58 32009 3

Vol.58 No.3 March 2009

1000-3290/2009/58 03 /1579-07 ACTA PHYSICA SINICA ©2009 Chin. Phys. Soc.
%
1 127 1 1
1 730070
2 730000
2008 6 19 2008 7 7
IR uv
100 as
PACC 3280 4250
U,=E 40’
1. E w
|
T8 Hentschel 7f1s ’
12
650 as .2
’ 10 Sansone
4 11
Lan
Zeng  Zhai
5 12—14
81 as
” 6
2.
I,+3.1U, I,
* 10674112 375061-A25-013 0601-23

NWNU-KJCXGC-03-21

T . E-mail zhouxx@nwnu. edu. cn



1580 58

CLAT RN VAN 1 v=13
ot 1
H x t t=0
2
H x :%2§x2+‘/x -xE ¢
E i V x
Vv = -1/
) H()¢n X = En¢n X 9
a+ x* a =0.485 -24.5 1 &
eV 1 H0=—7§+ny E,
¢ «x 9
. )
¥ oxt+ At =exp%{t% :
¢, «x 7 38 B ¢ x =
xexp —iAt V x —xE ¢ N
1At iz) Zcszk x ¢ E,
xeXp[T(axz ]‘If x t o
+ o0 AP 2
15 .
o 3.
Ehrenfest
IR
at:‘l’xt—avx“Fxt 3 uv
ox
E t = Eyf, t -t cos wj t -1 j = 1R UV
P,ow =la o I’ 4 Ey St T
a, w :Jatefiwdt a t
0 0.10
2 0.05F
E
Ka)
E 0. 00
igwt ‘BIR( ’
It = ‘Zaqeq( ’ 5 b
p K
m -0.05
-0.10
@ Lo 1 2 3 2 5 6 7
A, bty w = [a tow, , tdi = A, 6 /T
1 -1.1x
w, .t =voW o t -1 7
T=Ty — TR
2 WRT
W x = ielx e 8 "
e .
Morlet 7. 6—38 2 x 10° W/em’
A(u tO @ T . 0.6 fS
T h(l)zEz_E|
A, ty w A, wyy 0.583

78 nm.



1581

3 x 10" W/cm?

1 x 105 W/em?

3
1 3 x 10° W/em? 1% 10"
2 % 10° W/cm’ W/em? 2 d
300
2
2 a
3 x 10™ W/em?
1065nmm S5fs 3
1
1
3 a 3 x 10" W/em®
3x 10" W/em®  85—105 152 as
6 x 10" W/em® 2b 6 x 10" W/em®
6 x 10" W/em® 160—190 102
3 x 10" as 3¢ d
W/em? 8 x 10" W/em> 1 x 10"
200 W/em?
8 x 10" W/ 205—255 260—310
cm’ 2 c 81 as 71 as
260
2
0 (b)
Kal
3
TR
2 —
o Y
_14 C 1 1 1 1 L 1 712 i 1 1 1 1 1 I: | |
0 20 40 60 80 100 120 0 50 100 150 200 250
2 2
© @
™
st
=
Sm
v
0 SIO . I(I)O I IEI')O I 2(I)0 I 250 I 3(I)0 I 350 0 5I0 l(I)O 1%0 2(I)0 2%0 3(I)0 350
VKK EVaC:t
2 -1.1x 2x 10°W/em> a
3x 10%W/em®> b 3 x 10" W/em? 6 x
10" W/em? c 3 x 10" W/em? 8 x 10" W/cm?



1582

3.0
o5l 152as (@) | LOT 102as  (b)
2 0.8}
S20r
5 0.6
~ 1.5} .
i
m L 0.4}
Z 1.0
= o5t 0.2}
0.0 . . a L s 0.0 . L\m '
3.0 3.5 4.0 4.5 5.0 3.0 3.5 4.0 4.5 5.0
1.0
8las (¢ Lar Tlas (d)
g 08 Lot
2 0.8
£0.6F .
@\g 0.6 F
w 0.4+ ’
% 0.4}
ﬁ .
0.2 o2l
0.0 L 1 l‘-._ 1 L 0.0 L L L
3.0 3.5 4.0 4.5 5.0 3.0 3.5 4.0 4.5 5.0
t/Tr t/Tr
3 -1.1x  a 3x 10"
W/em®> b 6x 10" W/em® ¢ 8x 10" W/em*  d 1x10” W/em?
4 a
3 x 10" W/em®
R, R, 85—
105 R,
6 18
8 x 10" W/em®
3 a
6 x 10" W/em® 8 x 10"
W/em™ 1 x10° W/em® 4 WRT
b ¢ d
R, R, R, b c - 1.11x
4 a - 1 . 147T
R, 81 as

