56 12 2007 12 Vol.56 No.12 December 2007
1000-3290/2007/56 12 /7106-08 ACTA PHYSICA SINICA (©2007 Chin. Phys. Soc.

1 250014
2 100080
2006 9 28 2007 5 16

PACC 5235S 5235R 5240D 5265

1 13—16

1975

5—16

* 10547122 10476033 2006A07



12 7107

= wem,e,le’ . 1l a
ay;=0.8
A x=201A x=110A
14
2. T . lec
x
2 1921
a = agsin® wt/T O<t< T
ag m,wqcle wy . v,~0.518¢
e m, c
a,>0.8
2.1.
b ay,=1.0
v,~0.26¢ 2 ay, =0.8 0.518¢
. ay<0.8
nC
300 &
|| i, |
0, 84 L 0. K%
| 100}
200 i
& £ 300}
100 L
200
k 0. 00
o 0. 00 100
30 a0 a0 120 40 70 100 130
/A x /2

300

200

't

1030

0. 000

10 50 a0 130
xfA

1 T=37 ng=0.7n, z a ap=0.8 ba=1.0 ¢ @=0.3



7108 56
ny =
1l ¢ ay,=0.3 0.3n, ny=0.9n,
a, =
0.7 a,=0.9
v,=0.75¢ v,~0.41c.
2
300 T T T T T 300
{a) | £ | B
0. 72 0. 34
200- 200
= =
100 100
0 : 0. 00 0 ; . : . ; 0.00
10 50 90 150 10 50 90 150
xfA x/A
. 2 T=37c z a ap=0.7 ng=0.3n, b ay=0.9 ng=0.9n,
3d
2.2.
T = 157 . 3d
g —O.7nr T = 17‘[ 3 €
a,=0.8 T=3¢ =30z
T =307t 3 z
3f
3 T=3¢ 3 a 13—17
T=67
3b
T=127
2.3.
3 ¢ ny =0.7n,

T =157


Absent Image
File: 0


12 7109

300 300
L |E.| |E.|
0. 84 1.23
200 200
L LS
= e
100} 106 ===
] 0.00 ] 0. 00
1 ol a0 130
x/A
A00
|Z:| |2
L. 35 [ &
200 -
o b
= =
100
0 0. 00 0.00
00 1] 300 = 2|
L. 1.83
200 200
b [
I g
100
0 0. 00 0. 00
10 50 90 130 10 50 90 130
x/A X/
3 ap=0.8 ng=0.7n, z a T=3t b T=6r ¢ T=12¢ d T=15¢ e T=17¢

f T=307

4d  ay=0.9
Qg :O.S Qg :O.6



7110

56
300 300
|| |2
0. 61 1.1
200 200
b b
b =
100 100
0 . : 0. 00 0 0.0
10 50) 90 130
x/2
300 300
| E:| | | E-|
1.25 1§
200 |- 200
b L
P 23
100 - 100
0 . . . . : 0. 00 0! : : 0o
10 50 90 130 10 50 90 130
x/2 x/2
4 nyg=0.7n, T=157 z a ap=0.3 b ay=0.5 ¢ a;=0.6 d @y =0.9
1. . .
4a Le a:Ee,azteXplkz—lwt + c.c.
a 1
T=3T 2 2
1 2.(k8+w8) +(8 18)
c Ve~ +75=]a — - 3<3]a
9z " ¢* ot 7 o
4 a 1 2
w
+— 2lal’a = 0. 2
4 ¢
2
7 =z
’
t =t - zlv,
. a BZ 82 ’ 2
i~a—- "% -—5a+ al“a = 0. 3
oz 2 o 7' lal
Z
3
2 B n/n,
s , 2 kvfg
(i.ii%_&l_ﬁ@l |
277 ar I S )
w
=V1+ la’ 7= ke
w, Y= + |a 8kc



12 7111

k
3 N,
T
T, T,=0.228T .
3 3 ay=0.8 ny,=0.7n,
37 67 127 157 177 307
3 N,=0.67 1.35 2.69 3.36 3.81 6.72.
a = 3_2 3a T=37
mc
3
o, BT ( e ) . 3
igA 5 5 Y lAl?’A =0. 4 :
i 3b  N,=35 3¢
A=Agexp — 12T,
N, ~2.69
3 d N.=3.36 3 e N,=3.81
" = t/T,
AT = Al4, f  N,=6.72
. 4 ny=0.7n, T =157
o, L@ 1,
oA -ap oAt LHIAI A =0. 5 a, 0.3 0.5 0.6 0.9
L N,=~1.26 2.09 2.52 3.78. 4 a b
d
L 4 c
To
Ly = 13, ]
6 3¢—f 4
I - 1
n — ,ylag' [¢] d
.3
N 23
’ 2T2 12
N. = L,/L " = (@) . 7
B
N =1
N, <1 4.
N> 1
Ns
NS



