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' Motivation @ HUNGARIAN NATIONAL

Neutron The number of neutron facilities sources is decreasing
* High penetration in material * reactors are aging, and closing down.
* Direct interact with nuclei * big sources are delayed.

Specialities of a laser-based neutron source
* neutrons are generated in ultrashort bunches
* the "machine” (laser) and the "source” can be separated
» thelaser is not a nuclear device
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' A room for laser-based neutron sources (L) oasaaymoe

Many emerging applications call for neutron sources with
- ayield of 10°n/s - 1019 n/s;

- relaxed safety and security (compared to reactors);

- compact, efficient;
- reliable.

Table Il. Selected list of compact accelerator-based neutron sources (CANS).

Name Country Accelerator type Status Energy nem 2s”! References
ENG Italy Deuteron linac Operational 14.1 MeV 10® 46
TSL Sweden Proton cyclotron Operational 11-175 10° 47
FRANZ Germany Proton linac Under-development epithermal—fast, 107 48
LLN Spain Proton linac Under-development TBC TBC

NELBE Germany electron linac Operational epithermal—fast, 10" 49
KUANS Japan Proton linac Operational thermal—fast, 10% 50
RANS-I Japan Proton linac Operational epithermal—fast, 10° 51
HUNS Japan Electron linac Operational cold—fast 10 52

Mirfayzi et. al., Jpn.].Appl.Phys. 64 (2025) 010002
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' A room for laser-based neutron sources (L) oasaaymoe

Many emerging applications call for neutron sources with
- ayield of 108 n/s - 101 n/s;

- relaxed safety and security (compared to reactors);

- compact, efficient;

- reliable.

Specialities of a laser-based neutron source

- neutrons are generated in ultrashort bunches;

- the "machine” (laser) and the "source” can be separated;
- thelaser is not a nuclear device.
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' Laser-based neutron sources L) gy
Multi-J (PW)-class lasers — current situation

Highest efficiency experiment

Photonuclear
 Accelerate electrons 2.9x107 n/]
« Brehmstralung and high Z converter: (y,n) ~10°n/s
Gunther et al., Nat. Com.13 (2022) 170
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Laser-based neutron sources L) gy
Multi-J (PW)-class lasers — current situation

PhotoFusion

* Accelerate ion (proton, deuterium)
* Make fusion: Be(p,n), Li(p,n), D(d,n) (T)d,n)

Highest efficiency experiment

69x107 n/]
2x10%n/s

o e ] Glinther et al., Nat.Com. 13 (2022) 170
2 a9 le | muwens  Pitcher-catcher: - L
) %’% L <% Complicated, but higher neutron yield = ———
laser % ®le K
u ° Neutron spectra: continous or quasi-monochromatic 50mm
Pitcher  Catcher
200 F —’Li(p,n)’Be IlOmm
= Li(d,n)%Be
b) e  neutrons e pr——
. ® 3 - UrI ;ne n
A oL %, o%ofe = il Kleinschmidt et al, Phys.Plasmas 25 (2018) 053101
@ oo AS3 % 0.20 =d(p,p+n)p
laser T e oo 8
Clust @
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H isotopes o
Gas Nozzle H 0.02

Alvarez et al., Phys.Procedia 60 ( 2014) 29
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' State-of-the-art laser-based neutron sources (D) egaymom

Laser-accelerated

primary particle Laser pulse
Cut-off Particle | Duration Energy Neutron [x 10°] Laser average power Experiment/
energy [MeV] neutron process [fs] [J] per laser J for 10% n/s [MW] prediction

