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In our case by exploring the effects offered by some

special optical near fields, generated by tabletop

lasers

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)?
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Light penetrates through much smaller

holes (slits), than the wavelength of light. 

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

FIELD AMPLIFICATION

VACUUM

METAL   LARGE NUMBER OF  POTENTIAL APPLICATIONS .



LOCALIZED PLASMONS (LSPP) UP TO  10²⁰ W/cm²)
(The basic difference between SPP-s and LSPP-s)

LSPP: -NO PENETRATION INTO THE PLASMONIC MATERIAL (e.g. metal)
- SMALLER PENETRATION INTO THE DIELECTRIC /VACUUM
-NO DISPERSION, RESONANCE DEPENDS ON SIZE, SHAPE, MATERIAL
-BROADER RESONANCE



Sample: polymer (UDMA+ TEGDMA) 
Au2 (0.18m/m%) resonant nanorods

and Au0 (without nanorods)

MEASUREMENTS AT 
WIGNER R.C.

Au0

10^17 W/cm^2



AND UP TO ~10²⁰ W/cm²



A:Matter under extreme conditions
(extremely high intensities)

I = 1016 W cm-2 E ~ 109 V/cm

Rapid ionization of valence electrons
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Tunnelling 1014 - 1015 W cm-2
Over the barrier> 1015 W cm-2

Each atom loses at least one electron. Some can lose as many as 6 ! 
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Pulse train average power (mW)

Slope: 4.3+/-0.4

4.10¹⁰ W/cm²

Slope: 0.89+/-0.03



Probably the greatest challenge of the next decades:

SECURE ENERGY FOR 10¹º HUMANS 

At 2050 minimum 10 Terawatt additional

energy sources will be necessary.

And for global prosperity this energy

should be cheap.

WITH THE PRESENT TECHNOLOGIES THIS                                                            

IS IMPOSSIBLE. NEW ONES ARE NEEDED.

AND THE ENERGY NEED OF THE AI



E = mc²

Laserbeams

The most successful technologies copy nature



10⁵ USD

Q = 
1.5

Q = 1.5

192 laser, 400MJ, on target 2MJ. The generated nuclear energy 6MJ.  The cost of one capsule
~10⁵USD.   The length of the laser pulse : 10-50ns , 1 imp/day. Facility cost: multibillion USD.



NIF (LASER INDUCED FUSION)

192 laser, 400MJ, on target 2MJ. The generated nuclear energy 3MJ.  The cost of one capsule ~10⁵USD.  The 
length of the laser pulse : 10-50ns , 1 imp/day. Facility cost: multibillion USD.

10⁵USD
Target

chamber



-HOT SPOT
-SCREENING
-PONDEROMOTORIC   

ACCELERATION
-CORRELATED MOTION



FEMTOSECOND LASER PULSES;
HIGH REPETITION FREQUENCY;

LIGHT SPEED: NO TIME FOR 
INSTABILITIES;  ONLY TWO BEAMS;

TIMELIKE VOLUME IGNITION

d ~ n.10μ

NANOPARTICLES IN THE 
FUSION MATERIAL (polymer)

NANOSHELL(nx10nm)NANOROD (~85x25nm)

:

n.10μ

NANOPLASMONICS  AND ENERGY CONCENTRATION

Λ=800nm
1.55 eV



Au0 12.3fs

Au2 12.3fs  R Au2 12.3fs NRSamples with BN

E = 56keV E =37.7keV

E = 37.1keV



HIGH FIELD 
PLASMONICS 

WORKS



13,15.10⁵µ³

3,48.10⁵µ³

V₂/V₀ = 3.78
C₂/C₀ =6.54Lézer impulzus 

hossz: 43fs



~2.10¹⁷ W/cm²
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Volume ~3,5 V₀



25mJ

27.5mJ

Crater volume:  ~ Elaser imp.

Volume increase: ~ Ilaser imp
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Ilaser > x.10¹⁶ W/cm²

Diagnosis :Raman scattering from the crater surface
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 UDMA+AU1, 17,5 mJ

 H line

 D line
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 UDMA, 17,5 mJ

 H line

 D line

without nanoparticles 0.18m/m% resonant nanoparticles

SEM, ZYGO AND LIBS IMAGES

LASER PULSE:
40fs, 25mJ



2D+H The total number of H atoms before the transmutation process

Number of D atoms in the case of  25mJ laser pulses : ~1.76x10¹⁵

2.DIAGNOZIS: SOME RESULTS OF THE Hᵅ AND Dᵅ SPECTRAL LINES

Deuterated (30%) 
sample

D
H

D

H

Scientific Reports 14 (18288) 2024



Proton – boron reaction:  
p +¹¹B        3α + 8,6 MeV

Scientific Reports
(2024) 14:30087

150keV150 keV



Au2 ‖

Au2 Ͱ

Au0 ‖ and Ͱ

Au0 Au2



DIAMETER (micron)

α

LET (keV/micron)





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


