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= Introduction

Motivation, purpose
» Detection of plasmonic amplification, e.g. higher energy protons, ions
» Detection of fusion products, e.g. alpha particles

* Experiments at Wigner
» Laser contrast studies at Wigner RCP
« Thomson Parabola Spectrometer measurements
* Nuclear trace detectors and particle detectors

 Measurements at the ELI-ALPS laser facility (in cooperation with NLTL group from the
Univerity of Szeged)

 Thomson Parabola Spectrometer
* Nuclear trace detectors and particle detectors

» Conclusions, further plans



® Proton-Boron fusion reaction

Aneutronic fusion is a promising alternative in fusion
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pt B—3a + 8.7MeV research. p-B fusion can primarily serve as a source of
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® Proton-Boron fusion reaction: concept and reaction scheme
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® Laser contrast studies at Wigner RCP

Parameters of the Coherent
Hidra 25 laser at Wigner RCP
laser plasma lab

* Maximum pulse energy: 30 mJ
*  Minimum pulse duration: 40 fs
« Central wavelength: ~800 nm
* Repetition rate: 10 Hz

« Beam diameter (1/€2): 15 mm

« Contrast (ns): 108 with pulse
slicer (no specs for ps
contrast)
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® Thomson Parabola measurements at Wigner RCP

Thomson Parabola Spectrometer (TPS)
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= TPS and CR-39 experiments at Wigner RCP

Laser input
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= TPS and CR-39 experiments at Wignher RCP

Only forward propagating ions can be measured — thin targets can be investigated
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Particle jet due to the
laser shot

Al foil (0.8 micron) Polymer foil (4 micron)



= TPS and CR-39 experiments at Wigner RCP

CR-39 ,Columbia Resin #39” : Poly(allyl diglycol carbonate) (PADC) is a plastic
commonly used in the manufacture of eyeglass lenses, a solid state nuclear track
detector for ionising radiation.

Damage traces can be developed by etching in alkali (NaOH) solution.



= TPS and CR-39 experiments at Wigner RCP

Targets: AuO-BN and Au2-BN
Filter foil: Al 0.8 ym

Exposures: 3 shots at each target at
different positions, with 28 mJ, 40 fs
laser pulses.

exposed
target: AuO- :
BN
target: Au2- ' :
X
BN exposed
covered

filtered

filtered



= TPS and CR-39 experiments at Wigner RCP
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= TPS and CR-39 experiments at Wigner RCP

Laser input
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= TPS and CR-39 experiments at Wigner RCP

Reference plates exposed to _
Am-241 a-source, 4.3 MeV Plate 266 exposed in
(x50 keV), plate # 025, 12mm
distance, 6um Al shielding

Plate 259 exposed in

experiment with Au2-BN target experiment with AuO-BN target

d = 2258.24 nm

d = 3.06 pm

d=298 um
d=295pum

SEM HV: 1.0 kV Det: SE | MIRA3 TESCAN SEM HV: 1.0 kV Det: SE MIRA3 TESCAN| SEM HV: 1.0 kV Det: SE | | ‘ MIRA3 TESCAN|
SM: RESOLUTION Stage Tilt: 0.0° 20 ym SM: RESOLUTION Stage Tilt: 0.0° 10 pm SM: RESOLUTION Stage Tilt: 0.0° 2 pm
SEM MAG: 8.00 kx supervisor Wigner Research Centre for Physics SEM MAG: 15.0 kx supervisor Wigner Research Centre for Physics SEM MAG: 80.0 kx supervisor Wigner Research Centre for Physics

SEM images by Laszl6 Péter




= Measurements at the ELI-ALPS laser facility

Laser irradiation of the targets, detection of particles by: Laser: Sylos Experiment Alignment (SEA):

max energy ~ 40 mJ from the laser, 70-80%

* Thomson Parabola Spectrometer (TPS), in cooperation with
on the target surface

Karoly Osvay’s group of NLTL lab at the University of
Szeged + wavelength centre 825 nm, typical spectrum

750 — 960 nm

* min pulse length 12 fs, longer pulses with
negative chirp

+ CR-39 trace detector plates

» scintillation detectors for neutron and X-ray/gamma (by
Barna Bir6 and Laszl6 Stuhl from ATOMKI)

«  Semiconductor detectors developed at Wigner RCP » focused beam size min ~ 3 um

« Contrast nominal >107, actual ~1010
Laser: Sylos3:

FF_20240207_ND8.4 _0.5mJ_gain0_in vac _after dm correction.tif
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= Measurements at the ELI-ALPS laser facility

At 45 degree of incidence

He-Ne Back-lighter
For target surface monitoring

Target frame monitorin

Backward TPS

Forward TPS

Folding mirror
LS

NF & FF& Wave-front diagnostics

Experimental arrangement (Courtesy of Karoly Osvay and Parvin Varmazyar)
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= Measurements at the ELI-ALPS laser facility




