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Qutline

= Motivations
« Flash radiography
« High-speed imaging for dynamic experiments
« ‘6H’ frontiers

= Recent progress & highlights

e Electronics-driven;: CMOS sensors

Materials-driven: Scintillators (primarily)
X-Ray Applications

= Summary
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Flash Optical photography

e L

> Flash X-ray/proton radiography

P-Rad

APS

(1935)  (1964)  (1970)
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Evolution of high-speed Imaging as of ~ 2017
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In need of better temporal resolution

(a) 11 keV

t=0.0 us

t=33.3 us

t=100.0 us

t=166.6 us

Fluid phase
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(b) 12 keV (c) 13 keV
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“Phase explosion”

t LhUSE oty o b e,
t

Sechrest et al, Appl. Phys. Lett. 117 (2020) 124102.
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In need of better spatial resolution: X-ray experiment @ APS

6.648s

2PP-printed Menger
sponge. The dimension s : : ‘ :
of the cube is 1.7° mm? 2NN | 7 8750 : 8.020%i8

AIP Advances 10 (2020) 075016;
‘ AIP Conf. Proc. 2272 (2020) 040002.
- Los Alamos

NATIONAL LABORATORY UNCLASSIFIED

EST.1943
Operated by TRIAD National Security, LLC for the U.S. Department of Energy’s NNSA ///NAV

Dattelbaum et al,

June 2021 zwang@lanl.gov  Slide 6

i


mailto:zwang@lanl.gov

In need of 3D information: X-ray experiment @ APS

~ 100 kfps

5
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In need of Large FoV: X-ray experiment @ APS
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Campbell et al, Phys. Rev. Res. 3 (2021) L022021
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Open probiems in Flash Radiography

\ 1895 1900 1940s
PHYS | .~ @ = h ¢y =2 ——
1897 1920s-1930s 1960s 2012
SRCE ¥ Overcome limitations in source intensity, coherence, emittance
DETR ¥ “6H " Frontiers

Maximization of information yield through novel materials,
hardware (optics), and configurations (lensless imaging)

Efficient algorithms, faster processing, noise rejection,
automation

Appl. Opt. 16 (2022) RDS1-RDS4
» Los Alamos

NATIONAL LABORATORY UNCLASSIFIED

EST.1943

Operated by TRIAD National Security, LLC for the U.S. Department of Energy’s NNSA ///NAV

Apr 2022 Z. Wang Slide 9



Presenter Notes
Presentation Notes
Consider Hockaday guidance: Make your titles a declarative sentence that make a point.


‘I
6“ llﬂllliel‘s High dimensional space optimization

= High-energy photons (20 keV +)
= High photon flux (107 + per pulse, sub-ns duration)
m High-efficiency /sensitivity (50% +)

= High temporal resolution (< 75 ns -)

m High spatial/pixel resolution (1-100 um -)
= High Data Volume

X-ray source Sensor materials

architecture
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High-speed X-ray (ameras & prototypes

= Hybrid CMOS

= Highest TRL Driven
by near-term needs
/light sources

PE Compton

v

System Test, Launch

— ., ePix(SLAC)

& Operations TRL 9

System/Subsystem TRL 8

Development —
TRL7

Technology
Demonstration
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» Los Alamos
NATIONAL LABORATORY UNCLASSIFIED

EST.1943

(SLAC)

22 iWoRID 2021 zwang@lanl.gov  Slide 11

Operated by TRIAD National Security, LLC for the U.S. Department of Energy’s NNSA

T Y}
o \IAv


mailto:zwang@lanl.gov

CMOS sensor designs down o pixels DARTMOUTH

Photon-number-resolving megapixel image sensor
at room temperature without avalanche gain

Jiau Ma,* © SaLen Masoopian, Dakota A. STARKEY, aND ERic R. Fossum

Thayer School of Engineering, Dartmouth College, Hanover, New Hampshire 03784, USA

*Coresponding author: jiaju.ma.th@dartmouth.edu Room temperature, no avalanche, 20 CMS cycles, jot:TPG PTR BC

Received 7 July 2017; revised 22 October 2017; accepted 23 October 2017 (Doc. ID 301901); published 29 November 2017

825

Probability Density

0
40 1234567891011121314151617181920

Photoelectron Number

Quantized PE

~(0.2e rms noise
20-Mpixel SPDA

70 ym

() (b) (o)
_—E /
—
@ I eircuit 4Hx46Y

Trench capacitor
memory array

2.0 um
Memory select pulse wires

erdncrY' —
readout circuit + g
A Storage n* active
X
X X d
@ e i = o0 100 M fps+  capability
itor -+, P!
4xag 2 ms? ST

Trench capacitor
memory array

(5.6" x 92¥ um?)

