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The need to produce customized 
targets for laser-driven ion
acceleration

Charles University
➢ Production of hydrogen and 

boron rich targets and its 
characterization

➢ Develpment of 
nanostructured targets 

ELI - Beamlines
➢ Laser-driven pB fusion 

experiments
➢ Development of new 

diagnostics

➢ Large availability of Boron

➢ Neutronless reaction → Clean

➢ 3 energetic alpha particles are produced

p + 11B → 3α + 8.7 MeV

675 keV

Cross section

160 keV

Proton Boron fusion
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Proton Boron fusion

Molloy

44

In - Target

Boron-rich polymeric target

Si-HB 

BN

BNNT

2.5 J in 88 fs

I = 4 × 1020 W/cm2
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Proton Boron fusion

Molloy
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Pitcher-Catcher

Boron-rich polymeric target

Si-HB 

BN

BNNT

2.5 J in 88 fs

I = 4 × 1020 W/cm2
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Center of Light Matter Interaction, TARANIS and PERLA B
• Thin films of plasma polymers

• Hydrogen rich materials

1/17/2025 6

Outline

Center of Light Matter Interaction, TARANIS
• Nanoparticles of plasma polymers

• Combination of laser absorption with H rich materials

1. V. Istokskaia, M. Tosca et al., Communications Physics 6 (2023), 10.1038/s42005-023-01135-x. 

2. M. Tosca, D. P. Molloy et al., Frontiers of physics (2023) DOI 10.3389/fphy.2023.1227140. 
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Plasma Assisted Physical Vapor Deposition

1,5 mm BN

1 μm PE 0-15-50W

Polyethylene (PE) CH2- CH2- CH2- CH2- CH2 - ...... - CH2

1/17/2025 7
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Elastic Recoil Detection Analysis

Sample RBS/ERDA Film 
density 
[g/cm3]          

C H O H/C

0 W 34.0 66.0 0.0 1.94 0.62±39

15 W 34.0 64.0 2.0 1.88 0.89±41
50 W 35.5 62.0 2.5 1.76 1.65±28

1/17/2025 8
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Perla B and TARANIS Laser system

Laser

Target

TOF

CR-39

0°

90°

A

B

C

D

TARANIS
8J in 900 fs
Focal spot diameter: 6.7μm

Intensity: 1,3 X 1019
𝑤

𝑐𝑚2

ns contrast: 5 x 10-7

Perla B laser

17 mJ in 1.2 ps
1 kHz repetition rate
Intensity 1,9 x 1016 W/cm2

ns contras: 10-3
Target

CR-39

Laser (45°)

ToF Detectors

Movement 
stage
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c)▪ Maximum of 108 and 104 α/sr

▪ Different peaks on pB cross-section

▪ 15W ppC:H films is the best in both 

laser system
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▪ Resonance peak in the cross section

▪ Number of protons in resonance

Results from ppC:H thin films
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Simulations TARANIS 

WarpX PIC code

➢ Main peak evaluation

➢ 1,7 ps after the interaction

➢ 2 MeV proton cutoff into the BN 

➢ Pre pulse evaluation

➢ 1,5 ns before main pulse

➢ 10-7 contrast

FLASH Code

11
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Simulations TARANIS 

WarpX PIC code

➢ Main peak evaluation

➢ 1,7 ps after the interaction

➢ 2 MeV proton cutoff into the BN 

➢ Optimization of substrate thickness

➢ Pre pulse evaluation

➢ 1,5 ns before main pulse

➢ 10-7 contrast

FLASH Code
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Simulations PERLA B

➢ Pre pulse evaluation

➢ 14 ns after the interaction

➢ Input for PIC simulations at time 0

➢ Simulated proton energy distribution

➢ Alpha particles are produced backwards

➢ First resonance peak of the pB cross section (165 keV)
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Center of Light Matter Interaction, TARANIS and PERLA B
• Thin films of plasma polymers

• Hydrogen rich materials
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Outline

Center of Light Matter Interaction, TARANIS
• Nanoparticles of plasma polymers

• Combination of laser absorption with H rich materials
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Plasma polymerized nanoparticles

• Argon and Hexane are insert with 47 Pa and 3 Pa (0.5 mbar)

• Easily tunable proprieties 

• Suitable for mass production or in – situ production

• Plasma power set at 30 and 100W

30 W            550 nm
100 W         65 nm

1/17/2025 15
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Plasma polymerized nanoparticles

• Substrates: BN and 6.5 μm Aluminum

• After deposition, ppCH are overcoated with 150 nm of boron 

using magnetron sputtering

1/17/2025 16
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SEM and RBS-ERDA

Sample Elemental concentration, at. %

10B 11B N O H C H/C

ppC:H NPs 550 nm (30 W) 0.1 0.0 0.9 1.8 49.7 47.2 1.05

ppC:H NPs 65 nm (100 W) 0.0 0.2 1.0 3.3 44.6 50.8 0.87

ppC:H NPs 550 nm (30 W) + B 1.5 5.9 2.1 12.9 42.2 34.8 1.21

ppC:H NPs 65 nm (100 W) + B 2.2 8.8 2.1 13.7 34.4 38.9 0.88

BN 9.1 34.6 42.0 3.0 6.6 4.6 1.43

• SEM images after metallization 
of 2 nm Au

1/17/2025 17

University of Jyväskylä, Department of Physics, Jyväskylä, Finland 

• Cu beam 11.4 MeV
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Diffusion of Boron into the NPs

EDX shows boron diffuses into the bulk

10B + n He (1,4 MeV) + 7Li (0,8 MeV) + ϒ (480 keV)

Nuclear Depth Profile NDP

NDP compares the results

550 nm NPs corresponds to homogeneous boron profile 

65 nm NPs has a sharp peak that means the penetration depth  

was more on the surface and less in the bulk of the NPs
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Diffusion of Boron into the NPs

BET Isotherm results 
using N2 gas 

ppC:H NPs
Specific surface, 

m2/g

Pore volume, cm3/g

550 nm (30 W) 13.9 ± 1.8 0.011 ± 0.001

65 nm (100 W) 21.8 ± 2.5 0.012 ± 0.002

ppC:H NPs + B

560 nm (30 W) + B 14.2 ± 2.4 0.005 ± 0.001

65 nm (100 W) + B 13.1 ± 2.3 0.009 ± 0.002
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Positron Annihilation Spectroscopy

• We applied PALS to obtain deeper insight into the

structure of the ppC:H NPs in terms of their free

volume.

1/17/2025 20

• 65 nm NPs have between 0.3 nm radius free volume

• 550 nm NPs have 0.25 nm

• Unexpected behavior
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Results from CR-39
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ppC:H NPs 550 nm (30 W)

ppC:H NPs 65 nm (100 W)
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5 x 108 

4 x 108 α/sr
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2 x 108 α/sr

1.3 x 109 

1 x 108 α/sr

B + 65 nm NPs on Al produce a similar -
particle yield as reference BN, whereas B + 
550 nm NPs on Al produce even lower -
particle yield. 
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Conclusions

a)

1/17/2025 22

• TARANIS, ppC:H thin films

• Role of the Hydrogen

• Laser to target coupling optimization

• TARANIS, ppC:H NPs

• Influence of the NPs benefit the pB fusion

• Enhanced laser absorption and fusion reaction

• Access to high contrast laser 
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