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Fig. 1. (a)—(c) Two-dimensional photoelectron momentum distributions of heteronuclear diatomic molecules at different orientation
angles calculated with TDSE. The molecular orientation angles are (a) 0°, (b) 60°, and (c) 90°. The lower left corner shows a
schematic diagram of the molecular orientation. The white arrows in panel (b) and (c) point to the regions of apparent asymmetry
of the spectra along the z axis. (d)—(f) The extracted photoelectron spectra along the laser polarization direction (z axis). The red
box areas denote the cutoff region of the high-order above-threshold ionization platform structure, 10U,
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Fig. 2. (a) Diagram of electron rescattering at different mo-
lecular orientation angles, 4 represents the change of the
electron momentum before and after the scattering; (b) the
variation of the photoelectron yields at the cutoff region
(9.83 U,~10.12 U,) with the orientation angle (black dots),
where the red curve is the fitting result using Eq. (7).
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Fig. 3. For a homonuclear diatomic molecule with inter-
nuclear distance Ry = 2.068 a.u., the variation of the photo-
electron yields at the cutoff region with the orientation
angle (black dots). The red curve is the best fitting result
according to the formula |cos[ (p — k) R¢cosdy ]|* . The laser

parameters are the same as those used in Fig. 1.
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Fig. 4. Internuclear distance of heteronuclear diatomic mo-
lecules with different internuclear separation R, obtained
with strong-field tomography method. The red dots repres-
ent the fitted values, and the errors are obtained from the

fitting errors of the corresponding curves.
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SPECIAL TOPIC—Dynamics of atoms and molecules at extremes

Imaging of heteronuclear molecular structures based on
strong-field tomographic scheme”
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Abstract

The study of atomic and molecular structure imaging is of great significance in revealing the microscopic
nature of matter and promoting the frontier development of materials science and life science. The rapid
development of femtosecond laser technology provides a new method for detecting atomic and molecular
structures on an ultrafast time scale, such as strong-field tomography scheme. Strong-field tomography uses
strong-field driven electron rescattering to detect the structure of oriented molecules. The advantage of this
scheme is that it does not require priori knowledge of atomic differential cross-sections. Using the strong-field
tomography scheme, the structural extraction of homonuclear diatomic molecules can be realized successfully.
However, it is currently unclear whether this imaging scheme is applicable to the heteronuclear molecular
system with more complex cross section of the electron. In this work, heteronuclear diatomic molecules are
taken for example and the strong-field tomography scheme is used to study the imaging of the molecular
structure. By solving the time-dependent Schréodinger equation, the variation of the photoelectron yield with the
orientation angle of the molecular axis is obtained. Next, a fitting method for the variation of the photoelectron
yields of the heteronuclear molecules with the orientation angle is presented, and then the fitted value of the
internuclear separation is obtained. It is found that the fitting result is comparable to the real molecular
internuclear separation, indicating that the strong-field tomography scheme is also suitable for the extraction of

heteronuclear molecular structural information.
Keywords: strong-field tomography, heteronuclear molecules, internuclear distance
PACS: 32.80.-t, 33.60.+q, 33.90.+h DOI: 10.7498/aps.74.20241792

CSTR: 32037.14.aps.74.20241792

* Project supported by the National Key Research and Development Program of China (Grant No. 2019YFA0307702), the
National Natural Science Foundation of China (Grant Nos. 12121004, 11922413, 12174401), and the CAS Project for Young
Scientists in Basic Research, China (Grant No. YSBR-091).

1 Corresponding author. E-mail: xylai@wipm.ac.cn

1 Corresponding author. E-mail: xjliu@wipm.ac.cn

093201-7


http://doi.org/10.7498/aps.74.20241792
https://cstr.cn/32037.14.aps.74.20241792
mailto:xylai@wipm.ac.cn
mailto:xylai@wipm.ac.cn
mailto:xjliu@wipm.ac.cn
mailto:xjliu@wipm.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

T3R5 BN B T R RZ DTS BUE
EXF IWE IHZ HEZH LR RE

Imaging of heteronuclear molecular structures based on strong—field tomographic scheme

WU Wenzhuo  WANG Shijun  WANG Yanlan LAl Xuanyang QUAN Wei  LIU Xiaojun
5] Fi{ &, Citation: Acta Physica Sinica, 74, 093201 (2025) DOI: 10.7498/aps.74.20241792

CSTR: 32037.14.aps.74.20241792

TELR T2 View online: https://doi.org/10.7498/aps.74.20241792

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

ST R E S GG ISR 22 R 28 BRI T2 A AR D 1]

Artifact noise suppression of particle—field computed tomography based on lightweight residual and enhanced convergence neural

network

YIBR2A4R. 2024, 73(10): 104202  hitps:/doi.org/10.7498/aps.73.20231902

NI ) /B L I 87 2 7B

From “strong—field atomic physics” to “strong—field nuclear physics”

WIBEAEAR. 2024, 73(24): 244202 https://doi.org/10.7498/aps.73.20241456

BT R A YR R 2 AT AR N ] SE IR PRI A IE S B R T i

Back—projection method with fast time—delay correction for photoacoustic tomography reconstruction based on a focused sound field

model

PyFEEEAR. 2022, 71(7): 078102 hitps:/doi.org/10.7498/aps.71.20212019

FTROCOCTEEOR M TELZT R FE

Online tomography algorithm based on laser absorption spectroscopy

PFEEEAR. 2023, 72(5): 054206  https:/doi.ore/10.7498/aps.72.20221935

OO XS IR YA T2 BRI R

Tomographic incoherent holography for microscale X—ray source

YrH2E 4. 2023, 72(19): 195203  https://doi.org/10.7498/aps.72.20230920

ST IR M Z TG ALAR B B RO bR e 3 7 1
A method of fast locating discrete interface based on phase information of complex master—slave optical coherence tomography

YIBR2AHR. 2022, 71(21): 214202 hitps:/doi.org/10.7498/aps.71.20220444


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20241792
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231902
https://doi.org/10.7498/aps.73.20231902
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20241456
https://doi.org/10.7498/aps.73.20241456
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20212019
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20212019
https://doi.org/10.7498/aps.71.20212019
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221935
https://doi.org/10.7498/aps.72.20221935
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230920
https://doi.org/10.7498/aps.72.20230920
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220444
https://doi.org/10.7498/aps.71.20220444

	1 引　言
	2 理论方法
	3 结果与讨论
	4 结　论
	参考文献

