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Energy prices for households
EU 2008 - 2022, HU 6,45 (2017) 9–18 (2022)
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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

Hungarian electricity production
(www.ksh.hu/stadat_files/ene/hu/

energy-mix (GWh)
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Talk by Attila Aszódi at MTA 2022.NOV.09. (you tube)
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Reaction to the crisis
Summit
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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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Energy production = gain with losses
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Energy crisis
The good fuel: high energy to mass ratio
Alternatives of the present

Specific energy content
need for logarithmic thinking
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Energy production = gain with losses
Future energy: nuclear fusion
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Energy crisis
The good fuel: high energy to mass ratio
Alternatives of the present

The ”atomic” force
nuclear techniques
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Energy production = gain with losses
Future energy: nuclear fusion
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Main stream and alternatives

Thermal and equilibrium
ITER magnetic confinement
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Energy production = gain with losses
Future energy: nuclear fusion
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Main stream and alternatives

Direct and sudden
NIF laser shots
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Energy production = gain with losses
Future energy: nuclear fusion
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Main stream and alternatives

NIF
reactions and neutrons
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Energy production = gain with losses
Future energy: nuclear fusion
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Main stream and alternatives

NIF
Announcements on achievments

Q =
energy out
energy in

2021 August: Q = 0.7

2022 December 5-th: Q = 1.4

industry would need Q ≈ 300
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Energy production = gain with losses
Future energy: nuclear fusion
NAPLIFE: aims, results, plans

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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Main stream and alternatives

Neutronfree fusion
some reactions

However, the 0-generation plasma fusion reactor under construction is based on

nuclear-weapon tritium cycle. My personal research interests are therefore today

focused on fusion concepts that sidestep extreme density and temperature

matter conditions required in the thermal equilibrium plasma devices, and the

production of weapons-grade neutrons. I will introduce: Muon catalyzed cold

nuclear fusion (not to be confounded with cold [con-]fusion); Laser driven

proton acceleration induced micro-explosion fusion; and laser driven dynamical

plasmon fusion. All three approaches are under active study, funded by both

private and government sponsored research programs.

(Johann Rafelski, MTA inaugural talk, 2022. June 13.)
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Main stream and alternatives

Neutronfree fusion
examples (wiki)
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Future energy: nuclear fusion
NAPLIFE: aims, results, plans

Main stream and alternatives

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

WL: p + ne− → n + νe (-1.25 MeV), p + n→ d + γ (+2.22 MeV)
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Main stream and alternatives

NUclear fusion scales
in nature and in experiments picture from Rafelski
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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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NAPLIFE
laser board and vacuum chamber
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Group Structure
cooperation
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Energy production = gain with losses
Future energy: nuclear fusion
NAPLIFE: aims, results, plans

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
nanoplasmonics simulations (M. Csete)
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Energy production = gain with losses
Future energy: nuclear fusion
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Plasmonics at work
near field enhancement (M. Csete)
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Energy production = gain with losses
Future energy: nuclear fusion
NAPLIFE: aims, results, plans

Plasmonics at work
polluted nanoantennas (M. Csete)
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Energy production = gain with losses
Future energy: nuclear fusion
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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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Energy production = gain with losses
Future energy: nuclear fusion
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Kinetic model: PIC
Single nanorod momentum distributions (I. Papp)
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Energy production = gain with losses
Future energy: nuclear fusion
NAPLIFE: aims, results, plans

Kinetic model: PIC
Single nanorod Compare vacuum to UDMA (I. Papp)
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Energy production = gain with losses
Future energy: nuclear fusion
NAPLIFE: aims, results, plans

Kinetic model: PIC
Single nanorod time evolution (I. Papp)
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Energy production = gain with losses
Future energy: nuclear fusion
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NAPLIFE (25 mJ, 40 fs) vs NIF (1 MJ, 10 ns)
Rapid and slow ignition (L. Csernai)
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Csernai, L.P. [NAPLIFE] 
1

Spot ignition,  fast expansion  - slow burning

NAPLIFE:   Simultaneous, “time-like”  ignition
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Future energy: nuclear fusion
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NAPLIFE NANO
Au nanorods microscopic image, absorption curve (Bonyár)
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Energy production = gain with losses
Future energy: nuclear fusion
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NAPLIFE NANO
Scattered nanorod patterns (Bonyár, Veres)
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Future energy: nuclear fusion
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NAPLIFE CRATER
craters’ scanning electro microscope images (J. Kámán)

