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1) A csoport kutatasi témai alapvet6 fizikai kérdésekhez kapcsoldédnak:

Atomok és e.m. mezb kvantumelmélete

A nemrelativisztikus és relativisztikus kvantumelmeélet kérdesei
A kvantumos 0sszefonddas jelensége

Spintronika félvezetékben

2) Atémak kapcsoldédnak az ELI ALPS kutatasi profiljahoz ) d'i

g , y e g , . attosecond
Optikai alagutazas, alagutazasi id6, kvantumos és klasszikus

modellek, fazistér

Kvantumos 0sszefonddas megjelenése erés lézertérbeli ionizacio és
ujraszorodas eseten

Elektron szoras nanorészecskéken lézerter jelenlétében

Nemlinearis Thomson-szoras, relativisztikus elektron és intenziv
|ézerimpulzus kolcsOnhatasa

Elektromos toltésszeétvalasztas szigeteldkben intenziv néhany ciklusu
|ézerimpulzusokkal

Relativisztikus elektrontranszport oszcillalo potencialgaton
Fényszoras fém nanorészecskéken



A fény palyamenti impulzusmomentuma

« A térben terjedo elektromagneses hullam impulzusmomentumot hordozhat
Ez lehet a hullam polarizacidjaval kapcsolatos spin: fotononként +h vagy —h

De lehet a hullam fazisanak térbeli eloszlasahoz k6t6do palyamenti impulzusmomentum is.

« Az exp[ilf] szogfliggésii nyalabok | palyamenti impulzusmomentumot hordoznak.

* Azilyen hullamok az un. Laguerre-Gauss nyalabok.
Csavart fazisfeliiletiik van: z irdnyba halado hullam esetén :

] _ o
_ Cip [mV2 —r? ikrlz _ \
Y = w(z) w(z)] exp [wz(z)] €xp 2(zz+z}22)] exp[ilf]

¥ exp [—i(2p +|I]+ 1) tan™* ( )] Llll (WZ(Z))

Két kvantumszam: | és p

Animacio =

Kérdések: p=0 p=1
(1) Hasonl6 ekzakt megoldasok keresése

(2) Hogyan adja at az impulzusnyomatékot
ez a hullam részecskéknek?

p=2

opnyjdwre

Szamolni szeretoknek ajanlott!

sizey



http://www.gla.ac.uk/schools/physics/research/groups/optics/research/orbitalangularmomentum/
http://www.gla.ac.uk/schools/physics/research/groups/optics/research/orbitalangularmomentum/
http://www.gla.ac.uk/schools/physics/research/groups/optics/research/orbitalangularmomentum/
http://www.gla.ac.uk/schools/physics/research/groups/optics/research/orbitalangularmomentum/

Atomok erds lézertérben

P. Corkum, F. Krausz, Nat. Phys. 3, 381 (2007)

M. Lewenstein et al., Phys. Rev. A 49 2117(1994)

P. B. Corkum, Phys. Rev. Lett. 71, 1994 (1993)



Optikai alagutazas

Possible consequences
of recollision (i-iv)

(i) energetic electron emission
by elastic backscattering
of the electron

(i) energetic photon emission

upon the electron recombining ¢
0

into its ground state P
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Free electrons
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kinetic energy:
above-threshold

a N ; ionization (ATI)
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(iif) detachment of another
electron: non-sequential ——
double ionization (NSDI)

(iv) excitation of bound
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[1] F. Krausz and M. Ivanov. Attosecond physics. Reviews of Modern Physics, 81, 20009.

x(t), electron trajectory



Attosec. pumpa—proba kisérletek
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Egyszerd 1D TDSE modell

* Lin. pol. lézerimpulzus, elektromos mezo,
hossz-mertek, Dirac-delta atomi potencial

_ Ip
Y=\ 207

y <1

VN



Wigner-fuggveny

e Definicio:
W(CJP / U ( (J—ZU)lD(qufL‘)exp( hpa:)da:’

* Varhato éertekek, marginalisok, idofejlodes
« Kvantumoptika, kvantum interferencia,
nem-klasszikussag

e Erds lézertér témakorben:

Czirjak, et.al, Opt. Com. 179, 29-38 (2000)
S. Graefe et.al., J. Phys. B. 45, 055002 (2012)
H-J Kull, New Journal of Physics 14, 055013 (2012)



Optikal alagutazas fazisteres dinamikaja
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Kvantumos osszefonodottsag,
1D TDSE modell

« Single active electron, kéttest problema

PQ PZ
H,=——+ — Voo (X, — X)) +eE(t) (X, — X,)
2Mme.  2m,
PZ PQ
H.=Hy+ H, Hy= H=——V(X)+eFE(t)X
om’ 211

« Relativ koordinatak: numerikus megoldas,
magasbb-rendld Crank-Nicolson

 Neumann entrépia:
a kvantumos osszefonodottsag egyik merteke



Erés mez0 altal az atombdl kiszakitott elektron ujraszérodik
az atomtorzsonés azzal osszefonodott allapotba kerul

Phys. Scr. T153 (2013) 014013 A Crzirjak et al
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A Neumann entrdpia lokalis maximumai egybeesnek
az elektromos téerer6sseg zérohelyeivel

A. Czirjak, Sz. Majorosi, J.Kovacs, MGB Phys. Scr. T153 (2013) 014013



3D TDSE numerikus megoldasa
170, 'Y(r,t) = A\P(r O+ [V(r)—er-EM®]WY(r,t)

