0 TR 0 3.8 MeV HL T HIBM &SR, I
H, MFE XA BEo, 8 5% B ARAE Fom 1 Froax
Z 18] 20%—80% X [H] % B 55 EE 24924 0.017 cm, B &
B 1 (o) T HUE LR L, 3R B R HIX R R B 1Y) o
T ACEAT AN, TSI B A 1) A R A3 R RE D T4
K 80 MeV Jii + HOXF SR 3EAT M, B 5T+ 432 85
KT HEE R, AR 73 #E T R 4. X — 45
wHHEFHRER .

M B
.-
(b) o
0.832 ¥ p
’ 1
o :
0.624 / :—
e |
5 / ¢
0.416 . H
% &- 44 MeV !
0208 M ®- 80 MeV “-
. ®
[ 3 ____./
[0)]7 ST [ S [ .
10-3 10-2 101 100
At/t

(a) HIWH L —1 cm < X < 1 em WY J7 AP B 05T T8 8% B0 (b) xT EEERE

Fig. 3. A proton beam radiographs a carbon target: (a) The Y-direction averaged proton fluence distribution

along the X direction in the range —1 cm < X < 1 cm on the detection plane; (b) Contrast versus the

target thickness nonuniformity.
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Fig. 4 A parallel electron beam radiographs a beryllium foil target: (a) The schematic diagram; (b) The Y-direction

averaged electron fluence distribution along the X direction in the range —0.1 cm < X < 0.1 cm on the detection

plane.
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ence distribution along the X direction in the range

—0.1cm < X < 0.1 cm on the detection plane.

% T 5 keV [ X S5 kiB ML, RIGLE IGO0, 764
ANBE ST HEHTUTRE X

2.5 EFHSISEEERE

R THI 45 SR 3R B, R FE - E AR A 1 e 4%
FEHE RN, PSR R A A1, S — 5,
HR 4 BT R R T AL LR B, BT AE AR R A
B N IR U B e, DRI R R R R R A
SRR MR SR AT 2. T H, TR S
PRI EL AR FH A RS AT b XS R U, B iz i
BN R = A g, USR] U 2 R
FHIRAL X S A2 W By R

NTHIZE H 100 MeV HL RO Bk -t 57 152 L
PIREAEL. G 6 (a) B, HFRESR 7 =05 300 T 15
BE5E 1 (a) —F. ASHRTHRNERR AT IR, 1
ARIEAN2 cm x 1 cm, HFRAE NG x 1074, HE
t =1 cm, MATNS HF AR, Hd, B mpe
% EAR %N 2.0 g/em?, AT AR 2 1 em x 1 cm,
B = 25 5 — 2, fE AL LAz, R T HEA
i THI R 375 FRL P 5 Ve, ASE 400 SR FH R R B AR AL
FOREE B AR EE 1 cm B XTS5 FE () H 1 RE B 0 Sl
Z1°43.5 MeV A13.3 MeV, /N ANSF TR AEE
(100 MeV), PRI B3~ FE AT RL o A B B 1 e - 57
TS, JE Bt S5O B AE B 451 2% mT 20, SR T B
SR B ORI G 32 Bk R B ) S O
6 (b) 25 Hi B A BB 5, ZE PRI I L 0 =
WG, SREY, BT HETHF IR RERL
RN, FEBRFOGR [ oAt X 35, 3 A5 (1 L7 I8
FE LT AR ) AR, o 70 88 P ik - 5 53 T B i e
TSR EBUR AR s, 725 (X = 0) il %
FE LT B R G EGE A R AR OR S AR
AME, 13BN L T~ 12.6%. PRI, 5% oL T3k
BUR AR A S Wi f1E 7 — Rl 77v2:.

