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PENBRM GSHR MBI Zh . CRBOLE AR 1) &
pr AL E vp, ATLAE R =AER: GEE, M3hE,
ARG R,

2 2
P Dt Z
_— e — — L:
9 9 r Tt X pf,
VA
a:pfo—ﬂ. (20)
Tt

KB EME RN 23]

Poo(L X a) —a
1+ poc2L?
WER 2R ECHAAE R, BB 5 R ML T RE R —E K
TF, AR SIEENEE, W EEN3) 7

P2 R AT A3 2R AS B T3 &
F(t)dt = po — Alto), (22)

to
o to Rom BT HU B I Z1, po 9 HL I 20T 46 B
&, M RBAWRF = —0A/ot, W %
Wi R IT IR AT 5 4R 5 KRB KA ZE, |
A(£oo) = 0. EHE T FELHBZ)E, —JiHH—
M BT RERER/NTE, BT HAREH
A (22) UM SR, BE W RN E &
FHH I E R W 2. & RN RS )
AR A B H T 2OR A B B B R Tk
CTMC Jy ¥ ] B3R AR ZS 5 B AR [F] A v R A
A2, W (to,p), Frb SR P A 25 20 8 AR [ 19
FITAT BT, IXFEGETH 4 R R U RN th T4
i1 Bl B0 A 51 R KRS A o A 454, QTMC
JIEAE SRS EX AR IRCT T AIALAE R, ik
FIMFER SR BT RBREE N, 2 RKET
W, RKENENp KRN

M, = Z VWil(tg,pr)exp(id;).  (23)

P = Poo (21)

Poo = Pt = Po —

ERETF 2 AR AR P S ok B3R
e AT e 35,36]

P2 R H AR T U] 45 BB BT I BE
HGL @, £ SCHR [16] #b 78 44 BE AT DK 21 55 56 52 H
QTMC 7 i i J5L 30 v A T A BT AR o HE e 7
P S

00 2
qﬁ:/to [“(;) r(Zt)Hp dt.  (24)
b 1 A ASE S e W 127 /1 M 7 e A SN
. EROLE R 5 BT A REE STE, RS EAM
A HL - S B R R], PR T RS SRR R )
T B AR O S AR EITE 55 1 R, TTRkAH
[ FR A Bl FT DA 25, R LR AR 3 R 75 S DA H
I 2R 7 BIEO I S RIS 2. Sehrit ol B XS
B 3
e [u(t)?  Z
dt 2 r(t)
SRIG BRI A T REA (19) LRI SR A

BT, Shvetsov-Shilovski 2 [B7) 7 Hi 2 2 i
AR (semiclassical two-step (SCTS) model), F£
A ERASC R R 2 STk, 1% AR E
BEAT T HUEAR AL HE S, SCrhOR AR 1) HE S 1 AR
5 QTMC J53 0Tk 75k (¥ 7 v R A A 7], A
Ha RS R T g R R B
AARR R R B Bl B3R AL R0 A R AT L
RN

b = vo.r0+/too [—r(t) - 0(t) — H] dt, (26)

+ 1|, (25)

HbPH =022+ F -r— Z/r &M ETE. B
SLIBENTTRE (18) 3\, JF75 i HHIZSH SR IR 46 AH 1or
Ito, BB 55 AT LLS AL

()2 27
b =—vy-r +It—/ { —}dt.
0 0 plo " 2 T‘(t)

(27)
ZAH AL XS H QTMC JHE Sl i (24) 20 P A
A, MHEE (24) X, OREE T35 — 30, /£ QTMC JR3CH
FBAEFFIE O, MR T N FE, BT
& Hk, EUEG I 508 2, AN R
Iy RSN GBI -2 /r, 53480
KT ECBIE - (—Zr/13) = —Z)/r,
JRQTMC KT AP Bids 1 5 # 453 (24)
N T PRI, FATFRAE ] _ERAE IE AR AL T7
15N SCTS ik
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BT 2 7 — 80 ECBIEN, BRI AT 2
WEEOL A RN FT I KIIERE. K AR 70 Py,
MBI 2]t BHOCEE RN % ¢, FEMHOGETR T
Z\ 255 1%