7112

56

W

O o 3

10

12

13

14

Baltuska A Wei Z Y Pshenichnikov M S Wiersma D A 1997
Opt. Lett. 22 102

Baltuzka A Wei Z Y Pshenichnikov M'S  Wiersma D A Szipocs
R 1997 Appl. Phys. B 74 175

Xu L Tempea G Poppe A Lenzner M Spielmann C Krausz F
Stingl A Ferencz K 2001 Appl. Phys. B 65 151

Wintner E 2002 Laser Phys. 12 659

Mima K Ohsuga T Takabe H Nishihara K 1986 Phys. Rev.
Lett . 57 1421

Kaw P K Sen A Katsouleas T 1992 Phys. Rev. Leit. 68 3172
Gesten J I Tzoar N 1975 Phys. Rev. Lett. 35 934

Tsintsadze N L Tskhakaya D D 1977 Sov. Phys. JETP 45 252
Yo MY Shukla PK Spatschek K H 1978 Phys. Rev. A 18 1591
Kuehl HH Zhang C Y 1993 Phys. Rev. E 48 1316

Farina D Bulanov S V 2001 Phys. Rev. Leit. 86 5289

Esitkepov T Nishihara K Bulanov S V  Pegoraro F 2002 Phys .
Rev. Leit. 89 275002

Bulanov SV Esirkepov T Z Naumova N M Pegoraro I Vshivkov
V A 1999 Phys. Rev. Leit. 82 3440

Sentoku Y  Esirkepov T Z Mima K Nishihara K Califano F
Pegoraro ' Sakagami H Kitagawa Y Naumova N M Bulanov S V
1999 Phys. Rev. Lett. 83 3434

16

17

18

19
20

21

22

23

Naumova N M Bulanov S V' Esirkepov T Z Farina D Nishihara

K Pegoraro ' Ruhl H Sakharov A S 2001 Phys. Rev. Lett. 87

185004

Sheng Z M Zhang ] Yu W 2003 Acta Phys. Sin. 52 237 in

Chinese 2003 52 237

Borghesi M Bulanov S Campbell D H Clarke R J Esirkepov T

7 Galimberti M Gizzi L A MacKinnon A J Naumova N M

Pegoraro F' Ruhl H Schiavi A Willi 02002 Phys. Rev. Lett. 88

135002

Zhang Q J Sheng ZM Zhang J 2004 Acita Phys. Sin. 53798 in

Chinese 2004 53 798

Esarey E Ting A Sprangle P 1990 Phys. Rev. A 42 3526

Sheng Z M Sentoku Y Mima K Nishihara K 2000 Phys. Rev. E

62 7258

Sheng Z M Mima K Sentoku Y Nishihara K Zhang J 2002

Phys . Plasmas 9 3147

Guerin S Laval G Mora P Adam J C Heron A 1995 Phys.

Plasmas 2 2807

Agrawal G P 2000 Nonlinear Fiber Optics and Applications of

Nonlinear Fiber Optics Beijing Publishing House of Electronics
G P 2000

Industry  in Chinese



12 7113

Splitting of ultrashort laser pulses propagating in plasmas and
the generation of soliton-like structures”

Zhang Qiu-Ju'  Wu Hui-Chun®>  Wang Xing-Hai'  Sheng Zheng-Ming®  Zhang Jie?
1 College of Physics and Electronics Science  Shandong Normal University — Jinan 250014  China
2 Institute of Physics ~ Chinese Academy of Sciences  Beijing 100080  China
Received 28 September 2006 revised manuscript received 16 May 2007

Abstract

Using the one-dimensional particle-in-cell simulation we studied the splitting of ultrashort laser pulses propagating in
plasmas and the generation of soliton-like structures and compared the effect on these phenomenon by changing the duration and
intensity of initial laser pulse. Tt was shown the solitons moving with high group velocities can be formed by the ultrashort laser
pulse with in a few cycles of duration. When the pulse duration and intensity of initial laser pulses increase the group velocities
of solitons decrease with greater frequency down-shifts. The decay of high-order solitons are generated by self-steepening and self-
frequency shift so the initial laser pulse splits into several daughter-pulses and two solitons with different group velocities can
be formed and propagate in the plasma. The number of daughter-pulses observed in simulations has been predicted by the

theoretical calculation of soliton-orders.
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