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A TERMESZET

1 quintillion bytes

UTANZASA!
KULONBOZO AGYI ; ==
KAPACITASOK ES ' Slperen E
SZUPER 2 st L
SZAMITOGEP
PARAMETEREI  pEyeire

megaflop Cat Brain

98 trillion bytes

61 million megafiops

3.5 quadrillion bytes
2.2 billion megaflops

64 billion bytes Human
170 megaflops Genome
2.5 watts 750 million bytes

Cél az agyi idegmiikodéshez jobban hasonlité technolégia. (IBM
TrueNorth chip 1millié neuront és 256 millid szinapszist szimulal és egy
dsszemeérheto teljesitményl tradicionalis csipnél tizezerszer kevesebb
energiat hasznal) Memrisztorok (nanoszalak)?
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Anyag extrém korulmények kozott

szabad

atom | =101 W cm™? meem)> E~10°V/cm

Nagy intenzitas:
Fotoelektromos
effektus

-
v

V=-9iEx /\\\
X

Tunnellezés A barrier felett

104 - 10> W cm? > 1015 W cm-2

Minden atom elveszit legalabb egy elektront. Egyesek akar hatot !
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Electron signal (a.u.)

Multifoton elektron emisszié aranybol
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PLAZMONIKUS
EROSITES!

W: kilépési munka, E;: |ézerfény térereje

Multifoton-alagut atmenet
~4x1019W/cm? beesé lézer
intenzitasnal,
~5.5x108 V/m térnél

Keldysh-gamma y=31

— ez is mutatja a jol ismert, a
fellleti plazmonok okozta 6riasi
tererositést.
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AZ OPTIKAI KOZELI TER

Incident
Beam

Deteclor

Schematic of the inleraction b-clw«n .m ol-;cu um! 1 hght beam, L fiest approsi-
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and then rellecled Is the d . This intespretation is peimitive hul provides the
vasis for the wndesstanding of the nation of image,
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Laser beam
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fiustration
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PLAZMONIKA

A fény hosszud hulldmhossza (* um) probléma az

optoelektronika nanométeres méretek felé vald
kiterjesztésében .
Egy lehetséges kilt: a fény konverzidja plasmonokka
Ezek hulldmhossza sokkal rovidebb lehet a fényénél
és elektronikus jeleket hordozhatnak.

Kompenzdljdk a gyenge foton-foton kdlcsb’nha’rc’(s’r

Dielec
Electric field, E

*/\m\m

A NANOVILAG OPTIKAJTA

(SdeOS TOVébbl €|6nnyel) Metal Charges
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PLAZMONOK MINT SPECIALIS ESET

Ez az el6adas: példa a plazmonikus specidlis tulajdonsagok alkalmazasara

A
A dielectric

E /’\f\/’\f\—»spp
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E=0 E(t=0)>0

LSPP

wn (eV) Ti:Sa lézer: A=800nm (~1.55eV) ; tier)~30fs

i g

2 3



SURFACE PLASMON POLARITONS (SPP)

1/2 Ty (15)
J 75

= E:
@ 4 ck

251

3.4eV
(360 nm)

Ar laser: X-ray wavelengths
Ayac = 488 Nm at optical frequencies

Agiel = 387 Nm
Ag/Si0, A =100 nm

Re &



LOKALIZALT PLAZMONOK (LSPP) 102° W/cm?2-ig)

(Az alapvet6 kilonbség a fellileti és lokalizalt plazmonok kozott)

(a) SPR ©) n A TENER | (o) LSPR
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LSPPR:- NINCS BEHATOLAS A PLAZMONIKUS ANYAGBA (e.g. fémbe)
- KISEBB BEHATOLAS A DIELEKTRIKUMBA /VAKUMBA
-NINCS DISZPERZIO
-SZELESEBB REZONANCIA

650



NANORESZECSKEK PLAZMONREZONANCIAJA ALAK - ES MERETFUGGO!
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az x aranytol fugg .



Spektralis hangolasi tartomany
(nanohéj plazmon rezonancia)
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Nanorud:Transzverzalis és longitudinalis modusok!