p 45 Au(p,n) 750 90 690 1.5 Experiment!19%]
p Li(p,n) 40 1.1 9 111.2 Experiment!?!’]
d D(d.n) 40 0.008 0.009 108,700 Experiment!*”]
d 0.7 D(d.n) 12 0.023 0.05 I1L111 Experiment!®’]
d 7.3 D(d.n) 22 3.2 0.156 6410 Experiment!*®]
d | D(d.n) 12 0.023 0.78 1282 Experiment!“’]
d 1.7 D(d.n) 9 0.08 2.5 400 Experiment!>%]
d 75 Li(d,n) 330 6.7 150 6.7 Predictionl?2°]
d 45 Li(d,n) 40 3 93 10.8 Predictionl?%’]
d 0.4 T(d,n) 6 0.1 60 16.7 Prediction*'}
e 90 Au(y.xn) 1200 1675 0.6 1661 Experiment!?%%]
e 100 Au(y.xn) 750 90 155 6.43 Experiment ']
e 20 Cu(y.xn) 150 90 26 38 Experiment[glg]
e 30 Au(y.xn) 45 3 0.1 10,000 Expe riment!2201
e 220 Pb 9 0.1 600 1.7 Prediction?%°]
p 270 Pb 25 230 4300 0.3 Estimation!?3"]
p 120 Pb 20 12 12 83.3 Prediction!**!]

Canova et al.,, HPLSE 13 (2025) e79
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' Strategies "en large” (D) egymom
for a laser driven particle (neutron) source

NLTL approach
Use T(P)W lasers from single shot mode Existing 100 W lasers

Contrast issues Peak intensity issues

Physics with low pulse energy
Curiosity-driven research

Full understanding physics

Continuous operation
Proof-of-principle experiments

Neutron yield for application regime > 107 n/s
Data aquisition, monitoring and control

Increase laser repetition rate

High repetition rate target development
Target development

Increase pulse energy

Both paths would lead to a laser accelerator based particle source...
... with differences especially in early stage
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Challange 1
What are the properties of ion acceleration by
few-cycle lasers pulses?

HUNGARIAN NATIONAL
LABORATORY

D

Study of ion acceleration by few-cycle pulses from ultrathin foils

Large number of low energy protons
(above 100keV: 101°/shot)

Ter-Avetisyan et al.,, PPCF 65 (2023) 085012

Small beam divergence (<65mrad for protons > 250 keV)

Small emittance 0.00032 m-mm-mrad
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' Challenge 2 D) o
Match the material of the catcher to the ion spectra for

The highest neutron yield

—r 77—
= 10 nm
— 75 nm
= 90 nm
=— 1500 Nnm

Characterisation of ion acceleration
most common: cut-off (attractive, but...)

—
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Higginson et al,, Nat.Commun. 9 (2018) 724

Proton number (MeV~" Sr™')
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Practically what matters (NOT only for neutron generation!) pop— sreay V)
mean klnet]C energy " Number of lmnjh.:: Id:::“ons: 1E15
bunch energy _d{d,n)*He |,

(conversion from laser to total particle energy) L L 296050

Osvay et al.,, EPJ] Plus 139 (2024) 574
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Challenge 3 (D) sampron
High repetition rate target systems

{Advanced MicrofluidicJ

Systems GmbH

Development of a colliding jet liquid leaf system

/ N

* Two liquid jets collide from two glass nozzles
e Pulsation damping system for stability

* Recirculation system for continous operation
* Thicknesses measured in vacuum (!)
 Thinnestliquid sheetis 190 nm

500

| | = 0.48 mL/min
450 N e 0.52 mL/min
. A 0.56 mL/min
L N - - - - Theoretical curve
400 *
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o
= 350 ‘3
% 8
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S3 laser (1 kHz, OPCPA) of ELI-ALPS (L) tossaanona:
parameters measured on target

Pulse energy: ~80 m]j 2 |
(105 m] in laser) K - émd-a A e A e s
Laser pulse duration: 8.4 fs ,l .Mum. 3 I\ /\ =
(measured in vacuum, TR

requency [f ] Time [fs]

after OAP, with disp scan)

Central wavelength: 826nm someo-

Focal spot FWHM: 2.9x2.6 pm? .

