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Fusion, when?

“Fusion Energy is X Years Away”

80 Years

60 Years

40 Years

20 Years

O Years

hy fusion energy?

expert replies do change
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Why fusion energy?

FIA = Fusion Industry Assciation

https://www.fusionindustryassociation.org/

LTZE 6B »
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The global fusion

industry in 2024 .
* . "Fision Companies Survey by ° &
he Fusion Industry Association
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Why fusion energy?

FIA 2024 survey
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Energy production = extraction with losts

Specific data, availability
1J/mg =1kJ/g =1MJkg =1 G/t

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

@ coal 23; lignit 18; thorf 7; wood 11; biomass 10; waste 9; oil
pala 20

@ petroleum, propan-butan gas 40; bio-fuel 30; waste 25
@ earth gas 47; Hydrogen 40; biogas 20; rest gas 15

@ uranium 460.000; fusion 640.000.000
20 t of coal ~ 1 kg of uranium =~ 0,7 g fusion fuel
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Energy production = extraction with losts

Current Hungarian electricity mix
fossil 36 %, nuklear 42 %, "renewable” 22 %

magyar aramtermeles GWh
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Mainstream fusion technology
X NAPLIFE: goals, results, plans
Energy of the Future: nuclear fusion g P

ITER update 2024

Science article

= NEWS CAREERS COMMENTARY JOURNALS v Science e Q eI BECOME A MEMBER

HOME > NEWS > SCIENCEINSIDER > GIANT INTERNATIONAL FUSION PROJECT IS IN BIG TROUBLE

SCIENCEINSIDER | TECHNOLOGY

Giant international fusion project is in big
trouble

ITER operations delayed to 2034, with energy-producing reactions expected 5 years later
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Mainstream fusion technology

X NAPLIFE: goals, results, plans
Energy of the Future: nuclear fusion Y P

NIF

out/in factorQ=1.5?

f Share m 66 CONGRATULATIONS! | ITER APPLAUDS NIF FUSION BREAKTHROUGH

NEWS & MEDIA

ITER NEWSLINE -

B Print & Read the latest published articles

ITER APPLAUDS NIF FUSION
BREAKTHROUGH

ITER scientists hailed the latest experimental results at the National Ignition Facility (NIF) at Lawrence Livermore
National Laboratory in California: the achievement of "breakevel

fusion energy. "When future generations look back on
the evolution of fusion energy research, | believe this will be recognized as a historic milestone," said ITER Director-

General Pietro Barabaschi. NIF's experiment used 2.05 megajoules of laser energy to produce 3.15 megajoules of fusion
energy, reaching a Q value of 1.5.

We use cookies to give you the best online experience. By using our website you agree to our use of cookies in accordance with our cookie policy -
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Why fusion energy?
Energy production = extraction with losts

Energy of the Future: nuclear fusion

Nuclear fusion

in nature and in experiments

Mainstream fusion technology
NAPLIFE: goals, results, plans

FIUN
REN
(Rafelski MTA talk 2022.)

ITER
Megajoule
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Energy of the Future: nuclear fusion
D + T fusion
problems (Rafelski)

Mainstream fusion technology
NAPLIFE: goals, results, plans

T fusion safety and radioactive waste

Fusion @

Paper Aluminium

Lead

Thermal neutron absorber
eutrons| . c2 = 940 MeV| |d + t > a(3.6 MeV) + n(14 MeV)
Tt G el B problems: My
objective today is the development of aneutroni
T e e et e lleeeiit braciy forbi dden by bremms. |

fusion in a dynamic
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Mainstream fusion technology

X NAPLIFE: goals, results, plans
Energy of the Future: nuclear fusion g P

Neutronfree fusion

examples (wiki)

High nuclear cross section aneutronic reactions!1!
Isotopes Reaction
Deuterium - 3He 2D +3He— 4He+1lp + 18.3 MeV
Deuterium - Slithium 2D+ 6Li — 2 *He + 22.4 MeV
Proton - Blithium ~ Ip +°6Li - “%He + 3He + 4.0 MeV

