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Fig. 1. Photoelectron momentum distributions of hydrogen
atoms under a pair of co- and counter-rotating circularly po-
larized pulses, the laser field has a central frequency of
wo=1.52au., a peak intensity of Ip=10" W/cm2 , a

pulse duration of 7=8 o.c., and a time delay of t4=2 o.c..
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Fig. 2. Photoelectron momentum distributions of helium atoms by a pair of counter-rotating circularly polarized extreme ultra-

violet attosecond pulses!™.
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Fig. 3. Photoelectron momentum distributions of He' by bichromatic counter-rotating circularly polarized attosecond pulses with

different time delays/®3.
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Fig. 4. Photoelectron momentum distributions of He'™ by counter-rotating elliptically polarized laser pulses with different

ellipticities!®0.
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Fig. 6. Photoelectron momentum distributions of hydrogen atomic photoionization by a pair of counter-rotating circularly polarized
attosecond pulses with time delay 2 o.c., the chirp parameters for (a), (b), (c), (d) are +0.01, F0.01, 40.02, and F0.02,
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Fig. 7. Photoelectron momentum distributions of H§+ for degenerate excited electronic states EE by elliptically polarized laser

pulsel®7.
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Fig. 8. Panels (a)—(c) and (g)—(i) show the photoclectron momentum distributions of HJ in the molecular frame at internuclear

distances R is 2 a.u. and 4 a.u., respectively, while panels (d)—(f) present the corresponding electric field Lissajous curves; the

first row (a), (d), (g) corresponds to a time delay of ¢35 = 0 o.c. between the two pulses; the second row (b), (e), (h) to ¢4 =1 o.c;

and the third row (c), (f), (i) to t4 = 1.5 0.c.’.
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Fig. 9. Interaction of counter-rotating circularity pulse pairs with potassium atoms gives rise to vortex-shaped photoelectron wave

packets via 142 resonance-enhanced multiphoton ionization[™.
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Fig. 11. (a) The proposed configuration of laser pulses in a practical experimental measurement; (b) the photoelectron distribution

in the laser polarization plane; (c) the photoelectron angular distribution at p = 0.35 a.u; (d) the angular stripe spacing extracted

from (c)M1,
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the corresponding ionization probability; (b) photoelectron momentum distribution of the xenon atom!'%.
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Fig. 15. The photoelectron momentum distributions for four psm(f,”?) orbitals of the Kr atom ionized by the counter-rotating
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Abstract

In recent years, with the advancement of attosecond pulse generation and polarization-shaping techniques,
vortex structures featuring Archimedean spiral patterns observed in photoelectron momentum distributions
have attracted widespread attention in the study of ultrafast electron dynamics in atoms and molecules. In this
paper, we systematically review the generation mechanisms, dynamical behavior, and application prospects of
electron vortices in attosecond photoionization. Theoretical studies reveal that electron vortices originate from
quantum interference between photoelectron wave packets with different magnetic quantum numbers. Their
number of spiral arms and spatial distributions are highly sensitive to the laser pulse polarization, time delay,
chirp, and the orbital symmetry of the target system. Experimentally, by combining polarization-shaped pulses
with high-resolution photoelectron imaging techniques, a variety of vortex structures have been successfully
observed and verified. Beyond their fundamental interest, electron vortices demonstrate significant application
potentials in interference metrology, carrier-envelope phase retrieval, electron displacement and time-delay
measurements, thereby further opening new avenues for molecular orbital imaging and quantum-state control.
Finally, this paper outlines future research directions and potential applications of electron vortices in strong-

field ionization, molecular dissociation, and related areas.

Keywords: photoelectron momentum distribution, photoelectron vortex, attosecond pulse, quantum

interference
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