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Abstract To study the mechanism of stimulated Brillouin scattering (SBS) excited by high energy laser in water, a
structure model of a non-uniform refractive index grating based on nonlinear polarization and nonlinear absorption of
high intensity laser is proposed, and the physical mechanism and spectral characteristics of SBS in water are
analyzed. The mechanism of the non-uniform refractive index grating generated by SBS effect in water is studied by
establishing the modulation structure and periodic structure of the non-uniform refractive index grating. The effect
of the structure of the non-uniform refractive index grating on the spectral characteristics of SBS, such as linewidth,
frequency shift, and diffraction efficiency, is analyzed by using the transfer matrix method. Also, the theoretical
simulation results are compared with the experimental results. The results indicate that the theoretical simulation
results are in good agreement with the experimental results, and the physical mechanism of SBS in water can be
analyzed effectively by using the structure model of the non-uniform refractive index grating.
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Fig. 1 Reflection spectra of Brillouin scattering. (a) Effect of refractive index modulation coefficient on reflection spectra;

(b) effect of grating length on reflection spectra

Bl 1Ca) . (b) 43 SIS BL T 359 5 47 558 23 98 1 S A
()T 5 2R 0 ) 2R 05 O BE (L) X A B O Ot
WY SZ . DA 25 AR Y, Stokes B I 5
Anti-Stokes FUF 1% X R 43 A 78TO A N BEE
T S5 23 P8 ) 2R 50 B DA A AR Y e KL A
T, YR v R AL B 2 30 5 B O R R 1S o
Vi T2 VT /1N 5 YR W g R R

Kl 2 Sh s R g, 6 IR SR G 2 Fh 3 A
Nd: YAG kOt it 4 532 nm f 38
JOCHR B ZHCh . HEHAE K 10 Hz, Jk 9 K 8 ns,
FHRERAHN 12 mm, KEUMAH 0. 45 mrad, iz K
HEEE AN 1. 2 J/pluse, B8 BB L 58 H

time
schedule
controller
(DG 535)

90 MHz, ZH ML 5 N 30 GHz, O6#% 4 H 10
B IR 1 B E R 2t 1/2 U R TR AR R K S R
fia) I A B 3R 20O (PBS) |, PBS %t 3 B fi ¥k
R BT i SR X K R R E R LA iE R,
5 355 30 R KO e R DG AR IR 20 1/4 B O
AR MR IR G R BB B DL B O R AR
JEAGTEIRE S b, YokiRik B SBS BI{E A, A
J T SBS 545 . SBS {55 H AT (9 AH A7 3 4 M 48
= A Jg G . 2t MEH RS kA - % (F-P)
PR EL, 28l ICCD AL I, Y A G RE
AN R A A R A B .

temperature
controller

ICCD
camera

collimating

system F-P etalon

computer

KPARGER eI P E

Fig. 2 Experimental setup for Brillouin scattering
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Fig. 3 Spectra of experimental measurement. (a) Spontaneous Brillouin scattering; (b) SBS

SR (5 Ean p =g

3.1 BB SR
NGOG BE R A B (A I R SO 4 Ak
IS AR A BT A A A0 A I 37 7 A T A S AR B A T
il o A TSR 4 P I 3 W IS ) BT T BTE R AR
F B SBS 58 B WG 5k . OG- Z 18] 1Y SR AH B
P A A 5t 5 AR A 2 P W e 5 R 2 A Ak DA T 1
A BT B T 5 3 e AR SR I AR Ak SRy RS DL L AR S
AN i S 7 A B S S5 A, B R IR Y SBS
K B IR A I 7 U 3 B 0 A R L
T LR $ 5] 25 A A5 R ) SR L, B TR B BT
R LM A 5 A e P W A DR R L I IR B AR S
W R B AN BRI A I, 2 ) i WO R AE A B b
(Y RE WA A A S U O 1 R ik 2R R
RN
E, =a, A, (2)exp(—ayz)explilk, z —wt) ],
(8
Es=a,As(z)expl—a, (L —2) Jexplilksz —wt) ],
(9

K cexp(—a,2) cexpl —a, (L —=2) I ARZRPEM Yk
(1) AT,

IR AT B — U SO 43 A1 O R AR G AL
SO TR Z5 R T RN R

I =a’Afexp[— 2a,(L —2) ]+
aiAfexp(— 2a,2) +

20 AL Asexpl—a, (L — 22) Jcos(k,z), (10)
X B 2 R A

NI O AR B A BT B A L BUR DS A
SO B RS G U I, 77 AR A R M 45 800 5 e A
JoT A e 7 s H 7 A AR 2 M W e WX T AR E ST SBS
ARFS AT 55 285345 AT R Ry

n=n,+ C,exp(—a,L){coshla, (L —22) ]+
cos(k,z +4)}, (1D

AP g AR MM AL IE BRI BLARAL B BRAS 5 £, =
2mz /A A=A [1+C,exp(x) 1. A, H¥IIGR AW, C,
R A T v ] S0 A A Ak B
3.2 REHES

T P R 2 R A T AR B 2 25 R Ok
MR — A B 7 5 2B — A JE X A1 6T A

1229001-4



HEXE-MIRIEX

F4025 F 128

M N B2 et Bt e, 25 an &l 4 fieos . Kb SRR B 1 .
AR A RN SR A i Ty 1 — 7 R OR
E, E,, |E, E, | B E,
—> ——> ——> —
E, E,, |E, E,|E,. E,
< < <—| <« <

