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Fig. 1. Calculated P(t) of photoelectrons ejected in two oppositive directions in four-cycle laser pulses with
different laser frequencies. Peak intensity / = 1 x 10'* W/cm?. The CEP ¢ = 0 [(a), (c), (e), and (g)] and
e =1/2[(b), (d), (f), and (h)]. Dashed dotted red line: electron emitted in the positive direction; blue solid

line: electron emitted in the negative direction.
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Fig. 2. Time-energy distribution and energy spectrum (solid line) of an electron emitted in four-cycle laser
pulses with the ¢ = 0. The laser parameters are the same as those used in Fig.1. (a), (c), (e), and (g) an
electron ejected in the positive direction; (b), (d), (f), and (h) an electron ejected in the negative direction.

Dotted lines show the semiclassical relationship between the drift kinetic energy and the ionization moment

p?/2 = A%(t)/2].
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Fig. 3. Vector potential and electric field of a four-
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Fig. 5. Time-emission angle distributions in six-cycle laser pulses with the CEP ¢ = m/2 for different laser
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SPECIAL TOPIC — Atomic and molecular processes driven by ultrafast intense laser fields

Study of above-threshold ionization by
“Wigner-distribution-like function” method”
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Abstract

A Wigner-distribution -like function is proposed to obtain various distributions of photoelectron emitted from H
atoms in few-cycle laser pulses with different frequencies: time-energy distribution, time ionization distribution for
linearly polarized laser field and time-emission angle distribution, angular distribution, and time ionization distribution
for elliptically polarized laser field. With decreasing frequency, all the distributions clearly show a transition of ionization
process from the multi-photon regime to the tunneling regime. For the case of linearly polarized laser pulse, accompanying
this transition, the semiclassical relationship between the ionization moment and the final drift energy is becoming more
and more close to the time-energy distribution. Meanwhile, the time-energy distribution clearly shows the interference
structures in the tunneling regime, which can be attributed to the interference between the electrons with the same
energy ejected at different times. For the case of elliptically polarized laser pulse, both the angular offset in the angular
distribution and the time offset in the time ionization distribution are obtained by comparing the quantum calculation
with the semi-classical result. The results show that the time offset is much smaller than the angular offset. This indicates
that the “attoclock” technique which is based on the correspondence between two offsets is in principle inaccurate.
Furthermore, the time offset can be both positive and negative. So this time offset cannot be interpreted as the tunneling

time.

Keywords: above-threshold ionization, Wigner-distribution-like function, time-energy distribution,

tunneling ionization
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