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A TUDOMANY SZEPSEGE, HOGY OTT ES AKKOR
FEDEZ FEL U] DOLGOKAT, AHOL ES AMIKOR AZOK
MEGTALALASAT A LEGKEVESBE VARJUK .
MINDEN RIOGATAS ELLENERE A TUDOMANY
KOSZONI SZEPEN, JOL VAN. NAGY SZUKSEG IS VAN
RA, PL. U TECHNOLOGIAKHOZ.

(annak ellenére, hogy sokan nem figyelnek erre, s6t egyesek még
riogatnak is benniinket, példaul J.Hogan, THE END OF SCIENCE cimu
konyvével).

MINDEN TECHNOLOGIA PEDIG CSAK LEHETOSEG ES AZ, HOGY

HOGYAN HASZNALJUK, CSAK TOLUNK FUGG
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AZ OPTIKAI KOZELI TER
(egy példa)

Incidenl
Ly Detector

Refracied
Beam

Schematic of the inleraction betwoen an object il i light beam, Tn fisst approsi-
mation. the light benm can be congidered 25 projectides launched against a tasget {the object)
and then rellecied towands the detector. This interpretation is peimitive hul provides the
Basis for the wndezsianding of the nation of image,

Total ntemal

rellection Prizm®

=

Laser beam

Prism A

Oplical
frustration

The famous expessiuent of Newlan, A light beam s projected onto 4 prism, As
expegied, the beam is mmicrmally and totally rellected on the larger side of 1he prsm. IMa
seeoid prsm s brought 1o the fiest one, o elfect iy detected unless the bstance between
e two pessans becosnes saller than i fraction of i sscren. The bght beim tlen scems 1o be
cuplured by the second prisen, frustonting e tolal reficeion, "Te beany intensity trmsmitiead
through the sccond prism depends exponenfially on the distanse
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Field emittcal frony on objeet. ‘The electien enrrents (in the case of conducling
materkals) nowl the chinrge densities inside the obpect induce an ehectromapnatic field talating
frsm the sucface. Far away from the susface the feld has the well known structure of
propagating waves. Very close to the object (the region of The question nsark ), the fiehd his »
e comples, steuchiee sisce i is composed of prapagating and posn-rudiating components.

Harnole
detecior

. Propagaing beam
Hlurnination Propagalirg beam “ diffracled by the
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Cre wavelnngin

Sketel of near ficht detection, Step 13 gencration of the pbject mar ekl by the
Mumirsation process. A hght souece iluminates an objet repeesented 2s li(lln[?(.'l!l:lvl of
diserefe compoenents. These components 4 e excited by the incident fickl and re-emit Bglst.
Tlee waves assotinted to the rellecied heam e composed of cvinescent waves mn(!n.’\l on
the ohject swiface and of propagating wives, 11 the periniie structores of Hhe objeel ure
smnllee Than the wavelength (0 s 1l case of the figwre), the rellected Geld, Tar away frem
the objpet, doss nol cont in any information en Ahe fine stoectire u} e n|v_4]:|‘l Step 2
detections of the neat ekl For detctting the subwavelengih object anfeanuition, o small
scaltering centre (the pana-caliecien) = brought close entugh lo the chjet surlice. The
nene Gield Tying on the surface will exate the seatiering eentre wiieh will resemit bight 'l"lzc
re-cmitied light 3s sgain compazed of evasescent wives (on-detectable) mil propagating
ones which can gropagaic lar awny (o the remole detector.
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Halado
a Maxwell egyenletekbol




1/2
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Surface plasmons dispersion: % = m<d
Ch\ & +6‘d

w »

large k
small wavelength

Ar laser: X-ray wavelengths

Ayac = 488 Nm at optical frequencies
Aot = 387 NM
Asp = 100 nm

Re k,




FENY-FELULETI PLAZMON
CSATOLAS PRIZMAVAL VAGY
OPTIKAI RACS SEGITSEGEVEL
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Ky=Ksind < K<k

=

NpKsin-J; =k
b.

Kx*G=k; G=20/a

C.



