) 32 2 3R Acta Phys. Sin. Vol. 72, No. 19 (2023) 193202

HWREEGRERFRAFNEENE FHESTH
BRED HAAD KA AFAEY BEEY AKED KR

1) (FERER2F YR SR FBE, NS G T F B P A 5005, K 400715)
2) (fEFRITER 23+ T A4, f5FH 464000)

(2023 4F 4 A 27 Hg#F); 2023 4F 8 A 23 HULEHERH)

I P ARAO A2 L R 235 AFSE T MR O35 i U T 07 SO B 25 5 % B, SO (L B AILIS , i
WA AR, B F 3l E 44 DA 800 nm B ) 757 45 4 120 ¥ e A2 K 1600 nm B 1)\ 45 48 . OB AR 47 [#]
SEF, 1600 nm OG5 1 85 F 2 4 A S B0 Ty S5 R L 3 S S A A5 K B 4 S TR A 37 b T Ol
JE W B Bl 12 B HOCMIM R 2L, B Fah RS AT = ML B R B, IE R FANB = A B/
A AR 815 S5ORE A7 B ATL B 25 - By £ i 198 £/ DXk B B ORI 38 — 2 R 40 A . 1 L R RS I R A T R B, AR A
BE ML, B 7 sh B3 b i N U T ) 225 0.5 S 6 R A s B bk e 4, T A SR R T [R1 25 0k 1, 2
36 FA I I F S K o B AL G X T 800 nm F RN —ANHE YR T RI 22y 1.5 R 2.5 ANl R DT A L K e 4L
£ X F 1600 nm HE A AN, — AR TR 2E 8 1.5 A6 R B A B B Tk gl A, B — N E TR E 2 2.5
1 3.5 A~ HA 1 E S ke . 3 B 5 TR R R D K TR A8 AR 1 K B R ) O 1) B VR L EL 1 ST

JeRAEh T2

SRR WAL, P SULES, BT SN, SIS )%

PACS: 32.80.Fb, 32.80.Rm, 42.50.Hz

1 5

214 8 PR SR IO K o RS B R, Bk eh
H 5 FL 5 2 IR AR I A X B i 3522 T LA
i o) R 2 Ead 22 F R AR I A Y A A 2k
Yih, %A B AR SRR R B 1, SE e Rl AR
PRERAZIRLS ) — A, T A B %
A G B AR O AR T AUHL B (nonsequential
double ionization, NSDI)'=6l. i F Ffilf ##, NSDI
P H - B R ZU Y SCIBE M 70, 72 (53 it A D 93
e, B FIRXETE OGS IR S T R 6] 6
BB, RS A e vt e R o e &

i

DOI: 10.7498/aps.72.20230683

Y 2k B TR A B AR AR i R R R U XL
% (sequential double ionization, SDI)!0-M. [ A
W R 1) R B AR AR R ST 1Y, — B A P
ZIENELA SR SO I B R, AR IR R R
NSDI #ixfE A& Az, SDI FIMER SR,

T SDI (Yt B ] 5, P 22 ] A DG HK,
HL - IR A 3l -5 L 1 H s ) [) 2 ) ) S 5
FR R SRR, DRI AT DL £ SDI f s+
o BBl LRI B i AT 75 L. Pfeiffer %5 (12
M T woe 7 Ar R SDI, WL T3l &
TERARAS T N Y F B ] 2 T
HA, —F~ FEL S S B 6B G B A A T A B 2 A
F, 1) PR 5 IR () 7 A2 49 2 7 P S8 )

*ER ARRREILS (S 12074329, 12004323, 12104389) | PHRE R 2E KA QB DL I ZRi TR (b X202210635104)

15 PR 25 B P 2 2Rl Rl 35 4000 B B B R
t iBIE1E#E . E-mail: liyingbin2008@163.com
1 BIE1E#H. E-mail: huangcheng@swu.edu.cn
©2023 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

193202-1


http://doi.org/10.7498/aps.72.20230683
mailto:liyingbin2008@163.com
mailto:liyingbin2008@163.com
mailto:huangcheng@swu.edu.cn
mailto:huangcheng@swu.edu.cn
http://wulixb.iphy.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

) 32 2 3R Acta Phys. Sin. Vol. 72, No. 19 (2023) 193202

Bt JE AATTIF RS T R B9 TAE A B i [] 45 7l
SEHL IR USRI AT B  H ORI DG -1
TEM i 7 5K 0 19 - SDI ) Bifi 2 350 8 B 1 1
K, WUHLfaf 2 FEIO G R T8 P A% 3l 43 A L=
SRRt 7% Ay DUt 8 ey (1013151 30 Rl fgp e Ay A PEL
{149 7] o) o T3 R B0 M 0 2 17T S ) A T3 30 PN A
Fhiml. XN T B0l B A —1F
SN, (R R A I 2 5 — > F
KAE, Fr AR FE 307 A — A B Bk i (fon-
ization burst), il #EH T HEF JLHZS 2 1 H
) MY B SRS — B K BT[], SOTPRE A 21>
LB IDk b & ) i S H 25 ik i A S L R A £
gl H 7 ) i SR AR, AT DA H A
A BB R A, s R el i 2
Z W R G5 H . BE S 38 O C K e bk v, Bt
FEEANTTAEMAR O IK 3 )51 SDI U E A AL, A
S FR XL B T N S5 R 1) B T R A 1819,
{2 L OGRS A AR B, XU R O R ik
B 2 5 M) VG JE I R H 25 2 7 2 (A R

