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Summary
Measuring 3D electron temperature of the ICF hotspot is feasible

We have

= tested iterative algebraic method ART to reconstruct 3D X-ray emission
distributions of the ICF hotspot.

= obtained 3D X-ray reconstructions with two or three LOS and made 3D

electron temperature T, measurement in the ICF hotspot using synthetic
and experimental data

= |aid out a future path on how to perform 3D T, measurement on the NIF.
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Motivation
3D hotspot electron temperature T, measurements can help to

further our understanding of the ICF stagnation physics
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We reconstruct 3D X-ray emission distributions from 2D
projections and infer T, using different X-ray energy channels

-4

(0,0) 10
-50 b
€ o .
50 2
0
° 50 0 50
Input °
X-ray images (90,89)  «10°
3
g 2
- 1
50 0 50 °
pm

(90, 315) x107

pm

50 0 50
pm

Our goal is to reconstruct a 3D T, distribution of the hotspot plasma
using very few 2D X-ray images from different directions.

Previous work done on 3-D reconstructions of neutron/x-ray source from 2-D projections. Ref:
1. Volegov et al., Neutron source reconstruction from pinhole imaging at national ignition facility. Rev. Sci. Instrum. 2014
2. Volegov et al., On three-dimensional reconstruction of a neutron/x-ray source from very few two-dimensional projections. J. Appl. Phys. 2015
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We reconstruct 3D X-ray emission distributions from 2D
projections and infer T, using different X-ray energy channels
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Our goal is to reconstruct a 3D T, distribution of the hotspot plasma
using very few 2D X-ray images from different directions.

Previous work done on 3-D reconstructions of neutron/x-ray source from 2-D projections. Ref:
1. Volegov et al., Neutron source reconstruction from pinhole imaging at national ignition facility. Rev. Sci. Instrum. 2014
2. Volegov et al., On three-dimensional reconstruction of a neutron/x-ray source from very few two-dimensional projections. J. Appl. Phys. 2015
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We reconstruct 3D X-ray emission distributions from 2D
projections and infer T, using different X-ray energy channels
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Our goal is to reconstruct a 3D T, distribution of the hotspot plasma
using very few 2D X-ray images from different directions.

Previous work done on 3-D reconstructions of neutron/x-ray source from 2-D projections. Ref:
1. Volegov et al., Neutron source reconstruction from pinhole imaging at national ignition facility. Rev. Sci. Instrum. 2014
2. Volegov et al., On three-dimensional reconstruction of a neutron/x-ray source from very few two-dimensional projections. J. Appl. Phys. 2015
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Step 1: We reconstruct 3D X-ray emission distribution using very few
2D X-ray projections via ART — like solving a “3D Sudoku” puzzle
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Step 2: We compute 7, measurement from the ratio of detected
X-ray emission values in channels 1 and 2
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Synthetic data study: 3D X-ray reconstructions with two versus three LOS
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Max X-ray emission: 1.7e-04,
min X-ray emission: 2.1e-06

X-ray reconstructions using 3 LOS agree better with
synthetic models than using 2 LOS

Te, keV

157

0.5

«10™*x-direction lineout

1,7 S
PR
L% a
/¢ \
1, N
‘s \\

7 A
Wl ‘ .
-50 0 50

pm

Te, keV

157

0.5}

%107 y-direction lineout

oy
[
Py
[ Y
I ‘\\
N
| N,
/' \ N
O A S N
-50 0 50
pum

Te, keV

157

0.5

« 10”4 z-direction lineout

- - 3LOS
- - 2LOS
model | |
i\
{ \
i "‘\
;o
-50 0 50
pum

1.70e-04
1.40e-04
50 i 8.4e-05
Il 2.9¢-05
= § D
L 0 g ’\,",’
§
N
50 model
-50
-50 0
0
x-axis (;im) 50 -50 y-axis (um)
4>
Max X-ray emission: 1.3e-04,
min X-ray emission: 1.3e-07
1.30e-04
1.40e-04
Il 2.9¢-05
3 \-Q ™
¢ - 2LOS
N
50
-50
-50 0
0 50
x-axis (pm) 50 - y-axis (um)
—>
Max X-ray emission: 1.5e-04,
min X-ray emission: 1.5e-07
1.50e-04
1.40e-04
50 i 8.4e-05
Il 2.9¢e-05
E
£ 3LOS
o 0
X
©
N
-50
-50