ez,
L
- / [ > r(tﬂdt

[ leg-2)-5

XM T, T2 5 T KL BA R F
ARAREE, Bt B A5 I i T REE
I3 SR Z te BT I3 (AR 73 3+ T H 1 A
REI TTERAZ AR R K. 0a] BLAS 5 83X — TR 2,
HUTE 7% 18 2 AR ) — T 2R TUGS a2 A A FY) 5T
Wk, 5 SCATHE 218 10

o) - [ 2 (28)
(27) RATBLE Bk
b= —vy-ro+ Lyto — /: [U<;)2 . f(—f)] dt
+ &F (tg). (29)
it e A8 TR I5URT DA 06 45 A HEL T 13 B2
1.0 1.0

0.5 0.5
] ]

L o0 £ o0
8 5

jSH SH
—0.5 0.5
~1.0 ~1.0

—-1.0 -0.5 0 0.5 1.0
p./a.u.

—-1.0 -0.5

BB re LS BN S | 208 (VEARHES: 0 SCHR [37)):
(1) = —ZVb [lng + arcsinh (r;\/};)] , (30)
Hepb=1/\/21,, g = \/1+ 20,12 B 1/51%H
T =48 TDSE. —4E QTMC #1 SCTS J5 i:1EAH [ #4
JaAFAE N BT B B A py-p, PRI S, A
oI A g R ik, KA TR

r 2
A(t) = -0 exp l—a (%) ] sin wt,
w

Horr Fo 8 06 L 3 5 BE R A, B0O6 OG5 O6 R
Ip = F2 = 2 x 10" W/em?, #4800 nm, 24
o = 4.466. b= B0 &R R K, H
F AT R IR &5 R HE o3 A 2 B S T 1 38
ek, MBS R AT LR B, SCTS 75 F A4
TE AR BEAT A5 I )5 RE 08 il D b 3 55 IR RE A 1m) 45
R, Beak, B (b) ATEN L (¢) I T A
REFEER, XX RPIE FE O IE 22 07V
M. DU &R 7 e 4 B L, 18 BR i a v]
PLUR BLVEATE 18 Bl A2 ok [B] 2] 1 B BEAZ BN )
FREST R A T R FERIBUR . MRA1IFR A H R
TR A B (AR T ERORE R, R I 3K S 4 HL - () B DT
BRAZ Al 100, AT AE BSURT FR -0 B R 25 30 B Ak
W7 X T T VEANE T AR L
SR EEL 1 R PR A2

pa/a.u.

—1.0

0.5 1.0 -1.0 -0.5 0 0.5 1.0

pz/a.u. p:/a.u.

1 GETRSETH ERENG  REHIEEDEEN 2 x 1014 W /em?, 3K 800 nm i 8 ML IRIRLT S e
B, (a) 1 TDSE Ak, (b) 1 QTMC Jikskis, (c) i SCTS itk

Fig. 1. The 2D photoelectron momentum distributions of hydrogen atom, ionized by a single-cycle linearly polarized

laser pulse at wavelength of 800 nm and peak intensity of 2 x 104 W/cm?. The results are shown from: (a) TDSE

method, (b) QTMC method, (c) SCTS method.

2.4 FZHMPEFENTE

FEAAEUETT H B, LTIk E B K
WL P IR
1) AR T —AIER BT 46 2

PO Sl AU SIS 18] ., BRI 2 5556 4] ki ) 5k
R 5Y 2R p, R LR Z AR AT G688 17
B R (17) 2, KR SURASR %N 2 I A
AR LRI RS 7 i T IEEE T2 R (HIX
TR A TEAER, e b (17) A EN
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BUEE. SR 35 50K RO AN SRS, — N2 mT R
HH I EH 38 S A I R ) AR T A5,
— 7R T A B Sk 1) B B 1 7R B AR
T T R B MIREA . — AN S T S
RER B 51, AR 8] 25 [R) RO a6 B ) 2l i 23 6] 35 2]
BENLKAE, FIHTEEALAE B35 ST BEN LB A A
HL - (4 FEL B I ) ST aa M m) B . % R RS AT
FD RIS RIS sh &, RoR T m. — A
R A S S0 10°.