14/21

7. Surface structure of the laser ablated area,
investigated by SEM

UDMA_X UDMA_AU1 UDMA_AU2

1 mJ 1 mJ 1 mJ

25 mJ 25 mJ 25 mJ
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Future energy: nuclear fusion
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NAPLIFE CRATER
microcraters in craters (J. Kámán)

Biró, Tamás Sándor NAPLIFE MTA 2022 35 / 52



Energy production = gain with losses
Future energy: nuclear fusion
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NAPLIFE CRATER
microcrater contours (J. Kámán)

Biró, Tamás Sándor NAPLIFE MTA 2022 36 / 52



Energy production = gain with losses
Future energy: nuclear fusion
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NAPLIFE CRATER
shot craters (Á. Nagyné Szokol)

Preliminary measurements
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ICNFP 2022 - Ágnes Nagyné Szokol - 7 September 2022
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NAPLIFE CRATER
Craters w/o Au
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NAPLIFE CRATER
method to obtain the crater volume (Á. Nagyné Szokol)
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Future energy: nuclear fusion
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NAPLIFE CRATER
crater volumes vs pulse energy (Á. Nagyné Szokol)

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 (Veres)
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NAPLIFE RAMAN
Raman signals: vibration of molecular bonds (Veres)
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Energy production = gain with losses
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NAPLIFE: aims, results, plans

NAPLIFE RAMAN
Raman signals: molecular vibrations from various spots in teh crater

30 mJ, 6 pont, X Au1 Au2. Various energies, 2-2 points each.
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Energy production = gain with losses
Future energy: nuclear fusion
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NAPLIFE LIBS
LIBS: plasma plum (Aladi)
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Energy production = gain with losses
Future energy: nuclear fusion
NAPLIFE: aims, results, plans

NAPLIFE LIBS
LIBS: atomic ionisation → D/H (Aladi)
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Energy production = gain with losses
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NAPLIFE LIBS+
LIBS: spectral areas → D/(2D+H) (Kroó)

Calculation of ratio; D/(2D+H)

At 17.5 mJ, D(A)=1.828, H(A)=8.32
D(A)/H(A)=0.21
D(A)/[2*D(A)+H(A)]=0.15
No. of H atoms=2.51*10^16
No. of atoms that were converted from H to D=3.765*10^15

15Please refer to Agnes Nagyne Sokol’s talk on Crater Data Analysis!
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Energy production = gain with losses
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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.

Biró, Tamás Sándor NAPLIFE MTA 2022 47 / 52



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

NAPLIFE NUC
compare to p + n → d + γ (Biró + Jakovác)

In p and n CMS, no barrier, vp = vn = 0 approximation→
|pD| = |pγ | = Eγ/c.

mpc2 + mnc2 = mDc2 +
|pD|2

2mD
+ c|pD|,

The deuteron binding energy dominates:
B = mpc2 + mnc2 −mDc2 ≈ 2.2 MeV

since it is much less than mDc2 ≈ 2 GeV, practically

vD

c
≈ B

mDc2 ≈ 1.1 · 10−3.
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NAPLIFE MASS SPECTRO
mass spectrometer peaks: amu1 300, amu2 230.000, amu3 17.500, amu4 100 (Aladi)
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ENERGY: transmitted light < 2 %
M. Kedves
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ENERGY: 17.5 mJ→ 3.3 J: Q = 188 ?
Estimate the energy affairs N. Kroó

velocities from LIBS delays: v ≈ 70 km/s

Kinetic energy of a single deuteron:
Ekin,D = 1

2mc2 v2

c2 ≈ 53 eV ≈ 8,5 · 10−18 J.

Number of deuterons from crater sizes: ND ≈ 1,68 · 1015

Total energy for UDMA amu (470):
1
2mUDMAv2 = amu

2 Ekin,D ≈ 3,3 J.

Q = 3.3 J / 17.4 mJ ≈ 188
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NAPLIFE FUTURE
plans and suggestions

Our proosal to NKFIH (March 30, May 31, June 30;
approvement October 30)

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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