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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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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

Multiphoton tunneling

transition at

~4x1010 W/cm2 incident

intensity, 

~5.5x108 V/m field

Keldysh-gamma =31

→ indication of well-known

field enhancement of surface

plasmonic fields

slope: 0.89 ± 0.03
Tunneling from
~4x1010 W/cm2
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W: work function, El: laser field strength

MULTIPHOTON ELECTRON EMISSION FROM GOLD 

PLASMONIC 

ENHANCEMENT!



SURFACE PLASMONS AND THEIR PROPAGATION

ɛ = ɛ₁ + i.ɛ₂    ɛ₁<0



LOCALIZED SURFACE PLASMON POLARITONS

HOT 
SPOTS!



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

LSPP: - NO PENETRATION INTO THE PLASMONIC MATERIAL (e.g. metal)
- SMALLER PENETRATION DISTANCE INTO THE DIELECTRIC /VACUUM
-NO DISPERSION
-BROADER RESONANCE



Nanorod:Transverse and longitudinal modes!
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Krystina Kolwas: Materials 2023, 16,1801, pp1-15



Some potential new energy technologies
(involving nanotechnologies)

P3HT Cell

efficiency = 6%

SPESC (P3HT) 

efficiency = 17.5%

Toward our proposal 2.

HIGH FIELDS. 
NUCLEAR FUSION

1.



THE MAGNETIC CONFINEMENT  FUSION REACTOR (ITER):  
(inside view)

Problems: costs; size; tritium supply (?); construction materials; delay; etc.



E = mc²

Laserbeams

The most succesful
technologies

imitate nature

No1. application (NIF)



Long laser pulses (~50ns), 192 laser
Raileigh-Taylor instability
Complicated target construction
Enormous laser energy (400/2MJ)

1sho

TO COMBINE 2 DIFFERENT (e.g. fusion and nano-) TECHNOLOGIES TO REACH 
FUSION  AT  THESE ULTRAHIGH EM FIELDS?

10⁵USD

2MJ 3MJ
On the target:



FEMTOSECOND LASER PULSES;
HIGH REPETITION FREQUENCY;

LIGHT SPEED: NO TIME FOR INSTABILITIES;  
ONLY  MAXIMUM TWO BEAMS;
(TIMELIKE VOLUME IGNITION)

d ~ n.10μ

NANOPARTICLES IN 
THE FUSION MATERIAL

NANOSHELL
(nx10nm)

NANOROD (~85x25nm)

ʎ = 800nm:

n.10μ

AT PRESENT: RESULTS ONLY FROM ONE SIDED SHOTS.

No.2. application (LSPP)



~10¹⁴ W.cm ̄²

Laser pulse length: 300 fs
Ti:Sa laser: ʎ=800nm, ~1.55eV

Giant plasmonic amplification;  the laserlight reaches the nanoantennas;

Spot size nearly constant



PLASMA MIRROR REFLECTIVITY

Ch.Ziener at al : J.Appl.Phys. 93,768 (2013)



MIRROR PENETRATION

Laser pulse energy:25mJ

Sample: 160μm thick transparent polymer (UDMA). 



Checcotti



SOME POTENTIALLY EXPLOITABLE  HIGH FIELD PLASMONIC EFFECTS:

1.Go for localized surface plasmon polaritons (LSPP)

2.Lifetime of LSPP-s is in the few ten femtosecond range. We may get high
intensity laser pulses in this time-domain and the plasma instabilities disappear.

3.High electron densities and EM fields can be obtained in small (nanosized) volumes on
resonant plasmonic nanoparticles (hot spots).

4.The near field of plasmons screen the repulsive field of positively charged (e.g. protons) 
particles and  so they may fuse more easily. So do the ponderomotive forces.

5.The large number of conduction electrons move in the plasmonic excitations in correlated
way and their momentum may be in sum  transfered in high exciting fields to positive
particles,   moving together with them, further increasing the probability of nuclear

fusion.