3He - Blithium 3He + 6Li »2%He +1p + 16.9 MeV

3He - 3He 3He + 3He » “He + 2 1p + 12.86 MeV
Proton - Lithium-7 1p +7Li -2 %He +17.2 MeV

Proton - Boron-11  1p +11B - 34He + 8.7 MeV
Proton - Nitrogen  1p + 15N -» 12C + 4He + 5.0 MeV
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Why fusion energy?
Energy production = extraction with losts

Mainstream fusion technology
Energy of the Future: nuclear fusion NAFLIASS @Rl (el (IR
NAPLIFE lab Wigner FK

vacuum + laser + targets + detectors
Biré Tamas

Kroo Norbert
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Why fusion energy? . .
v iusion & Mainstream fusion technology

Energy production = extraction with losts NAPLIFE: goals, results, plans

Energy of the Future: nuclear fusion

NAPLIFE user ELI-ALPS Lz

vacuum + laser + targets + detectors
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Energy of the Future: nuclear fusion

NAPLIFE work sharing

Mainstream fusion technology
NAPLIFE: goals, results, plans

connected activities  (cf. Kdman Judit)
Nano-Plasmonic Laser Inertial Fusion Experiment Collaboration

Theoretical group (modelling,
simulations)
Target properties

Target fabrication group

Material
(nanocomposite preparation,
Target

properties
measurements)

Irradiated target

Target
performance
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Mainstream fusion technology

NAPLIFE: goals, results, plans
Energy of the Future: nuclear fusion g P

NAPLIFE 1

Au nanoparticles, microscope picture, absorption

The NAPIife plasmonic fusion project
UDMA polymer with resonant gold nano-rods

Gold nano-rods embedded in polymer matrix: Actual absorption curve for nano composites

Transmission electron microscope image; measured by optical spectroscopy. The

insert shows actual nano-rods absorption peak is tuned to resonate with laser
wavelength at 795 nm

25

Absorbance unit [cm ]

750 800 850 900 950 1000 1050
Wavelength [nm]
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Mainstream fusion technology
Energy of the Future: nuclear fusion
NAPLIFE 2

NAPLIFE: goals, results, plans

craters by Scanning Electron Microscope

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

UDMA_X UDMA_AU1

UDMA_AU2
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Energy of the Future: nuclear fusion

NAPLIFE 2

Mainstream fusion technology
NAPLIFE: goals, results, plans

shot craters

Cuisner

Prelimina

ry measurements

nanorods

2
S
oo

L

=

3

Without

With gold
nanorods

Biré, Tamas Sandor

Nanofusion




Mainstream fusion technology
) NAPLIFE: goals, results, plans
Energy of the Future: nuclear fusion g P

NAPLIFE 2

crater volumes vs energy

(uisner

Crater volume

The analysis of the crater volumes —in 5 different points for every energy and target
N

Legna
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e
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Laser pulse energy (mJ)
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Energy of the Future: nuclear fusion
NAPLIFE 2

Mainstream fusion technology
NAPLIFE: goals, results, plans

1 mJd AuX Au2

micro craters in craters

25 mJ AuX Au2
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Why fusion energy?
Energy production = extraction with losts
Energy of the Future: nuclear fusion

Volume: 3.5V
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Mainstream fusion technology
Energy of the Future: nuclear fusion
Real Size Comparison

NAPLIFE: goals, results, plans
newest microscope data (Szokol 2025 April)

Bir6, Tamas Sandor
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Mainstream fusion technology
Energy of the Future: nuclear fusion

NAPLIFE: goals, results, plans
Crater depth
vs intensity (Szokol 2025 April)

Au0/10mJ
Au2/10mJ
Au0/27.7mJ

Au2/25mJ
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Mainstream fusion technology
Energy of the Future: nuclear fusion NEALIASS @Rl el (e
Crater volume
vs intensity (Szokol 2025 April)

Au2/25mJ

1016

Intensity (W/em?)
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NAPLIFE: goals, results, plans
Energy of the Future: nuclear fusion 9 P