A feny hullamhossznal sokkal kisebb
meretu lyukakon (réseken) is athalad

21 29 SEI




Lokalizalt
plazmon
rezonancia a
hullamhossznal
sokkal kisebb és
nagyobb
részecskek
eseten

d<< A
“Near-field coupling”

— Resonator coupling

d>>A
“Dipole-dipole coupling”

— Interferences

If a << A = dipole :
p=& Lk,

with:

Resonance when g, (w) =-2 x g, (®)

== Enhanced absorption
b Enhancement of the near-field & scattering




KOZELI TER STM (a diffrakciés limit ellen)

KOZELI TER:LEZER IMPULZUS GERJESZTETT FELULETI PLAZMONOK
(Kretschmann geometria)

laser. . light - Semiconductor. Laser
- ' A =670nm, t =30us

Normalized Signal Amplitude

Time (us)
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3 STM KEP AZ ARANY

FELULETEROL
(Lézer porlasztas)

Topograf kép

laser light
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+NEGATIV” STM JELEK ,HOT SPOT” HELYEKEN
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Parameter: STM bias
from -40mV to +40mV
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STM mérésekbol (bizonyos pontokban az
EM ter egyeniranyitasa)
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Thermal signal
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W " FEMTOSZEKUNDUMOS LEZERREL GERJESZTETT
!\g PLAZMONIKUS KOZELI TER STM MIKROSZKOP

Polarization

N

790nm Ti:Sa lézer;
3.6MHz=1.2kHz,
110-120fs impulzusok

Hosszu rezonatorban (~80m)

Nd:YAG lézerrel pumpalt Ti:Sa lézer

3.6MHz impulzus frekvenciaja
1.2kHz-re csokkentve, az STM-be

csatolva Kretschmann geometriaban




A Ti:Sa LEZER SPEKTRUMA KULONBOZO INTENZITASOKNAL

20111221 scan18
Las int at 3.6MHz:130mW

Wavelength (nm)




Multifoton elektron emisszio

Einstein: egy foton fotoeffektus Egy foton Einstein egyenlet

Foton hw ho=A + 2mv?
fény Kinetikus energia jocl
N\ A — kilépési munka (fotoaram o fényintenzitas)

Lézer multifoton fotoeffektus (ho, << A):

Multifoton Einstein egyenlet:

Multifoton emisszio Q > Volkov nhow=A+ Bmv?

nivok =
Kis intenzitds ~ ) _]_ § j oc e o/E
(perturbativ) _1_ J o I % J T —
# ﬁ \E ‘ ~60GW/cm? arany esetén
Alapallapot % Multifoton
L

Lézer intenzitas (log I)

Nagy intenzitas
(nem perturbativ)

— - - ho
|

o N\
B I

N
\

Elektron energia ( keV-ig)

Elektron szam

j oc e-OL/E



N.Kroo,P.Racz,S.Varro:Eorrophys Lett.105 (2014)67003
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Laser intensity (GW/cm”2)




AZ ANOMALIA SZOBAHOMERSEKLETEN!

65

60 — g Measurements at 3 different hot spots
(at 1/e height of the SPO signal,
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ELEKTRON-ELEKTRON KOLCSONHATAS EFFEKTIV
POTENCIALJA EROS ELEKTROMAGNESES TEREKBEN

Vit (1) =V ()3 [z sin(k -1/ 2)]

2, =21(CAP, [hw)
u=eF/mcw
V(r)=e®/r

F: az EM tér amplituddja

Plazmon tér erGsitése: ~40
J.BERGOU,S.VARRO,

Elecktron parosodas! | 15 5, affektiv potencidl M.V. FEDOROV:13981

negativ!




Four-Photon e — e Potential at 10 GW / cm’

3_ AZ EFFEKTIV POTENCIAL 2
| LEZER INTENZITAS ESETEN
: (az SPP erositést is

g figyelembe véve)

| /\ SN

Four—Photon e — e Potential at 120 GV / ::mz
I:IE 1 : H : I % : 4 1 H H L I 4 : % 1 4 5 H 1 L g

Wy (%) [mas 2ig ]

4 & 3 : I q

distance of electrons x [y /7]

Elektron parosodas

Wy (%] [ma® fig ]

l/\/\ NN
S — —

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 G a
distance of electrons = [ /7]




DC ellenallas

o

2.A SZUPRAVEZETES HA”ROM ALAPVETO
JELLEMZOJE

Zérus ellenallas

A
\ 4

A 4

Tc
Homérséklet

Idealis Diamagnesség

Magneses Indukcio

Makroszkokikus kvantum
effektusok Fluxus ®

T 3 Fluxus kvantalas @ = n®,
H6n%érséklet Josephson Effektus

@eissner effek@

Cooper parok (a vezetesi elektronok parosodva haladnak)
Fonon csatolas: alacsony homerseklet.



3.Elektron emisszid extrém terekben

1~74.10%W/cm? =——> E ~10°V/cm

Fotoelektromos hatas

@ SAVAVAY, Nagy intenzitas

Valencia elektronok gyors ionizaciéja

qiEx \A

Alagut effektus A barrier felett
10% - 10> W cm-2 > 1015 W cm2

Minden atom legalabb egy elektront veszit.
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Pulse train average power (mW)

PLAZMONIKUS
ERGSITES!