6.With these short pulses we do not need many beams, like in the NIF, the target can be a 
thin film, illuminated only by 2 beams from opposite directions, and the same
energy density may be achieved in the whole thicknes of the target sample, and this may
lead to timelike fusion. 

OUR PROPOSAL: COMBINE PLASMONICS WITH  
NUCLEAR FUSION TECHNOLOGY



ILLUSTRATION OF THE RESULT 
OF THE SCREENING EFFECT

A.Y.Wong and C-C.Shinh:UCLA 2019

Illustration with the H+B 3He reaction
Ponderomotive screening
Fᵨ = (e²/4mₑꙍ²).grad (E²)

HOT SPOTS

!



Demonstration of the correlated state



SIMULATION OF PROTON AND ELECTRON ENERGIES  AT A SINGLE NANOROD



With Au nanorods Without Au nanorods



Ti:Sa LASER PULSE SPECTRA  AT DIFFERENT   INTENSITIES
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without nanoparticles with nanoparticles

Some preliminary results with one side illumination





d = 160μ



SEM IMAGE OF UDMA WITH AU NANORODS              SEM IMAGE OF UDMA WITHOUT AU NANORODS 

Images at 17.5mJ laser energy, 1,16.10¹⁷ W/cm² laser intensity.The volume of the crater of 
the sample with nanorods (b) is 1.98 times that of the sample without rods (a).

And Zygo images of the craters

ab

1. DIAGNOSIS 



DIAGNOZIS (crater volume)
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2.10¹⁷ W/cm²
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HIGH FIELD 
PLASMONICS 

WORKS!

CRATER VOLUMES

0,46.10¹⁷W/cm²
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CRATER VOLUMES

CRATER VOLUME 
SURFACE ROUGHNESS

Au2 vs Au0:  Qmax ~ 7
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2.Diagnozis :Raman scattering from the crater surface
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2D+H The total number of H atoms before the transmutation process

Number of D atoms in the case of  25mJ laser pulses : ~0.4x10¹⁴

3.SOME RESULTS OF THE Hᵅ AND Dᵅ SPECTRAL LINES

Deuterated (30%) 
sample

D
H

D

H

?



CRATER – LIBS CORRELATION



IN WORK BUT NOT YET CONCLUDING TECHNIQUES:
1.Atomic optical spectroscopy,
2. Mass spectrometry.
3.Nuclear detection techniques. 3: CR39 film, 1 laser shot

2

Boron nitride seeded samples

Au2

Au0

Au2

Au0

1



Polonium

4. DIREKT NUCLEAR PROOF? (in vacuum?)



41

SYLOS LASER    (up to 10¹⁹ W/cm², 10¹⁰ contrast, single shots
and later up to the

2PW (?) LASER  ( 1Hz, ~10fs,  30 J, 10¹² contrast

Extreme Light Infrastructure – Szeged, HU
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From: Jan Rafelski



SUMMARY:

-Localized plasmons (LSPP) differ from the propagating ones with positive consequences.
-Properties are shape and material dependent (Au and Ag resonances in the visible

spectrum)
-At high laser intensities no plasma mirror effect.
-Nanoparticles are effective at high laser intensities. Field amplification (hot spots).  

Optimal lifetime for femtosecond lasers (e.g. Ti:Sa, 800nm)
Simplified geometry (one or two biams)
Screening (near field and ponderomotive effect)
Correlated momentum transfer

-Energy production (crater volume up to 8 times larger with Au nanorods) and H         D  
transmutation (fusion) as the explanation, indicated by Raman scattering on the
C-D  and N-D vibrations and LIBS Dᵅ latomic spectral line.

-Supportive modelling results.
-Still several open questions.



AND OUR  GOAL IS:

To strengthen these results and reach further ones,  based on LSPP properties
with the intention to

-drive for efficient nanoplasmonic aneutronic fusion reactions,
-and this way scale down the size and costs of  future laser based nuclear

fusion facilities; 
-find solutions at the lowest possible optimal laser pulse energies;

When the winds of 
changes are blowing
some build shelters, 

but some others build
wind turbines





THANKS FOR YOUR ATTENTION!