AR F AR A0 e 20 M R ERAR BT 50 AN ] 33
KA B RO Th R 1Y SDL 25 R Wos B+
Bl A AR T AT R G5 R RERURR A AR T IO D RN
AL, AHOZBENLET, FERAS B I, 25+ 3h i o A
TS G A I 7 1\ 54 . T S AR [ e B
PR BTl ik e B s . X eIk
SR I T G R A L B 3l 7 5. AR SO
SR 2 FA XTI P S SR B 8 ik vp AR A T A A kB
485 S 3R B B A A AL B e 1O BT 25 2 WL I 3]
JEL VR U B 14 S ] B 8 7527

2 ¥Rk

WSRO h 2T RAEMN R ESN1%¥, &
HEH B LB RE A B R i 2 4 5 IR e 15 2.
{HRBUE R 22 v F R G000 2 45 5 W 22 1 7 2
TR R AR R K, BT RS S B R SR i
LAt U O BUE A PO X TR A o
FET B e R G OO O SE . R R
22 ML REERRL )y Yok O h 2T R
50 17 FL S ] R 21200, Oy Tkt PR G T SR A L TR
BRI E A AR AR, W S A R LR
AU | N 3 22 S0 AR A 3. IR A o R
i Wilets A1 Kirschbaum £ 2728 5| A 22 A5 S

BRI ARAN AN PR SR B, bk A T 1E A )%
A8 1 B AR A TA] X8 A R 32t B i AR 11
25 IR LR B A% T ME B MR rh A
MR RE. H AN S LM R EEER O 9 2
T2l 2050 SR RT3 1 R L B3
FIfiE B 185 SEBIF 5T b A SOR T AR S e il R 25
AR A M I OG5 T 5 U X r, 5 ) R
Bl 15 AL P FR GE Y I TAD AL R
5 FERE (A SO 7 B )

dr; OH dp; OH
at Op;  dt :_(“)ri’ (1)
o, B p, AT T RO G RIS, i (0
HFRTS, B 8 2. REMEINGE H RN

p; 2
H = Z ?—E‘FVH(ri;pi)

i=1,2

v

71 — 7o

K, Va(ry, pi) HIERRASEGE, FREIE 7 2%
F RO E PR, HERsIE N

} , (3)

52 TiDi *
VH(Tiapi):4aT2 exp § & 1—< ¢ )

o o RAEG RO BRI, B8 —1 o, AT
WL &R VT FLHEA R T 155 i s g, X
Bla =28 &=1.225K UL Ar 5758 — Hi B AE
(1.01 a.u.). A SCR FA I D 41 0 SO K oK 5 Ji
THE, HigitCh

E(t) = Eof(t) [

+ (1"1 + 7’2) . E(t), (2)

1 .
\/Tﬁ COS((A}t + (25)13

+ %fﬁ sin(wt + ¢)y] : (4)

K By, e, w Bl ¢4l R B K b i B i | A%
T % . A R I AL 2% A0 37 (carrier-envelope
phase, CEP), f(t) = sin® (nt/7) & # bk v 18 £
2%, T RO IR AE.

TSN PR T BRE DL A A i 2 M
VRN, 45T H—E M Zhhe, [P REMA
AEEST—1.59 a.u., X T Ar JRFROSE —FZE
THEREZ M. RFINZ RGO IE LT
H A b — BB R R ], DS BRRE 1A & Al
S An. SRE RO, LR 7RO A
FEC I REH TR (1) Hifk. SOEhk b
WIS, KA, WP TR BER AR R

193202-2


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 2 3R Acta Phys. Sin. Vol. 72, No. 19 (2023)

193202

F&, WHZEF & A B B AR SO R OB 5
&2 6 PW /cm?, #if=4 0.75. 40 & 0 5 3 A
KA >R O, FERETE B0, BT AR
FL B 35 A VR MU B

3 Z#XR5i%®

& 1 2k 800, 1200 A1 1600 nm A 1 4 't 9K 3h
T Ar JEF R BB A . X T 4 A AR
S0 AHOIRA A RRAE. X TF 800 nm P K, B T8
AT AE FL A B R i T ) (y O ) I £ g X
WA 3, AR R — oA .
AT (A, FTAY) B8, hihaty (A FAL ) Fighay
(BHIB") #5¢. WA HOCHARIE N, da & h
Ti, UHOGI KIS E 1600 nm I, FEH B R
PRI BRI T A A 3T (Ay B Ag). BB B8+
B S PHEMG \AFE5 R . 54k, 800 nm Y
Sl AR TR A S B B R, OB T
CI T, TR e Bl R S s, B

Pajon/ 81

Dy.ion/a-U.

P A [ B B0 T SO i A T T8 PN 99 25 3 3l oA, SO ML BEBIL, ik 58 14 A JE 3

(c) 1600 nm.

Dy ion/ a1

L4 1600 nm 13 i% LT 5A ks .