- 1.09%



1583

35 3.5
(&) (b}
R] [ ——— Rl
1.0 1.0
(-4
& 0
~ 0. 002500
) Ry 0. 005000
4.5 R 4.5 0. U07H00 ‘g
0. 01000 g
60 80 100 120 140 160 180 200 220 0.01230 43
15 4.5 o.0lan &
() (¢ 0. 01730
Ry ;
—— R, — 0. 02000
1.0  — 1.0
e ———
e
=
Ry Ry
4.5 4.5 D
160 180 200 220 240 260 280 220 240 280 280 300 320 840
ik ik
4 -1.1x a 3x 10" W/em® b 6x
10 Wiem® ¢ 8x 10 W/em®> d 1x 10" W/cm?
1.2
88as (a) 85as (b) 8las (c)
LOF
‘g 0.8F
s I
2 el
=
W I
E 041
= I
0.2+
0.0 s J
3.5 4.0 4.53.5 4.0 4.53.5 4.0 4.5
1.6
Lakb 85as (d) 85as (¢) 8las (f)
w L2F
i
2 Lof
\m 0 8 -
% .
Zo.6f
=t
= 0.4}
0.2+ »L
0.0 : — a
3.5 4.0 4.53.5 4.0 4.53.5 4.0 4.5
t/Tir t/Tir t/Tr
5 8x 10" W/em®> a wrr=-1.1lrx b wyr=-1.12x
c wpt=-1.141r d wrr=-1.097 e wrr=-1.08x f wprr=-1.06n



1584

58

- 1.06w

81 as

Corkum P B Burnett N H Ivanov M'Y 1994 Opt. Lett. 19 1870
Sansone G Beendetti E  Calegari ' Vozzi C  Avaldi L Flammini
R Poletto L Villoresi P Altucci C Velotta R Stagira S Silvestri

LanP F Lu P X Cao W Wang X L 2007 Phys. Rev. A 76
Zeng 7. Cheng Y Song X et al 2007 Phys. Rev. Lett. 98 203901
Zhai Z Liu X 82008 J. Phys. B 41 125602

LiPC Zhou X X Dong CZ Zhao S F 2004 Acta Phys. Sin. 53
2004

Burnett K Reed V. C  Cooper ] Knight P L 1992 Phys. Rev. A

Antoine P Piraux B Maquet A 1995 Phys. Rev. A 51 R1750
Lewenstein M Balcou P Ivanov M'Y [L’Huillier A Corkum P B

81 as

Agostini P DiMauro L F 2004 Rep. Prog. Phys. 67 813 10
Ivanov M 'Y Kienberger R Scrizi A Villeneuve D M 2006 J. 11
Phys. B 39 Rl
Kaplan A E 1994 Phys. Rev. Lett. 73 1243 S D Nisoli M 2006 Science 314 443
Zheng ] ShengZM Zhang] Wei ZY Yu W 2005 Acta Phys. 12
Sin. 54 1018 in Chinese 043808

2005 54 1018 13
Antoine P L’Huillier A Lewenstein M 1996 Phys. Rev. Lett. 77 14
1234 15
Corkum P B 1993 Phys. Rev. Lett. 71 1994 750 in Chinese
Kienberger R Goulielmakis E  Uiberacker M Baltuska A 53 750
Yakovlev V. Bammer F Scrinzi A Westerwalbesloh T Kleineberg 16
U Heinzmann U Drescher M Krausz F 2004 Nature 427 817 45 3347
Kien F L. Midorikawa K Suda A 1998 Phys. Rev. A 58 3311 17
Hentschel M Kienberger R Spielmann C Reider G A Milosevic 18

N Brabec T Corkum P Heinzmann U Drescher M Krausz F
2001 Nature 414 509

1994 Phys. Rev. A 49 2117



3 1585

The single attosecond pulse generated by atom exposed to
two-color combined laser field
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Abstract
By solving the time-dependent Schridinger equation with split-operator method we study the high harmonics of one-
dimensional helium atom exposed to the two-color laser field composed of IR field and UV field and analyze the characteristics
of the attosecond pulse produced by the high-order harmonics. It is found that the width of the attosencond pulse is shortened by
the increasing intensity of IR field in the combined laser field. By adjusting the time delay between two lasers we can enhance
the contribution of one of the electron trajectories and suppress that of the other. Thus we can obtain an isolated sub-100 as

pulse.
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