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Radiation damping effect in high power laser plasma under Compton scattering

HAO Dongshan , JIANG Wenjuan
( Department of Information Engineering,Zhengzhou Huaxin University, Xinzheng 451100, China)

Abstract; In order to study effect of Compton scattering on the radiation damping effects in ultra-intense laser plasma,
the effect of plasma induced by different polarized lasers was analyzed and calculated based on the model of multi-photon
nonlinear Compton scattering, relativity theory and Lorentz transformation. The new mechanism of the radiation damping
effect induced by Compton scattering in plasma was presented and the revised equation on the radiation damping effect was
put forward. The results show that the probability of electron movement is increased because the required incident laser
intensity is reduced and then the electron frequency and the coupling frequency of the electric field are increased. The

multi-photon nonlinear Compton scattering is an important mechanism on taking and increasing the radiation damping effect

of plasma.

Key words: laser optics; plasma; polarized laser; radiation damping effect; Lorentz transformation; multi-photon

nonlinear Compton scattering

51 &

WK Jk e AN B HE B AT 3R AT R i O Gk
BT P ORI TR BB 5 %
BT FIRE ™ AR VR 2 BT BG4 88 1 1Ad
M AFATAE R N[ 8 S T U T A AN TR Y
I TR AR B SRR S RIS R 1A
(T8 BE S FVR AR S o e SRO  H Bo
XS Bl L A 114 560 A S5 BEL e 00 ff Fi - RE B

He I F < T 1 ) A5 T PR BT S R AU B H
(092300410227)

YEF A AR 1L (1949-) 55, 082, EE N HOLY
L5 SEAFE 5 SRl IS RIS

E-mail ; haodongshan1948@ 126. com

Wk H 391 :2013-09- 18 s Y 2 & i H 151:2013-10- 10

WA, ZHIDKOV 28 N 35 d i S5 8 ik oA
W S A S BHLJE 80 . BULANOV 28 A 45 1Y B
5 158 W 1 7 o A S LT 255087 L bl Ak v
%, HU S5 N5 A7 0k AR AL 2k i L0
()R ST BEL JE 280 1 #6125 25 7 1R % 3 44 R 44 K
CHEN 25 A 45 | 06 4% i ' Ik vh 42 R AR
L3R S B A T B SR SR e RO . {ELRE
T M, A Xl S REL T2 280 B BF 5 240 oK % 1
2k Compton B 52 . SCIR B, 5 A SHEOE
SREETK 10"V/m B LA I, JELE P Compton
ST R BB, W] UL Compton BILE X 45 B TR 48 5
BELJE RORE FRI S R RE 2 1 . AR SCrp s 206 1
JELR M Compton HICSH AR 70 VK (6 2% 78 36 77 1, BIF 5%
TR S BELE 280 A 52, 42 TR Comp-
ton R AR A 25 B A B BELJE A BT, 9



$38 4% H5H)

HZRIL Compton MR T i8G5 35 P 1 S BELIE 0% 689

XA TR A SO 5 S B 25 18 A S BEL T R0 2 A 1
TS T RS

1 EFTFEHPBEEAHT

BT 2 J5 ) A5 380 55 8 1 1) - T R 5 03K
BIAIOLER7 5 R
E = E [ cos(wt — kz)e, + gsin(wt — kz)e, ] (1)
L Ey o Flk 53500 9 A SO Y HL 37 PR L 6
TP E e, Fle, 53508  Fy Bl )5 ) (9 B R o 5
q N0, =1 Jpp%F R 2tk A F A i AL Ot 55
B TR R AEZ 6 T AR AE Compton #UH (LT i
PRELCS) I, 25 BCRIS 5 ARG TE R #5506 4
o, =0, +o B, AL
Y(1 + Bcos#) (1 — B,cosf,") =
w. =wH , yNho(l + Bcosh) %2)
m me* (1 = cosf’) ™ L]
Kfm=ly -y [/ (y - 1) B EHS AR S 5
y=[1-(v/e) 17 =1 -8B)" 5y =[1-
(oo™ 177 = (1 =B2) 7" 0 Mo 535N HF
BN S B Lorentz K F SG# s N, ¢ m b =2wh4)
5911k 55 v [ I P PR ' 880 s ol T
R B e G B A By S B RIS I8 AR 2%
Zrit; 0 A RUNETHL - FOG i 8hJ7 e £ 50, F1 0"
oL I SRR €L B e v DR LIS KB
THE . FEECIERTT EE, kv, 00 53507 1
' AE,AE, Ak, Av,Av;,, H E, =E+AE E, =E, +
AE bk, =k + Ak,v, =v + Av, v, =v; + Avee HLIZHN
T AL -
E + AE = E;[ e cos(wt — kz) + e gsin(wt — kz) | +
AE,[ e cos(wt — kz) + e qgsin(wt —kz) |} (3)

