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Motivation

Laser-based neutron sources

Neutron generation at 10 Hz

Neutron generation at 1kHz - PRELIMINARY!
Application for ...
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Demand for neutron sources is rapidly increasing

— by academy, industry, and health care

on  Experiment  Application
N’ National Laser-Initiated

/|
PN

> Osvay Karoly
Transmutation Laboratory
University of Szeged

Magyar Magfizikus Taldlkoz6, Debrecen
2024. szept. 3-5.

y
A



' A room for laser-based neutron sources...........
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The number of neutron facilities sources is decreasing
- reactors are aging, and closing down.
- big sources are delayed.

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 @
PW class lasers - current situation
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Highest efficiency experiment

PhotoFusion
» Accelerate ion (proton, deuterium) 69%x107 n/J
» Make fusion: Be(p,n), Li(p,n), D(d,n) (T)d,n) 2x106 n/s
Gunther et al., Nat. Com.13, (2022) 170
Photonuclear ,
e Accelerate electrons 2.9x10" n/J
~10%n/s

* Brehmstralung and high Z converter: (y,n)

Average power of such lasers is ~1W

Predicted efficienc
Laser spallation Y

* Accelerate proton ~8x1010 n/6J
* Make fusion: Be(p,n), Li(p,n), D(d,n) (T)d,n) ~1300%10° n/s

~1% laser->neutron
" National Laser-Initiated 5 Martinez et al., MatRadExt 7 (2022) 024401
svay Karol
5‘% “lTl Transmutation Laboratory K Igl;zgllyl;srzlevl;giz-lskus Taldlkozé, Debrecen ‘

University of Szeged



- » »
' St.rategles ‘en large ) s
for a laser driven particle (neutron) source

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

Contrastissues Start from "ideal”, "Dirac”-pulse

- Investigate interactions and optimise yields
Increase laser repetition rate

Target development High repetition rate target development

Purpose designed laser
Increase pulse energy

Both paths would lead to a laser accelerator based particle source...
... with differences especially in early stage

Laser-fusion Tokamak
(single shot events)

95 : 59 .
(“continous” operation)
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Common challange ) e
High Repetition Rate Targets

Most promising directions so far
Liquid i
Tape target Iquid jet

A) Perpendicular to jet B) Jet plane of
plane of incidence view incidence view

capillary tip

Sub-micron
thick sheet

2.7 mm

PRAB 20, 041301 (2017)
Cryo H (D) ribbon HPLSE 7, €50 (2019)

| PHYS. REV.X 6, 041030 (2016)
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' Scheme of the interactions

D™ acceleration
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d(D,n)3He fusion

1 Hz (burst) mode, rotating wheel target
Deuteron acceleration from foils and neutron generation

Single shot, few-cycle, single cycle pulses

Osvay et al., EP] Plus 139 (2024) 574

Study of ion acceleration on ultrathin foils 10 . continous mode ultrathin liquid

Singh et al., Sct. Rep. 12 (2022) 8100
Varmazyar et al., Rev.Sci.Instr. 93 (2022) 073301
Ter-Avetisyan et al., PPCF 65 (2023) 085012

Toth et al., Opt. Lett. 48 (2023) 57
Hadjikyriacou et al., in prep.

N’ National Laser-Initiated
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leaf target system
Deuteron acceleration from liquid leaf
and neutron generation

Lecz, Varmazyar et al, in prep.
File et al, HPL.SE 12 (2024) 37

Osvay Karoly Osvay et al, in pz
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' Ion Acceleration and Neutron Generatwnmmm
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with Few-Cycle Lasers

D™* acceleration d(D,n)3He fusion
dPE tablet
?EOOOZ}IiEt 0.1mm, &=20mm

Neutrons

< ,

12-15 cm

&
<

23mJ (8mJ interacting)
12 fs, 10Hz
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' Development of a sub-200nm
liquid leaf target
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Systems GmbH

Advanced Microfluidic}

 Two liquid jets collide from two glass nozzles

* Pulsation damping system for stability

* Recirculation system for continous operation

* Cold finger for 10-* mbar vacuum

* Thicknesses measured in vacuum (!), and used here:
~230nm, ~440 nm

File et al.,, HPLSE 12 (2024) e37
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CC2 chamber

Deformable mirror Motorized iris
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Ion acceleration at 10 Hz repetition rat@j

from D,0 liquid target

LEIA chamber

Target frame /
monitoring /.

Forward TPS

Backward TPS

catcherstqa

SEA Laser beam

Motorized

NF & FF & Wave-front
diagnostics

Back-reflection diagnostics
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attosecond

SEA laser (10Hz, OPCPA) of ELI-ALPS parameters on target

Pulse energy: ~23 mJ

Measured trace Retrieved trace Error vs. Iteration
(measured for each shot) . - - Ml
Laser pulse duration: 72.3 fs mﬂ;
Measured in vacuum, after OAP, w S M £ J\_ :
With disp Scan i it 800 B % c'—71cr|cn) 0 1:00 n:no -50 0 50
Wavelength [nm] Added GDD [fs?] Time [fs]

Focal spot FWHM: 3.2X3.8 um? 1071

1073
. L] . Elo_s
Peak intensity in focus: .