High order iterative splitting formulas

Y

2D Crank-Nicolson Hybrid Crank-Nicolson Based Operator Splitting
-iAtH = -iAtH /2 -iAt(H oy +H, -iAtH/2
. e ~ gritHy/ g-ibt(Hoy+H,) g-ibtH;
spliting ~ MR ]
N H" . " [ * & L 2 & s ] * - y L
z error
~AF ' L]
e -
N, Ny-L L N,y-L Ny-L
~N,(N,-L)/2
— Z(NP'L)!Q Z( [ )
: > Specialized
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Block pentadiagonal - z Hybrid splitting free electron
solver algorithm line solver




3D H-atom optikai alagutazas

Snapsot of Logg ['P(,o,z)l2 at tirae = 130 [a.u], with parameters F =0.1, CEP =0.
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3D H-atom optikai alagutazas

Snapsot of Logg N’(p,z)l2 at time = 140 [a.u] with parameters F =0.1, CEP =0.




3D H-atom optikai alagutazas

Snapsot of Logq ['~I'(,o,z)|2 at tirae = 150 [a.u], with pararaeters F =0.1, CEP =0.
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3D H-atom optikai alagutazas

Snapsot of Logq ['~P(,o,z)|2 at tirae = 160 [a.u], with parareters F =0.1, CEP =0.
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3D H-atom optikai alagutazas

Snapsot of Logg M{o.z)l? at tiree =170 [a.u] with parameters F =0.1, CEP =0.
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3D H-atom optikai alagutazas

Snapsot of Logg l\!’(,o,z)l2 at tirae = 180 [a.u] with parareters F =0.1, CEP =0.
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3D H-atom optikai alagutazas

Snapsot of Logg [\P(,o,z)l2 at tirae = 190 [a.u] with parareters F =0.1, CEP =0.
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Nemlinearis Thomson-szoras
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Elektron szoéras n_anorészecskéken
leézerter jelenlétében
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Optikai terek altal keltett aramok szigetel6kben

Schiffrinet.al. 70 | NATURE | VOL 493 | 3 TANUARY 2013

Isp SiO, .Wide band gap
/®/ material ~9eV !

Fig. 1. In the experiment [1], a 100-nm thick SiO, was
placed between two gold electrodes, and the current
induced by a train of few-cycle pulses CEP-stabilized
pulses was measured. Courtesy of A. Schiffrin.

The effect of dynamical Bloch oscillations on
optical-field-induced current in a wide-gap dielectric

P Foldi', M G Benedict' and V S Yakovlev’**

I Department of Theoretical Physics. University of Szeged, Tisza Lajos Kortit
84-86, H-6720 Szeged, Hungary

2 Max-Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Strasse 1.
D-85748 Garching, Germany

New Journal of Physics 15(2013) 063019

rnal for phy

The open access Jo

Theory with main approximations:
«two bands (valence and conduction);
«two spatial dimensions (for simplicity);
*Markov approximation for

scattering by LO phonons
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Az eredmény: toltésatvitel, amely CEP fuggd
a A (rad)
4 21 0 —2n —4n

| | |
0.4F0 Perpendicular
O

Parallel m

m== Model g% O 16
a 1
1
3

0(Pen %)/ %

I
é.qa
&=

Pulse amplitude (\V/A)

Pt
o

3 2 4 1 2 3 ’ Al (um)
CEP (radians)

Theory Experiment of Schiffrin et. ai. (Garching)

o o ....

}‘IGURE 1. Time evolution of an electronic wave packed in the first Brillouin zone due to electron-
phonon interaction at time instants r = 0,3,6,50 fs.



PHYSICAL REVIEW B 88, 075438 (2013)

Relativistic electron transport through an oscillating barrier: Wave-packet generation and

Fano-type resonances

Lérant Zs. Szab6, Mihdly G. Benedict, Attila Czirjak, and Péter Foldi
Departmeht of Theoretical Physics, University of Szeged, Tisza Lajos korit 84, H-6720 Szeged, Hungary

Original motivation graphene
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FIG. 3. (Coloronline) Panel (a): (T} asa function of barrier height
Vp for the indicated values of the oscillation amplitude €. Additional
parameters: Eg = 2me’,v = 0.2,L = 10. Panel (b): Zoom into the
interval Ey — mc® = Vy = Eg + mc? of panel (a).
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FIG. 7. (Color online) Density plot of p(z,t) in panel (a), and of
Jj(z,t) in panel (b), and plot of Eq — mc* — V(t) in panel (c), for the
parameters L = 10, V, = 1.85mc?, Eg = 3mc?, and Q = 0.5.



Elvegzendo szamitasok és numerikus kiserletek

Electron nyalab energia ~100 KeV- relativisztikus ~ 10 MeV ultrarelativisztikus

Két fokuszalt lézernyalab hat az elektronokra .
Oszcillaciok varhatok az aramban



Elektron emisszid nano-meéretd fémrészecskekbol

Figure 1. A schematic view of the process we consider. The laser pulse (transparent
red) impinges on a nanoellipsoid (plotted by yellow), possibly excites plasmonic
oscillations, and the net electric field leads to photoemission. The emitted electrons
are driven by the electric field, and can be detected e.g., at the planes indicated where
characteristic distributions are also shown.

P. Foldi, . Marton, N. Német, V. Ayadi, P. Dombi, Apl. Phys. Lett. 106, 013111 (2015.)



