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Fig. 1. Layout and principle of HEER.
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Fig. 2. Experimental principle of acquiring 2D HEER data.
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Fig. 3. Experimental sample: (a) The front view; (b) the left view; (c¢) the 3D coordinate diagram.
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Fig. 4. 2D HEER images: (a)—(d) Rotation angle is 0°, 45°,
135°, 180°, respectively.
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o

5 M\ X% X+7E5S 95, 134 FI 145 26 AR R Bk d Al
MV IR (a)— (c) FBP; (d)— (f) ART; (g)— (i) SART
Fig. 5. Results of reconstructed slices with different algo-
rithms, at the 95th, 134th and 145th layers from X- to X+:
(a)—(c) FBP; (d)-(f) ART; (g)-(i) SART.

124th c) 150th
b) 124t} I

(d) 89th (e) 124th (f) 150th

(g) 89th

(h) 124th

(i) 150th

Bl6 18 V-5 YHIEE 89, 124 F1 150 2 I A 7] ok 7
IR EER  (a)— (c) FBP; (d)— (f) ART; (g)— (i) SART
Fig. 6. Results of reconstructed slices with different algo-
rithms, at the 89th, 124th and 150th layers from Y- to Y+:
(a)—(c) FBP; (d)-(f) ART; (g)-(i) SART.
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7 M Z-3] Z+4E58 52, 122 B 155 2 R R AL 2
HIPIR IR (a)— (¢) FBP; (d)— (f) ART; (g)— (i) SART
Fig. 7. Results of reconstructed slices with different algo-
rithms, at the 52nd, 122th and 155th layers from Z- to Z+:
(a)—(c) FBP; (d)-(f) ART; (g)-(i) SART.
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Fig. 8. (a) The 124th slice image from Y- to Y4 recon-
structed by FBP; (b) the pixels grayscale of the red line of
panel (a).

3.3 EEAEER K 3D EEER
T /D R | 2D HEER % 2R 4 i 7]
bR E R (A 0°F1 179°0E] BR 5o 3k
36 7 2D HEER FIG&ddek Ea. T 36 5K 2D
HEER B ICIAN 2 Nyquist SREEEIE, (M HIf#T
Ak FBP 277 AR g BRI i s . ST
AP (B RN EESE) ML, 2T ART Bk
HRIEARGE R, fE T s X R i R 1 LA 2R
HEAT R, PGS T ART 1977 v 1] LA - i b B
s 0 B0 SRS AN BN ) SRR A T RE Ay
Br ART #1 SART 255, LA 180 5k FI {4 & i
FBP 45504 A, B N EM R E RS %
k38 BB e d:
N
>
d= u=1v

SN (tuw - 7)°

=1lv=1

N
(tu,v - ru,v)2
=1

S

A -2 0 FEEHEN] 7

. (iilt _rw|> / (iiw) ©)

u=1v=1 u=1v=1

7E (5) AN (6) Y, tu,o Flru 53RN S %
MR AN B S w AT AR o B R R
NIRRT IR R B, T ESFHRBMEERT
P, RURRI S RECH 236 x 236. d Al r A{E S e
TEHEEURA TR, (ER/NUE RS R EIR
BRET. ART il SART &M Yy A V-3
Y+HIEE 100 J2 N5 127 J2 R8T - anE 9 Frzs.

i 18U, M AR5k IE i, SART
LB EIRA d e (/T ART EEREISR
W) d 1 rfE, B SART 5303k 5 f 19 MG 0 352 0 i
WML, KK 6 51 9 317 Hhdsk, BT A4
7 2D HEER BG4, B LA 9 iy Ph st 3 m
JEEE.

# 1 ART, SART EEUI A d A r{E

Table 1.  Value of d and r of the image reconstruc-
ted by ART and SART.

YIF R d r
ART 11.0736 0.8820
Y 100th
SART 10.9060 0.8672
ART 9.0947 0.9076
Y 127th
SART 8.9520 0.8933
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(a) ART 100th

(b) ART 127th

(c) SART 100th (d) SART 127th

B9 Y-F Y+RYEE 100 2 RN 127 BT R A5 545
HIEEE  (a), (b) ART; (c), (d) SART

Fig. 9. Reconstructed slices results with different algori-
thms, at the 100th and 127th layers from Y- to Y+: (a),
(b) ART; (c), (d) SART.
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Fig. 10. Results of reconstructed slices at the 127th layer
from Y- to Y+: (a) ART; (b) SART; (c) the pixels gray-
scale of the red line of panel (b).
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Experimental demonstration of three-dimensional
high energy electron radiography”
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Abstract

High energy electron radiography (HEER) proposed first for real-time high spatial and temporal resolution
diagnosis of warm dense matter (WDM) and inertial confinement fusion (ICF) has proved experimentally
feasible for mesoscale sciences diagnosis. Until now, the spatial resolution of the images close to 1 pm has been
reached experimentally which is better than that of X-rays and neutron radiography. However, traditional

HEER obtains two-dimensional images which cannot accurately present the three-dimensional structure of the
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sample. To further improve the capability of HEER to diagnose and obtain the internal information of samples,
three-dimensional high energy electron radiography (TDHEER) was put forward by combining HEER with
three-dimensional (3D) reconstruction tomography technology. The validity and usage of the TDHEER method
have been confirmed through simulation of the fully 3D diagnostic of static mesoscale sample. This paper
focuses mainly on the experimental demonstration of the 3D high energy electron radiography. The feasibility of
TDHEER is for the first time confirmed by the results achieved with different 3D reconstruction algorithms.
The 3D reconstruction algorithms, analytical algorithm-filtered back projection (FBP), iterative algorithms-
algebraic reconstruction technique (ART), and simultaneous algebraic reconstruction technique (SART) are
used here. In this experiment, the less projected data are used, so it takes the less time to obtain two-
dimensional (2D) HEER images and the reconstruction. In order to spend the time as little as possible and
obtain the satisfactory quality of reconstruction result, there are three groups of projected image sets, 180, 36
and 18, acquired in our experiment. When all three algorithms are adopted in 180 projected images, the
reconstructed images show that all three algorithms FBP, ART and SART are feasible for TDHEER. The
different reconstructed slice images of the sample in X-, Y-, and Z- direction clearly show the detailed structure
of the sample. The images reconstructed by ART and SART algorithm are equivalent. Comparing with ART
and SART), the reconstruction results by FBP can show more details, but there are some artifacts. Because the
36 2D HEER images fail to satisfy the Nyquist sampling theory, the analytic algorithm FBP is not used. Taking
the result of FBP reconstructed by 180 images as a standard reference to compare the result of ART with the
results of SART, the images reconstructed by the SART algorithm are closer to the original images. Testing 18
images, the results of the ART and SART both have lots of artifacts but the SART algorithm spends less time
in reconstruction. As fewer projected images are used, more artifacts are found in the reconstructed images.
Therefore, it is advantageous to combine the SART algorithm with 36 HEER projected images, which obtains
high-quality reconstruction images and spends less time. The feasibility of TDHEER is confirmed
experimentally for the first time and all three dimensions of the sample structures are obtained. Of the three
different 3D reconstruction algorithms, the SART algorithm is the most suitable for reconstructing the few-view

images. The TDHEER technology will extend HEER’s application fields, especially for mesoscale sciences.

Keywords: high energy electron radiography, three-dimensional reconstruction algorithm, three-dimensional

high energy electron radiography, mesoscale sciences
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