0T SEE A M R B Bl i A A Al IR
BEROCI K AR E, B p, on 7E—0.5—0.5 a.uils
L P 0L, B A T R Gy, AR B IE] 2 IR y T )
(BTl i A A . P R 800 nm B, H I [
MormMBE TR AERE T 6 Mg, X5
P 1(a) Hh 2 B g o3 A Hh R 7S 45 R R X
7. B koA 3, rhige Ao (06 AL) FFIR 5
%4, 1200 nm BF B T ARG A A I (AL 0E), 2494
JEE K L1 Z 1600 nm B, A, AT Ag I (A
W D AL W) 52 424 T, LISt Al [l ) 2 i A A
SR T LS, A0 2(c) BAR, XFI 4k
D) i FOPARG et M IS 2 N ST AN AN
P2 2 BT K (800 nm) AYSZEG FBSHFSE i %
A AL F g 18,191,

h T RN BRAR B  Bl i S A B
GY S L G SR ERHIL, TR T AR Bl
L. & 3(a) FIE 3(b) B T A 0 B, AN[F]
WO A AT LT WO i 1 T P 1 25 1 Sl 43 A

Py ion/ a1

(a) 800 nm; (b) 1200 nm;

Fig. 1. Ion momentum distributions in the laser polarization plane for different wavelength, where the CEP is randomly chosen for

each trajectory, and the pulse duration is 14 cycles: (a) 800 nm; (b) 1200 nm; (c¢) 1600 nm.
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Fig. 2. Ion momentum distributions along the minor elliptical axis for different wavelength, where the distribution is obtained by
integrating the distributions of Fig. 1 over p, i, from —0.5 a.u. to 0.5 a.u., the pulse duration is 14 cycles: (a) 800 nm; (b) 1200 nm;
(c) 1600 nm.
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Fig. 3. Ion momentum distributions in the laser polarization plane (a), (b) and ion momentum distributions along the minor elliptic-

al axis corresponding to p, i, from —0.5 a.u. to 0.5 a.u double ionization events (c), (d) for different wavelength of the CEP is 0,

where the pulse duration is 14 cycles: (a), (¢) 800 nm; (b), (d) 1600 nm.
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Fig. 4. Distributions of the ionization times for the first electron (a), (c¢) and the second electron (b), (d) for different wavelength

(The gray dashed curves represent the laser negative potential vector in y direction, the CEP is 0, the pulse duration is 14 cycles):

(a), (b) 800 nm; (c), (d) 1600 nm.
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800 — —6.04 —5.28 — —2.18 —1.42 0.51 1.39 1.99 4.38 5.26 5.86
1600 —12.93 —12.09 —-10.57 —5.20 —4.35 —2.83 1.02 2.77 3.99 8.757 10.51 11.73
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Fig. 5. Distributions of the ionization times for the first electron (a) and the second electron (b) for the wavelength of 1600 nm. The

gray dashed curves represent the laser negative potential vector in y direction, the CEP is 0.5x, the pulse duration is 14 cycles.
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(b) 1600 nm.

193202-6


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 2 3R Acta Phys. Sin. Vol. 72, No. 19 (2023) 193202

FAcHe, BIE 0 MG T O a4 e 20 AR FEATL
TEOL T 1(c) h g Ay FT AL AR . AR O B,
W Cy F1 CL B R/, W Gy B CL Bk
AN, T AREARD BEHLE TS O N iX 4 A6 LA
B, B 1600 nm B Fshmikrh iy Ay, Ay |, Az F
AL 44 (K 1(e)). feZ 1600 nm A7 FEHLE
BT i EA 8 AN, X T 800 nm AYTHL,
0 GRS, T a2z RN, 1§ Cy il CL RABIE AL,
JIT LA e 2R BEATLA 00 5 Bl it 15 1 P 0 DX 3
AL 4 AN, INANESIX I, 2 A5, 3t 6 4N

8 NS ) Rl 1 B 0 e ST 12 v e
BLI, B g ii b 0y N R I T I RI 222 0.5 4
SCTE I L B I 2 TS SRR T R 2258 1,
2 1 3G JE I R F B K v R ZH 5. 4T 800 nm,
] ) — N R TR 2208 1.5 A1 2.5 AN E A
HL B kP 2. % T 1600 nm, ] AY AT 4

Sl U5 N T 22 O 1.5 A4 0l S 3R ) 22 O 2.5,

3.5 NG R H Bk np 2 G

X O a5 AU T SR B, OGAR 7 BEAIL
BsF, G SR PR F T G Rt <7 Bk, R4 M L A
LOVAT RN SCAT RO 3 N 1 56 AR [R). (H2 5
A S 5 e IR AT SO AT BTN LUAEAN 35T 1,
F HLARS T 3o B 091 3ol B 3 s i He
T 1. BB IA A IR W 5 37 i RIS A
JBK, PR T Z (AR IR ES. J52E Zhou &5 (7]
FIFH B AR 28 3075 3%, T R BRHERR HL ¢
WSS A5 2 25 R 5048 i F R A 45 R AR [R], I
UE BT FRCEAT R B B AS RS RE AR R 6 D
Gk e S B AR L IR TR A TR X kg
TR AN B i A FEL ST SR D fL 5 38 T 2 1Y
g FEARME R, XTI K 1600 nm AH A 0.57

on/a.1.

