55 12 2006 12

Vol.55 No.12 December 2006

1000-3290/2006/55 12 /6208-06 ACTA PHYSICA SINICA ©2006 Chin. Phys. Soc.
Thomson
1 1 12
1 100022
2 100871
2006 3 13 2006 7 21
Thomson
50 1 pm 0.01
1.5 0.2 as P
P $o  Pu
Thomson
PACC 0330 0350
Thomson
1.
N Thomson
1
X 18 19
2—6
Thomson
X E = Eof t
Thomson X cos wot — koz+ b,
—17 E,
20 fs [oN)
Thomson Thomson b
Thomson
Thomson X
Thomson e
X
2.
X . 180°
X 90° 1 90° Thomson
ky, z E «x
90° B y y



6209

12
Thomson
*(E) me 1
y = =
mOCZ 1 2
-8
/,z(ko)
- _
] % /// 7B = myc
- : _I > y(B) my
I
D0 | X 414 (w)
I
' f¢ = sinz%V
1 90° Thomson 3 ]Z O<¢<2Nﬂ.’.
_ ag
=11y 2 P = a 5
%o 1+2—y2g ¢
y 0
n:j\/_ IBv :+
1+-L 4% ¢
p 2738
:—Of é [ 1 12 2
)2 + 0, "cos ¢+ ¢, % a_2g2¢
+ 1 8 172 . Bz = 2702
-0, sm¢+¢ce§/]. 1+a_2¢
2 Zg
¢ 21 70
$ = cuo(t B i) c a
c
X = — —
Wy c E, wo Yo ?
c
¢ce y =a70[80¢
0 L@y
=1 w275
5 6 a
E:Eof¢COS¢+¢ce5‘;\ 1 a—i
1 T m
B = ?Eof ¢ Ccos ¢+ ¢ce 5\/ 2 oot
¢ $
t=0 g Z—JodS{’fS{’COS 5{>-|-5i>ce
Yo
_ _ é
ﬂrO _BzO _O B)O :BO Xo = yO = 2 h ¢ = Jod‘ﬁg ¢
:O ¢0=0. 4
r ¢ = J0d¢g2 5{) .
d 7B
dt :‘nﬁ E +vxB 3 Y1 5 Z<<l Thomson
0
dy e
di :_moczv. E. 4 X »
a1 2 .
I nx n- %
dQdw 167[3606 Jdt 1-— nﬁﬁ 2 b

2

ool - )]

=
1

n.|<



6210 55
2 273‘00
dP ¢ ¢ Inx n-p xpB |’ g 275w,
d2 7 167%ec l-n- B° . 16
q €o n
r=xx%+yy+z=%2 3.
t/
; » 3 5.
ot
o = L-mn B
4 7():50
A 1 | a =0.01 Ap =1 pm
Ay =1-n B N=1 5—8
dp
dQ
X
2.
Y
3
Y
2
a=0.01
N=1522.5 5—7
2 275wo
¢ )
161 e, ¢
N=1.5 3a P 0 w2
Ao =1 pm
3 b
Yo =50
c
0.2 as. 2
Yo o 7o
7o
¢in
¢L‘S ¢in
i
o
=
l SZ>in
o
4 ¢in
$.=0 N=11.5
¢in
0.0 0.5 1.0 1.5 2.0
w
Thomson



Thomson 6211

d?1/dwd 2

1.0 T T T T T T T T T T T
¢ce =0 ¢ce =n/6 ¢ce=7':/3 ¢ce:n/2 (a)
o A\/\
71.0 1 1 1 1 L 1 1 1 1 1 1 1
0.0 1.0 2.0 3.00.0 1.0 2.0 3.00.0 1.0 2.0 3.00.0 1.0 2.0 3.0
t/fs
1.0 T T T T T T T T T T
(®
S
T 05F ]
Ry
el
0.0 + . . + . . .
0.0 0.2 0.4 0.60.0 0.2 0.4 0.60.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
t/as
3.0
S 2.0
o
S
=
~
&
S 1.0
0.0 . +
1 2 30
w
3 P a
G
=
S
=l
~
NN
o
[} w


