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3Babeş-Bolyai Egyetem, Cluj, Romania

Budapest, Hungary, Zimányi School 2022 DEC. 5-9.

Biró, Tamás Sándor NAPLIFE ZIM 2022 1 / 23



Energy production = gain with losses
Future energy: nuclear fusion
NAPLIFE: aims, results, plans

Energy crisis
The good fuel: high energy to mass ratio
Alternatives of the present

Energy crisis
Summit

Biró, Tamás Sándor NAPLIFE ZIM 2022 2 / 23



Energy production = gain with losses
Future energy: nuclear fusion
NAPLIFE: aims, results, plans

Energy crisis
The good fuel: high energy to mass ratio
Alternatives of the present

Specific data, available energy
J/mg = MJ/kg

https://afdc.energy.gov/fuels/properties; https://en.wikipedia.org/wiki/energy_density

coal 23; brown coal 18; turf 7; wood 11; biomass 10;
hulladék 9; olajpala 20

oil, PB gas 40; bio-fuel 30; waste 25

natural gas 47; H 40; biogas 20; waste gas 15

uranium 460.000; fusion 640.000.000

1 kg U ≈ 20 tons of coal ≈ 0.7 g fusion fuel
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The ”atomic” force
nuclear techniques
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Main stream and alternatives

Thermal and equilibrium
ITER magnetic confinement
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Direct and sudden
NIF laser shots
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Main stream and alternatives

D + T fusion
why-s and problems pictures from Rafelski

1. energetic neutrons; 2. global tritium quantity (nuclear power
plants)
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Neutronfree fusion
examples (wiki)
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Main stream and alternatives

Electrons in the fusion
PEP process, Widom-Larsen (wiki)

p + ne− → n + νe (-1.25 MeV), p + n→ d + γ (+2.22 MeV)
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NAPLIFE individual features
Idea, plan, initial results

1 Plasmonic collectivity, energy concentration, threshold
lowering, lifetime cca. 20− 30 fs

2 Far from equilibrium, lightspeed, simultaneous ignitions

3 Nanoantennas in target, ultrashort, high contrast laser
pulses (106, 40 fs @ Wigner)

4 Energy balance and fusion products at low energy:
microcraters, D/(2D+H)
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Nanofusion
plasmons: barrier reduced, energy hot spots
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Fusion cross section
when electrons screen the Coulomb barrier (Wong+Shih 2022)

Formula σ(E ,Us) = S(E+Us)
E+Us

[
eπ
√

2.29MeV/(E+Us) − 1
]−1

.
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Plasmonics at work
nanoantenna form variations (M. Csete)

Near-field enhancement with individual plasmonic 
nanoresonators & Kroomium nanoparticles
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Kinetic model: PIC
Single nanorod time evolution (I. Papp)
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NAPLIFE NANO
Scattered nanorod patterns (A.Bonyar, M.Veres)
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NAPLIFE CRATER
Craters w/o Au (J.Kaman, A.Szokol)
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NAPLIFE CRATER
crater volumes vs pulse energy

Crater volume
The analysis of the crater volumes – in 5 different points for every energy and target
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NAPLIFE RAMAN
UDMA - TEGDMA copolymer (M.Veres)
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NAPLIFE RAMAN
Raman signals: vibration of molecular bonds (Veres)
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NAPLIFE RAMAN
Raman signals: molecular vibrations from various spots in teh crater

30 mJ, 6 pont, X Au1 Au2. More energies, 2-2 points.
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NAPLIFE LIBS
LIBS: atomic ionisation → D/H (Aladi)

655,8 656,0 656,2 656,4 656,6 656,8 657,0

0

250

500

750
0

500

1000

1500

 

L
IB

S
 I
n
te

n
s
it
y
 (

a
. 
u
.)

Wavelength (nm)

 UDMA+AU1, 17,5 mJ

 H line

 D line

 

 

L
IB

S
 I
n
te

n
s
it
y
 (

a
. 
u
.)

 UDMA, 17,5 mJ

 H line

 D line

 

Biró, Tamás Sándor NAPLIFE ZIM 2022 21 / 23



Energy production = gain with losses
Future energy: nuclear fusion
NAPLIFE: aims, results, plans

NAPLIFE LIBS++
LIBS: kinetic energy estimate (Kroó, Biró)

Delay times→ velocity distribution (rough proxy)

tmax ≈ 0.6 µ s, tlight ≈ 0.13 ns, t2→3 ≈ 2 fs.

vD ≈ 70 km/s, ED,kin ≈ 50 eV, vD
c ≈ 2 · 10−4.
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NAPLIFE FUTURE
plans and suggestions

Our further plans:

Nuclear detection (CR39)
ELI cooperation (similar and bigger lasers)
Variation of the shooting geometry
Nanoparticles and medium matter variations
energy, deuteron and α observation
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