Pai

—16
—-16 -8 0 8

Dy.ion/a-1.

—-16 -8 0 8 16

A OL, AT FBCFAT R L 0.98. 9 1 S M
b 7S T R R R AT SR B g S R A 1 =2 1]
AR B OC AR, 18 7 2t T R A R IR ]
AT 25 LT F N T ] DA RO e RTIB , P
HL AT R, AP 2L G HE R 7R . 2
PR s ][] DA~ B RS R RS, PR 1 BT R
T, AR R EETTHERR.

tia/cycle

ti/cycle

Bl 7 1600 nom 5 60 P HL 09 FL B I 18] 20 A, O AR 02
N 0.5m, BK5E 9 14 A~ JH

Fig. 7. Ionization time distributions of the first electron
versus the second electron for the wavelength of 1600 nm,

the CEP is 0.5m, the pulse duration is 14 cycles.

Pl 8 2 1600 nm ARAZBEALIE B T AN [ ok 52 i
WOLIRARF- 10 N BB T oA TR, Bk
N6 AR I, B s o A B A A
10 e Ay, BB — S oRa S5 K98 N
14 F1 18 G, RSl &5 2 B\ AR
oA, I ELREHOEKK GE R8GO, Fh ] A M A
TLREA PR, Bl LA RES A Rl K 58 A X 2678
fERLAE 5 e mT 1 800 nm F) S 56 FNEIS AF 5% 45
ARSI B RIASSOR B A T PR 70t

1.0
0.8
0.6
0.4

0.2

—-16 -8 0 8 16 —-16 -8 0 8 16

Dy.ion/a-u. Dy.ion/a-1.

8 ARBKFENE BL T BOC IR A B9 T3k A (a) 6 DICRE; (b) 106 (o) 14 DERE; (d) 18 ML/E M. #

FeHAA BEAL, #2144 1600 nm

Fig. 8. Ion momentum distributions in the laser polarization plane for different pulse durations: (a) 6 cycles; (b) 10 cycles;

(c) 14 cycles; (d) 18 cycles. The CEP is randomly chosen for each trajectory, the laser wavelength is 1600 nm.

193202-7


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 2 3R Acta Phys. Sin. Vol. 72, No. 19 (2023)

193202

Daion/ 8.1

—16

-8 0 8

Py,ion/a.u.

16

&l 9

Dajion/ a1

% VT % W I OGS IR Y- TR P9 0 B T gl A A, I 1600 nm, ik 98 14 6 3

—16

—8 0 8

py.ion/a'u~

16

(a) WOCHIBLREHL; (b) AHALN O

Fig. 9. Ion momentum distributions in the laser polarization plane for the wavelength of 1600 nm and the pulse duration of
14 cycles, the laser magnetic field is included: (a) CEP is random; (b) CEP is 0.

TESRIZ H g i, Bl ORI R R
WOLHE X 2 S LB RS K. S TIR%E
i %5 AR SCHIF 5 A9V it 4 v D U0 SR 5 T 52
Wi, g — AT 1600 nm % KOG 3% ARG
FL[EVE T 7 SR B A B - sh g, anl&l 9 pr
. B 9(a) REEOEA A BENLA RS B, ] 9(b) X R
WOCHINLFE E R 0 TESL. XL 1(c), & 3(b) A1
K19, & BLEOCHE X T WU B 8 sl i b
R EE R B B AL R TER . OGREA (A
B A oA R AEAR /NI T ) RS

4 % #

ARSCH i AR 2 ML R ERBETE T AN
DA i Jok bR 5l A S5 OO UL RS . B 130
TG I AT AR, X SEAE R R R TR I
e TR B B g A AHAZBENLIN, KN 800 nm
AR TSl B R B AR A, B R AR R,
SUCTEERS N S I P  e WANGI 45k O 3 Al
TR N ME 7 BA R A SR s,
(AT AN [ 2L 8 I ' ] 90 L ok o 3o 2 ) 5 3
A AR, AN SEBUAR B 2. S35k, ARALIE E
N, TR i) B R R ' A 40 R S Bk b A
FER B XIOE A7, X ey (907 B 23 BEAR
¥osl, FrLIARGBEPL A BENLIN S, LB 45 R,
R MR (37 5 E AR i Jok e AT 58 ' ) 30 P
THE I EARTBL

S 0k

[1] L’ Huillier A, Lompre L A, Mainfray G, Manus C 1982 Phys.
Rev. Lett. 48 1814

(1]
(12]

[13]
[14]
[15)
[16]
7]
18]
[19]
[20]
[21]
[22]

(23]

193202-8

Wang Y L, Xu S P, Quan W, Gong C, Lai X Y, Hu S L, Liu
M @, Chen J, Liu X J 2016 Phys. Rev. A 94 053412

LuY Q,FuL B, YeDF, LiuJ,Li M, Wu C Y, Gong Q H,
Moshammer R, Ullrich J 2014 Phys. Rev. Lett. 112 013003
Ye D F, Li M, Fu L B, Liu J, Gong Q H, Liu Y Q, Ullrich J
2015 Phys. Rev. Lett. 115 123001

