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PLASMONICS AND HIGH FIELDS APPLICATIONS

Special type of the optical near field

A dielectric

E f\f\/\f\

Ti:Sa laser: A=800nm (~1.55eV) ; t(ser)™~20fs




LSPP

d<< A

“Near-field coupling”

— Resonator coupling

d>>A
“Dipole-dipole coupling”

— Interferences

If a << A = dipole :
p=&ak;
with:
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Resonance when g, (0) =- 2 x g, (»)

w==p Enhanced absorption

= Enhancement of the near-field & scattering



LOCALIZED PLASMONS (LSPP) UP TO 10%° W/cm?)
(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 INTO THE DIELECTRIC /VACUUM

-NO DISPERSION
-BROADER RESONANCE



Nanorod:Transverse and longitudinal modes!
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PLASMONREONANCE OF NANOPARTICLES SHAPE AND- ES SIZEDEPENDENT!

Nanoshell:
2
o, = | 7N . Bulk
me
Dy = Surface
Sphere
\/ 2l +1 P

Nanoshell plasmon
resonance depends on the
] +1 X ratio .
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Spectral tuning range

nanoshell plasmon rezonance

Core/Shell Ratio ry/(r,-r;)
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Krystina Kolwas: Materials 2023, 16,1801, pp1-15



SPP and LSPP are a ,,NEW TYPE OF LIGHT”,
they are

1. BOUND TO THE (METAL) SURFACE (SPP and LSPP)

2. HAVE SPECIFIC DISPERSION PROPERTIES (LSPP no dispersion)

3.THE DIFFRACTION LIMIT DOES NOT APPLY,

4.CAN BE SQUEEZED TO NANOSIZED VOLUMES

5. SCREEN POSITIVE (e.g.proton) PARTICLE FIELDS

6. 1S CORRELATED MOTION OF A HIGH NUMBER OF CONDUCTION

ELECTRONS

7. COULD REPRESENT VERY HIGH ELECTRIC FIELDS (hot spots)

8. MAY BE THE SOURCE OF DIFFERENT NONLINEAR PROCESSES

9.SHOW NON-CLASSICAL PROPERTIES
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Some potential new energy technologies

(involving nanotechnologies)
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Laser pulse length: 300 fs e

Ti:Sa laser: A=800nm, ~1.55eV 7" -~ spot size nearly constant
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PENETRATION
INTO THE
TARGET

Plasm
A=1-R

<3 x10®¥Wcem=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

G.R.Kumar: www.tifr.res.in/~uphill
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CRATER VOLUMES

¢ Volume Au2 - 10 mJ

M Volume Au2 - 25 m)
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B Volume - Au0 - 27,7 mJ

HIGH FIELD
PLASMONICS
WORKS!



Crater volume (cubic micron)
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COPYING
NATURE!

1 quintillion bytes

1"g.'l-,"'."--.'-.'i .--l.f.-”.-“.‘l,. "
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HUMAN BRAIN VS ‘ ;«Tf
SUPER COMPUTER | ‘ '

30 quadrillion bytes - bulb = 1 wtt)
8.2 billion megaliops ]

Cat Brain
28 trillion bytes
| milllon megaflops

3.5 quadriilion bytes
2.2 billion megaliops

&4 billion bytes Human
170 megaflops Genome
2.5 watts 750 million bytes

(IBM TrueNorth chip simulation of 1million neurons and 256 million
synapses , 10 thousand times less energy) Memristors(nanorods)



No2 application (LSPP)

The Inertial Confinement Fusion Concept Th e most succe Sfu I

Blowot technologies

Inward transported

* thermal energy |m|tate nature
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Atmosphere
formation Compression Ignition Burn
Laser beams rapidly Fuel Is compressed by During the final part of the Thermonuchear burn
heat the surface of the  the rocket-llke blowotf laser pulse, the fuel core spreads rapldly through the
fusion target forming @ of the hot surface reaches 20 times the density  compressed fuel, yielding
surrounding plasma material. of lead and ignites at many times the inpul energy.
envelope, 100,000,000°C.
Laserbeams
The Sun
\ ’ expanding plasma
Pressure \
from Gravity

- Fusion - i
b2 2 N

laser beam




Laser fusion

expanding plasma

comprassed core

*

lasar beam

@ 2009 Encyelopsedia Britannica, Inc.

Problems of inertial fusion

Long laser pulses (~50ns)

* High requirements on irradiation symmetry

RaiIeigh-Taonr insta blllty * Insufficient laser repetition rate
Complicated ta rget construction * Very precise injection system is needed

* The target position has to be tracked in order to
Enormous laser energy (400/18'\/”) ensure required irradiation precition

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



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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Demonstration of the correlated state
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Maximal proton energy (MeV)
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The future:Two-sided irradiation

Optikai asztal




Deposited
&l g 0.0Q05

0.0090
10.0075
\ 0.0060
0.0045

0.0030
0.0015

Q%k) 0.5 0.0 0.5 1

0
x(h/2)
without nanoparticles with nanoparticles
Integrated Integrated

2.0 : : 2.0 _
¢ !2.0@1
2.1 1.75

1.5 1:5
1.8 1.50
1.5 1.25

1.00
0.75
0.50
0.25

)
1.2 5‘:1.0
R 0.9

0.6 0.5]
0.3

0.0 : : - 0. ; . : ,
-1.0 -0.5 0.0 0.5 1.0 —01.0 -0.5 0.0 0.5 1.0

x(h/2) x(h/2)
Some preliminary results with one side illumination —————




NANOSHELL
(nx10nm)

