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Distributions of Hydrogen Atoms
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Abstract In this study, the vortex-shaped photoelectron momentum distributions of a hydrogen atom ionized by
two time-delayed circularly polarized laser fields are numerically simulated based on the strong field approximation
(SFA) theory. Under the action of two time-delayed laser pulses, the electron absorbs photons to overcome the
ionization threshold and undergoes photoionization via two different transition channels to reach the continuum states
for electron wave-packet interference. The simulation results show that the orientation of the photoelectron
momentum vortices is observed to be related with the polarization directions of the two pulses, whereas the number
of vortex arms is related with the carrier frequencies. Furthermore, the dynamic Stark effect is a ubiquitous strong
field process, which would result in the distortion of the vortex-shaped momentum distributions when considered.
On this basis, the clockwise momentum vortices and their distortion are specifically investigated, revealing that the
distortion is attributed to the nonlinear properties of the phase associated with the dynamic Stark effect.
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of hydrogen atom
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Fig. 2 Vortex-shaped momentum distributions of hydrogen atom. (a)-(c) ‘Right/left’ polarization for two time-delayed

pulses (first is right circularly polarized and second is left circularly polarized); (d)-(f) ‘left/right’ polarization for

two time-delayed pulses
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Fig. 3 Vortex-shaped momentum distributions of hydrogen atom when dynamic Stark effect is considered. (a)-(c) ‘Right/

left’ polarization for two time-delayed pulses; (d)-(f) *left/right’ polarization for two time-delayed pulses. Laser

pulses parameters are same as in Fig. 2
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Fig. 4 Transition of vortex-shaped momentum distributions
froma=0 to a =0.04. (a) a =0 (vortex arms
numbered as 1, 2, 3, 4); (b) a=0.04 (arrow
illustrating corresponding shift of peak position of
second vortex arm); (c) variation of peak intensity

of each arm; (d) variation of polar angle of each arm
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