2) b BRENLR SR E T L B S )
UERE IR 2 JE, vl AR (9) 2 e B 2F A7
B, ZJERAR TR (19) A1 (25) 2, AT LA 3
BOGSE A T AT BN LA A R B Ak
AT PhAC SR AR T2y 7 FE I A2 AT 15 21 1% T
TEHI IS T S sh . 5a R RS 8 A =X
(21) M EAFBRE BB &, W RPUEM AL T
52 SCTS ik rRIAS, MO 7% (25) 2
FEC TR R BN 1%k 2. AAMEBOLIH S R A,
T LA SRS A AL B R F 0 AR A 7 1t
EIETH (30) =K.

3) e W IA B A R R 25 3 & Bk i 4R i
K, R (23) XiHHBA %) & B 1B SR,
SRR AR, AN AR B & 4 A6 A /D HE R
X3 [p, — Ape/2 ~ pe + App/2, p. — Ap,/2 ~
p. + Ap, /2] WEIIER] T HEIRRSZE (pey p2),
X HEATUU o2 P I R A, FETE
2, St X Apy, Ap. AREIAF AR, ISR K
K, 295 AE DX 3N A B8 B0 1 L 7 1 Bl = A Rl
A AR 7], 3 SR DX 355 P T) ol 3 K 1) st AR 28 FR A
REZEARER K. — O T3 AKBOR I HOL, B4
Rz &5 A 2 Gk, B Ui 3l & 7 A Sk AU
£, XN FEE /NGt X, — T DURE O
SRR sh &2 A 28R BRI 1/10 1 NSt X 83
Bl A govt Ko/, 2 S 81 X
BT HEEAY, SR 2. T RBEKEE,
£ i e 5 0 N v S i o Rl S 1 V4
R, BEBEZ AR, T/ HFEBTE.

3 E4BERFIAMNF %
A ER T QTMC 22 050 K R

RE, ZITiE NG I R, B — D IR, Bn
RN R, N R E IR COSFA 2 75,

BT KFR BRI ga  7 s, S05 it 2
FB 4 KFR #7281y E G, 5 ae0%
P2 d i 9 0 B R R Z TS 45 . R A
CCSFA iAo -4 #0575, B/ QTMC 13
EG s M, AR g EE=5. #
FEAWHREBCONE BT, REERSESY
HEEH T A IZ3), &5 2IEMRIRESZh =M
R R AT, PP S QTMC J7ik58 44
A, XHMAE T 56— B ks ¢ it 42, CCSFA J7i29¢
AN D HE R % 27 A5 T 45 BT 46 2% A0 A H B E R 1
e MKFR 0 H R BHECs TR SR 2. B3R
KBNS VEMAUA SL T 1A EE DR,

3.1 KFRIFRLKIREFITI

I ERE, BT R NN ER, e
ST —EBEE AguthitR YIS AR T, BV
SE TS TR SR A 1 5 RE A AN RS B — A
FERAI AT AR, T2 ANATT- 3R & Ml ApL 7 V5K A b
A5 3 — SRR E R T IEH SR, Blanss 50
TR R R AR 2 I E TR, (H2X)
TIRATHT 25 R BV BORIOG ), B WA i
R X Gn SR 08 5y — Ml B4 O, RIBOG i
KT FECY, FIHIEAN A B 5 A 38 5 1 2 ik
Wil s vk, Hod KFR #e 3i & 5m 37 i el i B Ak
SCHL. KFR 2 =518 P~ /5 Keldysh, Faisal,
Reiss @44 198 70 31X =58 SCEF M A — & st
17 TIFRPERHE S, J5 N BT N — R A1 0%
I LTV R SRR, AR KFR B8, E 2407
Z WERIR STk [38). F3 AN HoAth kb H 5 37 L 25
v 20 ) BRI, A0 B A RORE B8 (time dependent
effective range, TDER) [*9=%] Floquet B [46:47),
fE AT R-matrix B ig 1500 25 REIGE T X H
B H A A AR S AR, & AR S AN AR R, 48775
ZHE . ACERENHKFRHL.

