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Laser-driven neutron sources provide flexible, short-
pulse, high flux neutrons in a compact setup

® Many applications (radiography, assay and Survey of pulsed power and
active interrogation of SNMs, nuclear photonics, laser-driven neutron sources
etc.) require neutron sources that are compact 1013
with high yield and angular flux @ LDNS-TNSA DPF
® Traditional reactor-based or spallation neutron — « LDNS-RT Z-pinch Coverdale
sources are huge and expensive. Radioactive .,g 1012 & LDNS-CSA ¥ LAZE
sources are small but limited in yield/flux E’ A LDNS-DLA YDutra
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Multi-species radiography with laser driver

* Peta-watt laser accelerated particles offer promise of a OFIGINAL RESEARCH artice

single technology to produces electrons, x-rays, e Fskon s v

rotons and neutrons from very compact sources T
P ry P Multi-modal dynamic radiography using short-

* A series of experiments are being conducted at OMEGA- pulse laser-generated probe beams
EP to characterize laser-driven sources and
radiography performance:

S.H.Batha®™ | M | M. Alvarado Alvarez B | B.W.Bell D. P. Broughton

* PChu (S 5.De [ A AfFavali | C | C.-K Huang

ATB +5 more R | R.E. Reinov: sky

o * X-ray sources characterization and elementary dynamic
. e radiography of a shock experiment (Broughton et al., AIP
w1 £ Advances 15, 055023, 2025)
p! — * Proton source characterization and elementary dynamic
D radiography (Huang et al., Phys. Plasmas 32, 033107,
2025)
o ‘ * Combined x-ray and proton sources to explore cross-talk
/ ] and background issues, and test multiple-species dynamic
' radiography (Wong, HED Phys. 52, 101133, 2024)
6)?55&'?" b — * Experiments on laser driven neutron sources is being
developed (Huang et al., APL. 120, 024102, 2022)
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lon Beam Production Targets for Pitcher-Catcher

Pitcher Catcher CD foam/film CPC cone*

r=25 um
TPS-7
-

11 mm r=215 Hm
CH foil

* MacPhee et al., Optica (2020).

s 2000 film
CH 500/600/750 W/0 CPC
600 CPC (25/16um tip)
500/700/800 film
o 25000 Foam (w/ Al)

CH foil
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CD film production and characterization

Profile measurement via neutron reflectivity

Detector

Film
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£ 1e5] dPsonsi
DI water with floating d-PS on Al film squares. In the € ] Eom RNV
back, empty targets are shown on the left and drying py . ,”
targets on the right. Q, [A")

(left) Reflectivity (R vs. Q,) profile for spin coated film of ~10
mg of d-PS in 1 g of toluene (2000 rpm), (right, top) fitted
‘5 Los Alamos reflectivity curve and (right, bottom) corresponding SLD profile. 719712026
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Omega EP experimental setup

PROton Beam Primary diagnostics:
mager and Energy _
Spectrometer » Spectrum : Thomson
(PROBIES) parabola

« Dose profile (energy
dependent): PROBIES

Short pulse parameters:
75-500 J, 0.7 ps

PROBIES
(w/ hole)

PROBIES
(no hole)

Image Plate  High vonage > \

Converters
Detector
Goalpost

Electrodes \ o
- T oo Thomson Parabola lon
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TR IP calibration data for proton/deuteron

PSL / proton

FIG. 5. Response functions of TR IPs. Our work is compared to previous

works.
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There is a lack of reliable TR IP calibration data for deuteron, especially
for the energy range and scanner in our Omega EP experiments.
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Scanner sensitivity calibration
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Scanned Image Value (16-bif)
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« Often differences in IP sensitivity calibration is attributed to the PSL — ( G )2 (R
B 1
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500 600 700 800 900 1000 Fig. 4. Sensitivity curve of GE Typhoon FLA 7000 scanner.
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« Scanner calibration usually is not known or reported in literature
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PSL fading for TR IP

. . —_— _ + oo _ _
« IP fading has been measured in Bonnet (FLA-7000, pT, x-ray, y-ray, &)
1.6 Alejo (FLA-5000, laser-driven x-ray)

a variety of conditions and setup. Kim (Typhoon, y-ray)

— General qualitative agreement 1.4 —— Boutoux (FLA-7000, e™)
(fast initial fading & slower fading —— Bo (Typhoon FLA-7000, e™)
over long time scale)

- Some experiments indicate that
the fading is quasi-independent of

- \
and its energy 0.8

the nature of the radiation source
— Still it can vary substantially

1.2

Relative PSL

0.6
* Bonnet’'s measurement appears
to be most relevant to our 0.4-14 . . . I .
: 0 20 40 60 80 100
experiment time (min)
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IP sensitivity models for deuteron

0.0877Eq4 Eg < 1.862 MeV

 Alejo’s empirical fit PSLso/D —
0.2115E,9%%  E; > 1.862 MeV

— Up to 8 MeV

w
R(E;) =« /O dE‘fef;f’Ed) exp(—z/L)dz TR IP, W = 50um

« Bonnet's model
From SRIM/MCNP/GEANT4:  dEge,(z. Eq4)/dz

Kim et al, 2026: (a, L) = ((1.39 + 0.07) x10~4 PSL/keV, (14.2 £ 3.7)um)
(caveats: Alejo data not correctly plotted, no fading correction)