Electron cloud

Electron cloud

Transverse electrons oscillation
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A feny a hullamhosszanal sokkal kisebb
meretu lyukakon (réseken) is athalad

VAKUUM AZ ENERGIA ZOME A FELULETRE
KONCENTRALODIK: ORIASI TER EROSITES

FEM NAGYSZAMU POTENCIALIS ALKALMAZAS.
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A FEMOPTIKA HAJNALA :
EGY,,UJFAJTA FENY”: FELULETI PLAZMON

POLARITONOK (SPO) AMELYEK:

1.A (FEM)FELULETHEZ VANNAK KOTVE,
2 SPECIALIS DISZPERZIOVAL BiRNAK,
3.TULAJDONSAGAIKAT NEM KORLATOZZA A DIFFRAKCIOS LIMIT,
4.A FELULETEN VEZETHETOK,
5.GEN NAGY ELEKTROMOS TERUK VAN,
6.SPO TILTOTT SAV HOZHATO LETRE,
7.LOKALIZALODHATNAK (pl.fém nanogémbokén)
8.INTERFERENCIAARA KEPESEK
9.NEMLINEARIS JELENSEGEK FORRASAI

10.NEM KLASSZIKUS TULAJDOSAGOKAT IS MUTATNAK



Nanohéjak a rakterapiaban
és az energiatermelésben

Rapid vaporization
of H,0 in local
\ vicinity of nanoparticle
Light absorption Resonant heating
by nanoparticles of the nanoparticle surface
(well above 100°C)

H,O constantly fed to nanoparticle surface




Potencialisan uj energia tehnologiak

( nanotehnologiai elemekkel)

P3HT Cell o Solar Spectrum
hatasfok = 6% 210
SPESC (P3HT) 5 o¢ |
hatasfok = 17.5% £ 06 | SPESC
‘8 0.4
) 0.2 P3HT cell

200 400 600 800 1000 1200
Wavelenght (nm)

Laser fusion Osszenyomads Gyors behatolas

expanding plasma

compressed core

assr beam Ut sajat javaslatunk felé

2009 Encyclopedia Britannica, Inc.



KONNYU ATOMMAGOK FUZIOJA

are heated so much they turninto a
‘plasma’ state, where electrons no longer
orbit the protons in the atoms’ nudei. The
“freed’ nuclei then fuse to form helium
| atomsand neutrons. This fusion process
| unleashes vast bursts of energy.

© 2004 Thomson - Brooks Cole

- Proton-proton cycle

Q Proton

~— v Gamma ray Neutron

————— v Neutrino Positron

Pressure

from Gravity

=

expanding plasma

compressed core

The Sun

Fusion

laser beam

V4
&=
N
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192 |ézer, 400MJ, ebbdl a mintan 2MJ. Ebbdl a fuzids energia 3MJ. A target ara
~10%°USD. Impulzushossz: 10-50ns, 1 imp/nap. A berendezés ara tobbmillidard USD.




PLAZMA TUKOR REFLEKTIVITAS
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Ch.Ziener at al : J.Appl.Phys. 93,768 (2013)
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FIG. 3 (color online).
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Incidence angle (degrees)

Maximum proton energy (filled data

50

~10%° W/cm? intenzitasig m{kodik

FIG. 5. Plasmon-enhanced TNSA of
pmmns.gs (a) Schematic of TNSA.
The fast clectrons 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 intc s
] Gib—i———en 1 rast 25 fS,
25%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.
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points) and reflected light signal (empty data points) as a function

of incidence angle «. Left and right frames correspond to 20 pm
thick plane targets and to 23 pm 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 sinar/ cosa. The other lines are guides for the eye.
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FIG. 4: (color).
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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 =z = 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.



NANOPLAZMONIKA ES ENERGIAKONCENTRACIO
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FEMTOSZEKUNDUMOS LEZER IMPULZUSOK (10~®ns)
NAGY ISMETLESI FREKVENCIA
FENYSEBESSEG: NINCS INSTABILITAS
CSAK KET NYALAB

NANORESZECSKEK A FUZIOS ANYAGBAN TERFOGATI BEGYUJTAS




-HOT SPOT
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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 E = 10eV grows over 14 orders of magnitude (from 103
to 10°m?) over the range of 5 to 20keV.
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Maximal proton energy (MeV)

Fraction of particles at energies
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Laser pul=e energy ransmetted through e D08 samgles
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Reflected energy

Reflected energy as the function of the longitudinal position
Energy of the impulse: 10 mJ
Samples: UDMA-TEGDMA-Au0 and Au2
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Longitudinal position (mm)

Energy meter 1

Energy meter 2
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Reflected energy

Vacuum chamber

Reflected energy as the function of the longitudinal position
Energy of the impulse: 25 mJ
UDMA-TEGDMA-AuU0 and Au2
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Volume [um3]