Absent
Image
File: 0


6212 55
4. 4h
3 ¢(‘(‘
¢('e = O ¢(‘(‘, = O
23 5
Ao 90° Thomson
12 20
2
¢m T 4 a }/O }/0
SZSin ¢ce ¢in
¢in s ¢ce = 0
4 a 2
Thomson .
N = S6in
1.5
2 180° Thomson
4 b
¢ =3n/2 é.
1 Chen ] X Gong Q H 2005 Chin. Phys. 14 1960 11 Kotaki H Kando M Dewa H et al 2000 Proc. SPIE 3935
2 Christov I P Murnane M M Kapteyn H C 1997 Phys. Rev. Leit. 149
78 1251 12 Pogorelsky I V. Ben-Zvi I Hirose T et al 2000 Phys. Rev. ST
3 Lappas D G Huillier A L 1998 Phys. Rev. A 58 4140 Accel . Beams 3 090702
4 TLeeK ChaYH Shin MS e al 2003 Phys. Rev. E 67 026502 13 ZhengJ Sheng Z M Zhang J 2005 Acta Phys. Sin. 54 2638 in
5 KmKT Kim CM Bak M G e al 2004 Phys. Rev. A 69 Chinese 2005 542638
14 Uesaka M Kotaki H Nakajima K et al 2000 Nucl. Instrum.
R0O51805
Methods Phys. Res. A 455 90
6 Zholents A A Penn G 2005 Phys. Rev. ST Accel. Beams 8
15 LiY Huang Z Borland M D et al 2003 Phys. Rev. ST Accel.
050704
Beams 5 044701
7 Fsarey i Ride S K Sprangle P 1993 Phys. Rev. F. 48 3303 16 Anderson S G Barty C P J Betts SM et al 2004 Appl. Phys. B
8 Ting A Fischer R Fisher A et al 1995 J. Appl. Phys. 78 575 78 891
9 Zheng J Sheng Z M Zhang J et al 2005 Acta Phys. Sin. 54 1018 17 Gao J 2004 Phys. Rev. Lett. 93 243001
in Chinese 2005 54 18  Yang] Washio M Endo A et al 1999 Nucl. Instrum. Methods
1018 Phys. Res. A 428 556
10 Leemans W P Schoenlein R W Volfbeyn P et al 1996 Phys. Rev. 19 Kim K J Chattopadhyay S Shank C V 1994 Nucl. Instrum.

Lett . 77 20

Methods Phys. Res. A 341 351



12 Thomson 6213

20 Attwood D T 1995 Soft X-ray and Extreme Ultraviolet Radiation 22 Shiozawa T 2003 Classical Relativistic Electrodynamics — Berlin
Principles and Application  Cambridge Cambridge University Press Springer

21 Hartemann F V. Foch SN Le Sage G P et al 1995 Phys. Rev. E 23 Hentschel M Kienberger R Spielmann C et al 2001 Nature 414
51 4833 509

Thomson scattering with few-cycle laser pulses

Zhang Peng'  Song Yan-Rong'  Zhang Zhi-Gang' *

1 College of Applied Science  Beijing University of Technology Beijing 100022  China
2 College of Electronics Engineering and Computer Science  Peking University ~ Beijing 100871  China
Received 13 March 2006 revised manuscript received 21 July 2006

Abstract
In this paper we analyze the relativistic Thomson scattering with few-cycle laser pulses. We conclude that scattering of high
energy electrons with mono-cycle laser pulses is capable of producing attosecond pulses. The calculation shows that with a 1.5
cycle pulse at the wavelength of 1 pm the normalized electric field intensity of 0.01 and the electron relativistic factor of 50 X-
ray pulses of 0.2 as can be obtained. We also discussed the influence of the carrier-envelop phase offset and the initial phase $;,
of electrons starting to interact with the optical field on the radiation spectrum. The calculation results demonstrate that proper

values of phase can result in single attosecond pulse generation as well as the possibility of frequency tuning.
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