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Why Laser-Driven Neutron Sources?
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Small formfactor

High particle energies achievable

Short primary pulse duration < 1 ns

No activation of accelerator structure

Comparatively cost efficient

Further miniaturization possible
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Laser-Driven Neutron Sources (LDNS)

4 > LDNS Overview )

» Investigated since early 2010s’

» Max. yield 10"°-10" n/shot?

» Sub-ns primary pulse duration?

» Application demonstration 2022/23*
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/ [ Pitcher-Catcher scheme )

1) lon generation

Converter

Moderator .
2) lon conversion to neutrons

Deuteron

beam 3) Neutron moderation

Detector

"Higginson et al. 2010, and others epi-thermal 4) Neutron deteCtion

2 Kleinschmidt et al. 2018
3 Pomerantz et al. 2014, and others neutron beam
4 Zimmer et al. 2022, Yogo et al. 2023
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Experimental Setup — Results
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Samples 4 i S
, : RS
g Borated
: Converter Moderator HDPE
1 Collimator
Radiography and - - .
Resonance Imaging

4 PHELIX: )

Elaser = (103 :l: 9) J (1ezow/ctjn*)
Tiaser = (06 + 01) lz'4

ps 1.8

d=(4-5) um 12

dtarget = (05 - 11) Mm 08
\ liaser = 2 - 1020 W/cm? / 0.0

Proton energies up to 55 MeV

Deuteron energies up to 27 MeV

(1.6 £ 0.4) - 10"° fast neutrons/shot

(4 £ 1) - 107 thermal neutrons/shot

Up to 18 shots with samples
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Neutron Resonance Transmission Analysis

Neutron resonance spectroscopy setup

Tungsten
Epi-thermal 5 7I Borated
neutrons MM icro channel plate

[ )

Problem:
Low counting statistics!
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Proof-of-Principle thermal resonance imaging

Simulation: En > 0.1 eV
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Outlook: Experimental Campaign at DRACO

4 )

DRACO: lel2
Elaser = (18 £ 1) J ¢ Data Mean TSN
Tiaser = (30 + 5) fs 1.4 £lo | - Medin
@=26um = ¢ ¢
dtarget =250 nm 2 12 °
=~ . 21 2 ¥ 1.2
\ liaser 3-10°" W/cm / g— ¢ 1 ‘ » '
-~ ¢ ¢ ¢ ¢ ¢
gl.O- ¢ ot “ “ o 00
o ¢ ¢
Up to 220 shots per day % ) :", ‘Q'.“u‘ r : )
N ¢ N 40 ¢ T »
(53.6 £ 3.8) MeV proton energies g 0-8 _—'—'—?;%r;f—'c“h‘v-:'— L’é—--;’-g-j-.—:—'?
) ¢
c?. A :o R 5 ”” ?’0’ N ‘/‘:’N
(8.0 £1.9) - 10™ protons/sr/shot 0.61 ", BRI
. ¢ ¢ " ¢ 0’ 4 ¢ !
Diamond and other detectors for neutrons ¢
0 50 100 150 200
(8.6 £ 1.8) - 108 fast neutrons/shot Shot number
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Outlook on Laser-Driven Neutron Sources

Miniaturization concept

e 3
High neutron conversion efficiency with low

laser energies

‘
J

Higher repetition rates needed — kHz

— Use laser accelerated electrons

400 mJ laser energy @ 1 kW avg. power

~100 MeV electrons ~150 pC per shot

3 - 107 fast neutrons/shot

7 - 1019 fast neutrons/s
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Thank you for your attention!
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Succesful demonstration of applications
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Back-Up
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X-ray diffraction measurement
Lattice parameter ap = 31.662nm

Tantalum atomic percentage of

Measurement by group of Prof. B. Winkler (Goethe University, Frankfurt)
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