= Measurements at the ELI-ALPS laser facility

The target frame in position The pitcher-catcher arrangement




= Measurements at the ELI-ALPS laser facility

Thomson Parabola Spectrometer
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= Measurements at the ELI-ALPS laser facility

Target types used in the experiments:

+ UDMA-TEGDMA
«  UDMA-MMA, deuterated (D100)
+  UDMA-TEGDMA with BN

» Oriented resonant Au nanorods on quartz
substrate

UDMA target types:
* AuO: without gold nanorods

* Au2_RE: with gold nanorods of resonant
size (25 x 85 nm)

* Au2_NR: with gold nanorods of non-
resonant size (25 x 34 nm)

Thicknesses:
« Thick: 120, 150 or 400 uym
« Thin: 4-5pum




= Measurements at the ELI-ALPS laser facility

Regular oriented nanorod targets on quartz substrate (by Zsuzsanna Marton at ELI-ALPS)

10 mm

v

10 mm

H H @ 11/25/2025HV ~ HFW mag & det dwell WD
XY 5:22:35 PM 5.00 kV 6.22 pm 25 000 x ETD 3.00 s 3.7609 mm

% 11/25/2025 HV HFW mag E det dwell WD

2 5:19:13 PM 5.00 kV 6.22 pm 25 000 x ETD 3.00 ps 3.7850 mm




= Measurements at the ELI-ALPS laser facility

Thomson Parabola spectra measured with deuterated UDMA target
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= Measurements at the ELI-ALPS laser facility

TPS signals at different pulse durations

Target: UDMA-BN with Au2 gold nanorod content
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= Measurements at the ELI-ALPS laser facility

Dependence of the integrated proton counts on the laser pulse duration

Proton cutoff energy and integrated proton signal for UDMA-BN targets

Proton cutoff energy for 144
UDMA targets, with and without 160 -
Au2+BN sample 124
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500 . . . . . = &
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o e .. . . T
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(N. Kro¢ et al., Scientific Reports 14, 18288 (2024))



= Measurements at the ELI-ALPS laser facility

Energy distributions on targets with and without Au nanorods
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= Measurements at the ELI-ALPS laser facility

Some CR-39 trace detector results

Trace size distribution in the unshielded area
Target was UDMA-BN, etching time 60 min
No gold

Részecskenyomok méreteloszldsa CR-39 detektorlemezeken
—— File: 138-1n_km01-15.txt CR-39: 138 Target: BN-AuO, 10 lovés

—— File: 137-1h.txt CR-3%: 137 Target: BN-Au2, 10 lovés
80
60
[=a)
i
£
o
6\40
20
. A I o o codle 0 . With gold
15 2.0 25 3.0 35 4.0 4.5

1.0
Nyomok mérete [kizepes dtmérd; pm]




= Measurements at the ELI-ALPS laser facility

Semiconductor detector for the detection high-energy ions, developed in our group

Semicondictor diode without window

Integrated amplifier

Electromagnetic shielding

Covered by 2 or 6 ym Al foil to block light and low energy protons

FDS_A Fast Diode Sensor AXUV absolute extreme uv

(amplified) (bias only)

Detector

Sensor Material

Active Area [mm?Z] 0.8 576.5
Applied Bias [V] 10
Rise Time 1ns 50 ps
Capacitance 6 pF 2.2 nF
Dark Current [nA] 0.3 =10
Peak Responsivity

[A/W] 0.44 ~0.45



= Measurements at the ELI-ALPS laser facility

Detector signal (mV)

Signals measured with the amplified semiconductor detector

5.0 1
-100 =75 =50 - 5 50 75 100

0
time (ns)

Detector response to single a
particle

Proton peak
with a delay of ~30 ns
corresponding to ~250-
400 keV protons, in
accordance with the TPS
spectra

Detector signal (V)

0.06
time(us)




® Conclusions

« Laser contrast is important, we are studying its effects and working on improvement
« Promising TPS results can be seen with higher energy ions detected with gold nanorods, analysis ongoing
« With Au2-BN targets, observation regarded as an indirect evidence of p-B reactions

* Promising CR-39 particle traces seen with BN-containing targets, especially with Au nanorods; calibration is
ongoing

* Nuclear detector data: photon signals were definitely larger for targets with gold nanorods; neutrons were not
detected in significant amounts

« Sample surface positioning and orientation is critical

Future plans for experiments at ELI-ALPS and Wigner RCP

* Design and study targets with oriented nanorods

* Design, fabricate and study regular (resonant), oriented nanostructured targets
« Study also very thin targets (<~ 1 um)

» Study the effect of prepulses on the interactions
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