Revista Internacional de Métodos
SCIPEDIA Numéricos para Calculo y Disefio

en Ingenieria

Time-resolved subcycle and intercycle interference

" CIMNES

influenced

momentum shift in nonadiabatic tunnelling ionization

Sen Cui', Mengyao Xu*

1 School of Physics and Electronic Engineering, Jiangsu University, Zhenjiang

Abstract

OPEN ACCESS

Momentum shift is an important sign of nonadiabatic tunnelling ionization process, to
investigate the mechanism of momentum shift, we use the strong-field approximation

theory to track the formation of ionization momentum spectra of hydrogen atom under the
action of different laser pulses in time domain. By observing the ionization momentum
spectra of different structures with time, we find that the momentum shift is formed by the
continuous interference and evolution of ionization signals over time. Meanwhile, we
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further analyze how subcycle and intercycle interference influencing the formation of
momentum shift. Before the duration is long enough that intercycle interference emerges, DOI:

momentum shift grows smoothly. This finding reveals the different intrinsic mechanisms for
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the formation of momentum shift in many-cycle and few-cycle laser pulses. This work lays

foundation for deeper understanding of nonadiabatic tunnelling process and makes the

regulation of momentum shift possible.

1. Introdution

Nonadiabatic ~ tunneling ionization is one of the most
fundamental and common dynamic processes in ultrafast
ionization, and has always been a hot topic of concern in the
study of ultrafast laser physics. Instead of adiabatic tunneling
ionization, the barrier formed by the Coulomb field and the
laser field can't be regarded as static any more. We often use
the Keldysh parameter to distinguish these two ionization
processes [1, 2]. The physical meaning of the Keldysh parameter
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time of a single cycle of the external laser field, where 1 is the
2

ionization energy, Up = % is the pondermotive energy with E,
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being the amplitude of the laser field and w being the angular
frequency of the laser field. Ify 1, the ground state electron
crossing the potential barrier time is much smaller than the
laser field period, and the tunneling ionization process can be
regarded as an adiabatic process. When the parameter is higher
y =1, the laser field is no longer quasi-static during electron
tunneling, in this condition the nonadiabatic properties of
tunneling ionization begin to emerge [3-6].

Recently, many interesting works have revolved around the
nonadiabatic properties of tunneling ionization, such as the
non-zero ionization initial momentum [7-8], distorted tunneling
exit positions [9-10] and the tunneling delay time phenomenon
[11-15]. The existence of the above nonadiabatic properties
leads to a fact that the photoelectrons will not be distributed
near the negative vector potential of the laser field as the
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adiabatic tunneling photoelectrons. There is a difference
between the maximum of the photoelectron momentum
distributions(PMDs) and the negative vector potentials
corresponding to the laser electric-field peaks, leading to the
phenomenon of nonadiabatic momentum shift [16-22].

Numerous studies on the formation mechanism of ionization
momentum spectra have shown that the formation of ionization
momentum spectra is not instantaneous, but evolves over time.
During the ionization process, subsequent ionized electrons
continuously interfere with previously ionized electrons,
ultimately preserving the signal that satisfies the Feynman path
integral to form the momentum spectrum [23-24]. During the
formation of ionization momentum spectra, subcycle
interference(SCI)[25-28] and intercycle interference(ICI) [29,30]
are two important types of interferences. They ultimately
determined the interference structure of the PMDs. In order to
further explore the internal mechanism of momentum shift
formation and whether the formation of momentum shift also
follows the law of time evolution, it is necessary to analyze the
phenomenon in time domain.

In this paper, we numerically simulate the formation of the
PMDs of a hydrogen atom ionized by few-cycle laser pulses with
the strong-field approximation (SFA) theory [31,32] in the time
domain. The SFA is a widely used theoretical framework in
strong-field physics, which simplifies the problem by neglecting
the Coulomb potential after ionization and treating the electron
as a free particle in the laser field. This approximation allows us
to efficiently model the ionization process and capture the key
dynamics of electron motion under the influence of intense
laser fields. By tracking the relative positions of the maximum of
the PMDs and the negative vector potential corresponding to
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