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Fig. 1. (a)—(d) Electric field structure and negative vector potential curve of counter-rotating TCEP laser fields for different ellipti-

cities. The three lobes represent the electric field structure, and the triangle structure represents the negative vector potential of the

counter-rotating TCEP laser field. (e) The yield of NSDI for Ar as a function of laser intensity in counter-rotating TCEP laser fields

for different ellipticities.

Wh B IO ) (2 J5 ) b5 FAE
WP SO By ) (y 1) Byt ATLA
B B E B IR R AR, TR AN T 0 ST AR
A BRAT A = FRGS R = ARG H, X2
R TCEP #0637 2 th Wi B m Pk o't S 4H
A, SZATAIRE TCCP B0t R, [ie
TCEP W03 B I3 30 e (BRI A =2 18] 19 e £ AN
FAR TR 80323547 /] 1(e) Sk Ar JFFEAS [R5
(e TCEP 0t T, WHLES (double ionization,
DI) j~ aBESOG R EE A8 T th £k, bR
SR, AR FRR DU B . AR 1(e) HAT LA
T A8 A B3 B Y IR A5 R, X BRI AR
Jie TCEP #4563 4778 NSDI # 4. I H T Lk
I NSDI A T i %, Bl W o 3 K, Ar i
+ NSDI 7 fa B sl /. % &3 i TCEP #%
S AR F e TCCP #0t3 BAT 25 [a) % Firik
PR, 3R ] B 38 A )R LB - 713
2 KA BEE M A 23 A3 R, IR (8] H 3 (R R 21
51 - ) F S B el 557, T il A A
KA IRERRIR/N, B DAL NSDI 7™ -t 25 74 i
AN T RIS Ar R E R TR O 2R R S
TCEP #0637 i) NSDI, 7 “J8 557 4544 B X 1 384
DGR BE R RN, IR 1o =4 x 10 W/em? BB

SR

K 2 25 1 T FUiE TCEP O3 A R s 5
T WA TR, R R SRR WA T
W 2 7 B, IR g O
] b 2h i 4 . 7E simple-man S5t F 2
W T PRSI LA SR R, TS T AR S 3l
5 R E —A() 2 /AR A ) 08l (AR 2
b, FRATTAT LA A SR W I 2R A K, F 3l gy
Tk T =AY, J B8 B2
SEUGIR, X e TCEP #Ot A HAT 28
XA, 3R 8] LT 32 A —A T [ 3R [ ) -
BT,

J T fEREE TCEP 0t NSDI 7= &
ST O SR ARG, 1) 5 BRI T 22 LR NSDIT i -
TG4, JE R 2 MU AT LR RE AR
NSDI AL B A (ts) ) FEREAEITZ] (tre ).
X B SR B 2 e O Ar R AT
TR A IE IR 2, SRR 25 XA B i
WIS T I sk 20, 151 3 42t T NSDI 54
JITA A o e s A SR R ) F RS, T LA T
16 Jie TCEP #0637 Ar J5R 1 5 A 3 1 %1 A
RN 2 S0 A6 . AR 3(a)—(d) PR
TR B ), R R A AR B Y TR

093201-3


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

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 9 (2024) 093201

FEF 3(e)—(h) Hris i F R F LR %], R
K FRE R R PR IR 3 TT LUK B, Rl A
i AR R, B R T I 221 AR 221 B L BT 7
(R 20 A A A AR A, (ER A T (L Py R 1 i

py/a.u.

pe/a.u.

B2 A S0 S BE TCEP oLyt il 73l 40 (SRR
(¢) e=0.6;(d) €¢=0.8

TEBW AR, X 518 1(e) FF BRI E W) 4,
F T B R S 7 R I R 7 A RRAEG, BT DL
NSDI {147 £ bifi 45 1 {2 (1) 38 i 9 /b, NSDI AR
T T %

1.0
0.8
0.6
0.4

0.2

Jit TCEP #0tm fik# —At)) (a) e=0.2;(b) € =0.4;

Fig. 2. Momentum distributions at different ellipticities in counter-rotating TCEP laser fields: (a) € =0.2; (b) e =0.4; (¢c) e =

0.6; (d) € =0.8. The solid line represents the negative vector potential —A(t) of counter-rotating TCEP laser fields.
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tribution of the electron recollision time trc for Ar atoms with different ellipticities.
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Fig. 4. (a)-(d) Correlated momentum distributions of the electrons in the z direction for different ellipticities; (e)—(h) correlated mo-

mentum distributions of the electrons in the y direction for different ellipticities.
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Fig. 5. (a)—(d) Statistical distribution of the traveling time (trc — tsi) for Ar atoms with different ellipticities; (e)—(h) distribu-

tions of the returning electron recollision energy with different ellipticities; (i)—(1) statistical distribution of the delay time

(tpr — tre ) for Ar atoms with different ellipticities.
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mentum distributions with the “long trajectory”( trc — tst = 0.2 o.c. ).
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Nonsequential double ionization of Ar atoms in counter-
rotating two-color elliptically polarized laser fields
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Abstract

Electron correlation behaviors and recollision dynamics in nonsequential double ionization (NSDI) of Ar
atoms in counter-rotating two-color elliptically polarized (TCEP) laser fields are investigated by using the
classical ensemble model. The combined electric field in counter-rotating TCEP laser pulses traces out a trefoil
pattern, i.e. the waveform in a period shows three leaves in different directions, and each leaf is called a lobe.
Unlike counter-rotating two-color circularly polarized laser field, the combined electric field has no spatial
symmetry. The amplitudes of the three field lobes and the angles between them are different. Thus, the
returning electron mainly returns to the parent ion from one direction, and the electron momentum
distributions show strong asymmetry. Numerical results show that the NSDI yield gradually decreases as the
ellipticity increases, and the correlated behavior of the correlated electron momentum along the long axis of the
laser polarization plane gradually evolves from correlation behavior mainly located in the first quadrant and the
third quadrant to anti-correlation behavior mainly located in the second quadrant and fourth quadrant. In order
to further understand the correlation behaviors of electron pairs, different characteristic times in the NSDI
processes are discussed, respectively. It is found that single ionization events and recollision events gradually
decrease, but single ionization time and recollision time change slightly. This may be the main reason for the
decrease in NSDI yield. And as the ellipticity increases, the traveling time and the recollision energy gradually
decrease, while the delay time increases. Therefore, we can conclude that ellipticity may be responsible for the
NSDI process. In addition, further analysis finds that the shape of the trajectory becomes more and more
triangular as the ellipticity increases due to the counter-rotating TCEP laser fields of the specific dynamical
symmetries of the total net electric field. And it is found that whether it is a “short trajectory” or a “long
trajectory”, more populations move to the second quadrant and the fourth quadrant as the ellipticity increases.
The results show that increasing the ellipticity will gradually change the two electrons from emitting in the
same direction to emitting in the opposite direction. This well demonstrates that both ellipticity and travelling
time are responsible for the formation of the electron momentum distribution at the recollision time, meaning
that both of them affect the emitted directions of both electrons.

Keywords: counter-rotating two-color elliptically polarized laser fields, nonsequential double ionization,

ellipticity, electron correlation
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