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Abstract The first-order correction to the field of ultra-short circularly polarized laser was studied. This theory was

used to study the dynamics characteristics of incident electron in the circularly polarized intense laser pulse field, and

the acceleration phenomenon was found. For the pulse duration r,<<30, where t, is normalized by 1/w and w is the

laser frequency, the paraxial approximation is basically consistent with the first-order correction. But when z,>30,

the paraxial approximation deviates from the first-order correction. The electron bunch acceleration effect was also

confirmed by using the first-order correction when r, =100 and r, =300. At last, the energy distribution spatial

distribution and as to the pulse duration was obtained. It is also found that the amount of acceleration electrons

increases and these electrons can gather under r, =300.
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Fig. 2 Comparison of the electron energy and trajectory in

the paraxial approximation and the first-order field
80 @ pag

-20 ;
go | po T N
> 40 _'; ‘1\“k .‘l..‘i\
I'."’l 1 | | l"
200 250 300 350 400

K
0 500 100 150

®) .

80 70=30
~ 60
40
20 / )]
I 1 I 1 I 1 ]

0
0 500 100 150 200 250 300 350 400

160 -

120 © 10=300 "

0 500 100 150 200 250 300 350 400
Initial phase of laser ware ¢y /(")
B3 A LS — W3 e 3 v s T
HE Jk Fifi 0 A7 02 1) 22 1
Fig. 3 Final electron energy versus initial laser phase in
paraxial and the first-order fields approximetions
IR LA 7 <30 WL, — B B IE
(14 45 S5 30 Al T AL 9 285 R AT 5 R B0 s R A Bk b
Bl PAY 7o =30 B AET 3 J7 /s S0 AL -5 — i 1 I
AW A AE R AR K b Y Y L B o <30
IS 68 158 48 A O S T B0 37 T AR AT SR AT LIS A
K — B 8 1E B, 4k 22 6F 55 JE Bk o [ A 1k
WOE T B R AT A R BUE T AR
1 S0 U 5 J57 S W BROE 5 A O K b AR ] B R



6 4 TRARAE R B AL O 3 B — I T R B i B g 1589

RINEIEIS RS QUIR NS TR i PN 3 b
WO Wk ol i) HE T ko o ST B L T 2R AR R Y
AW 6 RE i, 7 23 6] X ) g3 A . WL T ) Y A LA
A E IR s I N O T O B e
arctan( /P2, +P% /P, ) N 4 W LLF 7258
AN e, = 100 RS BLF o S AT Fy 6t L i
G R 1) RO AR R O AT B 2 T O B O A R
Ty BLG . REREE m HY R T R RE R A/ B HL T
203 X N AE B SE A/ NI B R L R AR R
PO (IS) B 5 . CAS B FIOBCH B0, 1B 4(a)
R IS EOCh WO a0 =10 6 R FE kw, =
50, K58 7o =100, AGFHL T REHRE v, =20. 12, TR
H % 1200 AN F. B 5Ca) 7T LLE Y i L1
WA (8] 73 A1 i T R 70 LR 5 8] 4 (a) — 2L
K 5 kI ZES K 4 M1 .

ig [ (@) 70=100
=40 [
g;» 40 + Lo
A -
(AN " o
Sy 30 .
> S
%Dg 25 - oy =
S8 2 =
15t -
L
10 1 1 1 X | J
1.35 1.40 1.45 1.50 155  1.60
Electron’s transverse scattering angle s /rad
300 M) £4=300
w260
)
£ 5200 [-
o~
ko) 2150 -
? £100 -
=B L
5] % 50 s-
oL Ty .
| | 1 | | 1 | | I

1 2 3 4 5 6 7 8 9
Electron’s transverse scattering angle 6; /rad

B4 — Bz T i o 1A B o B A 1] O AR 40 A
Fig. 4 Distribution of electron bunch energy versus their

transverse scattering angle in the first-order field

N 4 (h) AT DL H o Bl 25 K58 09 35 0, sk v
T I B E 3 K A 2 H TR I LS
11 L =5 8 FL - A A8 ) FC A B/ el T CAS L F
REREIa — A>Ty m A, X T BB HL 74 .
A H RS ECH . WL 8 EE a0 = 10, 06 R JE 58
kw, =50, fk % 7o =300, A G HLFRE & v, = 20. 12,
HL SR AT 2000 MHLF

HL 19 23 (A 43 A5 W & 5 (b) FiF 7 » R 5 480 15 14 Fe
FREBRE TR —M. K S5 RHASHSE
AR . AT LK 5 o 0 R SR A0
) CAS 20 A% =5 BB BR 42 3I) 78 o 1T 1) 11 o » 2