E yoerl

18 2 (n ~ S
4x10*® W/cm?* (a,~1) -
Temporal contrast |
-50 —-40 -30 -20 -10 0 10
Time (ps)

Toth, et al., Photonics 2, 045003 (2020)
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' Deuterion acceleration at 10 Hz repetitiO@ rate..
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One of the four days - stability studies

cut-off morning: 1.06£0.12 (MeV) cut-off afternoon: 0.95+0.087 (MeV)
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DIAGNOSTICS - neutron
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Three independent systems

& ' - | Outside the chamber
Plastic scintillators: LILITH M, XL systems
Liquid scintillator: PHRS system

LILITH XL #2

. P 7 ~55m
) : i "Atomki EJ-30L " i \
/ PHRS LILITH M #3
W, ~1.8m - -3m
! 1A & R " ‘ LILITH XL #4* .
i .
' T ! ‘ E §~5.5m
X

- ,/

.
: LILITH M #4 @
@ ~3m }

H

LILITH M £2

Sm | | Inside the chamber
: Bubble Neutron Detector Spectrometer

LILITHM#1 \
~3m

‘ LILITH XL #1
: \ ~5.5m

Osvay et al., EP] Plus 139 (2024) 574
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Neutron measurements
LILITH system, neutron spectra
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~5.5m
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LILITH XL #3
~55m

: LILIIH\I !

~3m

LH,HH XL#
-5

Atomki EJ-30 ‘
PHRS
1.8m
; @ :LILITH xi
LILITH M #
~3m
$
£
£
&
¢§ ‘?

® $

LILITH XL #1
~5.5m
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Number of neutron events

Neutron measurements
LILITH system, neutron events / 600 shots

450
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' Neutron yield
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LILITH, vs angle

FWD Neutron spectrum

Angular distribution 60—
£ 60000q
g 550002_ ‘ ® GEANT4 simulation 50 F
50000+ ®  Experimental data (LILITH) -~
= = 40 F
45000/ \\ =
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Q :
B 3x10%
Laser energy on the target: 23mJ 5
Laser energy within FWHM focal spot: 8mJ Zoaxtotp .
S ;’ - ”=
émo“ - o
~1.5%x10° n/s =

1 | 1 1 1
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Experimental day
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' Towards the optimisation of neutron
yield with the change of dispersion of the
driver pulse
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Error of neutron events: 1%
Error of neutron number statistics over 600 shots: 5%
24000

22000
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meli

attosecond

4

LASER

\J
SRERSELA o

D

S3 laser (1 KHz, OPCPA) of ELI-ALPS parameters on target

Pulse energy: ~90 mJ
(average measurement of
10k shot)

Laser pulse duration: 8.4 fs
(measured in vacuum,

after OAP, with disp scan)

Central wavelength: 826nm

Measured trace

GDD ff ?]

Retrieved spectrum and spectral phase in wavelength scale

Error vs. Iteration

Retrieved trace
. 10
5
> 1071
2
¢ 1074
&
0 25 s0 75 100 125

GDD [l 2} Iteration nr.
Pulse profiles.

f[f 1

Retrieved spectrum and spectral phase in frequency scale Measured: 8.4fs (TL = 8.3fs), Strehl = 0.98

1
505 o

700 800 900

Wavelength [nm

Focal spot FWHM: 2.9%X2.6 um?

Peak intensity in focus:
1x10° W/cm? (a,~2.2)

Temporal contrast
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*peak at +-22ps is estimated to be post-pulse from the variable
density filter in the diagnostics arm, not in the main output
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State of the art neutron generation at 1&];1;
repetition rate (~6 hours)

cut-off for the day: 0.98+0.16 (MeV)

Deuteron acceleration from liquid
-at 10 Hz, SEA laser
-at 230mW (80mW) average power
- 200nm D,0 leaf + 0.1mm C,D,

Neutron generation
- 200nm D,0 leaf + 0.1mm C,D, T
- fusion neutron spectra peaks ~3 MeV 5"

@5 x10° n/s, rms @

Peakyield detected 2023 /24 at 1kHz: 408 /s
-at 100W (?20W?) average power
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' Laser-based neutron sources
for applications
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1E+11 A_ kW |asezr,0§|é|-ALPS

1E+10
Our recent results

1E+09 usz - ELI-ALPS 2024 100mJ ) Applications: where reliable statistics are

Q’ Kleinschmidth 2018; 160J needed.
“— Roth 2013;80J
.;— Zulick 2013;1,1 J

1B+07 | Higginson 2011: 360 ® Gg'er 201630 =
Kar 2016;200J

Lancaster 2004;69 J

1E+08

1E+06 | Norreys 1998;20J
9 . Roth 2002; 15 J

Total neutron yield in a second

1E+05 Hah 2018;12mJ
' Ter-Avetisyan 2006,
600mJ
1E+04 ® Maksimchuk 2013;6J
1E+03
1E+18 1E+19 1E+20 1E+21 1E+22 1E+23

Laser intensity (W/cm?2)
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FLASH - with neutrons Q) sy
First radiobiology experiment with
laser-generated neutrons

.... Zebrafish embryos in

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

| a vacuum tight container
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v, s Transmutation Laboratory gﬂ;zgl’}./a;znél:gf;z-islfus Talélkozé, Debrecen ‘

University of Szeged



Thank you for your attention

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