1.00E-6 -

Peak intensity in focus: rore-
2x101° W/cm? (a,~2.2) oo

1.00E-10 -

1.00E-11 -

Temporal contrast .-

6251 5000 -4000 -30.00 -2000 -1000 000 1000 2000 3000 4000 5000 6182
Delay [ ps

*peak at +-22ps is a post-pulse from the variable density filter in the
diagnostics arm, not in the main output
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Neutron generation - experimental setup L) tasaaona:

LEIA chamber

Neutron

Target frame
monitoring /.

Backward TPS Forward TPS

CC2 chamber

catqher Staﬁ

[Deformable mirror Motorized iris

Back-reflection diagnostics

Motorized mirror
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. \A “I.'". National Laser Initated Low-Energy lon Acceleration beamline
) e ] 'Jh University of Szeged ’ . .
for high average power ion beam

Unique Specs

Single-shot — kHz repetition rate

On target, TL pulse duration: 4 fs— 12 fs

On target, energy: 12 mJ - 80 mJ

Angle of incidence: 2° - 75°

Solid-state targets, XYZ stages

Liquid sheet (H,0, D,0): 200 nm — 1 um
Thomson Parabola Spectrometers, e (in prog.)
Back-reflection diagnostics

Peak ion beam Performance
* lon (p*,d*) cutoff: > 2.5 MeV (£6% rms)

* lon average current ~“20 UAMP

« lon peak current ~20 kAmp (10'* ions/pulse)

. . o
* lon beam divergence: <5 Singh et al., Sci.Rep. 12 (2022) 8100
* Emittance: 0.00032 n-mmxmrad Ter-Avetisyan et al., PPCF 65 (2023) 085012

File et al, HPLSE 12 (2024) e37
Varmazyar et al, Comm.Phys. 8 (2025) 350

« Regular stable operation: > 6 h

Markov-chain Monte-Carlo optimisation for an ion parameter
(at a laser pulse energy, liquid, thickness, and ion; <15 min)

60mj D,0, d*, 760nm, cutoff 80mJ, H,0, p 300nm, bunch energy
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DIAGNOSTICS - neutron ) g ymon

Two independent systems

g Outside the chamber
& f’f‘*”‘ Y Plastic scintillators: LILITH M, XL systems
"N \ Liquid scintillator: PHRS system

Osvay et al., EP] Plus 139 (2024) 574
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' Control and log of (almost) all parameters upon operatign usyymon
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' Neutron generation at 1kHz repetition rate L) tasaaona:
dPE neutron converter

Neutron generation: 450nm D,0 leaf + Imm C,D,

Peak yield detected at 1kHz: 7%107 n/s

Average yield over 1 hour at 1kHz: 1.5%107 n/s
Average neutron flux at 1kHz : 2x107 n/cm?/s
Peak neutron flux rate / shot: > 1013 n/cm?/s

Irradiation demonstrated: 3x100 min/day (exchange of dPE)

Karoly Osvay
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D,0 neutron converter

Neutron generation at 1kHz repetition rate

ﬁ\ HUNGARIAN NATIONAL
\L) LABORATORY

Neutron generation: 410nm D,0 leaf + 0.5 mm D,0

4%107 n/s

Average yield over 1 hour at 1kHz: 4%1 0’ n/ s,1.7% rms
~108 n/cm?/s

> 1073 n/cm?/s

210 min continous

Peak yield detected at 1kHz :

Average neutron flux at 1kHz:

Peak neutron flux rate / shot:

Irradiation demonstrated:

Osvay et al., patent pending

0.7%

6r 1.2%
A
5t / \ 1.7% 1.3%
1.5% ..ﬂf"‘l.\ o oun
al 4 e ' 1.4%] \ /

il

N

Neutron yield / shot (10%)
w

o [N
17 T

15:00 15:15 15:30 17:30 17:45 18:00 19:17
Time

Karoly Osvay ®
Advanced Accelerator Concepts ') ) e l]
UCLA, LA, USA

28t July, 2026

E’ National Laser-Initiated
A Transmutation Laboratory
WA\ University of Szeged

N7

19:43




Pitcher-Catcher scheme

e E’ National Laser-Initiated
) ‘ Transmutation Laboratory
'Jm University of Szeged