NANOROD (~85x25nm)
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THE FUSION MATERIAL



1. DIAGNOZIS (crater volume)

Volume
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40 unit
40 unit




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)

10

o & < 2,5.10"W/cm?
8
L 2
[R——4 . 2
£ L 2
= *
@©
7,
5
*v 2.1017W/cm2 ®Sa-Au2-25ml)
4 ‘ WmSa-Au0-27,7ml
¢ m
3
[ |
1,2.10"W/cm? _N‘I .
2 ‘ *
[ |
) 0,5.10"W/cm? i pm"™ E g .
& |
guuu¥®? "EEmgan
O T T T T T 1
-2 -1 0 1 2 3 4

Longitudinal position [mm]



2.Diagnozis :Raman scattering from the crater surface
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3.DIAGNOZIS: LIBS SPECTRUM OF H® AND D? SPECTRAL LINES

Experimental Setup for LIBS

Feedthrough

ConFlat (CF) fittings
are flanges which
utilize metal seals to
attain vacuum
conditions

Dichoric Mirror
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SOME RESULTS OF THE H® AND D SPECTRAL LINES

|

sensqng

= Pb,
-1 \:\
‘ Cs
» \‘\

——D100 UDMA_155_3mJ_Ar2mBar_delay1us

2000 ~

1500

<«—— Deuterated (30%) sample

1000

Intensity (arb. unit.)

500

655,8 656,0 656,2 656,4 656,6
Wavelength (nm)

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

—— UDMA, 17,5 mJ
~1500 - - - Hline
] .
. - - - Dline
&
Py
g1000
Q2
=
8
5 500
758 - - ey
—— UDMA+AU1, 17,5 mJ
— - - —Hline
] — — Dline
‘('6’ 500
2>
‘»
c
9
£
0 250
1]
_|
0
" " 1 "
655,8 656,0 656,2 6564 656,6 656,8 657,0
Wavelength (nm)
m  D/(2D+H)
® 0.7mics
A  0.5mics
0,10 -
0,08 -
e
[ ]
__ 0,06
I . *
[m]
S 0,04
[m) A
0,02 4
-
a2
0,00 -
0 é 1‘0 1I5 2‘0 2‘5

Laser pulse (millijoule)

Number of D atoms in the case of 17.5mJ laser pulses : ~1.76x10"




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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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.
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

-Supportive modelling results.

-Still several open questions.



THE ADVICE OF ALBERT EINSTEIN
FOR THE FUTURE:

THE PROBLEMS WE ARE FACING TODAY CAN NOT BE
SOLVED WITH THE SAME WAY OF THINKING BY WHICH WE
CREATED THEM.

THANKS FOR YOUR
ATTENTION




us |7 |ns| 7" |ps| 7 |fs

- ~ ion
= R I P energies
o 10%7 10"+ 5-10% W/cm? “ a,=1
@ rd
= n
a - 'OPCPA
~ T i -1~ 100 MeV/u
E |‘1ﬂ /10 1__ |I| 108 W/em2 / GeV electrons
T TV Lol e e i ekl 2 i s
= a=eAime2 =1 | 1 MeViu
£ 10"+ CPA L 100 keV/u
8
; mode-locking 1 keViu
8 10"710' (awitching -0.1 keV/u

| | | |

| | | |

1960 1970 1980 1990 2000 2010
year



electrons above 100 keV (%) protons above 1 MeV (%)

electrons above 100 keV (%)

Fraction of particles at energies Fraction of particles at energies

401 ‘ —
~me p @ 4el5 W/cm? T §2 ol = P @ 4el5 W/cm?
30, ~* P @ 4el6 Wicm? o 3 |~ P @4el6 Wiem?
-+ p@ 4el7 W/cm? / Zi /,c"’o E 1.5 p @ 4el7 W/cm?
20 —— p @ 4el8 W/cm? F i i g —— p @ 4e18 W/cm?
/ ey /w" 21.0
= ©
Y o
10 P - e 50'5
........ eors §
0l i 500
80 100 120 80 100 120
time (fs) _ time (fs)
100+ X100
e g, @ 4€15 Wicm? > wme ga, @ 4el5 W/em?
80 —e- ey, @ 416 W/cm? £ 80 --e- s, @ 4e16 W/cm?
ol - - ey @ 4€17 Wiem? & o -+ eny @ 417 Wyem?
e @ 4e18 W/cm? v % e —h— eay @ 418 W/em?
----------- *---0-—-@_____
40/ -,81, 40 B g T SN
g i P et T, o =
201 o 20 a7
---------- :
Of % 0 N " " . "
80 100 120
time (fs) time (fs)
)
ey @ 4el5 W/cm? i’ ey @ 4el15 W/cm?
601 en @ 4e16 W/cm? 60 en @ 416 Wicm?
ey @ 4el7 Wicm? g ey @ 4e17 W/cm?
40 ey @ 4el8 W/cm? g 40 en @ 4e18 Wicm?
=
201 n 20
c
=
9]
01 % 01 ° ‘ ] : , ‘
20 40 60 80 100 120 20 40 60 80 100 120

time (fs) time (fs)