Lin K, Jia X Y, YuZ Q, He F, Ma J Y, Li H, Gong X C,
Song Q Y, Ji QY, Zhang W B, Li H X, Lu P F, Zeng H P,
Chen J, Wu J 2017 Phys. Rev. Lett. 119 203202

Liao Q, Winney A H, Lee S K, Lin Y F, Adhikari P, Li W
2017 Phys. Rev. A 96 023401

Hao X L, Chen J, Li W D, Wang B B, Wang X D, Becker W
2014 Phys. Rev. Lett. 112 073002

Chen Z J, Liang Y Q, Lin C D 2010 Phys. Rev. Lett. 104
253201

Li B Q, Yang X, Ren X H, Zhang J T 2019 Opt. Ezpress 27
32700

Maharjan C M, Alnaser A S, Tong X M, Ulrich B, Ranitovic
P, Ghimire S, Chang Z, Litvinyuk I V, Cocke C L 2005 Phys.
Rev. A 72 041403

Wang X, Eberly J H 2009 Phys. Rev. Lett. 103 103007
Pfeiffer A N, Cirelli C, Smolarski M, Déner R, Keller U 2011
Nature Phys. T 428

Pfeiffer A N, Cirelli C, Smolarski M, Wang X, Eberly J H,
Déner R, Keller U 2011 New J. Phys. 13 093008

Zhou Y M, Huang C, Liao Q, Lu P X 2012 Phys. Rev. Lett.
109 053004

Zhou Y M, Zhang Q B, Huang C, Lu P X 2012 Phys. Rev. A
86 043427

Wang X, Eberly J H 2011 arXiv: 1102.0221v1 [physics. atom-
ph]

Zhou Y M, Li M, Li Y, Tong A H, Li Q G, Lu P X 2017 Opt.
Express 25 8450

Tong A H, Zhou Y M, Lu P X 2015 Opt. Ezpress 23 15774
Schoffler M S, Xie X, Wustelt P, Moller M, Roither S,
Kartashov D, Sayler A M, Baltuska A, Paulus G G, Kitzler
M 2016 Phys. Rev. A 93 063421

Parker J S, Doherty B J S, Taylor K T, Schultz K D, Blaga
C I, DiMauro L F 2006 Phys. Rev. Lett. 96 133001

Chen J, Liu J, Fu L B, Zheng W M 2000 Phys. Rev. A 63
011404(R)

