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Fig. 1. Light path of CPP and the speckle field: (a) Principle scheme of CPP; (b) surface shape of CPP; (c) far

field distribution and speckle of CPP.
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Fig. 2. Plasma with gradual density.
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Fig. 3. Distribution of the speckles with different defocusing amount in air: (a) Defocusing amount is 0; (b) defo-

cusing amount is 100 um; (c) defocusing amount is 200 pm.

WCFEL 4 o DL O3 AR R B
BRAEL 58 2 K240 200 o, SR (4) 25 8 30
45169 pm BEIE, HF & Gl 4

B ROk, BB b 7 8 Tk e 1 £
BEME. T T R T R,
R o B T R B 2 O 1 A
PO R T, () RAMEY, HE
n(0) = 1,n(200 um) = 0.2, M A7 KA S
Jn(z) = 1 e (BT R AR, T
B 75 25 B T o P A 0

1.7

1.6[

15[

1471

1.3[

Auto-correlation/10°

1.21

- , , ,
~1.0 —0.5 0 0.5 1.0

A/1073 m

B4 #&ED2mb TSNS E O £
Fig. 4. Autocorrelation function of the speckle field

with the ergodic supposition.

200 4
L, = / ——dz
o n(2)

= 402.4 (pm). (10)

¥z HARNEE TR ABCD R, 3 BU5¢
A E A BRI AT R AEEEA
Off, WOt L RENEE &, FIELE DS (a)
HE3 () e 8, WMinwEEEIFES R
Kl 5 B,

MR, BRI 18 55 8 11k P
ARt 5SS AP MBI, A ekl
100 pm I, BB 7040 5 28 S B AE R 200 pm
I CAH 2 0, XU A I TR P R B AR R
HEOK, BRI AR A 2 BEAR, BRI AR SR K
JER AL MR BRI, BOBOCIAE S S Tk
200 pm b S EEEAR 2 TP 402.4 pm B AELL
AORRTE. S5 B TR REROR, Bt ARt
FEPR, B G BRIk, 10T I HE 2R At AR A ).

N Y S B R R H R B T IR B RO D
FRRe I, EFECHIPE I — 2R B (22, yo, [+ A)
it HAZT7 A Ry, g5 Rl 6 Fios.

085201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3R Acta Phys. Sin.

Vol. 67, No. 8 (2018) 085201

y/10~* m

-19 -18 —-1.7 —-1.6 -1.5
z/107* m

-19 —-18 -1.7 —-16 -—1.5
z/1074 m

-19 —-18 —-1.7 —-1.6 -1.5
z/107* m

5 SETARTAREER TR, RARHEBRAETR  (a) BERNO0; (b) BAERIY 100 pm; (c) B

#9200 pm
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0; (b) defocusing amount is 100 pm; (c) defocusing amount is 200 pm.
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Propagation characteristics of speckle field in plasma
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Abstract

The interaction between light and plasma is one of the key problems in an inertial confinement fusion system.
Some instability processes will occur when the energy of laser is absorbed by plasma. Because reducing the coherence
of laser can significantly restrain the instability of the plasma, in practice, a continuous phase plate (CPP) is often
used to generate the speckle and thereby to restrain the nonlinear effect in plasma. To clarify the working mechanism
of CPP, the propagation characteristics of speckle field are studied in this paper. Since there are two different kinds
of media in the light path, the statistical optics theory and the matrix optics method are combined to analyze the
propagation characteristics of the speckle field in plasma. The ABCD matrix of the plasma is deduced. And then
intensity distribution properties of the speckle filed in the plasma are calculated. Meanwhile, the autocorrelation length
of the speckle field is calculated and the mechanism of the nonlinear restraint is explained. The results show that the
speckle field is a paseudorandom field. It will bring a random phase disturbance to the wavefront in the propagation
direction. It is very different form the ordinary Gaussian beam, the speckle filed has a limited longitudinal autocorrelation
length. Though the propagation rule of the speckle field in plasma is similar to that in air, when the laser transmits into
plasma, the coherence of the laser speckle weakens rapidly. The autocorrelation length of the speckle field in the plasma
is shorter than that in air. Therefore, many kinds of nonlinear effects can be restrained when the speckle transmits into
plasma. Specially, the autocorrelation length of the speckle is much shorter in the high density plasma. So the result of
suppressing the nonlinear effect is better in plasma with high density than that with low density. This characteristic is

very helpful in restraining the different nonlinear effects in plasma.

Keywords: speckle, plasma, autocorrelation length
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