 Birks model
— Good for light ions
— no fading correction

dEdep/dZ
1 —I—B|dEdep/dZ’

R(E;) = OC/OW exp(—z/L)dz.

o = 2.4 x 10-4 PSL/keV
1@ Los Alamos B=0.15A/eV L=44um
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Energy deposition by secondary electron (EDSE) model

lon Beams

Energy

Core Deposition

(Direct
ionization,
1~10 nm)

Penumbra
(Tonization by
secondary electrons)

Y. Hayashi et al., “Evaluation of imaging plate sensitivities to ion beams,”

Rev. Sci. Instrum., vol. 96, no. 9, p. 093306, Sep. 2025.

—
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The solution of EDSE model is applicable to difference
ion species, for which («, CDp,fl,fz) can be calibrated.



Sensitivity of IP (PSL /ion)

IP calibration using EDSE model

TABLE IlIl. Parameters for IP scanners.

TR SR

BAS-1800 FLA-7000 FLA-5000 BAS-1800 FLA-7000

K 228x107° 251x107° 2.06x 107> 5.60x 1077 4.20 x 1077
fi 0.915 0.937 0.971 0.903 0.925

fr 323x107" 2.70x 107 8.13x 107" 3.72x 107 3.32x 107"
®, 472x10" 443x10" 1.17x10° 6.93x10" 247 x10°

10! 10!

ot H — Fe o HI[13] — H — Fe = H[16]

D Ag 0 H[14] — D Ag D [20]

— He Xe DI13] —— He —— Xe A C[21)

wo] — € — Au O Hel[13] 100
101 1071
102 102

) (a) BAS-1800 . (b) FLA-7000 (c) FLA-5000 ™~

; / y -

-3 / -3 / -

107t 100 10! 107 100 1005 100 1ot 102 16 101 107 10°

Energy of ions (MeV) Energy of ions (MeV) Energy of ions (MeV)

1@ Los Alamos Fading correction not applied.
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EDSE model compared to p+/D+ calibration data with IP

fading correction
TR IP Calibration (Bonnet, Birks, EDSE Models)

TR IP Calibration (Birks, EDSE Models)
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Proton/deuteron spectrum from CD film targets
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— p, 540082, 500nm, 228J, TR
—— p, s40088, 700nm, 484J, TR
— p, s40090, 800nm, 482J, TR
— p, 540092, 500nm, 483J, TR

p/sr=2.18e+14, # part = 2.09e+13,
avg. ion energy=7.53 MeV,
total beam energy = 25.1J
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d/sr=5.95e+13, # part = 5.68e+12,
avg. ion energy=4.30 MeV,
total beam energy =3.91J



Incident ions.
norm. to global max.]

Be/LiF converter optimization with proton+deuteron beam

Neutron-production I [em~1]

Goals: Maximize neutrons in 10-degree half-angle cone on
surface of 10cm radius sphere, minimize converter radius L, 64x10° 1 AL L7
b o -l 1.50
1.00 A — Protons £ 5.6x10° o ‘ % —
075 4 —— Deuterons g . } 1.25 E
> %105 4 .8 g
ziz Converter bounds g o s e =
£0.00 Helght 0.01-4cm = 4% 105 - :‘- 0.75 o
— s Radius: 0.05-2cm 5 R
o1 — Lrtom UE_ 3.2 %105 4 ® 0.25
0.12 1 s
0.10 1 2.2>‘<105 2.4>I< 10° 2.6:(105 2.8):105
0.08 4 yield [n sr~t 7]
0.06
0.04 7.0 % 10° e o o 1.75
0.02 'E J . o .~ ' ®
v—L ‘ - .‘ 1.50
000 0 5 10 15 20 25 30 E 6.0%10% .-
Incident ion energy [MeV] % . Q'. 1.25 'g
Genetic optimizer parameters: 3 70 ¢ 3
g — - 0.75
crossover probability = 0.75 B )
. o £ 4.0x105 o . .
mutation probability = 0.25 51O . oo
per-gene mutation probability = 0.2 R o
3.0 x 10°

Gaussian mutation sigma =1 24%10° 26x10° 28%10° 3.0x10°

#%)Los Alamos 8 Benerations with 40 geometries per generation dryieldin sy
<
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Conclusion

NNNNNNN

Up to ~16 MeV (filter cut-off) deuteron is detected from sub-micron CD
films

An optimal yield of 5.95%x10"3/sr and 5.68 x 10'2 deuterons/shot are
measured from the 700 nm CD film among target thickness in the range
of 500-800 nm.

A large number of protons also present in the ion beam; total energy
efficiency of the ion beam is ~ 6%

IP calibration for proton/deuteron based on a physic (EDSE) model

The optimized converters can produce significantly enhanced forward
neutron yield, reaching 2.85 x 10° n sr~' shot™" in the forward 10° cone for
a Be-9 converter and 3.27%108 n sr~' shot™ for a LiF converter.
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