WA 122 R B, RGAEEI T [P NG 2ti &
FE T8 EE TG 5 KBRS T 70 A S A

HY = [V 4+ AW 4 Valr),

H'* = —%V2+Va(r>+F-r, (31)

Hof V() R T 35, T RAET A Va(r) =

“Z)r, ARHEGRS, F N, RATE XL H
T 5 AR

Vel = —iA -V + A%)/2,

int

Vil =F-r. (32)

int —
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R GG mE ] LU

H= —%Vz + Va(r) + Vins. (33)
RGP R B AL AL B T R
L0
1&|w> = HY). (34)

BT IR T RGO MAIES o) AL IR ZS
[Ye) = Ults, to)[o), HHh

te
U(te, to) = exp (—i/ Hdt>
to

TE B G B (33) SAE T MAIE R 21 £ 1
te S ZI AL BAF. B T8 B X HL A A A
KX Fh A B R R RRZ N AG1TE. €
SRS LT (0 SR
Ho=—3V° + Vi), (35)

HHX N A E IR AU, oA T G
SRR AN, SR E A B B e 5 R AT DL B AH N
FIALMEDS, BEE/DNTEMESHARES, —KIAN
I N L e T
JEHETSBME ARG EE mORAS, e
KT R R, AT
BB H PSR R ES AN, MO EEESE
&, RN p WE BTN [y, SRh R
RN ERE RN B B TR E o Am, RN 25 &
S p BT RO BEZE T A Ao 1

My = (Uplts) = (¥p|U(te, to)|¢0)- (36)
St T B (TR L 7 AT R
TR, — B2 BLR AR S i e 1 T PR A5 31K
PR ), AR TS SR R A it
B2 N ORFATWG AT — S 22 A0 PR 15 3 55 3 307 )
s

S SUA PSS I

Hyz—%v2+vaxw, (37)

EHGR IR TS S, XL AL
SRR Ur, AEA R Volkov 4 [y ) 154 7EEH
FTAE T LR H O B YE A T A ) 15 B AN [E]
MR IAHE R

by V") = |p) exp(—1Sp (1)),

thy ") = |p+ A(t)) exp(—iSp(1)), (38)

Hr

_ [(p+A@P
set) = [ S Ean )

|p) FoRBNEN p - IEA, FEBIRRR A
1
(rlp) = 7(21_()3/2 exp(ip - 7).

FIFH Dyson 758 P71, AT LUKE S 5 285 45 14 Y6 4 B
FEL R AN S I B 2

t

U(t,t") = U,(t,t') — i/ U(t, 7)Vine (T)Ua (7, t')dT,

t/
(40)
t
U@ypﬂmuw—i/(maﬂwU@ymr
t/

(41)
¥ (40) AN B HER (36) 30, ATLAS | R B i
55— AR IL

te
My = —i / (o ([Tt 7)Vams (1) [0 (7)) L 7.
0 (42)
SRIZIT AN e — DR T, (RO T B S R
BAEH T DL 2R, ARSI K E) R igs)), X
A AT DIOKE b 3 8 A B A 8 1l o TG S B T
WL, I HoW TR & B N Volkov 4. IXHf
AR I AL TR N

My = —i / Y () Vi () [o(r)) T, (43)

(43) w2 KFR 2 1y 3 7 R 8, =R S0
MBS R, FEANTHE T B T B H B .
Horh Keldysh 75K RS R TS E] T E 4
] Keldysh HLESH AR

WKeldysh
21 1 v1 2
~expy — —2(1+-— Surcsinhfy—i ,
w 22 2
(44)

