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



MULTIPHOTON ELECTRON EMISSION FROM GOLD
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SURFACE PLASMONS AND THEIR PROPAGATION
Tn (fSL)
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LOCALIZED SURFACE PLASMON POLARITONS
d<< A

- “Near-field coupling”

O‘_’O —> Resonator coupling

ﬁ d>>A

“Dipole-dipole coupling”

= Interferences
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LOCALIZED PLASMONS (LSPP, UP TO 10%° W/cm? proved)
(The basic difference between SPP-s and LSPP-s)
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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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Some potential new energy technologies

(involving nanotechnologies)

P3HT Cell
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THE MAGNETIC CONFINEMENT FUSION REACTOR (ITER):

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



Nol. application (NIF)
The Inertial Confinement Fusion Concept
oo enerey The most sucFesfuI
e technologies

Inward transported

rmal oorgy imitate nature

<> E = mc?

formation Compression Ignition Burn

->

Laser boams rapldiy Fuel Is compressed by During the final part of the Thermonuclear burn
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surrounding plasma material. of lead and ignites at mnny times tho hpul ommy.
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Laser fusion

expanding plasma

comprassed core

laser beam

\ ® 2009 Encyclopadia Britannica, Inc.

On the target:
2MJ) — 3MJ

Problems of inertial fusion

Long laser pulses (~50ns), 192 laser
Raileigh-Taonr insta b|||ty * Insufficient laser repetition rate

* High requirements on irradiation symmetry

* Very precise injection system is needed

Complicated target construction
* The target position has to be tracked in order to
Enormous laser energy (400/2 MJ) ensure required irradiation precition

TO COMBINE 2 DIFFERENT (e.g. fusion and nano-) TECHNOLOGIES TO REACH
FUSION AT THESE ULTRAHIGH EM FIELDS?
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HIGH REPETITION FREQUENCY;
LIGHT SPEED: NO TIME FOR INSTABILITIES;
ONLY MAXIMUM TWO BEAMS;

NANOPARTICLES IN (TIMELIKE VOLUME IGNITION)
THE FUSION MATERIAL

AT PRESENT: RESULTS ONLY FROM ONE SIDED SHOTS.



Laser pulse length: 300 fs
Ti:Sa Iaser:_ A=800nm, ~1.55eV
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Giant plasmonic amplification; the laserlight reaches the nanoantennas;



PLASMA MIRROR REFLECTIVITY
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Reflection
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Reflection vs. focusing on AuO and Au2 samples (2022.02.20.)
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Sample: 160um thick transparent polymer (UDMA).
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FIG. 3 (color online). Maximum proton energy (filled data
points) and reflected light signal (empty data points) as a function
of incidence angle «. Left and right frames correspond to 20 pwm
thick plane targets and to 23 gm 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®e/ cose. The other lines are guides for the eye.

FIG. 5. Plasmon enhanced TNSA of
pmmm (a) Schematic of TNSA.
The fast electrons produced by the
interaction at the front side cross the
target and produce a sheath at the rear
side, where ions are accelerated. (b)
Experimental data from the interac-
tions of a high-contrast 25 fs,

IZ,SX 10 W cm™? laser pulse with

solid plastic targets. The cut-off energy
of protons emitted from the rear mea-
sured as a function of the incidence
angle from both flat and grating targets
(for two different values of the grating
depth). An up to 2.5-fold energy
increase is observed for gratings, with
a broad maximum around the resonant
angle for SP excitation (30°). Data
from Ref. 95.

Plasma absorption

A=1-R

[<3x10Wcem=2 Ais
almost polarization
independent & obeys
Fresnel laws, as IB is
dominant

« at higher intensities, there"
is a clear polarization
dependence of absorption

« the difference in
absorption should account
for extra absorption
mechanisms, which are
polarization dependent

Reflectwity
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OUR PROPOSAL: COMBINE PLASMONICS WITH
NUCLEAR FUSION TECHNOLOGY

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
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ILLUSTRATION OF THE RESULT
OF THE SCREENING EFFECT
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Figure 1: p-''B cross section as function of particle energy for the screening electron densities up

to Es = 20keV. The cross section near £ = 10eV grows over 14 orders of magnitude (from 103

to 10*°m?) over the range of 5 to 20keV.




Demonstration of the correlated state
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Maximal proton energy (MeV)

SIMULATION OF PROTON AND ELECTRON ENERGIES AT A SINGLE NANOROD
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With Au nanorods Without Au nanorods
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signal

Ti:Sa LASER PULSE SPECTRA AT DIFFERENT
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The future:Two-sided irradiation
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Reflected energy as the function of the longitudinal position

Energy of the impulse: 10 mJ
Samples: UDMA-TEGDMA-AuU0 and Au2
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1. DIAGNOSIS

SEM IMAGE OF UDMA WITH AU NANORODS SEM IMAGE OF UDMA WITHOUT AU NANORODS
And Zygo images of the craters

SEM HV: 8.0 kV Det:BSE | | | MIRA3 TESCANJll  SEM HV: 8.0 kv DetBSE | | | | | |  MIRA3TESCAN
SM: RESOLUTION Stage Tilt: 0.0° 50 pm SM: RESOLUTION Stage Tilt: 0.0° 50 pm
SEM MAG: 6.40 kx Date(m/dly): 02/16/22 Wigner Research Centre for Physics SEM MAG: 6.40 kx Date(m/dly): 02/23/22 Wigner Research Centre for Physics

Images at 17.5mJ laser energy, 1,16.10" W/cm? laser intensity.The volume of the crater of
the sample with nanorods (b) is 1.98 times that of the sample without rods (a).