o +20wAw =~ (K + prz) +

2(kAkS + Y w,Aw,) (4)

L0, =4me’n/(ym) ,0,, Ao, T n 5350 K #UH
FiT FEL A0 58 e HA o R B s AN SR 35 2 TN U
FUEAMBIET, S, 2B 7X@ otk B
hE Ak, A* T, R cos (Awt - Akz) —1,
sin( Awt — Akz) —0 JTfBl, AT UL, HCRfe 6 8
X F I TR OGRS B A AR i R
Zi R G, MG CHEE o, =0, +
Av, , BT 2 iz 3 275 2 BBOCFTECE ) 518 -
o+ Ao =y, (0 -k,) +y,(Aw - kAv, -
kAv,) + Ay, (o - kv,) (5)

ic+A7c%'yg(k—w—Zg)+ ['yé( Ak —

c

Awv, twAvg)_l_ A)/g(k _“sz%)] (6)
¢ ¢

Ky, =1 —vgz/cz) _I/Z,A’yg =(1 —Avgz/cz) N
o, 1 Ao, SRR AR R 1 0, = ko,
Av, = Ake*/o W) k= Ak =0, W] W, §BE e ik
ey

E + AE = E,(e coswt + e sinwt) +

AE, (e, coswl + e),sing)t) (7)
2 BGTRERSE B R RSN
v, S HZN 2 s, s s RN

d/(yB) |, d(yAB + AyB) _ (LE L 2¢ g)+
d dt mc 3me’
e 2¢%
(i2aE + 2% ) (8)
mc 3mc

2

2 2 3
mc~ 0t mc

2 2
(ﬁ-E)E-%x

BLE-E- BB+ { S0y 2y )

meT;[ (Aﬂ-E)E+(B'AE)E+(ﬁ'E)AE]+
[—%ﬂ( AE -E +E - AE - 2(BABE® -

B’ EAE -%YB(E-E))]} (9)

KB RETHEMAICAEH T Zsh#E A, g f
Ag R TR S BEL S B I 5 A S 2 Wk
PR IET . AT UL, 5ol 6 A REL @ R0 38 K . 3X
FEIETE ST RO 5 R AR S B R T R R S
AR A SR BELE B TR

WHL SRS AR 25 7R e iy e HB 3h &
AR I A RS G R T A o v, =0, + Av, F
vy =vy +Avy v B Av, Jev ), R Av ), 5355008 USRI
FE A ] RGN [ B S e 255 E = - (1/¢) %
0A/0t ,AE = — (1/¢) 9AA/dt,a =eAm ™' ¢, Aa =
eAA/ (me®) ,Hirfr A Fla B AA F Aa 43 51k 5350
To MR F S IG5, W) (8) L. (9) AN (3) 231
H

d d + e’
(Lﬂ) . (7Aﬂdt AyB) (_%ttz +32mczg)+
(-2 2 )

ot 3 m02 (10)



690 T TR

2014 9 H

1 da oa\oa  »,[da oa
+ A z—{ —+( .7)7_ = =2
gra8 ="\ ot B otl ot VB at ot

Tl (E R R

da., dAa 2, 0Aa  da Ja oda
,0ayonaf o oaa o _ od oa
(B 6t> Jat ]+ B( ot Jat BAﬂ Jat ot
2 0a JAa
= . 2= 11
B Jat at)} (11)

a+ Aa ~ a,(esinw t — e)qcosa)(_t) +
Aa, (e sinw, t — e),qcosa)ct) (12)