Keldysh ZH€& X Ny = wy/21,/F, o] LAELfE N
HL T % 2 I 1) S50 37 B AR LRl #8005 PPT
Serp D2 AR FR A L R A B IS R e . itk
AP EE P9 IR LE T AN BE % 438 B 28 A PR T (K147
R, WREHEIA 2 e Tl R 6 R A AR R ED
WEFHLLLT, 7y < 1, Bk B aQnr U bl 5 v
b o M (10) SAH F I FR BOE 0. iy > 1 11
TEBLAR N 2 6 7Rl FE, A A A 2R 1 T DAk A
W o~ onIN, Bt TR, N ARBOE PR, /w,
on NEIETWRSCEH.
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Faisal Fll Reiss P A\ 3376 3 & JLVE S5
B (43) R, Hb Faisal s MR ESMH T
fEE A, M Reiss 193¢ % [ —FF 46 5t H Volkov
SRERE. K Faisal CE LR HIREBONF
THI 38 45 R AT 459 21 0 Reiss 5684 — R 45 5 (6f b ST
FiR [10] Y (21), (22) 5 3CHR [11] 1 (26), (42)
). H5REMTE T &A KB H-FHBESARE, #E
FLYE )4 A TE T Volkov 25 (38) 30 )P T i 45 2
—/NARBER AR AS . IXREE TR AR Hpoa] LR
P A HLI- - D1 FE /R A it

>

k=—oc0
W R I R DL ZE R R BN, B S S
i

MER = }:5( + 1, +l]<—nw)m@n. (45)

exp (izsing) = z) exp(ikyp),

X T L AmIRCH
A@n_mu( 1) (plio) }:Lu< )
X Jn+2k‘ <fzp> 3 (46)
XF T E R IR G A

. 2 F

ﬁ¢@@m%%*&ﬂ%ﬁ%Tm&ﬁ MEFR

S5O (45) I AT DURTE ZEHUE B ATI 4544, U T n
MEF IR FIERRE N /2 = nw — I, — U, &b
LA, RFFY ATT W f r 85 2R K /NE Bk T DL 28
IREREL (46), (47) 3. [RINE, eh ULSEIR R B0 M S mT
DATRIN ATT W) & 2544, By B ATT U ) Hi B
FAEE TP I i) B R IR A W R R I, X BT
375 T A AR AR R R I A

3.2 Ok

E—A R KFR BG, BB IEAL S 1
FLB A (43) aUHR, TR0 03 1 LA T
TRNVEL, R RIh 2 T IE# A 5537 AR feh
TROLIK S LB =R, IF HLA 1 335 1 ATT ) _E
IRy, o b, (43) Hog A ELG B LB
HERAT, EHEBOCHIEILT, PR M0
IR, EEAES R ER Y. LT Tk
BRI RIE AR 1 TevR #EAT R 2 BTE 5, NATTRE g

A8 FI AT T B B 27 1) R G4 R e R ) T B
PLEEIRATHRAE T 58 R BT T By, b T B A&
A R HOT BB AR 7y, T s i B 1Y (43)
I Z B T A FEE A R K E%Es T
RS R )R B R ORIRAT Nl — ROk, R
(43) 2 b YRR 3 e Ak Dy SRAN T AT T Bl Ak 3,
T H 2 M R . ST AR R ERRAE
RRTT I (A% o SRR B Y B TV, R T R
A Y 0 T B 2R HE T7 %), HHOREUE N B TE
SCHR [56]. T A SR [57, 58] FIFH ECE T ik
H (43) NHIRGr, ZJ5 SR [55, 59, 60] Hoxt 7%
BT TR S B4 ERKERNET, /0N Volkov &
FFEAE R (43) 20T LS Bk

123 N
My, = —i / 50 (p+ A()|r - F(t)|wo)dt
to
(48)
/\q:‘

%@%iﬁ{@+?hW+J%dr (49)

B T IRA B M ATE T3 T4, (ERELE 63 HBLAT
FARLAR B — AN I [ JE R ) H &k, i B sUAR T
PAMEOG IR IS ZIBEAT. & T BN 3, W]
SN s BWHO, MR T 5N

o+ AWlrlon) x s

FEC RN, (48) AT DA EL AT HUE R 7 SR .
EAERN— A2, (48) RAMUE H TRk K e sk
ey, X XUV SGRIFERT AT, SCHR (61, 62] R H %
SR HEASR T XUV o B