Crater volumes
as a function of laser intensity 2024 May

Volume in the function of intensity Au2 vs. Au0
Energy of the impulse: 27,7 mJ (Au0) and 25 mJ (Au2)
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NAPLIFE: goals, results, plans
Energy of the Future: nuclear fusion 9 P

Crater volumes
as a function of laser intensity 2024 May

Volume as the function of the intensity Au2 vs. Au0
Energy of the impulse: 27,7 mJ (Au0) and 25 mJ (Au2)
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NAPLIFE: goals, results, plans
Energy of the Future: nuclear fusion 9 P

Crater volumes
as a function of laser intensity 2024 May

Volume as the function of the intensity Au2 vs. Au0
Energy of the impulse: 27,7 mJ (Au0) and 25 mJ (Au2)
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Why fusion energy? . .
i & Mainstream fusion technology

Ener roduction = extraction with losts
P NAPLIFE: goals, results, plans

Energy of the Future: nuclear fusion

NAPLIFE 3 BEN

LIBS: plasma plume

— |+ AutomaticZoom v

DIAGNOSIS No3: LIBS analysis of the laser plume plasma

PHOTO OF A LASER SHOT INDUCED PLASMA PLUME
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Why fusion energy? . .
i 9 Mainstream fusion technology

NAPLIFE: goals, results, plans

NAPLIFE 3 BEN

LIBS: atomic ionisation — D/H

Energy production = extraction with losts
Energy of the Future: nuclear fusion

LIBS Intengity (a. u.L
g g 8

~
&

g
8

LIBS Intensity (a. u.)
N
8

6558 6560 6562 6564 6566 6568 657,0
Wavelength (nm)
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NAPLIFE: goals, results, plans
Energy of the Future: nuclear fusion g P

NAPLIFE 3

LIBS: spectral areas — D/(2D+H)

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

[——15my
* 25mJ;

= DI(2D+H)
—— Linear Fit of Sheet1 DI(2D+H)
04 o5
Delay (microscond)
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

Laser Energy (mJ)

Please refer to Agnes Nagyne Sokol’s talk on Crater Data Analysis!
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Why fusion energy? . .
Mainstream fusion technology

Energy production = extraction with losts
. NAPLIFE: goals, results, plans

Energy of the Future: nuclear fusion

HUN
NAPLIFE 4 =

Raman: CD vs CH bond vibrations, crater walls

Raman intensity, a.u.
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. NAPLIFE: goals, results, plans
Energy of the Future: nuclear fusion

NAPLIFE 4

Raman: molecular voibrations from varying crater spots
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Why fusion energy? . .
i 9 Mainstream fusion technology

Energy production = extraction with losts
9y ¥ . NAPLIFE: goals, results, plans

Energy of the Future: nuclear fusion

Proton energy measurement HEN

..the highest energy in Thomson parabola so far 300 keV

300004




Why fusion energy? ) .
y 9y Mainstream fusion technology

Energy production = extraction with losts
P NAPLIFE: goals, results, plans

Energy of the Future: nuclear fusion

NAPLIFE plans BEN

contracted until February 2026

@ Nuclear detection (CR39, Thomson
parabola, alpha detector) CIGNER FIZIEAL
KUTATOKOZPONT
@ More ELI-ALPS usering (shorter
pulse, better contrast)

@ Variation of nanoparticles, medium

and shooting geometr: =
99 v Quisner
@ Nanofusion Game (strategic card ATCCATS ORI
game under development) QDS ORN s

IEGVALOSULO
PROJEKT

@ Infroton Fusion, U. Arizona, SRNL 5 2
(new connections)

or Nanofusiol



Mainstream fusion technology

NAPLIFE: goals, results, plans
Energy of the Future: nuclear fusion g P

NAPLIFE summary

...and message

@ Nanofusion = nanotechnology + fs laser + nuclear fusion

e Research: nanotech+spectro, development of energy and fusion product
detection

© Aims: more plasmonic enhancement, better fusion fuel, stronger lasers,
n-free processes (p+11B).

e Business model: bounteous and cheep electricity.

e Wigner partners: ELI, EK, BME, SZTE, DE, MCG Digital, Infroton Fusion,
ATOMKI, OCL, Optilab, Spirocco
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