TERXTEL, 7EHE 6 (a) H, FEHE T AR 100 keV
AT XFTZRHR, ANSPOGTECN 5 x 108, HAih S5k
B SRR X 2SR 45 AN 6 (c)
. BB BR AR X 2R IS 22 5, W LA
B 3 X I B d i X P AR RS AR SR I T b e
BIEAE]. AT, 7B - S Ak i R 2 AR
STECRE R T o~ 4.29%, X 5225800 #E I\ 5 H xt
FLEE AR FIE AL Rk, 5T S 2 Wr sk iAok
Ui, B RA —E R, 52404502

154101-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 2 )  Acta Phys. Sin. Vol. 64, No. 15 (2015) 154101

~ 0675 : : _ 0.450 : :
(@ z \—‘ ‘5) (b) Tewi R > (c) B
X £ 0.600 M’iﬁv‘,’/\ £ 0425 | %
) W a W
~ ~ bV A A AN ]
2 cm % 0.450 | ] ;‘é 0.375 | ]
o

= 0.375 - . = 0.350 - .

—0.2 0.1 0 0.1 0.2 —02 —0.1 0 0.1 0.2
X/cm X/cm

6 HFE X SRRERE - (a) mEE; (b) FWE L —0.2 em < X < 0.2 em XAWY J7 P31
FHEFE S (c) T L —0.2 em < X < 0.2 em XY J7 )P40 X 5 4818 5% B2 40 A (B b sz
BTN - ST L E)

Fig. 6 An electron or an X-ray beam radiographs a carbon-sulfur target: (a) The schematic diagram; (b) The
Y -direction averaged electron fluence distribution along the X direction in the range —0.2 cm < X < 0.2 cm
on the detection plane; (¢) The Y-direction averaged X-ray photon fluence distribution along the X direction
in the range —0.2 cm < X < 0.2 cm on the detection plane. In the plots the dash-dot line indicates the

position of carbon-sulfur interface.
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Fig. 7. An electron beam radiographs a spherically multilayered capsule: (a) (Color online) The schematic

diagram; (b) (Color online) The electron fluence distributions on the detection plane; (¢) Around Y = 0 the

electron fluence distribution along the X direction. The arrows indicate the geometrical projection positions

of the interfaces, separately.
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Abstract

The electron beam produced by an ultra-short, high-intensity laser pulse is of properties of small source size, short
duration, and quasi-monoenergetic energy, and will play a unique role in radiographic diagnostics. By analyzing the
scattering processes of electrons in materials and performing Monte-Carlo simulations, electron radiography for probing
target surface non-uniformities or material interfaces is studied for electron energy ranging from 100 keV to several
hundreds of MeV, and the results are compared with those of proton radiography and X-ray radiography, respectively.
Features and parameter optimization of electron radiography are obtained, and some applications are suggested. By
taking advantage of inelastic scattering or energy loss of charged particles, target surface nonuniformities could be
diagnosed by a charged-particle beam whose range is close to the target thickness. Such a diagnosis would produce
a higher detection contrast than that by absorption-type X-ray radiography. For a proton beam, a target thickness
variation as small as 0.1% could be detected due to a more evident Bragg peak of the stopping power near its range.
Nevertheless, the energy of laser-accelerated proton beams being up to 100 MeV would limit the applications. For an
electron beam, since a thickness variation of 0.3% could be detected, its energy over 1 GeV has been realized by laser
acceleration, the electron radiography could be extended to diagnose thicker targets. When using an electron beam to
radiograph a thin or a foil target, for example, of thickness on the order of 100 pm, a spatial resolution of 11 um or
better could be achieved due to the reduced elastic scattering and angular deflection. By taking advantage of elastic
scattering of electrons, an electron beam whose range is much greater than the target thickness could be used to diagnose
a target interface composed of different materials or even a multilayered capsule, and a higher contrast of the electron
fluence modulation at interfaces would be realized than that by absorption-type X-ray radiography, which is caused by
stronger scattering of electrons as the electron scattering cross section is several orders of magnitude greater than that
of X-ray scattering such as the Thomson scattering. As a laser-produced electron beam is prone to have an ultrafast
pulse duration of 100’s of femtoseconds or less, it is anticipated that the electron radiography will produce an ultrasfast
temporal resolution. These results and conclusions would be helpful to the applications and parameter optimization of

electron radiography.

Keywords: charged-particle beams, elastic and inelastic scattering, Monte-Carlo simulations, radiogra-
phy
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