Volume [um3]
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Feluleti érdesség vs longitudinalis pozicié
Au2 és Au0 mintak
Impulzus energia: 27,7 mJ (Au0) és 25 mJ (Au2)
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Volume:Vy

x 10*

1. DIAGNOZIS (krater térfogat)

3D Model

Crater volume

18

Térfogat [um’]

A UDMA-AuU2
® UDMA-Aul
B UDMA-X

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

Laser pulse energy [mJ]

Volume
max. 3.5Vo

Depth of the craters in the function of intensity
in the three different sample
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B UDMA-Au0 . y = Intercept + B1*x™ +
® UDMAAu1 Eﬂm B2
35{ & UDMA-Au2 Weight No Weighting
intercept 1,49696 + 0,28452
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30 Residual Sum of Squa 0,22081
R-Square (COD} 009739
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£ 201 81 1,15247E-16 = 9,308T1E
a B2 1,732256-34 + 3 51741
@ Residual Sum of Squa 071771
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A Intercept 0,80829 + 128262
B1 1,88099E-16 + 2 402T1E
54 B2 3,34623E-34 1 8,992E-
Residual Sum of Squa 4,69045
R-Square (COD) 0.98962
Ad]. R-Square 0,9827
0y —
1E16 1E17 1E18 1E19
Intenzity [W/cm?]



Au?2
25m)J

27.5m)

(=)
=
5]
St
O
8
=
- )
= g
, a5
."__ -I.E m \”
- : o
i ° %o omm
._ ._ Q -
o : £ £
“ ”,u o] ™
! i 59
“:” Lil L m wl r“
g g S - - &
= = S
(gwirl) swnjop cm D) ﬂ
n o
| [ | [ | |
o o o o o o o
o o o o o o
(@) (@) (@) o () (@)
o o o o o o
o o o o (&) o
© o < ™ @V

(UOJ2IW 21gN2) BWN|OA J3}el)

1E17

1E16

Laser intensity (W/cmsq)



Energia forrasa H=+ D: 2.Raman szoras a krater felliletérdl
arXiv2210.00619(2022),submitted to Advanced
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3.NEHANY TIPIKUS H® ES D® VONAL A LIBS SPEKTRUMOKBAN
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HaMA UDMA with resonant gold nanorods
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FOLYAMATBAN KONKLUZIO ELOTT:
1. Atomi optikai spektroszkopia,
2. Tomeg spektrometria.
3. Nuklearis detektalod technikak. 3: CR39 film, 1 lézer lovés
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Eurdpai Lézer Infrastruktura — Szeged, HU

ELI-ALPS Szeged:
EU Extrém Fény Infrastruktura
Attosec. Impulzusu Fényforras
5= o2 A 2PW extrém nagy térerdsség
" Rtiselndulhattaka 10 Hz(?), <10fs, 30
kisérletek! <
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OSSZEFOGLALAS:

-A lokalizalt plasmonok (LSPP) t6bb tulajdonsagban eltérnek a haladé hullamuaktal,
szamunkra néhany el6nyos kovetkezménnyel.
-A paramétereik anyag és alakfligg6ek (az Au és Ag resonanciai a lathatd spektrumban)
-Nagy lézerintenzitasoknal nincs plazma tukor.
-A nanorészecskék effektivek nagy Iézer intenzitasoknal is.
TérerdGsités (hot spots).
Optimalis élettartam femtoszekundumos lézerekhez (e.g. Ti:Sa, 800nm)
Egyszerl geometria.
Arnyékolas (kozeli tér és ponderomotiv gyorsitas)
Korrelalt impulzus atadas
-Energia termelés (krater térfogat hétszer nagyobb Au nanorudakkal) ésH = D
transzmutacio (fuzié) mint energiaforras. Ez utébbit mutatjadk a Raman szdrasos
spektrumok (C-D és C-N rezgések), valamint aLIBS mérések is.
-A Thompson parabola mérések pedig azt mutatjak, hogy az energia termelés még
nagyobb is lehet.
-Tamogatd modelezési eredmények.
-B6ven vannak még nyitott kérdések.
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Ha a valtozas szelei fujnak egyesek buvohelyeket épitenek,
masok azonban szélturbinakat.

In any field find the
strangest thing and
and then explore it.

John Arehibaled \Whzzlzp

‘More science quotes at Today in Science History todayinsci.com
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