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Orthogonal two-color field control of double-plateau spectrum
structure in strong-field ionization

SHE Wen',QIN Peng',XU Long',GONG Min', WAN Weiping' ,
ZHENG Lingling® , SUN Xufei'* ,CHEN Zhanghai'

(1. College of Physical Science and Technology, Xiamen University, Xiamen 361005, China;
2. School of Energy, Xiamen University. Xiamen 361102, China)

Abstract : [Objective] Controlling anomalous spectral structures in strong-field ionization using elliptically polarized light is often
limited by parameter coupling, thus resulting in the difficulty of isolating effects of individual variables. To address this challenge, we
investigate the ionization spectra of the argon gas under orthogonally polarized two-color (OTC) laser fields. The influence of phase
delay and intensity ratio between these two colors on electron recollision dynamics and the formation of the double-plateau structure
are studied, offering a multi-dimensional control scheme for strong-field electron dynamics. [ Methods] Using the time-dependent
Schrédinger equation (TDSE) and the quantum trajectory Monte Carlo (QTMC) model, we simulate the ionization of argon atoms
driven by OTC fields composed of 800 nm and 400 nm orthogonally polarized laser pulses. By varying the intensity ratio (1 1 —

1:7) and phase difference (0 - m) between the two fields, we analyze the resulting electron energy spectra and classical trajectories
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to clarify the relationship between multiple-return electrons and observed double-plateau structures. [ Results] When the phase
difference ranges from 0. 1w to 0. 5w, energy spectra display a clear double-plateau structure, in which the transition region is
dominated by multiple-return electrons. At a phase difference of 0. 7w, however, spectra collapse into a single plateau, with a
significant increase in Rydberg-state electron population. The double-plateau structure is most pronounced when the intensity ratio
equals 1 : 1. As the ratio deviates from 1 ¢ 1,the yield of electrons in the transition region decreases,leading to the disappearance of
the double-plateau structure. Trajectory analysis reveal that this disappearance results from the trapping of multiple-return electrons
into Rydberg states. [Conclusion] The OTC field enables independent control of electron recollision paths through phase delay and
intensity ratio,and effectively acts as an on-off switch for the double-plateau structure. Compared to elliptically polarized fields, OTC
fields offer greater tunability, allowing selective control over the ionization or trapping (into Rydberg states) of multiple-return
electrons, This study provides a more precise method for investigating strong-field quantum electrodynamics and lays a theoretical
foundation for applications such as molecular imaging and attosecond pulse generation.

Keywords: recollision physics; double-plateau structure; multiple-return electrons; Rydberg state; orthogonal two-color field; time-

dependent Schrodinger equation (TDSE) ; quantum trajectory Monte Carlo (QTMC) model
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Fig. 2 Electron energy spectra obtained using the TDSE simulation under an OTC laser field with different phase differences
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Fig. 9 The dependence of electron yield on the electric field strength of 400 nm light (4=0. 170)
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