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Fig. 1. Flowchart of genetic algorithm.
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Fig. 2. lllustration of Newton’s method. Blue curve repres-
ents value of function f(z),and red lines represent tan-
gent to blue curve at independent variable z, which is

solution =« when f(z)=0.
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80.1) I, Fifik ALY i ek B | f] A28 4K.

Fig. 3. Variation of |f| with the number of iterations n for
four samples. The blue, orange, yellow, and purple lines
represent the changes in function values |f| with increas-
ing iteration times when the initial trial solutions are
(tr =20.1,t; = 80.1), (tr =40.1,t; =80.1), (¢ =60.1,
t; = 80.1) and (& = 120.1,¢; = 80.1) , respectively.
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Fig. 4. Path integral on complex plane. I; describes integ-
ration along imaginary time axis with a step size of iAT,
and I2 describes the integration along real time axis with a

step size of AT .

(a)

A @<
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|
P12 U AE FH B B B0 SR i AR F -0 R . 92
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I DTHR, B — SR AR 1 DT ik B — 4, A AR
ANTE].L ARG W S B R & (S/h) AR, Bl
T H R, (S/h) R T XN TR AR AR AE
SRR TR. X EWRE, fERETF 2R
ANEIR, DI A AR AR AR R SR L h RARZ

K5 @RS EAURER. A5 Bl kR F IR ah S SR, SERLE VR F IR (a) P E Z BMIAFE—A
PABRILAE ; () P07 ) AR AE P ZEE MR () P00 B A TR Be g, IR+ 7T U A & DI AT R & 31k B s

Fig. 5. Schematic diagram of Feynman’s path integral concept. A and B represent initial and final points of a particle, and the
green dashed line represents the possible paths of particle: (a) There is a double-slit barrier between two positions; (b) there are
multiple slit barriers between two positions; (c) there are infinite slits between two positions, and particle can reach point B from

point A through any intermediate position.
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Fig. 6. Logarithmically scaled photoelectron momentum dis-
tribution in p; -pz plane®: (a) TDSE, (b) SFA and (c)
TCSFA without sub-CC; (d) TCSFA with sub-CC.
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Fig. 7. Two-dimensional photoelectron angular distributions of hydrogen atom: (a) CQSFA; (b) SFA; (c) TDSE.
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SPECIAL TOPIC—Attosecond physics

Feynman path-integral strong-field dynamics
calculation method”
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Abstract

The emergence and development of ultrafast intense lasers and attosecond measurement techniques have
made it possible to observe and control the motions of electrons on a timescale of attoseconds and a spatial
scale of atoms. With the improvement of experimental measurement accuracy, higher requirements are put
forward for the accuracy of theoretical calculation methods. Extracting temporal and spatial information about
ultrafast dynamics from experimental results through using theoretical models presents a significant challenge.
Compared with the exact solutions of the time-dependent Schrédinger equation, the Feynman path-integral
method for strong-field dynamics calculations offers a simpler model and higher computational efficiency. The
electronic wave packet is regarded as a particle with different initial states, and by analyzing the motion of the
particle, the causes of various nonlinear physical phenomena in strong fields can be clarified. This work
introduces the saddle point approximation into strong field dynamics calculations based on the strong field
approximation theory. Furthermore, the Coulomb-corrected strong field approximation method, trajectory-
based Coulomb-corrected strong field approximation method, and Coulomb quantum trajectory strong field
approximation method are presented in detail. This review aims to provide relevant methods and literature
references for studying strong field dynamics theoretical calculations and also to present some ideas for

developing new algorithms.
Keywords: strong field approximation, saddle point approximation, Coulomb-corrected
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