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E.P. WIGNER AS ONE OF THE HEROES OF 
QUANTUM MECHANICS

Group theory, applied to atomic spectra (Nobel)     
Wigner function
Phase space formulation of QM
Quantum interference (QM Young)
Quantum mechanics and conscience
Interpretation of quantum mechanics

(with J. Neumann)



NEAR FIELD STM (against the diffraction limit)     
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LOCALIZED 
EM FIELD !

HIGH FIELD



SPO lifetime ~ 100fs

Laser polse length 30s

SLOW SIGNALS



0 bias

„NEGATIVE” STM SIGNALS IN SOME (HOT) SPOTS

FAST SIGNALS



SPO intensity enhancement ~1000
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(Laser sputtered silver)
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FAST FOURIER 
TRANSFORM OF THE 
TOPOGRAPHIC, SPO 

AND THERMAL 
IMAGES 
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SUPERPOSITION!
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SQUEEZING IN THE SPO IMAGE



THE GREAT SIDE ABOUT 
PHYSICS IS THAT IT 

DISCOVERS THINGS WHERE 
YOU WOULD LEAST EXPECT 

THEM TO BE FOUND.



SPECTRUM OF THE Ti:Sa LASER AT DIFFERENT  INTENSITIES



N.Kroo,P.Racz,S.Varro:Eorrophys Lett.105 (2014)67003
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Anomaly



SPO field enhancement ~1000

ANOMALY AT ROOM TEMPERATURE!



Multiplasmon electron emission

TIME-OF-FLIGHT SPECTRUM

Keldish
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EFFECTIVE POTENTIAL OF ELECTRON-ELECTRON 
INTERACTION IN STRONG ELECTROMAGNETIC 

FIELDS

J.BERGOU,S.VARRO,    
M.V. FEDOROV:1981

F: amplitude of the EM field

Plasmon field enhancement: ~40

Electron pairing! When the effective potential
is negative!



THIS EFFECTIVE POTENTIAL 
FOR 2 LASER INTENSITIES 

WITH SPO FIELD 
ENHANCEMENT INCLUDED 

Electron pairing

Small distance



80 GW/cm^2

144 GW/cm^2

20140707

MAGNETIC ( rectified EM field) FIELD DEPENDENCE 



I = I0.cos2()

High energy peak The slow peak



Motivation to use a 
structured sample:The 
theoretically predicted

interference of electrons, 
emitted from two

independent
superconducting islands

(d = 100nm)

(boson-like
behaviour)

40160

40163

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



HOT SPOT

„WHICH WAY” ELECTRON EMISSION





Regular without
plasmonic resonance
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HIGH ENERGY CUT – OFF OF TOF ELECTRON SPECTRA



PLASMONIC EM FIELD AMPLIFICATION





With in slow peak

Area in high energy peakWidth in high energy peak

Area in slow peak

Total 
intensity



Regular sample
FFT

Fast

Slow

Fast

Slow

Irregular sample
FFT

Las.int.dep of the
Fourier peak

Resonance amplitude





Long quantum coherence
time

TOF spectrum without rez.



CONCLUSIONS 

„Smooth” sample
Electron pairing and

ideal diamagnetism
Structured sample

Electron pairing (more electrons and broader)
Increased SPP field amplification. Lower work function.
A sequence of narrow resonances in the total TOF spectrum

but different parameters (field dependent position, width
and  area) in the high energy peak than in the remaining
part of the spectrum. Long lasting quantum coherence!

These differences in the resonance parameters thought to
be  explained by the interference (which way) of electrons, 

entangled with their pairs („boson like” behaviour)    

but fermionic properties of  electrons in the slow peak
(as for „non-Cooper”electrons of Iazzi and Yuasa)

Entangled pairs



THANKS FOR YOUR ATTENTION!


