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Fig. 1. Two-dimensional distributions spatial wave functions of the (a) 2pog and (b) 2poy orbitals for Ne, respectively. Panel (a)

shows the positions of the two atomic centres, A and B, with the distance between them marked as Rg . The electronic relative po-

sition vector to atomic centre A is denoted by 74 , and the relative position vector to atomic centre B is denoted by 7rg .
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Fig. 2. Photoelectron momentum distributions (PMD) calculated by the SFA method for the symmetric orbitals 2pog (the first

row) and antisymmetric orbitals 2poy (the second row) in circularly polarized light for Ne,, which includes both the dressing

state (a), (c), (), (g) and the undressing state (b), (d), (f), (h). The molecular axes are aligned along the zaxis, the Ne—Ne bond

length is 5.86 a.u. The left set of panels has the peak laser intensity is 1.8 x 1014 W/cmg, while the right set of panels is

7.3 x 101 W/cm2 , the wavelength of both is 780 nm.
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Fig. 3. The PMD of the symmetry orbital 2pcg of Ne, in circularly polarized light calculated by considering different terms in the
SFA method: (a) The PMD obtained when Vp,, is not considered in Eq. (5); (b) the PMD obtained when V} is included but the

molecular interference term is removed; (c) the PMD with only the undressed state interference term considered in Vp ;

PMD with only the dressed state interference term considered in Vjp, .

wavelength is 780 nm. For details, please refer to the text.

(d) the
The peak laser intensity is 7.3 x 104 W/cm27 the
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Fig. 4. Distribution of the ionization rates with p. for the symmetric 2pog (a) and antisymmetric 2poy (b) orbitals of Ne, in the

dressed state, i.e., integrating the z-direction momentum distributions in Fig. 2(d) and Fig. 2(h).
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Fig. 5. The PMD of N, in elliptical laser fields for HOMO (a), (b), (c), (d) and HOMO-1 (e), (f), (g), (h) calculated by the SFA
method, which (a), (¢), (e), (g) are the case of the undressed state, and (b), (d), (f), (h) are the cases of the dressed state. The left
set of panels and the right set of panels are aligned at angles 0° and 45° , respectively. The molecular axes are aligned along the z
axis direction, the alignment angle is defined as the angle between the molecular axis and the main axis of the laser field. The N—N
bond length is 2.073 a.u., the peak laser intensity is 1.8 x 1014 W/cm? | the wavelength is 800 nm, and the ellipticity is 0.82.
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Fig. 6. Photoelectron momentum distributions of different orbitals in (elliptical) circular polarized light for Ny and Ne, calculated by
the CCSFA. The momentum distributions of HOMO (a) and HOMO-1 (c) for N, in the undressing state, the peak laser intensity is
1.8 x 10'* W/em? | the wavelength is 800 nm, and the ellipticity is 0.82; the momentum distributions of symmetric og orbital

b) and antisymmetric o, orbital (d) for Ne, in the dressing state, respectively, the peak laser intensity is 7.3 x 1014 W/cm?2 | the
2 g

wavelength is 780 nm, and the ellipticity is 1; (e), (f) the results after rotating the distributions in panels (b) and (d) by a given

angle and integrating the momentum in the p, direction, respectively.
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SPECIAL TOPIC—Ultrafast physics in atomic, molecular and optical systems

Dressed-state and undressed-state during molecular ionization
induced by elliptically polarized laser field"

LIU Jie HAO Xiaoleif

(Institute of Theoretical Physics, State Key Laboratory of Quantum Optics Technologies and Devices,
Shanzi University, Taiyuan 030006, China)

( Received 15 January 2025; revised manuscript received 24 February 2025 )

Abstract

Despite the molecular strong-field approximation (SFA) theory has made remarkable achievements in
describing the ultrafast dynamics of molecules in intense laser fields, there are basic inconsistencies in the theory
itself. On the one hand, the basic principle of SFA requires that the initial state be an eigenstate of the system
in the absence of the field, and on the other hand, the spatial translation invariance of the physical process
requires that the initial state of the system be a laser-field-dressed state. These two conflicting requirements
correspond to the two forms of molecular SFA theories, namely, the undressed state and the dressed state. The
two theoretical validity and applicability conditions are widely disputed. In this paper, we investigate the
ionization processes of Ny and Ne, molecules in an elliptically polarized laser field and a circularly polarized
laser field, aiming to solve the above-mentioned controversies. Elliptically polarized laser can efficiently suppress
the re-scattering process and the influence of various interference effects, which makes the ionization process
cleaner, and thus can effectively screen the applicable conditions for the dressed and undressed states. We
calculate the photoelectron momentum distributions corresponding to different molecular orbitals in the dressed
and undressed states by using the SFA and the Coulomb-corrected strong-field approximation and compare
them with previous experimental results. For molecules with large nuclear spacing such as Ne,, we find that the
dressed state is necessary to accurately characterise their ionization, however, for molecules with small nuclear
spacing such as Ny, the dressed state description is inapplicable. The conclusions of this work provide a
reference for accurately describing laser-induced molecular ultrafast processes and further developing

corresponding theories and molecular ultrafast imaging schemes.

Keywords: elliptically polarized laser field, molecule ionization, dressing, photoelectron momentum distribution
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