R R A CA il TN R e v v e
(p+A{)|r- F(t')|vo) B4, MFF R —A
PR35 1 R, 0T BT ] R AR 2 75 K 22 it ) AH
HOH TR MEEIR R, R AN+ 218
AT A X AR - E A 23 vT k. AEAL AR ) s R
FoAH A, BT IAE S B RAR S e N n Rz
R TR AR AL E] B — B RO F

DSp(t) _ P+ AR

ot |, 2

AR SRR, BOSUTIE RBUR K N, I
(48) FUHI AR 73 1 AL 3 7 AR #5 A e a5 B T (1) R 4y
Z R, T A A B AR 43 T SRR R AR R U e e
Ab 1 R EUE 5 HEAS R B FRA, o v AT LUK H

(50)

+1,=0. (51
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35 FR R AT 24
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« 19t (52)

Forp RN [ BTG 8 8, A5 ~ RN AR
AR AT R, A FH 8 05 07 VL I I R A el ol 2k 1
FEAEAS BE WL AR 4ty a2, AT AL 2D BB I AN 48 X6 7™ 4%
DRl it o i 7 30 1 S R RO B IR A e AN iR 58 4
FAF. AR IERUE 07 O & 2 8 8 5 ek £ r)
174, 8 AT LA 5 5 R B0RE 22 — A B30
? fE% EECH BT, BT R —
B8, R AR R, AR HE B TT (50) NAE
B A R R R B, XA (52) SRR SCHik [60]
st 7B RECHE LT NSRBI
M, Z (21,)°4 o15p (L)
212F(ts)[p + A(ts)] '
hﬁwl%m%ﬂﬁP@)%%ﬁ%ﬂ%%&
My ~ 3" P(ts)e'Se(t). EEAMQTMC

% (23) AR ML T, A% 2 Ab 22 A1 B -
Bz O RRRT At R S 1, = ¢ + it
A PRI T (49) S8 A7 F R A
BRI BRI 8 F 3 T AR £ 1 B L
RS R ANT B 4, TR T LA 40 B B 2

7S

/ts __/Oo__/tr_/oo
M 5 ELFEAR 7y B85 m S, AR5 PN RS
KA 2 Ie 55, WARALE T 73 B4 %
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@———Z?{@+é?ﬂp+4}dn
¢f:—Li{“nyﬂP+g}dn (54)

55 R AR AE I 18] Sl _EREAT, &g R aiSL, AT
PAURILIZAFAL S QTMC HIFLIE AL (24) NEAR
FIRECHKEI T 80 oL 2N
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TBE G IAIAAAR AL, A RE 0 T LASRAT B o A e (65
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(53)

exp (i®!) exp (iDs). (55)

ﬁ%%%@mﬁﬁﬁ:tﬁﬁﬁ%%ﬁ%Lu
WHPZMBERBARERT. H—WXNET
chCm&%%KW%QﬁJﬁ%k&ﬁMK%
P(ts) exp (i9!) &EE, X EWKE A FPOE MY 6
FASLAS — @ AH R BULE AT AT LASE 58 3% 1 AU 7
— AN ERE, B I ZIBE 2 EROA H
HLF, SREESN IEH T & s s, 2 ES
#, RENE N p TR LLH (22) U HEHBE %
H AT 86 3
po=p+ A(t:). (56)
HL - 7E HL 2 I 20 ¢, (9 W0 46 17 B mT DA O
w10 o R B T, % BRSO B TR L B
Wi EEHehiiEy), UTEFETFIE &
TR ORI N AL A 1) BT
FEFE 7 AR AL B S A E, Bl Re(r(ts)) = 0;
2) HLFTERE G A I 48 B RO SR A, R
Im(r(t,)) = Im(p(¢;)) = 0. A LARYIE Hig 2 DL |
FAF T