W: kilépési munka, E;: |ézerfény térereje

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

Keldysh-gamma y=31

— indikalja a jol ismert, a
fellleti plazmonok okozta oriasi
térerositést.




KILEPO ELEKTRONOK SPEKTRUMANAK MERESE

50 nm thick metal film

108 mbar (Ag or Au, sputtered MULTIPLAZMON
) vacuum or evaporated) ELEKTRON
| EMISSZIO

Few-cycle pulses, Ny
precompensation for hvfoton 1.5eV

prism material =
Aukilépési munka — 4.6eV

(6.5 fs (CEP) /
0.14 mJ / 5 kHz,)

Drift tube Electron optics

——High voltage

_J Signal processing:
-Computer
-Multiscaler

Electrons




SPO mediated electron counts

o REPULESI IDO SPEKTRUM

"
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™My 45uW
|——50 uW,

s

WU A
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— 10 uW,

13 uW,
— 16 uW|
— 20 uW,
—-—-25uW
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— 35 uW,
— 40 uW
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70 uW,
80 uW|

——90 uW

M'/,.N.,.«-.' P

time of flight (ns)

Keldish

B=0.55+/-0.01

B=3.86+/-0.07
1000000

B=4.08+/-0.07

/

Electrons

100000

e

. B=0.66+/-0.04

1
200

Drift tube Electron optics

Multiscaler

T T T T

40 60
Laser intensity at sample surface (GW/cm*2)

Electron counts in the high energy peak

Width of SPO signal at zero bias (microsec)

Measurements at different hot spots
(width of the SPO signal at 1/e height)

T T T

T ¥ T v

T
60 80 100
Laser intensity (GW/cm*2)

T T
120 140

160







2. MEISSNER EFFEKTUS. e Eadenols
SPP GERJESZTES | |
GEOMETRIAJA (a) E [ ingh voltage

E,S AZ EM TE,aR Signal processing:

-Computer

VEKTORDIAGRAMJA (b) Hliscaler

Entrance of the TOF (a)

spectrometer

Vacuum chamber

7
(107 mbar) Electrons

/ Ei vertical

mltlal i hori
(p-pol \ Prlsm A‘
%B,
|n|t|al Surface normal B, hotizontal initial

Laser beam
(40 fs, 800 nm, 1 kHz)
(30 fs, 800 nm, 5 kHz )

s




Counts in high energy peak
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I= IO.C052(®) —_ 7000000

6000000

5000000

4000000
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Total counts
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3.Motivacio rendezett
minta hasznalatahoz: az
elméletileg josolt elektron
interferencia, két
figgetlen szupravezeto
szigetbOl emittalt
elektronok esetén
(d =100nm)

emitter B

M.Iazzi and K.Yuasa:
PhysRevB 81,172501(2010)




40163 FFT crop

«— ordered surface
with 80nm spheres

39753 FFT crop .
rough surface ~




LENYEGES ELTERES A REPULESI IDO
SPEKTRUMBAN

ELECTRON TRAJECTORIES

- 5000+ Resonance in the low enery peak
. PLASMON FIELD JResonance in the high enery peak 4

i 4000-

"\ ) 1100 nm

.

3000+

2000+

Electron counts

1000+

Ordered sample

O- l“ | ".l v | » 1 v I v 1 v
40 60 80 100 120 140 160 180 200
Time-of-flight (ns)

[LLUMINATION




ES AZ ELEKTRON ENRGIA MAXIMALIS ERTEKEBEN

112GW/cm?

48GW/cm?

Irregular sample
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VALAMINT A PLAZMONIKUS EM TER EROSITESBEN
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Q= 10.007e’"E’ /167 mc” + 0.538W
NanoLett 17(2017)1181 PRacz at al.

Regular sample

e

Irregular sample
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Laser intensity (GW/cm”2)




KET TIPIKUS TOF SPEKTRUM
(rezonanciakkal) ‘1' )
136 GW/cm

85 GW/cm?2

!
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Area of resonances (counts)

superconducting plasmonic metal surface
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80

100 120 140
Time-of-flight (ns)




OSSZEFOGLALAS

-TOF es STM meérések anomaliaja elektron parok
jelenletere utalnak.

-A polarizacioftiggd TOF merések Meissner effektust
indikalnak

-A rendezett minta esetén az elektron parok hanyada
megno.

-A rendezett mintan eros keskeny rezonancia
maximumok lepnek fel, melyekbol megbecstilheto az
elektron parok €lettartama

-A dupla intenzitasu rezonanciak direkt elektron par
detektalast jelentenek.

-A TOF technologiaval rovid idejui (esetiinkben fs-0s)
folyamatok ps-os tartomanyban vizsgalhatok.



KOSZONOM A FIGYELMUKET!




