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Fig. 1. The total molecular energy of Hy versus the

sl
10?2

imaginary propagation time, for different configura-
tion spaces: 1o, 20, 40, 4061lm. The dashed horizon-
tal lines represent the ground state molecular energies
calculated by the Hartree-Fock method 23] and two-
electron TDSE method 111,

#1 1 MCTDHF J5i&iH 5434 3K Ha 4 73351 S Ak
B A BICSIUB B, RS R SR [11]

Table 1. Convergence of the ground state molecu-
lar energy of Ha versus the configuration space from
MCTDHEF calculations. The exact result is taken from
Ref.[11].

Configuration Configuration Energy Correlation

space number /a.u. /%
1o 1 —1.133629517 0.00
20 4 —1.152159763 45.37
40 16 —1.160219481 65.10
60 36 —1.161088449 67.23
4olm 36 —1.170588350 90.48
402m 64 —1.171337023 92.32
6olm 64 —1.171375932 92.41
6021 100 —1.172125237 94.25
8021 144 —1.172276434 94.62
Exact —1.174475714 100.00
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Table 2. Natural occupation numbers of Ho molecule,
when the configuration space is 601m. The results are
presented in a descending order. The reference values

from Ref. [21] are also given for comparison.
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Abstract

Electron correlation plays an important role in the multielectron interactions of many physical and chemical pro-
cesses. The investigation of correlation effects in the non-perturbative electronic dynamics (e.g. non-sequential double
ionization) when atoms and molecules are subjected to strong laser fields requires non-perturbative theoretical treatments.
The direct numerical integration of the time-dependent Schrédinger equation successfully explains many experimental
results, but it is computationally prohibitive for systems with more than two electrons. There is clearly a need for
a theory which can treat correlation dynamics self-consistently in strong time-dependent electric fields. In this paper
we develop a three-dimensional multiconfiguration time-dependent Hartree-Fock method, which can be applied to the
non-perturbative electronic dynamics for diatomic molecules, and it can also investigate the effect of electron correlation
in strong-field ionization of Ho molecules. This method adopts the prolate spheroidal coordinates (which can treat the
two-center Coulomb potential accurately) and the finite-element method together with discrete-variable representation
(which lowers the calculation burden from two-electron integrations). For the temporal propagation, we use the effi-
cient short iterative Lanczos algorithm for the equation which governs the configuration expansion coefficients, while an
eight-order Runge-Kutta (RK) method and an Bulirsch-Stoer (BS) extrapolation method, both with adaptive precision
controls, are implemented to solve the nonlinear orbital equation. While both methods yield correct results, the BS
method displays a better stability in the realtime propagation, while the RK method demands less computation. The
alignment-dependent ionization probabilities of Hy molecules in intense extreme ultraviolet pulses are calculated. Com-
parisons between multi-configuration and single-configuration results show that electron correlation has little effect on
the single ionization process, but it plays an important role in double ionization, leading to the decrease in the ioniza-
tion probability. The double ionization probability from the single-configuration space 1o is about three times larger
that from 401m. The ionization probability increases monotonically when the alignment angle increases from 0° to 90°,
yielding a ratio of 2.6 (1.5) between 90° and 0° for the double (single) ionization process. This method presents the basis

for the future study of electron correlation in strong-field processes.

Keywords: multiconfiguration time-dependent Hartree-Fock, electron correlation, strong-field ionization,

hydrogen molecules

PACS: 33.80.Rv, 31.15.A—, 31.15.vn DOI: 10.7498/aps.67.20172701

* Project supported by the National Basic Research Program of China (Grant No. 2013CB922203), the National Natural
Science Foundation of China (Grant No. 11374366), the Innovation Foundation of NUDT, China (Grant No. B110204),
and the Hunan Provincial Innovation Foundation For Postgraduate, China (Grant No. CX2011B010).

1 Corresponding author. E-mail: zhang bin@nudt.edu.cn

103301-11


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172701

	1引    言
	2理论方法
	2.1 MCTDHF理论
	2.2 数值方法
	2.2.1 椭球坐标系
	2.2.2 FE-DVR
	2.2.3 时间演化方法

	2.3 物理量的计算
	2.3.1 分子总能量
	2.3.2 单电离概率
	2.3.3 双电离概率
	2.3.4 自然轨道


	3结果与讨论
	3.1 计算参数
	3.2 关联效应对于分子基态总能量的影响
	Fig 1
	Table 1
	Table 2

	3.3 不同传播方法的对比以及电离概率的计算
	Fig 2
	Fig 3

	3.4 电子关联效应对于H2分子单电离以及双电离的不同影响
	Fig 4
	Fig 5

	3.5 H2分子电离概率随着取向角度的变化
	Fig 6


	4结    论
	References
	Abstract

