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Self-focusing of intense laser pulse propagating in underdense plasma

XIONG Han' ,LIU San-qiv* ,LIAO Jing-jing’ ,LIU Xiao-lan®
(1. Key Laboratory of Nondestructive Test( Ministry of Education) , Nanchang Hangkong University , Nanchang 330063, China;2.
Department of Physics,Nanchang University , Nanchang 330031, China)

Abstract; In order to study self-focusing phenomenon of an intense short laser beam propagating in cold, underdense
plasma ,the more complete ponderomotive force of laser beam propagating with implicate term and Lorenz term was used.
Calculation show that the implicate term has stronger nonlinear effect on self-focusing. Meanwhile the relativistic effect should be
considered when laser pulse becomes strong enough. Although the consideration of relativistic effect makes the system nonlinearity

larger, it could decrease the nonlinear effect on self-focusing. This is different from the relativistic self-focusing of long laser pulse.
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Fig. 1  Spot size evolution with propagation distance
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Fig.2  Spot size evolution with propagation distance under the condition of

relativity or non-relativity
B 2 BAEREE A SHROLIK D R G , %
JEARFARS IR RN (SEER) FIARAS IR AU (R , L3 H
FEREERR T AT A A o [T TS A S B % RE ¥ 1
AR ARERBEBE. X2 5Kkt
WHREA—HMN, HXE B RG] TR
o, FIANE T kRO

2 N &

YEEBTIE T 58 O SRR I BOGTE YR 38 BV 45 8
THRAGER G A RERR ., SHESE TR EEN
WO R B I BOLRK A B sh S ik
YESNA TR Bh 1 B — A B R IR A 2 E BB AT 8 2
Wto VEETERT B AE i b2 WA OE ,
15t 2 ST NS 2R A7 X O K 48 1 3
MR SRAL, A B R BH DR, RN, B A
OB SE L BOR, S 3 TH HY HF Ik U B B AR
A, R A SO0 A T ARS8 . 1545
tARRTIE RN B T A AR K e A 1 O 1 7 b
A A REHBEBE X 5 KO LA —FE

2 % x w

[1] EDER D C,AMENDT P,DASILVA L B, et al. Tabletop X-ray lasers
[J]. Physics of Plasmas, 1994 ,1(5) :1744-1752.

[2] ZENG G H,ZHU H W,XU Z Z. Relativistic even-ordered Harmonics
generated in underdense plasma [ J]. Acta Physics Sinica,2001,50
(10) :1946-1949 ( in Chinese).

[3] SPRANGLE P, ESAREY E. Interaction of ulirahigh laser field with
beams and plasmas [ J]. Phys Fluids, 1992 ,B4(7) :2241-2248.

[4] ZHOU S Y,LIU S Q,TAO X Y. Simulation of density solitons and
self-generated magnetic field in laser plasma [ J]. Laser Technology,
2007,31(1) :8-11(in Chinese).

[5] DUAN Z L,CHEN ] P,FANG Z B, et al. Evolvement of filamentation
of femtosecond laser pulses of a kHz repetition rate propagating in air
[J]. Acta Physics Sinica,2004 ,53(2) :473477(in Chinese).

[6] ZHANG J T,LIU S F,HU B L. Filamentation instability of intense la-
ser in partially lonized plasma [ J]. Acta Physics Sinica, 2003, 52
(7) :1668-1671(in Chinese ).

[7] TABAK M,HAMMER ],GINSKY M E, et al. Ignition and high gain
with ultra-powerful lasers [ J]. Physics of Plasmas,1994 1(5) :1626-
1634.