Memory select pulse wires

R
Pixel driving pulse wires

Inversion|
layer

Pixel output lines

Si substrate
Pixel driving pulse wires 1.0 ym

JLos Alamos Suzuki et al, Sensor 20 (2020) 1086
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Components: GHz FETS based on nanotubes - Extremely long
development path & high cost ...

Langmuir-Blodgett Spin-coating
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Rutherglen, Jain & Burke, Nature Nanotech 4
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QD Device Concepts

Parameter BaF; LYSO Gags]/)I;lAs
Density (g/cm”) 4.89 7.1 5.32
Radiation length, cm 2.03 1.1 23
Decay constant, ns 0.8 ns 40 1
Peak emission, nm 195; 220 428 1050
Photon Yield 1,400 34,000 240,000
(photons/MeV)
Time between first photons, 0.57ps 1.2 ps 2 fs
for IMeV
Poisson-limited energy 62 13 4.8
resolution at IMeV (keV) *
Radiation hardness, Gy 10%-10° 10*-10° >10*
Coupling efficiency <50% <50% ~100%

*Assuming collection efficiency = 1
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Zn0:Ga BaF,:Y YAP:Yb LuAG:Ce LaBr;:Ce

LYSO:Ce,C
a

Density (g/cm’) 7.4 5.67 4.89 5.35 6.76 5.29
Melting Points (°C) 2050 1975 1280 1870 2060 783
X (cm) 1.14 2.51 2.03 2.77 1.45 1.88
Ryt (cm) 2.07 2.28 3.1 2.4 2.15 2.85
3 M (cm) 20.9 222 30.7 22.4 20.6 30.4
— Zesr 64.8 27.7 51.6 31.9 60.3 45.6
, dE/dX (MeV/cm) 9.55 8.42 6.52 8.05 9.22 6.9
CsliNa)  Csl(T}) LaBryCe)  Nal(Tl) 300
N Apear* (n12) 420 380 220 350 520 360
Refractive Index” 1.82 2.1 1.5 1.96 1.84 1.9
——'l . . e . 1.7 . 35’
I. l \ Normalized Light Yield' 100 6.6 48 0.19 48" 153
— 3 Total Light Yield (ph/MeV) 30,000 2,000¢ 2,000 57¢ 25,000 46,000
PWO LSO LYSO BGO  CeF, BaF
a2 - Decay Time® (ns) 40 <1 302 1.5 85200 16
Light Yield in 1* ns ¢ e
(photons/MeV) 740 610 1200 28 240 2,200
_— 40 keV Att. Length (1/e, mm) 0.185 0.407 0.106 0.314 0.251 0.131
N :
WW L/\/ LYSO + PMT 1 o BaF, 610410 mn“cyl‘ln er (sn; BGRIFU)
AV i . Nt conbsones P
) § { Fast plastic + PMT 2 ol Bt A
~E " e 3 . 50 A
T3P Diamond (Quadrant A) s A
’ Run_021 . 5 \
¥y Diamond (Quadrant B) g ® \ oo
il . 20 M +0.92 +0.07 s
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10 y
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3 A Time (ns)
| | [ l { | [ I l [ I APS timing pulses
oAl Xie et al, NIMA 927 (2019) 287  Hu et al, NIMA 950 (2020) 162767
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Experiment Result
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Xia et al, Appl. Phys. Lett. 111 (2017) 081109
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Commercial CMOS
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Wang et al, Rev. Sci. Instrum. 92 (2021) 043708
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Large FOV: Billion-pixel X-ray cameras (BIP(-X)
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PAL layer integration with CMOS sensor OARTMOUTH
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Lee et al, Instruments 5 (2021) 17
- Los Alamos Yue et al, (2021)
NATIONAL LABORATORY UNCLASSIFIED June 2021 zwang@lanl.gov Slide 19
EST.1943
Operated by TRIAD National Security, LLC for the U.S. Department of Energy’s NNSA V4 v i

VAT~


mailto:zwang@lanl.gov

Some issues with hardware centric approach

0°
- I .

