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Analysis of Different-return Collision Orbits of Nonsequential Double
Ionization of Argon in Intense Laser Field
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Abstract: Using the quantum mechanical scattering matrix theory, the electron momentum correlated distribution of different-return
collision orbits in the recollision excitation with subsequent field ionization process of nonsequential double ionization of Ar atoms
in intense laser fields is studied. The research results indicate that the electron momentum correlated distribution of different-return
collision orbits is related to the parity of the return times. The peaks of the electron momentum correlated distribution of the odd-re-
turn and even-return collision orbits move towards high momentum and low momentum respectively with the increase of the return
times. The analysis shows that the main reason for this phenomenon is that the maximum return energy of the rescattered electrons
varies with the parity of the return times. In addition, it is noteworthy that when the laser intensity is 9x10"* W/cm?, the shape of the
peak region of the electron momentum correlated distribution for the third-return collision orbit is different from the elliptical distri-
bution of the other return orbits, but shows a narrow and long strip distribution. This is mainly due to the special structure of the sad-
dle point orbit under this condition, that is, in a certain longitudinal momentum region, there is a sudden change in the real parts of
the ionization time and rescattering time of the long and short orbits, and a transition from the classical forbidden region to the classi-

cal allowed region occurs.
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Fig. 1  Electron momentum correlated distributions of different-return collision orbits in the recollision excitation with subsequent

field ionization for Ar. Normalization is done with the peak of the electron momentum correlated distribution of the first-return colli-
sion orbit. The wave length is 800 nm, and the laser intensity is 4x10" W/cm®
(a) corresponds to the first-return;(b) the second-return; (c) the third-return; (d) the fourth-return; (e) the fifth-return; (f) the sixth-re-

turn collision orbits electron momentum correlation distribution.
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Fig. 2 Electron momentum correlated distributions of different-return collision orbits at the same laser intensities in the recollision

excitation with subsequent field ionization for Ar. Normalization is done with the peak of the electron momentum correlated distri-

bution of the first-return collision orbit. The wave length is 800 nm, and the laser intensity is 7x10" W/cm®
(a) corresponds to the first-return;(b) the second-return; (c) the third-return; (d) the fourth-return; (e) the fifth-return; (f) the sixth-re-

turn collision orbits electron momentum correlation distribution.
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Fig. 3 Electron momentum correlated distributions of different-return collision orbits at the same laser intensities in the recollision

excitation with subsequent field ionization for Ar. Normalization is done with the peak of the electron momentum correlated distri-

bution of the first-return collision orbit. The wave length is 800 nm, and the laser intensity is 9x10"° W/cm®
(a) corresponds to the first-return;(b) the second-return; (c) the third-return; (d) the fourth-return; (e) the fifth-return; (f) the sixth-re-

turn collision orbits electron momentum correlation distribution.
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