(F#% 284 1)



284 P S

201043 H

E—RR ZFHR, R -RR WRRE 458 kR
AUERRY B THES G LR BRI 6 =2k +2n/n, 1B
8 =2kw - 2w/n J5 A RE 4 th IE B 19 FI BT, AR SE IR
TRIARALE R BB Iy AR L, WBeRe I A ik |
g | BB R W D 125 A0 22 T R AR
T A2 1 Vi B 58 Bl 9 S 36 H 0 B SR B 185 1 B2 2R A
B, AT B T2 R A MR BE IR, e A AR
R B,

4 & it

(1) FEAFFEIR 3% Jones FEEWM E XA 5 H R B
FALAR PR T B P SE E AR O B AR AL
FEREHA K, (2)EBLHS « Biak 0 A, 45
(L ZER 45 B Jones M [ 51 B R A X, 1H B P
Ff Jones 4 FEFRIE A, Jones FH 4 A G —, 25 BUHLHD
5 x SHAL 6 FA i, ML ZE R 28 B Jones S RE 5 A1 B
MIEHETC K, TR — R (4) X, H(4) b oe>0,
(3) % A/n R B RS MR 6 3 PR 06 7
A H YRR T SR R S« IR 0 A RT, K
FJEBE 5 AR R X Jones SEREM 2 AR . Fi &
x| Jones % RE A 3 Wi, J5 # X Jones JH [ TG 7 W .
(4) TE R A s 5 B IR IR AR FIMT A/n 3 i ey
S b, B I R TR B A L A R & 1 A [ R
Jones HFEHIFL 1A

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(9]

(10]

[11]

2 % X W

WEI G H. Matrix optics [ M ]. Beijing: Weapon Industry Press,
1995 ;156-158( in Chinese) .
MIAO Y B. Polarized optics] M]. Beijing: Science Press, 2003:47-
61 (in Chinese).
HUANG H H. Optical matrix method and Fourier method [ M ].
Shanghai; Tongji University Press,1991:23-29 (in Chinese).
LONG H Sh, ZHANG Zh X, TIAN H Y. Polarization of light and its
application[ M]. Beijing: China Machine Press, 1989:251-257 (in
Chinese) .
YAO Q I. Optical guide( M]. 3rd ed. Beijing: Higher Education
Press, 2003:362-369 (in Chinese).
YU Ch R. Determination of the phase delay angle of a wave-plate with
a quarter wave-plate [ J]. Laser Technology,2003, 27(4) . 383-384
(in Chinese).
WANG W, L1 G H ,WU F Q, ef al. A new method of measuring
wave plate phase delay and fast axis azimuth[ J]. Chinese Journal of
Lasers, 2003 ,30(12) :1121-1123 (in Chinese).
WANG G X, XU Ch J, WANG Q S. A new method of confirming the
fast or slow axis azimuth of wave plate[ J]. Laser & Infrared, 2006,
36(8) :699-702(in Chinese) .
WANG Zh P, LI Q B, TAN Q, et al. Method of measuring practical
retardance value and judging the fast or slow axis of quarter-wave plate
[J]. Chinese Journal of Lasers, 2005, 32(4): 523-528 (in Chi-
nese ).
REN H L, WANGJ Y, LOU L R, et al. Measuring phase retarda-
tion and fast axis azimuth of a wave plate using michelson interferom-
eter[ J]. Chinese Journal of Lasers, 2008, 35(2) :249-253 (in Chi-
nese ) .
WANG L, LI G H, KONG C, et al. Phase retardation measurement
with Iwo A/4 wave-plates[ J]. Laser Technology,2007,31(6) : 663-
664 (in Chinese) .

(EHEH2714 W)

[8] JHA P,WADHWANI N,RAJ G,et al. Relativistic and ponderomotive
effects on laser plasma interaction dynamics [ J]. Physics of Plasmas,
2004 ,11(5) .1834-1839.

[9] LIX Q,ZHANG Z D,SMARTT R. Magnetic reconnection theory for
coronal loop interaction [ J]. Astronomy and Astrophysics, 994,290
963-971.

[10] SPRANGLE P,PENANO J R,HAFIZI B. Propagation of intense short

(11]

(12]

laser pulses in the atmosphere [ J]. Phys Rev, 2002, E66 (2):
046418/1-046418/21.
SPRANGLE P,ESAREY E,TING A. Nonlinear theory of intense la-

- ser-plasma interactions [ J]. Phys Rev Lett, 1990, 64 (17) .2011-

2014.
L1 X Q. Plasma collapse dynamics [ M]. Beijing;: Chinese Science
and Technology Press,2004 :81(in Chinese).