50 -50

x-axis (pm) y-axis (um) 5

NS4




Max X-ray emission: 1.7e-04,
min X-ray emission: 2.1e-06

[ ) [ ] [ )
w00 X-ray reconstructions using 3 LOS agree better with
B 8.4e-05
50 ° °
B2 05 h dels th 2 LOS
e | L e synthetic models than using 2 L
3 L g B
0 h -
% — » %10 *x-direction lineout 5 %10 *y-direction lineout ” %10 *z-direction lineout
) 50 %0 model - - 3LOS
-50 0 - - 2LOS
0 157 157 "“ 157 model | |
x-axis (um) 50 -850 y-axis (um) - - 1o -
—’ ity
Max X-ray emission: 1.3e-04, &’n 1+t e j‘% 1t oy &J. 1
min X-ray emission: 1.3e-07 9 P\ @ ; ‘\\' < A
1.30e-04 A 1o i
1.40e-04 05 7 A 05! ! Y 05/ i\
50 i 8.4e-05 1, N ] t\\ i ‘\
. Il 2.9¢-05 2 \\ Y FARY
€ T — ¢ LN 4 Vo , \
g 0 D= 2LOS -50 0 50 -50 0 50 -50 0 50
R pm ©m ©m
x-direction lineout: rel err -direction lineout: rel err z-direction lineout: rel err
50 50 100 ‘ 100 L 100 ‘ |
s 0 (4 —3L0s
- , i i —2L0S |
x-axis (;m) 50 -50  y-axis (um) 80 80 80
—> X X X
Max X-ray emission: 1.5e-04, 8 60 o 60 S 60
min X-ray emission: 1.5e-07 © S S
® @ @
© 40 © 40 © 40¢
(] [} [}
— 20 20 20+
B 3LOS
0
% 0 0 - 0
N -50 0 50 -50 0 50 -50 0 50
-50 pm pm p#m
-50

50 -50

x-axis (pm) y-axis (um)

>

NS4 o




Max temperature: 3.43keV,

==  Relative T, errors improve to below ~10% by

M2.57keV o . .
0 . mne  fielding a third LOS
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Max temperature: 3.43keV,

=2  Relative T, errors improve to below ~10% by
o mne fielding a third LOS
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Max temperature: 3.43keV,

Relative T, errors improve to below ~10% by

fielding a third LOS
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We tested a collection of synthetic T, models with various shapes
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Experimental data study: experimentally fielded diagnostic at
two LOS PDIM (0°, 0°) and (90°, 78°)

o Two LOS
PDIM (0°,0°)

Tl ¥ PDIM (0°,0)
Target Chamber Center 100 -

(Target Location)
DIM-Insertable 50
Diagnostic o o
— c (90°,78°)
ﬁ -
N
Equatorial DIM 50
- ) B 5% 100
- -85%
4 50%
‘\‘_’ : -100 - . 17%
-100 50/ o -10
o oo 50 100 >9, pm
(90°,787) X, /1 M
Reconstructed Hotspot X-ray emission
Lawrence Livermore National Laboratory (
LLNL-PRES-816266, LLNL-VIDEO-816365 _’_!LALS“#-_/% 17




N181007: Noise causes discrepancy in the common integrated
profile (CIP) between PDIM and (90°, 787)
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We apply 2D ART to modify PDIM image such that it matches with
(top row - N181007, bottom row - N190730)

the CIP of the equatorial image
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We apply 2D ART to modify PDIM image such that it matches with

the CIP of the equatorial image

(top row - N181007, bottom row - N190730)
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N190730: X-ray images and 3D X-ray reconstructions show a
round hotspot

Experimental X-ray images
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N190730: X-ray images and 3D X-ray reconstructions show a

round hotspot
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N190730: X-ray images and 3D X-ray reconstructions show a

round hotspot
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Our 3D X-ray reconstruction is consistent to input images
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3D T, measurement of N190730

3D Te model, 16 um resolution,
outer contour: 94%, transparent contour: 50%, inner contour: 95%
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Ref. Jarrott et al., PRL 2018.
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Summary
Measuring 3D electron temperature of the ICF hotspot is feasible

We have

= tested iterative algebraic method ART to reconstruct 3D X-ray emission
distributions of the ICF hotspot.

= obtained 3D X-ray reconstructions with two or three LOS and made 3D

electron temperature T, measurement in the ICF hotspot using synthetic
and experimental data

= |aid out a future path on how to perform 3D T, measurement on the NIF.
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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC, nor
any of their employees makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States government or Lawrence Livermore National
Security, LLC. The views and opinions of authors expressed herein do not necessarily state or reflect
those of the United States government or Lawrence Livermore National Security, LLC, and shall not be
used for advertising or product endorsement purposes.
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