= Long development
cycle

= High cost

= Imperfect results

Report of the Basic Energy
Sciences Workshop on
Neutron and X-ray Detectors

EXPERIMENT SIMULATION Augues ) oot

Fill tube b

@u- ENT OF
D. J. Schlossberg et al, PRL (2021) Offe o Sence

» Los Alamos
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Open probiems in Flash Radiography

\ / 1895 1900 1940s 1 9705
1897 1920s-1930s 1960s 2012

Efficient algorithms, faster processing, noise rejection,
automation

s Los Alamos Appl. Opt. 16 (2022) RDS1-RDS4
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High data volume ~ large dynamic range

= Single photon sensitivity and > 10° photons per pixel within
the same image

s Large FOV and resolution in a single device
= Image interpretation using theory or simulations
m Calibration data depend on a number of control parameters

= Noise

» Los Alamos
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Algorithmic driven Data Processing
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super - resolution in astronomy

Data Prep. Training of GAN

Original Image Original Image

M87

Discriminator

Artificial
Degrading

H H
PN, SN, . S

Degraded Image Generator Recovered Image

(abew| papmﬁa% abew) pasanooay)
10 [8bew) papesbag “abew yeuibug)

Schawinski et al, MNRAS 467 (2017) L110

The Event Horizon Telescope
Collaboration et al. Astrophys. J. Lett. 875,
L1 - 14 (2019).
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Compressed nltraiast photography (CUP)
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4 Gao et al, Nature (2014)
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super-temporal resolution from ps to ms+

Fig.|Prin(iplenfuperaﬁnnfurT{UP.'" heam paths for time-unshearad and time-sheared views are llustrated using maoent, | areer

» Los Alamos
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Lihong Wang
(Caltech)

(2014) CUP

(2015) ToF CUP

(2018) T-CUP

(2020) compressed ultrafast spectral
photography (CUSP)

(2020) phase-sensitive compressed
ultrafast photography (pCUP)

(2020) 70 trillion fps
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®-Cam Architecture based on Neural Network
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Neural Network Tuning in high-dimensional space
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Sensor data
Electronics (calibration, gain, noise, leakage) data
Environmental parameters (temperature, age, dose)
Scene information (object)
Device simulation data
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Potdevin et al 2009 JINST 4 P09010
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Implementation of Sparse imaging principle

(b)

Validation

Feature extraction

JLos Alamos Wang, laroshenko, et al, JINST 13 (2018) C01035
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3D reconstructions of X-ray images sensitive to noise

-l 1]
a0

B. T. Wolfe et al, RSI (2021)

» Los Alamos

NATIONAL LABORATORY UNCLASSIFIED 22 iWoRID 2021  Z Wang Slide 30
EST.1943
Operated by TRIAD National Security, LLC for the U.S. Department of Energy’s NNSA )/ Y v 3.
N A" A =4



Noise models through Generative NN

oﬁ% Alamos
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An example of improved 3D NN architecture

Fully Dnnected Layer

3d Rep

Wolfe et al, https://arxiv.org/abs/2206.02564
~+ Los Alamos
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Model sensitivity studies

Transformable Multiview
Bottleneck Decomposition
AttSets Networks(TBN) Network(MVD)

Wolfe et al, https://arxiv.org/abs/2206.02564
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summary

. Flash X-ray radiography
e With roots in Flash photography

. Recent trends (hard-ware driven)
e CMOS technology & device physics (legacy of the Moore’s law)

e Material discoveries (scintillators, nanomaterials),
. Emergent opportunities (data-driven)
e data science, machine learning

e Experimental validation

e Broad application potentials
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