Haan S L, Breen L, Karim A, Eberly J H 2006 Phys. Rev.
Lett. 97 103008

Su J, Liu Z C, Liao J Y, Huang X F, Li Y B, Huang C 2022
Opt. Ezpress 30 24898


https://doi.org/10.1103/PhysRevLett.48.1814
https://doi.org/10.1103/PhysRevLett.48.1814
https://doi.org/10.1103/PhysRevLett.48.1814
https://doi.org/10.1103/PhysRevLett.48.1814
https://doi.org/10.1103/PhysRevLett.48.1814
https://doi.org/10.1103/PhysRevLett.48.1814
https://doi.org/10.1103/PhysRevLett.48.1814
https://doi.org/10.1103/PhysRevLett.48.1814
https://doi.org/10.1103/PhysRevA.94.053412
https://doi.org/10.1103/PhysRevA.94.053412
https://doi.org/10.1103/PhysRevA.94.053412
https://doi.org/10.1103/PhysRevA.94.053412
https://doi.org/10.1103/PhysRevA.94.053412
https://doi.org/10.1103/PhysRevA.94.053412
https://doi.org/10.1103/PhysRevA.94.053412
https://doi.org/10.1103/PhysRevLett.112.013003
https://doi.org/10.1103/PhysRevLett.112.013003
https://doi.org/10.1103/PhysRevLett.112.013003
https://doi.org/10.1103/PhysRevLett.112.013003
https://doi.org/10.1103/PhysRevLett.112.013003
https://doi.org/10.1103/PhysRevLett.112.013003
https://doi.org/10.1103/PhysRevLett.112.013003
https://doi.org/10.1103/PhysRevLett.115.123001
https://doi.org/10.1103/PhysRevLett.115.123001
https://doi.org/10.1103/PhysRevLett.115.123001
https://doi.org/10.1103/PhysRevLett.115.123001
https://doi.org/10.1103/PhysRevLett.115.123001
https://doi.org/10.1103/PhysRevLett.115.123001
https://doi.org/10.1103/PhysRevLett.115.123001
https://doi.org/10.1103/PhysRevLett.119.203202
https://doi.org/10.1103/PhysRevLett.119.203202
https://doi.org/10.1103/PhysRevLett.119.203202
https://doi.org/10.1103/PhysRevLett.119.203202
https://doi.org/10.1103/PhysRevLett.119.203202
https://doi.org/10.1103/PhysRevLett.119.203202
https://doi.org/10.1103/PhysRevLett.119.203202
https://doi.org/10.1103/PhysRevA.96.023401
https://doi.org/10.1103/PhysRevA.96.023401
https://doi.org/10.1103/PhysRevA.96.023401
https://doi.org/10.1103/PhysRevA.96.023401
https://doi.org/10.1103/PhysRevA.96.023401
https://doi.org/10.1103/PhysRevA.96.023401
https://doi.org/10.1103/PhysRevA.96.023401
https://doi.org/10.1103/PhysRevLett.112.073002
https://doi.org/10.1103/PhysRevLett.112.073002
https://doi.org/10.1103/PhysRevLett.112.073002
https://doi.org/10.1103/PhysRevLett.112.073002
https://doi.org/10.1103/PhysRevLett.112.073002
https://doi.org/10.1103/PhysRevLett.112.073002
https://doi.org/10.1103/PhysRevLett.112.073002
https://doi.org/10.1103/PhysRevLett.104.253201
https://doi.org/10.1103/PhysRevLett.104.253201
https://doi.org/10.1103/PhysRevLett.104.253201
https://doi.org/10.1103/PhysRevLett.104.253201
https://doi.org/10.1103/PhysRevLett.104.253201
https://doi.org/10.1103/PhysRevLett.104.253201
https://doi.org/10.1364/OE.27.032700
https://doi.org/10.1364/OE.27.032700
https://doi.org/10.1364/OE.27.032700
https://doi.org/10.1364/OE.27.032700
https://doi.org/10.1364/OE.27.032700
https://doi.org/10.1364/OE.27.032700
https://doi.org/10.1103/PhysRevA.72.041403
https://doi.org/10.1103/PhysRevA.72.041403
https://doi.org/10.1103/PhysRevA.72.041403
https://doi.org/10.1103/PhysRevA.72.041403
https://doi.org/10.1103/PhysRevA.72.041403
https://doi.org/10.1103/PhysRevA.72.041403
https://doi.org/10.1103/PhysRevA.72.041403
https://doi.org/10.1103/PhysRevA.72.041403
https://doi.org/10.1103/PhysRevLett.103.103007
https://doi.org/10.1103/PhysRevLett.103.103007
https://doi.org/10.1103/PhysRevLett.103.103007
https://doi.org/10.1103/PhysRevLett.103.103007
https://doi.org/10.1103/PhysRevLett.103.103007
https://doi.org/10.1103/PhysRevLett.103.103007
https://doi.org/10.1103/PhysRevLett.103.103007
https://doi.org/10.1038/nphys1946
https://doi.org/10.1038/nphys1946
https://doi.org/10.1038/nphys1946
https://doi.org/10.1038/nphys1946
https://doi.org/10.1038/nphys1946
https://doi.org/10.1038/nphys1946
https://doi.org/10.1088/1367-2630/13/9/093008
https://doi.org/10.1088/1367-2630/13/9/093008
https://doi.org/10.1088/1367-2630/13/9/093008
https://doi.org/10.1088/1367-2630/13/9/093008
https://doi.org/10.1088/1367-2630/13/9/093008
https://doi.org/10.1088/1367-2630/13/9/093008
https://doi.org/10.1088/1367-2630/13/9/093008
https://doi.org/10.1103/PhysRevLett.109.053004
https://doi.org/10.1103/PhysRevLett.109.053004
https://doi.org/10.1103/PhysRevLett.109.053004
https://doi.org/10.1103/PhysRevLett.109.053004
https://doi.org/10.1103/PhysRevLett.109.053004
https://doi.org/10.1103/PhysRevLett.109.053004
https://doi.org/10.1103/PhysRevA.86.043427
https://doi.org/10.1103/PhysRevA.86.043427
https://doi.org/10.1103/PhysRevA.86.043427
https://doi.org/10.1103/PhysRevA.86.043427
https://doi.org/10.1103/PhysRevA.86.043427
https://doi.org/10.1103/PhysRevA.86.043427
https://arxiv.org/abs/1102.0221v1
https://arxiv.org/abs/1102.0221v1
https://arxiv.org/abs/1102.0221v1
https://arxiv.org/abs/1102.0221v1
https://arxiv.org/abs/1102.0221v1
https://arxiv.org/abs/1102.0221v1
https://doi.org/10.1364/OE.25.008450
https://doi.org/10.1364/OE.25.008450
https://doi.org/10.1364/OE.25.008450
https://doi.org/10.1364/OE.25.008450
https://doi.org/10.1364/OE.25.008450
https://doi.org/10.1364/OE.25.008450
https://doi.org/10.1364/OE.25.008450
https://doi.org/10.1364/OE.25.008450
https://doi.org/10.1364/OE.23.015774
https://doi.org/10.1364/OE.23.015774
https://doi.org/10.1364/OE.23.015774
https://doi.org/10.1364/OE.23.015774
https://doi.org/10.1364/OE.23.015774
https://doi.org/10.1364/OE.23.015774
https://doi.org/10.1364/OE.23.015774
https://doi.org/10.1103/PhysRevA.93.063421
https://doi.org/10.1103/PhysRevA.93.063421
https://doi.org/10.1103/PhysRevA.93.063421
https://doi.org/10.1103/PhysRevA.93.063421
https://doi.org/10.1103/PhysRevA.93.063421
https://doi.org/10.1103/PhysRevA.93.063421
https://doi.org/10.1103/PhysRevA.93.063421
https://doi.org/10.1103/PhysRevLett.96.133001
https://doi.org/10.1103/PhysRevLett.96.133001
https://doi.org/10.1103/PhysRevLett.96.133001
https://doi.org/10.1103/PhysRevLett.96.133001
https://doi.org/10.1103/PhysRevLett.96.133001
https://doi.org/10.1103/PhysRevLett.96.133001
https://doi.org/10.1103/PhysRevLett.96.133001
https://doi.org/10.1103/PhysRevA.63.011404
https://doi.org/10.1103/PhysRevA.63.011404
https://doi.org/10.1103/PhysRevA.63.011404
https://doi.org/10.1103/PhysRevA.63.011404
https://doi.org/10.1103/PhysRevA.63.011404
https://doi.org/10.1103/PhysRevA.63.011404
https://doi.org/10.1103/PhysRevLett.97.103008
https://doi.org/10.1103/PhysRevLett.97.103008
https://doi.org/10.1103/PhysRevLett.97.103008
https://doi.org/10.1103/PhysRevLett.97.103008
https://doi.org/10.1103/PhysRevLett.97.103008
https://doi.org/10.1103/PhysRevLett.97.103008
https://doi.org/10.1103/PhysRevLett.97.103008
https://doi.org/10.1103/PhysRevLett.97.103008
https://doi.org/10.1364/OE.462022
https://doi.org/10.1364/OE.462022
https://doi.org/10.1364/OE.462022
https://doi.org/10.1364/OE.462022
https://doi.org/10.1364/OE.462022
https://doi.org/10.1364/OE.462022
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