P4 i R R A5 4 1

Fig. 4 Structure of transmission matrix

L) R B A S AL A O 3 A 25 A L TR ot X
(6) \ (TOREAT 2RI HF — 9 oo T R AL P4~ 22 4 4y

[N R T R
TAL L g MK (A A (12)
FE + Zig Je *Z"o n Lo
PAs dAs R,
po — 2i¢ 7e —Ino(dn) Ag, (13)

A dn FRYERM AR, 4 q—"n,dn.p—
g’ — " T HATE) IR EE AU T R 05 A
A =exp(—ipz)[ Fiexp(pz) + F,exp(— pz) |,
14)
Ag=expligz)[Fiexp(pz) + F,exp(— pz) ],
(15
BXao asH AKX, 3. /B8 4 4
ES
1
2

F, = [(1 + iﬁ) explipz)A —

fexp(lgoz)B} exp(—ipz), (16)

1

— |:(1 — %> exp(ipz) A —

F,
P2

lpﬁexp(igoz)B:| exp(ipz) (17

Pl

IR _
5 [ Pexp(lgoz)A

(1—%0) exp(— igoz)BJ exp(—ipz), (18)

_d e
F, = 5 L) exp(ipz)A +

(1+%0) exp(— igoz)B} exp(ipz), (19)
A Wt R %GB M-S REL R M
F Rk B AR e ASHE E O E LG
JeWIIRAEE X E, A B BT B B9 i OF
B ENIER

(20)

AL AL
m+1 m
( ) Xz ) ( ) '
A S” m = m+1 A s

Xfem AEBIZEG AL R m JZASOCHRIE;
Ag NG m JZHUOEIR IR X B BUZ
Wk 15

T P 2R 80 e e rh ) R BRI Jﬁ@. R ey

Ty Xz
iTitl

@AY
X L2

Xof B2 B HEAT SR A, A B 48 B J2 B A A i L e
EEIE P i GiESINE i

Xy = {cosh(pAz) +] %Sinh(pAz )} exp(—ipAz),

(22)
X1 =] isinh(j)Az)eXp(*igpAz), (23)
¢
25 =—j Lsinh(pAx)explipgAz),  (24)
¢

x5, =cosh(pAz) —j %sinh(pAz)exp(igoAz) )

(25
R A R R,
5 1 o B A A 2 7 2
AR 5 KR T 14 T

Al (Al )
() 2),
As (A3)
S AL A R B0 A SRR A
{3015 5 B0 B YR 5 (AL ) Sk 9445 0 A

SEHGHRIR 5 (A D7 S AL IR 35 A1 A9 BCST E 3R 16 5 Y,
Ohy A 2 22 18] P R A7 A2 B 2R O L R TR 5

(26)

explig,, (2)] 0
" :< 0 exp[— igo,,,(z)]) - (2D
KHo, N m FMEL ., AR SR
FEVEHE BE AT 3ROR Ry
RN
=XY , (28)

1229001-5



HEXE-MIRIEX

F42 % £ 12 8/2022 F 6 B/FER

X=X,.Y Xy XY, - X,, (29)
XA PR EA SRR As, ARG AL E
WO IR AL o = AU AR I AL W =
MALRTEC YIRS ;Y S — 2 B0 AR 7 1L T R BUE
FEs N b RZ%K
e 205 B B S S BT R R R AN
R :(‘Ti)zo (30)

11

3.3 HEEM
MoK IR BEAE 0~40 °C B, 47 5 2248 16 385 [l 4
1.335~1. 336, A 8T IR n, =1. 334, A B

a) 40
( c) wmme C=1.0X 107
3B —mem g 212X 107
| — C=14X10

[\CEV]
g O

— =
(=i

Reflection efficiency /%
Do
S

[

‘
i
]
i
i
i
i
iy
i
‘ L

532.008

ok gl
531.992

532.000
Wavelength /nm

K A=532 nm., Z5G LIS MELE AR R L) K AL fa
JE P RS , 43 A AN [A] 7 59 23 08 i R 805 AN [ A
918 T 7 BT JE 350 I Sk 5 391 6 M 9 B i ol i
iR E 5 pros . MWEIH AT LUE 1 OG5 2 B i
FOE X FRE L I . Anti-Stokes A7 B JH 5 5 74 16 1
SR TLToAE . B 5 a) S RO 3R B L Stokes
A B PR HBCS 9 R /DN ELBE A6 7 S 38 0 ) AR B 1
FR BRI | U VA AR G n, T e 2 [R) Y R R R R B
/AN NS Ch) Hral DL Y, BE 2 5 308 i 24k C,
FR3E O, F2 IR0 Y B A L R IR T T (B R
TR A ke ) | I 4 O] S (DTN 3 S B A A

(b) 12} ===C=1.8X10"

----C=2.0%10° i
C=2.2%10% {l
: it

—
S
T

&
>
Q
g 8 l". A
: oo
Hi [
= b
g 4 I‘.‘\. i
B j\ i
© [\ !
é 2 i ““'\ ,”I! \
3} \\, i
& OF v~ itV A N
531.992 532.000 532.008
Wavelength /nm

5 SBS BB I M . Ca) A [ 3 5 2 i) 38 20T A 35 20 3 5 5 FR S0 G M ) B 5 0633 5
Ch) AN T & 30 980 ] 28 5T Al 189 2 e 5 3 S0 e A ) S S5 O
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Fig. 8 Linewidth varies with refractive index. (a) Fitted curve of experimental measurement results; (b) theoretical

simulation results (illustration in upper left shows change of refractive index with temperature)
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Fig. 9 Energy reflectivity varies with refractive index. (a) Fitted curve of experimental measurement results;

(b) theoretical simulation results (illustration shows change of refractive index with temperature)
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