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hydrogen atom + EM pulse

o Nondipole effects (NDE) in interaction of atoms with short-wave EM
radiation

° NDE — nonseparability of CM and electron variables
6D Schr. Eq.
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hydrogen atom + EM pulse

o Nondipole effects (NDE) in interaction of atoms with short-wave EM
radiation

° NDE — nonseparability of CM and electron var'lables

Quantum-quasiclassical method /

6D Schr. Eq.

® Acceleration and «twisting» of atoms by circularly polarized EM pulse

v

electron vortex beams to study: chirality, magnetization mapping,
transpher of angular momentum to nanoparticls ...

several proposals to create vortex beams of composite particles
(neutrons, protons and atoms)

® Conclusion & perspectives
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Non-dipole effects

electromagnetic wave + atom
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Hydrogen atom in strong laser field

(non-dipole effects)
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(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

(quantum-quasiclassical method)
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classical ideal gas perfectly describes gas laws
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Hydrogen atom in strong laser field

(non-dipole effects)
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generally accepted: in the IR, optical and UV spectroscopies

the dipole approximation is well justified



Promising tasks: acceleration of atoms by strong EM pulses
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Promising tasks: acceleration of atoms by strong EM pulses
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considerable acceleration of atom




Mechanisms of acceleration of atoms by EM pulses
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mechanism of CM acceleration:
generation of nonzero dipole between proton and electron cloud
transferred either to excited states of atom or to its continuum
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elliptical polarization of laser
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dependence on laser polarization
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dependence on laser polarization
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dependence on laser polarization

1= .
£ Q"O-
b Poq
i / V-6 oo
200, 9% SV
® QQ@ - S .
0.100¢ ¢ S e A e ]
04 S e o
Pox+Pion(£=0)
0.010- ® Q= Pyt Pion(e=1) :
: ==®= CM momentum (£=0) |-
?ﬂeﬁ*@'@@ ]
/ ®oee ==-€== CM momentum (e=1) ||
© Q i “@'O-Q._~_ l
B e O, OB / T
0.001. ¢ ;@"l.fig,' % 4 S
od 4 ;
Y
' v ]
10741 é ]
0.2 0.4 06 0.8 10

w (a.u.)

atom acceleration weakly depends on polarization

However ...



Twisting of atoms by fork diffraction gratings

QUANTUM PHYSICS
Vortex bheams of atoms and molecules
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Alternative: twisting of atoms by EM pulses

10*BT1/CcM?, ~10dpc, hv ~133B~ 0.48a.u.
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Alternative: twisting of atoms by EM pulses

10*BT1/CcM?, ~10dpc, hv ~133B~ 0.48a.u.
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Alternative: twisting of atoms by EM pulses

10*BT1/CcM?, ~10dpc, hv ~133B~ 0.48a.u.

Circular polarization (e=1)

A= B sinz(%) [%Xsin(wt — kz) + ¥ cos(wt — kz)]
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Alternative: twisting of atoms by EM pulses

10*BT1/CcM?, ~10dpc, hv ~133B~ 0.48a.u.

Circular polarization (e=1)
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Alternative: twisting of atoms by EM pulses

10*BT1/CcM?, ~10dpc, hv ~133B~ 0.48a.u.

Circular polarization (e=1)
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Twisting of atoms by EM pulses

10 BT1/Ccm?, ~10dpc, hv ~133B~ 0.48a.u.

Elliptical polarization (e=0-1)
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Twisting of atoms by EM pulses

10*BT1/CcM?, ~10dpc, hv ~133B~ 0.48a.u.

Elliptical polarization (e=0-1)
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Twisting of atoms by EM pulses

10*BT1/CcM?, ~10dpc, hv ~133B~ 0.48a.u.

Elliptical polarization (e=0-1)
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Twisting of atoms by EM pulses

10 BT1/Ccm?, ~10dpc, hv ~133B~ 0.48a.u.

Circular polarization (e=1)
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Twisting of atoms by EM pulses

10*BT1/CcM?, ~10dpc, hv ~133B~ 0.48a.u.

Circular polarization (e=1)
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1-photon resonance mechamism twisting of atom
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1-photon resonance mechamism twisting of atom




2-photon resonance mechamism twisting of atom
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2-photon resonance mechamism twisting of atom
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3-photon resonance mechamism twisting of atom

Ho g+ 3w — Ho—yx hw = _}i — % = ﬂ'—i-"ifﬂ



3-photon resonance mechamism twisting of atom
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n-photon resonance mechamism twisting of atom
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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.

® mechanism for n-photon resonant twisting of atom with
transfer of helicity of photons from circularly polarized
laser field to it was found



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.

® mechanism for n-photon resonant twisting of atom with
transfer of helicity of photons from circularly polarized
laser field to it was found

TASKS:

1) using beams of twisted photons with internal orbital angular
momentums for increasing efficiency of production twisted atoms

2) nuclear photonics: photoionization by hard x-rays and y-radiation
with including of nuclear motion



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; accepted to JETP
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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

© NoTeHuUuundasnbHbie NpUoxeHmd.

YCKOpeHHbIe aTOMbI — JIUTOrpacus MUKpO-4Y1nos Ans
MUKPO-3NEKTPOHUKU, auarHocTuka nnasmel B TOKAMAK, ...
«30aKpyYeHHbIe» aTOMbI — MOAUPUKALUS
PYHAAMEHTANbHLIX B3AUMOAEUCTBUU, HOBBIU KUHCTPYMEHT»
ANS UCCNefO0BAHUS ATOMHBIX CTOSIKHOBEHUM, ...



Hydrogen atom in strong laser field

(non-dipole effects)

P2
H(r,R.t) = Sl ho(r)+ Vi(r,t)+ Vo (r,R,0)
p- 1
ho(r) = =— — —
o(r) 210 r

PHYSICAL REVIEW LETTERS 124, 233202 (2020)

Dissecting Strong-Field Excitation Dynamics with Atomic-Momentum Spectroscopy

A.W. Bray,l‘z‘* U. Eichmann,”" and S. Patchkovskii*™*
'Australian National University, Canberra ACT 2601, Australia

P =MV >p=mv *Max-Born-Institute, 12489 Berlin, Germany

[‘](I}Il7 f) — Heff(r;t) = ho(I‘) + ‘/eff(l‘7 f) 3D !l

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.
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