¥ 1B ¥ Acta Phys. Sin.

Vol. 72, No. 19 (2023)

193202

24]

[25]

(26]

[27]

(28]

XuT T, Zhu Q Y, Chen J H, Ben S, Zhang J, Liu X S 2018
Opt. Express 26 1645

LiY B, Yu B H, Tang Q B, Wang X, Hua D Y, Tong A H,
Jiang C H, Ge G X, Li Y C, Wan J G 2016 Opt. Ezpress 24
6469

Su J, Liu Z C, Liao J Y, Li Y B, Huang C 2022 Acta Phys.
Sin. 71 193201 (in Chinese) [#57%, XIF#8, BE{a, 221, ¥
2022 PEEAR T1193201)

Wilets L, Henley E M, Kraft M, Mackellar A D 1977 Nucl.
Phys. A 282 341

Kirschbaum C L, Wilets L 1980 Phys. Rev. A 21 834

[29]
[30]
31]

(32]
(33]

(34]
(35]

193202-9

Cohen J S 2006 J. Phys. B 39 1517

Liu S W, Ye D F, Liu J 2020 Phys. Rev. A 101 052704

Huang C, Li Z H, Zhou Y M, Tang Q B, Liao Q, Lu P X
2012 Opt. Ezpress 20 11700

Yuan J Y, Liu S W, Wang X C, Shen Z J, Ma Y X, Ma HY,
Meng Q X, Yan T M, Zhang Y Z, Dorn A, Weidemiiller M,
Ye D F, Jiang Y H 2020 Phys. Rev. A 102 043112

