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Fig. 1. Geometrical configuration of H§+ at internuclear

distance ry = 2.0 a.u.: (a) Linear molecule; (b) triangular

molecule.
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Fig. 2. Angle-resolved direct ATI spectra of Hs**molecular ions at internuclear distance r; = 2.0 a.u. by monochromatic linearly po-

larized laser fields: (a) Linear; (b) triangular.
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Fig. 3. Angle-resolved direct ATI spectra of Hy**molecular ions at internuclear distance 7, = 2.0 a.u. by bichromatic linearly polar-

ized laser fields: (a) Linear; (b) triangular. Here, tcq, = wito(g2 = 1,2).
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Fig. 4. The direct ATI momentum spectra of H§+ molecular ions at internuclear distance ry = 2.0 a.u. by bichromatic linearly polar-

ized laser fields: (a) Linear; (b) triangular.
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Fig. 6. Angle-resolved direct ATT spectra for linear (a)—(c) and triangular (b)-(f) H§+ molecular ions with ry = 2.0 a.u. by bichro-
matic linearly polarized laser fields. The intensity of laser fields are Iy = Iz = 1.0 x 102 W/cm? (a), (d), I = Iz = 1.0 x 103
W/em? (b), (e), Iy = Iz = 1.0 x 10 W/cm? (c), (f), respectively.
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Abstract

Since imaging the geometrical structure of molecules can help to understand the microscopic world
intuitively, and thereby to promote the development of physics, chemistry, material science and biological
science, it has long been an important subject for scientists to probe the molecular internal structure. Generally,
however, because of the relative complexity of the molecular internal structure, it is difficult to obtain the
relevant information by ordinary experimental means. With the development of laser technology, especially the
advent of intense ultrafast laser field, ultrafast laser pulse provides an unprecedented detection tool to
investigate the related ultrafast dynamics. In recent years, strong field high-order nonlinear ultrafast processes,
such as above-threshold ionization(ATI), high-order above-threshold ionization(HATI), high harmonic
generation(HHG), and non-sequential double ionization (NSDI), were produced by using femtosecond ultrafast
laser to excite molecules. Since the molecules excited in these processes emit the photon and electron signals
pertinent to their internal structures, it is natural that one can obtain the imaging of molecular structure by
extracting the signals. Recently, we have demonstrated that the structural information of SFg molecules can be
obtained by the interference fringes on the ATI spectrum using the infrared and ultraviolet bichromatic laser
fields[arXiv, 1912.08499 (2019)]. In this paper, we use frequency-domian method, which is based on non-
perturbed quantum electrodynamics, to investigate the direct above-threshold ionization (ATI) process of
triatomic molecular ion H3" with two different geometrical structures by monochromatic and bichromatic laser
fields, and given the detailed analysis of the spectra for each case. Compared with the monochromatic laser
field, it is found that the ATI spectrum by the bichromatic laser field is more sensitive to the geometrical
configuration of molecular ion, thereby it can be applied to identify the different geometrical structure of
molecules. In the case of bichromatic laser fields, the direct ATI spectrum show different interference fringes
with different molecular configurations. We give the beginning and cutoff curves of each platform by employing
the saddle-point approximation. Furthermore, we derive the destructive curves formulas for different molecular
configurations in angle-resolved direct ATI energy spectra and momentum spectra, respectively, which carries
the information about themolecular structure. In addition, it is found that the shape of the spectra can be
modified by changing the molecular internuclear distance or varying the laser intensity. Thereby, it can be
inferred that the ATI spectrum induced by bichromatic laser field has the ability to identify different
configurations of the same molecules, which is instructive to image geometrical structure of complex molecules.
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