D+ acceleration

- LILITH XL #3
 ~55m

Osvay et al., EPJ Plus 139 (2024) 574

O 3y Neutron Performances
Sl - * Catcher: rotating dPE, flowing D,0

LILITH M #4
@ ~3m
\ -

Tt e Peak neutron yield (kHz): 102 n/sec
-. i,” “"‘ . * Peak neutron flux-rate: 103n/cm?/shot
[LEE — | * Operation (+3% rms): >6 h @10 Hz
P P * Regular operation: >2 Gy/h, @ 1kHz
2= A o '« Plastic scintillators EJ-240, 4 pcs.

~3m

* Liquid scintillator EJ-309, 4 pcs.
* Bubble-detector neutron spectrometer

_LILITH XL #1
~5.5m g

d(D,n)3He fusion

LEIA-n(eutron) beamline

Neutron spectrum and
angular distribution

7000 6000 1T T T T T T
C Geant simulation
6000~ 5000 e LILITH M detectors* |
C —_ { ® LILITH XL detectors
50005 %" 4000 | B
g = ¢ #
4000 r
E ‘2 3000 : &
3000 2 2000 | w ¥
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20001 1000 I s gunis are norm
to LILITH XL
||||||||
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1000}~
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Osvay et al., Sci.Rep. 14 (2024) 25302
Stuhl et al, PRR 7 (2025) 023137
Osvay et al., m prep

Applications & user experiments

* Radiobiology of ultrashort, fast
neutron pulses

* Neutron-induced therapy

* Medical isotope production

* Material science for IFE



' ,)»))) eli First radiobiology experiments with laser-generated i) ruguuyrow
fast neutrons

Pl: Katalin Hideghety

Apoptotic cell density measurement after irradiation
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Direct Production of >99.95% Radioisotopic () tunsamyyemona.
Pure Cu-64 from Natural Zinc Targets

Pl: Jeremy Brown

Comparison of neutron spectra of Comparison of neutron spectra of
different kinds of sources different kinds of sources

—— ELI-LEIA Llaser Driven D-D éusion : i 107
1.0 1 — ANSTO-OPAL Light Water Reactor TTTTTTTTH T ;

—— NSD/Gradel-Fusion D-D Plasma Fusion i ' 5

—— KUTAL 9 MeV C(D,N) Accelerator i | 1004} %
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Direct Production of >99.95% Radioisotopic @) mgmwron
Pure Cu-64 from Natural Zinc Targets

Background Corrected Gamma- 511 keV Photopeak Half-Life
Spectra

7000

=== Cu-64 Decay Profile: T1,=12.7 hrs
xp. 511 keV Photopeak

—_— Thmia— 3:38 hrs
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State-of-the-art

ﬁ\ HUNGARIAN NATIONAL
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High average power ion acceleration

Neutron yield per second

4ANN

1E+10
5000 - 0.5 KW laser, ELI-
O Cryogenic target ALPS 2030
- A Liquid target, operation over 60 min 1E+09 A
X Liquid target, operation less than 60 min
< 4000 | T USZ - ELI-ALPS 2024; 80mJ
E g 1E+08 <> Kleinschmidth 2018; 160J
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Real practical breakthrough is expected for once the average power

of high peak power lasers reaches KW level - foreseen in 3-5 years.
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' Summary

« Neutron generation from dPE @ 1kHz, 80 m] (2024)
- at 1 kHz (continous)

~ 450 nm D,O leaf + 1mm C,D, Peak yield: 7x107 n/s
~107 n/s, 3x100min

 Neutron generation from D,O @ 1kHz, 80m] (2025)
- at 1 kHz (continous) .
420 nm D,0 leaf + D,0 Peak yield: 4x107n/s
4x107 n/s, hours
* Future work:
- optimisation directly for neutron yield
- increase stability (below 1%)
- increase trouble-free continous operation (>6 h)
- use high(er) average power laser(s)
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Thank you for your attention
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