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Fig. 1. Overview of the twist Bessel light incidents on a mo-
lecular target with impact parameter b ((bz,by) in
Cartesian coordinate or (b,¢p) in polar coordinate),
defined in xy plane. The solid angle of the emitted photo-
electron is described by 6. and ¢. (not shown in the im-
age).
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Fig. 2. Photoionization cross section as a function of photon energy detected at different ejected angles: (a) 6.=1°, ¢e=0°;

(b) 0e=10°, $pe=0°; (c) 6e=90°, Ppe=90°.
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Fig. 3. Angular distribution of the photoionization cross section: (a), (b) In zz plane, the corresponding photon energies are

1000 eV and 10000 eV, respectively; (c), (d) the photoionization cross section in zy plane, corresponding to photon energies of

1000 eV and 10000 eV, respectively.
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Fig. 4. Angular distribution of photoionization cross sections with different opening angles and TAM with photon energy of
1000 eV. The opening angles of the three columns are 5°, 30° and 60°, respectively. The five rows represent different TAM values,
which are 2, 1, 0, —1, —2, respectively.
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SPECIAL TOPIC—Dynamics of atoms and molecules at extremes

Theoretical study on photo-ionization of helium
atoms by Bessel vortex light”
Zhao Ting  Gong Mao-Mao! Zhang Song-Bin*

(School of Physics and Information Technology, Shaanzi Normal University, Xi’an 710119, China)

( Received 30 September 2024; revised manuscript received 23 October 2024 )

Abstract

Owing to vortex light possessing the additional orbital angular momentum, its interaction with atoms and
molecules can reveal in more depth insights into dynamics than the plane wave light. This paper aims to
establish a theoretical framework for the photoionization of atoms and molecules by Bessel vortex light. In the
case of macroscopic gas target, helium atoms are randomly dispersed around the entire region of the Bessel
vortex beam. The final photoionization cross-section is not dependent on the angular momentum of the vortex
light, but depends on the opening angle of the Bessel vortex light. This paper systematically computes the
variation of photoionization cross-section with photon energy and the angular distributions of photoelectrons
under different geometric conditions. The computation results demonstrate that there is a significant difference
in the photo-ionization cross-section between vortex light and plane wave light. In order to further investigate
the characteristics of the phase singularity of the vortex light (when the light intensity reaches zero), this paper
further calculates the photo-ionization of the vortex light with opening angles of 5°, 30°, and 60° at the phase
singularity, respectively. The results indicate that the angular distribution of photoelectrons at these three
angles is significantly dependent on the orbital angular momentum and the opening angle of the vortex light,
and the calculated absolute cross-section does not equate to zero. This represents an important distinguishing
feature of the Bessel vortex light when interacting with atoms, distinguishing it from the plane wave. This work
lays the foundation for further studying vortex light photo-ionization and their applications.

Keywords: vortex light, phase singularity, photoionization, photoelectron angular distribution
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