A BN KB AR S ) LRCR AR s 1S W U
A BRI RE L BRSO A 23 8] 9 HORS BB
i

(@) 79=100

o
04 B

(®) 74=300
51T

»»»»»

g 30300

K5 —BriE el s i o8] %S 8 43 A
Fig. 5 Spatial distribution of the electron bunch

in the first-order field
AR SCHRLT6 ] Bk i 4 B2 A J B AR L 78
BRAENGOUT » 9 O AT 5 RO B W . L I K
Vi Ak 2L 38 K B — i AR B CAS B i 2808 I A B
XA PR Ay Ak b 37 R R T S OE R AR AR
2O AR 2k G W AT S 5 W O A R T SR
BRI

4 4k ©

BFSE T M A S B b O 5 R 1 — B I I 2%
0 e T R R T 3 2R R O XA A
T AU R T — BB T AT T A 2 B IR % A Jk
SO 7 A8 K TE BN LT B (0L 55— M6 T 4 4 7
BEF . AR — BT LS I BF5E T S8 Bkl o = 100
F1 300 T £ FiL T ok AT 1 O 40 1k 123 ) A 0 2% 25
ST TF BB A I B SE  BLE B

& F X

1 Perry M D, Mourou G. Terawatt to petawatt subpicosecond
lasers[J]. Science ,1994,264(5161): 917~924

2 Mourou G A, Barty C P J, Perry M D. Ultrahigh-intensity
lasers: physics of the extreme on a tabletop[J]. Phys. Today.,
1998, 51(11);: 22~28

3 Perry M D, Pennington D, Stuart B C et al.. Petawatt laser
pulses[J]. Opt. Lett. ,1999, 24(3):160~162



1590 B %

g3

i1 29 %

ol

o

-3

oo

©

Yugami N, Kikuta K, Nishida Y. Electron acceleration by a
transverse electromagnetic wave supplemented with a crossed
static magnetic field[J]. Phys. Rev. Lett. , 1996,76(10): 1635~
1638

Chen Jing, Xu Zhi-Zhan, Zeng Zhi-Nan. High-Order harmonic
generation from multi-atom molecular ion in an ultra-short laser
field[J]. Acta Optica Sinica, 2003, 23(1):1~5

M #RERGES. 2R TATE TS BEBOCUIE
FHF= A T UML) ], % 2 48,2003,23(1) :1~5

Zhong Rutao, Tang Xiahui, Qin Yingxiong ez al.. Higher power
CO; laser welding technology for sandwich diamond saw [ ] ].
Chin. J. Lasers, 2007, 34(3) . 432~437

B JHEE BN SF. SR COp OB = IR SR
BE R [(T]. P E#k, 2007, 34(3): 432~437

Guo Xiao-dong, Li Ru-xin, Yu Bing-kun et al.. Femtosecond laser
pulses induced nanostructures on ZnO in different ablation
conditions[ ] . Acta Optica Sinica, 2008, 28(5): 1017~1020
SRR AR R IR . AR RBE D A R AR O K o i
ZnO G S5 BFFELT]. 4 44,2008, 28(5): 1017~1020
Ho Y K, Wang J X, Feng L et al.. Electron scattering by
intense continuous laser beam[]J]. Phys. Lett. A, 1996,220(4) ;
189~193

Pang J, Ho Y K, Yuan X Q et al.. Subluminous phase velocity

of a focused laser beam and vacuum laser acceleration[ J]. Phys.
Rev. E, 2002, 66(6): 066501-1~4

10 Malka G, Lefebvre E, Miquel J L. Experimental observation of
electrons accelerated in vacuum to relativistic energies by a high-
intensity laser[J]. Phys. Rev. Lett. , 1997,78(17): 3314~3317

11 Shao Lei. Huo Yu-Kun, Cao Na et al.. Investigation of electron
injection parameters in vacuum laser acceleration[ J]. Chin. Phys.
Lert. , 2003,20(8):1251~1253

12Xu J J. Ho Y K. Kong Q et al..
acceleration by a circularly polarized laser in vacuum[]J]. J.
Appl. Phys. 2005, 98(5); 056105-1~3

13 Hua J F, Ho Y K, Lin Y Z et al.. High-order corrected fields of
ultrashort, tightly focused laser pulses[J]. Appl. Phys. Lett. ,
2004, 85(17):3705~3707

14 Pang J, Ho Y K, Cao N er al.. Intensity threshold in vacuum
laser acceleration[J]. Appl. Phys. B,2003, 76(5);: 617~620

15 Xie Y J, Ho Y K, Cao N ez al.. Subluminous phase velocity
regions of an accurately described Gaussian laser field And laser-
driven acceleration[J]. Phys. Lett. A,2003,318(1);: 15~20

16 Yan Z, Ho Y K, Wang P X etz al.. Accurate description of ultra-
short tightly focused Gaussian laser pulses and vacuum laser
acceleration[ J]. Appl. Phys. B.2005, 81(6): 813~819

Properties of electron