K a, =eEy/ (mew) , Aay = eAEy/ (mew) 0, NS
BRI (12) S 2 WO BB 1R,
2.1 BERMULHETHIESTERE

IR |a, |* = [y + Mg, |* #A AL
B TR 32 3l A HL 15 0 i T e e AR
B.. L(da/0t), i (11) X ke 72 B FE S5 L E T)
S Z sy mh

g+ Ag~-2(ya+y'a’B) - “-(Mya +yha +

2yAya,’B + 2y’ agAaf + yay’B)  (13)

2 26w,
K+ Ak = 2e 3a)c('yzaoi*y) + ‘
3mc 3

(2yAvya, +

Y’ Aa, £ Ay) =2.3 x 100, (ya, £y) +
2.3 x 10w, (2yAya, + y'Aa, + Ay) (14)

X, Ay hyy B9 . AP es 2 TN EUE
TSR T B ~1 56&, o] W, B 7
H RS BHJEE R, k—1 BY « > 1B, 48 S BHJE X i 5~
I EIME AR . X S T RO A
GF IR R G O, Nl R R ZRE Y
L

gf?ﬂi?,;“wc,'yc“'yci ~a,,y., =L1-(v.,/
)’ 17 a, R a0y B ARG T R R S SR
FHRBAVEK A, = 1pm,a, >0.55 x10°"™ AR A%
SRR T 107 W/ em?®, i 15 A5 538 B K T 107 W/
em? B, A S BE R AP B 32 3 A R E R L HL
SHEE T A BN LR, X2 5 255 S0k
[1]FNZ2E S0k [ 14 ] P E 22 4k

BRI T vy, =ae. #F A, =
1. 06 pm , #i A HL FEUH B n, = 10¥em 21 w, =
1.8 x10%y " iy v, , =k /w,y. =y, , W y., =
(1-v.,2/¢) =10 /y, <y. ,a,>0.5x10" Hf
MR A HOLHR KT 10° W/em®, R A SHEOG58
JFEREAILT 107 W/ em® B, 46 565 BELJE R0 R AR X it 7

HAEW EEAEA, XRS5 2% 30k 15 ] AR TR
Zhb

Z LA IR ARIR Z Ak, 3 B i e U
FAE A AT, R 658 B A1, 10 HH i i e 7
EJNS T B e AR G F T e e Ak T e A
PRGPRS SN
2.2 SREBEHNXTHESER

FERE I AL b B // (9a,/at)
Ve =YL =ao, M) Xy

2

1 ) a da da 1 J°a

e (]

§ra8= Yo at ot Br|*. Yo
azAa_[(aAa.alJrai.M)ﬁ +
[Py a ot o a7/

@]} o

c(at at ABy (15)

X8 F AB ) I LTS R 1) AT 03 B2 e
s AR 2 TN T 1 I, i 25 T8
L3t 254 (8) 2, i Tz mit e 1 5oy =z
oy

2e’y, 9a,
3 2 Zezfytx
K, = 3”"6('9% ~ 3m(;3a)v (16)
ot

o, =0, HHFEDEER T, %8 TR E ok,
FRTRHJE MR, 25 A, = 1. 06pum, n, =10 em >, 43
#a, >10°, 0] U HEGHOEIR KT 10 W em® , Bfil
AGHEIRIE LT 107 W/ em?® | 55 5 B2 4K 28 % 1 7
s AR AR . X FEE W THUDLE A
S RHLJE ML B S5

T UL S dE e N R A%, HLA%
SIS RIE A — i PRI ME , 45038 2 0 S TR
AT A B E X 4 5 BELJE iz ), eI A 55 SC
it

3 & #

=A

I FH 22067 AR Lt Compton BIUFBIRIANIEAE 2%
ARHTT I VHE T UM X OGS B TR AT B Y
SN, P2 T Compton T I 7 A5 25 B 1A 4 5 BHL
JERTBHLE], 45t TS ELE BT /e IR ihe T A
[ A S BELJE A0 o

