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BASIC QUESTION: may we improve the conditions for
nuclear fusion by combining it with some other

technologies (and e.g. getting rid of the need of
compression and thermalization)?

In our case by exploring the effects offered by some
special optical near fields, generated by tabletop
lasers
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Light penetrates through much smaller
holes (slits), than the wavelength of light.

VACUUM

METAL

MOST OF THE EM ENERGY IS
CONCENTRATED AT THE SURFACE: GIANT
FIELD AMPLIFICATION

LARGE NUMBER OF POTENTIAL APPLICATIONS .



LOCALIZED PLASMONS (LSPP) UP TO 10%° W/cm?)
(The basic difference between SPP-s and LSPP-s)

(a) SPR (C) A ~ 250 - 1000 nm (e) LSPR
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LSPP: -NO PENETRATION INTO THE PLASMONIC MATERIAL (e.g. metal)
- SMALLER PENETRATION INTO THE DIELECTRIC /VACUUM
-NO DISPERSION, RESONANCE DEPENDS ON SIZE, SHAPE, MATERIAL
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Condenser lens

Energy meter 1 H_I_

target

Vacuum chamber

Energy meter 2

Sample: polymer (UDMA+ TEGDMA)
Au2 (0.18m/m%) resonant nanorods
and AuO (without nanorods)
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AND UP TO ~10%° W/cm?
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FIG. 3 (color online). Maximum proton energy (filled data « O )

points) and reflected light signal (empty data points) as a function
of incidence angle «. Left and right frames correspond to 20 um
thick plane targets and to 23 pum thick grating targets, respec-
tively. Filled circles and triangles correspond to 0.5 and 0.3 pm
deep gratings, respectively. The (red) dashed line is proportional
to sin’er/ cosa. The other lines are guides for the eye.

FIG. 4: (color). Cycle-averaged electron (a,b) and carbon
ion (c,d) density at ¢t = 61fs after the peak of the laser pulse
reached the 5.3nm target initially located at = = 3A. While
linear polarization results in strong expansion of the target
caused by hot electrons, for circularly polarized irradiation

the foil is accelerated as a dense, quasi-neutral plasma bunch.



A:Matter under extreme conditions

(extremely high intensities)
single
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Each atom loses at least one electron. Some can lose as many as 6 !



Probably the greatest challenge of the next decades:

SECURE ENERGY FOR 10" HUMANS

At 2050 minimum 10 Terawatt additional

energy sources will be necessary. ?‘&%
And for global prosperity this energy \‘
should be cheap. ‘
‘ X
WITH THE PRESENT TECHNOLOGIES THIS p—— ‘

IS IMPOSSIBLE. NEW ONES ARE NEEDED. = [ i

AND THE ENERGY NEED OF THE Al

. ENERGY.INNOVATION: "
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The most successful technologies copy nature

The Sun
) " 4

Pressure
from Gravity

‘ Fusion - E = mc?
' q N

The Inertial Confinement Fusion Concept

Laserbeams
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-> Inward transported
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Atmosphere
formation Compression Ignition Burn
compressed core
Laser beams raplidiy Fuel Is compressed by During the final part of the Thermonuclear burn
heat the surface of the  the rocket-like blowotf laser pulse, the fuel core spreads rapldly through the
fusion target forminga  of the hot surface reaches 20 times the density  compressed fuel, ylelding .
surrounding plasma material, of lead and ignites at many times the input energy.

100,000,000°C. ) laser beam



192 laser, 400MJ, on target 2MJ. The generated nuclear energy 6MJ. The cost of one capsule
~10°USD. The length of the laser pulse : 10-50ns, 1 imp/day. Facility cost: multibillion USD.



NIF (LASER INDUCED FUSION)
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192 laser, 400MJ, on target 2MJ. The generated nuclear energy 3MJ. The cost of one capsule ~10°USD.
length of the laser pulse : 10-50ns, 1 imp/day. Facility cost: multibillion USD.
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NANOPLASMONICS AND ENERGY CONCENTRATION

1600

0.85
0.9
12004 0.92

fdﬁ“*‘ B

(AR s

0.8

)
-
=
=3
<

1

10004

NANOROD (~85x25nm) NANOSHELL(nx10nm) 00

6004

Field enhancement factor (-

E 400
- 2004
= 2.0
10% 200 400 600 800 1000 1200 1400 1600 1800 2000
k) Freespace wavelength (nm)
20
g
=
=

-0.5 0.0 0.5
x(h/2)

Wp (GV) Figure 3: (color online) Integrated energy up to a given time in
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NANOPARTICLES IN TH E tour line T' = 1, indicates the critical temperature, T, where
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d ~ n 1 O ous whole volume transition or ignition. The irradiated energy,
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FEMTOSECOND LASER PULSES;
. HIGH REPETITION FREQUENCY;
LIGHT SPEED: NO TIME FOR
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TIMELIKE VOLUME IGNITION
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HIGH FIELD
PLASMONICS
WORKS
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Crater volume (cubic micron)
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Diagnosis :Raman scattering from the crater surface
arXiv2210.00619(2022),
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SEM, ZYGO AND LIBS IMAGES

without nanoparticles 0.18m/m% resonant nanoparticles
LASER PULSE:
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SM: RESOLUTION Stage Tilt: 0.0° 50 pm SM: RESOLUTION Stage Tilt: 0.0° 50 pm
SEM MAG: 6.40 kx Date(m/d/y): 07/26/22 Wigner Research Centre for Physics SEM MAG: 6.40 kx Date{m/dly): 07/25/22 Wigner Research Centre for Physics




2.DIAGNOZIS: SOME RESULTS OF THE H* AND D® SPECTRAL LINES
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Number of D atoms in the case of 25mJ laser pulses : ~1.76x10"™
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TRL 0:
TRL 1:
TRL 2:
TRL 3:
TRL 4:
TRL 5:
TRL 6:
TRL 7:
TRL 8:
TRL 9:

European

Commission

Technology Readiness Levels

Idea. Unproven concept, no testing has been performed.

Basic research. Principles postulated and observed but no experimental proof available.
Technology formulation. Concept and application have been formulated.

Applied research. First laboratory tests completed; proof of concept. _
Small scale prototype built in a laboratory environment ("ugly" prototype).

Large scale prototype tested in intended environment.

Prototype system tested in intended environment close to expected performance.
Demonstration system operating in operational environment at pre-commercial scale.
First of a kind commercial system. Manufacturing issues solved.

Full commercial application, technology available for consumers.



Optimalization (second phase of the reserch programme):

Fusion material (polymer, high hydrogen content,...)
Nanoparticles (material, shape, distribution...)
2 laser beams ( intensity, pulse length, contrast...)
(timelike ignition)
Direct electricity generation
Potential applications:
Up and down scaling in size
Space application

When the winds of changes are
blowing some build shelters, but
some others build wind turbines

Several ,experts” force us and the
decision makers to build shelters,
while on global scale enormous
capitals stream into fusion research.




THANKS FOR YOUR ATTENTION!




DIFFERENT RESOURCES FOR ENERGY PRODUCTION

Why fusion energy?

Specific data, availability
1J/mg =1kJ/g=1MJkg = 1 GJ/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; ol
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



