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Hydrogen atom in strong laser field

(non-dipole effects)
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Hydrogen atom in strong laser field

(non-dipole effects)
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Hydrogen atom in strong laser field

(non-dipole effects)
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We propose using the c.m. degrees of freedom of atoms and molecules as a
“built-in” monitoring device for observing their internal dynamics in nonperturbative laser fields.

detection of the internal electron quantum dynamics with CM-velocity spectroscopy.




Hydrogen atom in strong laser field

(quantum-quasiclassical method)
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Abstract
We have developed a quantum-quasiclassical computational scheme for quant-
itative treating of the nonseparable quantum-—classical dynamics of the 6D
hydrogen atom in a strong laser pulse. In this approach, the electron is treated



Hydrogen atom in strong laser field

(quantum-quasiclassical method)
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Hydrogen atom in strong laser field
(quantum-quasiclassical method)
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Hydrogen atom in strong laser field
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Hydrogen atom in strong laser field
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Promising tasks: acceleration of atoms by strong EM pulses
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Mechanisms of acceleration of atoms by EM pulses
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Twisting of atoms by EM pulses

QUANTUM PHYSICS
Vortex heams of atoms and molecules

Alon Luski't, Yair Segev!tt, Rea David, Ora Bittor, Hila Nadler’, A. Ronny Bamea?, Alexey Gordach?®,
Ori Cheshnovsky?, Ido Kaminer®, Edvardas Narevicius®™

ue

(0]
m
Lh

(A%

SCIENCE - 1 S5ep 2021 - Vol 37

9 -« pp. 11051109
PP

N~ Camera
B'm" "w" 'w’,’ \\‘ Deflection laser
i llm '“'”' \\\‘ S, ;
: Grating holder > N~ ‘
1|/ Ly /]
lw’ lm lm' ............. i s 0 with phosphor screen
Slitsk;mmersag “ mv"\’
e g /
‘ig. 2. Experi | setup for the p ion and detection of atomic and molecular vortex beams.
10° ¢ r R
f Experiment $
..... — &
= Theory (convolved) il' ¥
|
A i A A
10t A fﬂ i f“& A
3 bhp Y ' 2R
8 R ] R
z SAVU R OUREE
g E E s I I3
3 1=-2 y i! a A 18 it 1
£ == i N Pt
= 102f a 1 ¢ | L
a f) ST T L A
Ky 2 \ : 5 3 gy il 1 & A 1
PR dRat 1, fF i, F 1
1% f 1 " B h i
AvEIIBRIVIR IR
ool L8 VHLE " dlladE . tROE Y &
-2 1.5 -1 -0.5 0 0.5 1

Diffraction angle [mrad]

Fig. 4. Comparison of intensity measured in the experiment to theory, with simulated contribution of only
the atoms.

Luski e al., Science 373, 1105-1109 (2021) 3 September 2021



Twisting of atoms by EM pulses
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Twisting of atoms by EM pulses
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Twisting of atoms by EM pulses
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Twisting of atoms by EM pulses

10 BT1/cm?2, ~10dpc, hv ~133B~ 0.48a.u.
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Twisting of atoms by EM pulses
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Twisting of atoms by EM pulses
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Twisting of atoms by EM pulses

10 BT1/cm?2, ~10dpc, hv ~133B~ 0.48a.u. = g 5
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when interacting with a circularly polari- 0.25
zed EM pulse, the atom accelerates and '
«twists» - acquires an orbital momentum

with a projection of m=+1in the direction

of its motion (pseudo-chirality=+1) 0.00




Conclusion & outlook

® acceleration of atom due to non-dipole corrections kr in
EM wave and magnetic component B/c in it was invastigated

® strong correlation was found between V (MV) and P, + P.

® two resonant mechanisms of atom acceleration were found:
through single-photon and two-photon excitation of atom

single-photon V ~ I

two-photone V ~ T2
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Conclusion & outlook

® acceleration of atom due to non-dipole corrections kr in
EM wave and magnetic component B/c in it was invastigated

® strong correlation was found between V (MV) and P, + P.

® two resonant mechanisms of atom acceleration were found:
through single-photon and two-photon excitation of atom

® potential applications:

accelerated atoms — lithography of micro-chips for micro-
electronics, plasma diagnhostics in TOKAMAK, ...

«twisted» atoms — modification of fundamental
intferactions, new «tool» for investigation of atomic
collisions, ...



Conclusion & outlook

® acceleration of atom due to non-dipole corrections kr in
EM wave and magnetic component B/c in it was invastigated

® strong correlation was found between V (MV) and P, + P.

® two resonant mechanisms of atom acceleration were found:
through single-photon and two-photon excitation of atom

@® non-dipole effects (accounting nuclei motion) in atomic int.
with EM pulse Vi(r, R,t) = 2Ey(....): influence on high
harmonic generation, stabilization of atoms, ...
groundwork was created for study of non-dipole effects:
different atoms, accounting of spatial inhomogeneity of
EM pulse, different polarizations, twisted atoms, ..



Conclusion & outlook

hybrid quantum-quasiclassical approach + DVR

S Shadmehri, V S Melezhik, Laser Phys. 33, 026001 (2023)

V Melezhik, J. Phys. A56, 154003 (2023)
V S Melezhik, S Shadmehri, Photonics 10(12), 1290 (2023)

V' S Melezhik, S Shadmehri, arXiv: 2408.08613
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