(1) Compton FUEF {45 15 5 VA% 5 S BEL & 280 B X
sl R E AR LR R, X BT
PR XA E A SO R BERER T HLEALDE



g

3% H5H

A2l Compton FIUF N SRIHOCAF B 11 1A i 10 FHLJE 3%

691

PG L I A, RV AR st A, B ) g
PIET- 5 AT M m J o S e 1Ak
T RIIR GRS G

(2) 26 TR Compton HUN Y2 ™ A Fil 4R

oG A4 VAR S BEL S RO B — A ML

(1]

(2]

(3]

(6]

(7]

(8]

Z % X #
BULANOV S S,ESIRKEPOV T Z,THOMAS A G R et al. Schwi-
inger limit attainability with extreme power lasers [ J]. Physical
Review Letters,2010,81(10) :220407.
CHEN W, FAN C Y,WANG H T,et al. Numerical study on pro-
longing lifetime of plasma channels generated by ultra-short laser
pulses[ J]. High Power Laser and Particle Beams,2013,25(4) .
813-816(in Chinese).
COUAIRON A, MYSROWICZ A. Femtosecond filamentation in
transparent media [ J ]. Physical Reports, 2007, 33 (4) . 1147-
1189.
MEJEAN G,ACKERMANN R,KASPARIAN J,et al. Improved la-
ser triggering and guiding of megavolt discharges with dual fs-ns
pulses[ J]. Applied Physical Letters,2006,88(2) :1101-1105.
XIONG J,LUO B,PAN W et al. Coupled-mode ana-lysis of mod-
ulation instability in frequency-mixing[ J]. Chinese Journal La-
sers,2005,32(10) :1347-1352 (in Chinese).
JHA P,MISHRA R K,UPADHYAY A K, et al. Self-focusing of
intense laser beam in magnetized plasma[ J]. Physics of Plasmas,
2006,13(10) ;103102.
XIONG H,LIU S Q,LIAO J J,et al. Self-focusing of intense laser
pulse propagating in underdense plasma[ J]. Laser Technology,
2010,34(2) :272-274(in Chinese).
YU D C,HAO X F,HAO D Sh. Influence of modulation instability

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

induced by Langmuir turbulence in plasma[ J]. Nuclear Fusion
and Plasma Physics,2013,33 (1) :19-24(in Chinese).
HAO D Sh. A new accelerated mechanism of protons in high power
laser-plasma[ J ]. Laser Technology,2012,36 (5) :653-656 ( in
Chinese) .
HAO D Sh. Effect of Compton scattering on prohibited band gaps
for 1-D ternary un-magnetized plasma photonic crystals[ J]. Laser
Technology,2013,37(4) ;515-518 (in Chinese) .
HAO X F,LI H Y,HAO D Sh. Characteristic of photonic band
gap under Compton scattering[ J ]. Laser Technology,2012,36
(1):107-110(in Chinese).
HAO X F,WEN H,HAO D Sh. Influence of Compton scattering
on the modulation instability in un-magnetized plasma[ J]. Laser
Technology,2012,36(2) :572-576 (in Chinese) .
ZHIDKOV A, KOGA J, SASAKI A, et al.
effects on the interaction of ultra-intense plasma pilse with an
Physical Review Letters,2002,88 (18) :

Radiation damping

overdense plasmalJ].
5002-5006.
BULANOV S S,ESIRKEPOV T Z,SAYASHI Y, et al. Extreme
field science [ J ]. Plasma Physical Control Fusion, 2011, 53
(12) :4025-4029.

HU Q L,XIAO G L,YU X G. Radiation damping effects in ultra-
intense laser-plasma interaction[ J]. High Power Laser and Parti-
cle Beams,2013,25(6) :1379-1382(in Chinese).

CHEN ] Z,BAI ] M,SONG G J,et al. Effects of laser shot fre-
quency on plasma radiation characteristics[ J]. Spectroscopy and
Spectral Analysis,2012,32(11) :2916-2919 (in Chinese).
KONG Q,ZHU L J,WANG J X,et al. Electron dynamics in the
extra-intense stationary laser field [ J]. Acta Physica Sinica,

1999 ,48(4) :650-660(in Chinese).