Jiang H, He F 2021 Phys. Rev. A 104 023113

Sarkadi L 2021 Phys. Rev. A 103 053113

Lotstedt E, Kato T, Yamanouchi K 2011 Phys. Rev. Lett. 106
203001


https://doi.org/10.1364/OE.26.001645
https://doi.org/10.1364/OE.26.001645
https://doi.org/10.1364/OE.26.001645
https://doi.org/10.1364/OE.26.001645
https://doi.org/10.1364/OE.26.001645
https://doi.org/10.1364/OE.26.001645
https://doi.org/10.1364/OE.24.006469
https://doi.org/10.1364/OE.24.006469
https://doi.org/10.1364/OE.24.006469
https://doi.org/10.1364/OE.24.006469
https://doi.org/10.1364/OE.24.006469
https://doi.org/10.1364/OE.24.006469
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.7498/aps.71.20221044
https://doi.org/10.1016/0375-9474(77)90220-2
https://doi.org/10.1016/0375-9474(77)90220-2
https://doi.org/10.1016/0375-9474(77)90220-2
https://doi.org/10.1016/0375-9474(77)90220-2
https://doi.org/10.1016/0375-9474(77)90220-2
https://doi.org/10.1016/0375-9474(77)90220-2
https://doi.org/10.1016/0375-9474(77)90220-2
https://doi.org/10.1016/0375-9474(77)90220-2
https://doi.org/https://journals.aps.org/pra/abstract/10.1103/PhysRevA.21.834
https://doi.org/https://journals.aps.org/pra/abstract/10.1103/PhysRevA.21.834
https://doi.org/https://journals.aps.org/pra/abstract/10.1103/PhysRevA.21.834
https://doi.org/https://journals.aps.org/pra/abstract/10.1103/PhysRevA.21.834
https://doi.org/https://journals.aps.org/pra/abstract/10.1103/PhysRevA.21.834
https://doi.org/https://journals.aps.org/pra/abstract/10.1103/PhysRevA.21.834
https://doi.org/https://journals.aps.org/pra/abstract/10.1103/PhysRevA.21.834
https://doi.org/https://iopscience.iop.org/article/10.1088/0953-4075/39/6/019
https://doi.org/https://iopscience.iop.org/article/10.1088/0953-4075/39/6/019
https://doi.org/https://iopscience.iop.org/article/10.1088/0953-4075/39/6/019
https://doi.org/https://iopscience.iop.org/article/10.1088/0953-4075/39/6/019
https://doi.org/https://iopscience.iop.org/article/10.1088/0953-4075/39/6/019
https://doi.org/https://iopscience.iop.org/article/10.1088/0953-4075/39/6/019
https://doi.org/https://iopscience.iop.org/article/10.1088/0953-4075/39/6/019
https://doi.org/10.1103/PhysRevA.101.052704
https://doi.org/10.1103/PhysRevA.101.052704
https://doi.org/10.1103/PhysRevA.101.052704
https://doi.org/10.1103/PhysRevA.101.052704
https://doi.org/10.1103/PhysRevA.101.052704
https://doi.org/10.1103/PhysRevA.101.052704
https://doi.org/10.1103/PhysRevA.101.052704
https://doi.org/10.1364/OE.20.011700
https://doi.org/10.1364/OE.20.011700
https://doi.org/10.1364/OE.20.011700
https://doi.org/10.1364/OE.20.011700
https://doi.org/10.1364/OE.20.011700
https://doi.org/10.1364/OE.20.011700
https://doi.org/10.1364/OE.20.011700
https://doi.org/10.1103/PhysRevA.102.043112
https://doi.org/10.1103/PhysRevA.102.043112
https://doi.org/10.1103/PhysRevA.102.043112
https://doi.org/10.1103/PhysRevA.102.043112
https://doi.org/10.1103/PhysRevA.102.043112
https://doi.org/10.1103/PhysRevA.102.043112
https://doi.org/10.1103/PhysRevA.102.043112
https://doi.org/10.1103/PhysRevA.104.023113
https://doi.org/10.1103/PhysRevA.104.023113
https://doi.org/10.1103/PhysRevA.104.023113
https://doi.org/10.1103/PhysRevA.104.023113
https://doi.org/10.1103/PhysRevA.104.023113
https://doi.org/10.1103/PhysRevA.104.023113
https://doi.org/10.1103/PhysRevA.104.023113
https://doi.org/10.1103/PhysRevA.103.053113
https://doi.org/10.1103/PhysRevA.103.053113
https://doi.org/10.1103/PhysRevA.103.053113
https://doi.org/10.1103/PhysRevA.103.053113
https://doi.org/10.1103/PhysRevA.103.053113
https://doi.org/10.1103/PhysRevA.103.053113
https://doi.org/10.1103/PhysRevA.103.053113
https://doi.org/10.1103/PhysRevLett.106.203001
https://doi.org/10.1103/PhysRevLett.106.203001
https://doi.org/10.1103/PhysRevLett.106.203001
https://doi.org/10.1103/PhysRevLett.106.203001
https://doi.org/10.1103/PhysRevLett.106.203001
https://doi.org/10.1103/PhysRevLett.106.203001
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 2 3R Acta Phys. Sin. Vol. 72, No. 19 (2023) 193202

Ion momentum distributions from sequential double
ionization of Ar in elliptically polarized laser fields"

Liao Jian-Ying!  He Tong-Tong! Su Jie! Liu Zi-Chao! Li Ying-Bin?"
Yu Ben-Hai?  Huang Cheng !

1) (Chongqing City Key Laboratory of Micro & Nano Structure Optoelectronics, School of Physical Science
and Technology, Southwest University, Chongqing 400715, China)
2) (College of Physics and Electronic Engineering, Xinyang Normal University, Xinyang 464000, China)

( Received 27 April 2023; revised manuscript received 23 August 2023 )

Abstract

In this paper, we utilize a classical ensemble model with Heisenberg-core potential to study sequential
double ionization (SDI) of Ar atom by an elliptically polarized laser field. The results show that for random
laser phases, as the laser wavelength increases, the ion momentum distribution gradually evolves from a six-
band structure at 800 nm to an eight-band structure at 1600 nm. When the laser phase is stable, the ion
momentum distribution from 1600 nm laser field exhibits a ten-band structure. These multi-band structures
directly reflect the subcycle ionization dynamics of electrons in an elliptically polarized laser field. There is a
significant shift among the outer three bands of ion momentum distrbutions from different laser phases, which
leads to the fact that only one band is observed in the outer region of the ion momentum distribution for the
case of random laser phases. By analyzing the ionization times of the two electrons, it is found that for the case
of random phases, the inner bands of the ion momentum distributions originate from those combinations of
electron ionization bursts with the ionization time difference of 0.5 cycle, and the outer bands arise from those
combinations of ionization bursts with the ionization time difference of 1, 2 and 3 cycles. For 800 nm, the
middle band corresponds to those combinations of ionization bursts with the ionization time differences of 1.5
and 2.5 cycles. For 1600 nm, there are two bands in middle regime. One is from the combination with the
ionization time difference of 1.5 cycles, and the other is from those combinations with the ionization time
difference of 2.5 and 3.5 cycles. These results indicate that in the case of long wavelength and phase-stable laser,

the subcycle dynamics in sequential double ionization of atoms is more likely to be observed.

Keywords: elliptically polarized fields, sequential double ionization, ion momentum distribution, subcycle

dynamics
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