t) = /t A(r)dr — ReUts A(T)dr},

A2 18 2 AL B AT PUS &

— ry(t) = Re { /t jr A(T)df] .67

Z L IRATEREAR 5 B 1 98 373 A BS0E N~ 4 4 5
IR TAR. MERIEMERE R, A B0 T Bok
FAC SR 20, SR BE— TR T 2 S B R
S, AIEAEAS RN 20 2R B o e 2% e A B R RS
BRI L AR A TR, O HOR B AR
Y EIAa AL B AR S UL K BE 5 M R S 4 )
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FERERFI IR T, St Al B AR # i dg, R8BS
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1
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; P t'_\/QIp-l—p%
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HUHES R d 0 (9) X—2 &5
o
W = |P(ts) exp (i0)|* o exp (—2Im®}),
FLrp g o R AL I RE 7
ts 2 2
Im®! = Im/tr {(pz F;—) *Pi +Ip} dr

F23
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(2+p 6
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3F F
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Fig. 2. The 2D photoelectron momentum distribu-
tions of hydrogen atom, ionized by a 4-cycle sin? en-
velope linearly polarized laser pulse at wavelength of
1600 nm and peak intensity of 1 x 1014 W/ch. The
results are shown from: (a) TDSE method, (b) QTMC
method.
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Fig. 3. (a) The laser electrical field and vector poten-
tial, photoelectrons are restricted in the area of black
box, T1 and T2 mark two kind of electrons reaching
the same same final momentum; (b) the trajectories of
T1 and T2 kinds electrons; (c) the interference struc-
ture of the photoelectrons momentum distribution by
T1 and T2 electrons. The Coulomb effect is absent in

this case.
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Fig. 4. The same as Fig. 3. In this case, the pho-
toelectrons are restricted in a half of each cycle. The

interference of inter-cycle electrons is shown.
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Fig. 5. The same as Fig. 3. In this case, the Coulomb
effect is considered. Photoelectrons are restricted in
the quarter of cycle after the peak of the electrical
field. Two kinds of forward scattering electrons get

interference.
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Fig. 6. The 2D photoelectron momentum distributions of hydrogen atom, ionized by a 3-cycle circularly polarized

laser pulse at wavelength of 800 nm. The peak intensity of 1 x 10'%, 6 x 1013, 2 x 1013 V\]/r:rn2 are used in three
line respectively. The results are calculated by QTMC (the left column), the CCSFA (the middle column), and the

TDSE method (the right column) respectively. The negative value of laser vector potential is shown as the black

dash line in the top line (adapted from Ref. [19]).
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SPECIAL TOPIC — Atomic and molecular processes driven by ultrafast intense laser fields
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Abstract

As the advances of laser technology, more and more nonlinear phenomena are observed in the atoms and molecules
driven by strong laser pulses. Systematic investigations on these findings, such as above threshold ionization and high-
order harmonic generation, will lead us to understanding the mechanisms in the microscopic world. The most exact way
to simulate the experimental measurements is to solve the time-dependent Schrédinger equation (TDSE) numerically,
in which the system is described by the wave function and thus one cannot have an intuitive insight into the underling
process. Therefore, several semiclassical methods have been developed to understand the strong field ionization. In the
classical point of view, the electrons tunnel out when the strong laser field suppresses the Coulomb potential. Then the
electrons are driven by the laser electric field according to the Newtonian equations. Semiclassical methods take into
account the tunnelling of the electron, the classical orbit of the electron, and the action as the phase of trajectory, which
have successfully explained main structures in the ionization spectrum. Two of the most popular semiclassical methods
are the quantum trajectory Monte Carlo method and the Coulomb-corrected strong field approximation method. In the
present review, we will introduce these basic methods and show how they have been developed step by step, covering
the most relevant and important works in the strong field physics. Finally we give two example of applications to show
how these methods work. With the advantage of the classical picture, we can identify different kind of structures in the
2D photoelectron momentum distributions and tell how the structures are formed. Nonadiabatic effects can be studied
by comparing the results of the two methods, together with accurate simulation from the numerical solution of TDSE.
The current semiclassical methods can be further developed into advanced ones, which can be used in more complex
molecular systems or multi-electron systems, and be widely used in the study of dynamics of molecule and atoms in

strong laser fields.
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