Volume:Vy

x 10*

DIAGNOZIS (crater volume)

Crater volume

18

Térfogat [um’]

A UDMA-AuU2
® UDMA-Aul
B UDMA-X

Aul: 0,12 m/m%
Au2:0.18 m/m%

" e p»

Laser pulse energy [mJ]

Volume
max. 3.5Vq

Depth of the craters in the function of intensity
in the three different sample

40
B UDMA-Au0 : y = Intercept + B1"x™ +
® UDMA-Au1 fﬁa"“" B2
35 4 UDMA-Au2 Weight No Weighting
intercept 1,49696 = 0,28452
B1 7,20561E-17 = 5,32993E
B2 -1,01659E-34 + 1,99469
30 4 Residual Sum of Squa 0,22081
R-Square (COD) 099739
Adj. R-Square 0.99566
N y = Intercept + B1*x™M +
— 25 1 Equation B2txA2
£ Plot UDMA-Aut
= Weight No Weighting
— Intercept 1,80363 + 050172
£ 20~ 81 1,15947E-16 = 0,30871E
o B2 -1,73225E-34 = 351741
) Residual Sum of Squa 071771
Q 45 R-Square (COD) 0,0966
. Adj. R-Square 0,59434
- ¥ = Intercept + BIH +
Equation Boexto
10 4 Plot UDMA-AL2
Weight No Weighting
A Intercept 0,80829 + 1,28262
B1 1,88099E-16 = 2,40271E
5 B2 334623E-34 + 8,992E-
Residual Sum of Squa 469045
R-Square (COD) 0,98962
Ad]. R-Square 0.9827
3 —— —
1E16 1E17 1E18 1E19
Intenzity [W/cm?]



17 P SR 4 :
2.10 W/Cm y ¢ y Volume: 3.5V,




Volume [um?3]

Volume [um3]

6,00E+05

1 ) CRATER VOLUMES
w < 2,5.10"W/cm
5,00E+05
i
4,00E+05
"= 17 2
g ¥+ 2,3.10"W/cm
3,00E+05
¢ Volume Au2 - 10 mJ
[ 17 2
2,00E+05 210 W/Cm M Volume Au2 - 25 mJ
1,2.10”W/cm? Wy - . o
Epm
1,00E+05 4.—.-.-. *
' ¢ 4 ¢ I .1 * ¢ L 4 ’ '3 4 ¢ Targetfélia
$oe0 ”\ 0,46. 1017W/cm
0,00E+00 T T T 1
2 -1 0 1 2 3 4
Longitudinal position [mm]
6,00E+05
L 2
5,00E+05
‘ @ Volume - Au2 - 25 m)J
4,00E+05
* 2 * B Volume - Au0 - 27,7 ml
L 2
L 2
3,00E+05
L 2
2,00E+05 . -
", L HIGH FIELD
i [ | ] 2 4 [ ]
1,00E+05
B T 1 SN L PLASMONICS
“am ¥~ 0,5.10"W/cm?
- - - - - | WORKS!
2 -1 0 1 2 3

Longitudinal position [mm]



3D Model

3D Model
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Surface roughness as function of the longitudinal position
of the Au2 vs. Au0 samples
Energy of the impulse: 27,7 mJ (Au0) and 25 mJ (Au2)
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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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2.Diagnozis :Raman scattering from the crater surface

arXiv2210.00619(2022),submitted to
Advanced Optical Materials
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3.SOME RESULTS OF THE H* AND D SPECTRAL LINES
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CRATER — LIBS CORRELATION
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IN WORK BUT NOT YET CONCLUDING TECHNIQUES:
1.Atomic optical spectroscopy,
2. Mass spectrometry.
3.Nuclear detection techniques. 3: CR39 film, 1 laser shot
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4. DIREKT NUCLEAR PROOF? (in vacuum?)




Extreme Light Infrastructure — Szeged, HU

SYLOS LASER (up to 10"™ W/cm?, 10 contrast, single shots
and later up to the
2PW (?) LASER ( 1Hz, ~10fs, 30 J, 10" contrast

41
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Comparing modern approaches

How close are we to “space plane” fusion in both the figurative and literal sense? How &
will we power the real future space planes that can travel across the solar system?

Recap: Wy

PECVVETVIO 0 PBPOONO [ ©  1.CF opened the door to considering fusion
" T Ak M B processes outside the thermal regime

pB laser driven fusion remains an ssential
technological exploration towards table-top fusion
Plasmonic fusion satisfies all the requirements of
truly table-top fusion: y
* Femto-attosecond high contrast laser pulse

100 years : ; > e Aneutromc

commercial laser te
* Transferable to ELI-Al
energy production

From: Jan Rafelski

LASER RADIATION




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) andH — D
transmutation (fusion) as the explanation, indicated by Raman scattering on the
C-D and N-D vibrations and LIBS D° latomic spectral line.

-Supportive modelling results.

-Still several open questions.



AND OUR GOALIS:

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;

HEEE T e

When the winds of
changes are blowing
some build shelters,

but some others build
wind turbines




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.






