Chinese Physical Society

M!l ﬂ Acta Physica Sinica

. Institute of Physics, CAS

IR LINDO3:Fe RRVEEFRELST IR

Rk REME RWM ARzl Zass

Special scattering in photorefractive crystal LiNbO3:Fe

Zhang Yan Zhao Yue-Feng Zhao Li-Na Zheng Li-Ren Gao Yuan-Mei

5| 15 & Citation: Acta Physica Sinica, 66, 084206 (2017) DOI: 10.7498/aps.66.084206

7E 281715 View online:  http://dx.doi.org/10.7498/aps.66.084206
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/18

B RE RSB E M E

Artlcles you may be interested in

LA IR A 5 A SRy 3 1 R I B R R

Wave coupling theory of nonlocal linear electro-optic effect in a linear absorbent medium
PP 2242017, 66(6): 064202  http://dx.doi.org/10.7498/aps.66.064202

REOGLT I A R AT HLIH EU Rt
Characterization of Brillouin scattering in a few-mode fiber
PP 2EH%.2017, 66(2): 024207  http://dx.doi.org/10.7498/aps.66.024207

VRRIARZ P o S - v e TR PR A i 5 58 LA

Propagation and interactions of Airy-Gaussian beams in saturable nonliear medium
PP 2%, 2016, 65(24): 244202  http://dx.doi.org/10.7498/aps.65.244202

TE SR A U G R G A o — i 32 [R] IR e A 7 2 U JB TR A ) ST B L 5%

Experimental studies of two sets of four-wave mixing processes in a single-zero-dispersion microstruc-
tured fiber by the same pump

YE = 4.2016, 65(21): 214201 http://dx.doi.org/10.7498/aps.65.214201

T RO A T XA A SR AR AR 7T

Double resonant sum-frequency generation in an external-cavity under high-efficiency frequency conver-
sion

Yy 2242 2016, 65(7): 074202  http://dx.doi.org/10.7498/aps.65.074202


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.084206
http://dx.doi.org/10.7498/aps.66.084206
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I8
http://wulixb.iphy.ac.cn/CN/abstract/abstract69685.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69685.shtml
http://dx.doi.org/10.7498/aps.66.064202
http://wulixb.iphy.ac.cn/CN/abstract/abstract69192.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69192.shtml
http://dx.doi.org/10.7498/aps.66.024207
http://wulixb.iphy.ac.cn/CN/abstract/abstract69000.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69000.shtml
http://dx.doi.org/10.7498/aps.65.244202
http://wulixb.iphy.ac.cn/CN/abstract/abstract68626.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68626.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68626.shtml
http://dx.doi.org/10.7498/aps.65.214201
http://wulixb.iphy.ac.cn/CN/abstract/abstract67029.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67029.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67029.shtml
http://dx.doi.org/10.7498/aps.65.074202

38 % 4R Acta Phys. Sin.

Vol. 66, No. 8 (2017) 084206

S BB IRLiNDO5:Fe B 450k B0 5T I & *

kel REED

AR

A2 mERD

1) (LRSS R 3 b B PR 2B, BF 250014)
2) (BILFER B S B LRE%E, &% 271021)

(2016 4 9 A 26 HYLE; 2016 4 11 A 22 HUREMEEH )

FAE T E BAC AT SLUE AT A SO R — A5 A R AR R 220K (B SR, 22RO AR BN
F| LiNbO3:Fe f A L, fE3 A B S HUN . BATRIDCHUN 977 185 S AR 8 ¢ Bho7 18 A —8 AMUEE &
PR ¢ 7 A R D' H L, IR PR K 2T 07 10 o AR 9 A IR .

KR AR ML, e RN, e
PACS: 42.65.-k, 42.65.Hw, 42.68.Mj

15 =

76 1 48 R4 M. (photorefractive effect) /& Yt £
7 5 FAZ 4k R4 M. (photo-induced refractive index
change effect) IR, 248 HOGAEHE U5 T B
O R ) 2 TA) 43 A1 51 AR AT S 2 AH A2 A 1Y) — B
R MBI UL SRR (R HT A 24N B R 3 LA
Kk, FOERNATTZREE A OGE. B, Judr AR dE
LM LA KB N H S LM — A
BB MR 203, RN GHUN (light induced
scattering) & 8 IR M R BRI, BT AR R
82 5] S A HUR YETEOK, #BE NS 6 5064 2 Ak
Hh R R B SRS OB AR, BN TR A A AL
M, e I R R M AT S, NS R SR G A T
REE, MIMTBOK T UG, BN HEUN ., 5
AN GHE A A AR T NSO 5 A BB . BT
mn R PR RS 2 UG, #EN 5N T 2 4AEAL
M, PSR I AE 2 TA) T 1) 43 AT o, DR T X 6 AH o7
A E 2B A PR A P A e TR R S HEC A N
Bl FE A B AT, SRR BOEEUR T ARE T
PrAZ AR —FhE BHLR, AR Sl

DOTI: 10.7498/aps.66.084206

W T WOLA R & L HABUE S SR T iz
L 50, (R RSB, 0 S 22 0 2 I R R S
AR, Bl 75 ERAE H, SERN ' HUH 147
FEARAG T SR P RORIE N, £5 0 LU BRAI, ERAOR;
FEAE SR, BT EU e T iz e fe R,
AHESHAFABINA I a5 U, IR B X 25
ES S o . 9 7 o % o D DA AL R R 2
TSR 2 F) FE AL

AR, FEAR 2 i 2 e 22 dh v AATTER
LEE i TS S N P Ei B R 22 )
B NGT BaTiOs SRR, 22 HH 0% 3005 B )
SCHR [9—11] BB FTIN N, Jedr R dh iR IR A
L 12 W &2 6 B R ) — A AT REJEUAL, JF LY
PG 2B &, 18I DY RIS FE4s
MRS EsR AT, Ui T OEE I L RE. 25 RS 2
e 1 B T AR A P K R A e A AT
I, NG A AN R 2 (8] A 5 5 B AT TR N (4 g
BT S Ol R e A DU A 1, SRR A R e g
A7 B NG TR AR 20 #5672 2= B T B, A
T T R T 58 A 43T ¥ T A o 122 TR, 3
T = WAE R, WENS EARE T R R R
AE L P w1 1) D' 47 A% 4 LiNbOsg:Fe H % B 54

* [ K EH RS (5 11304187, 11374108, 11404196, 11574185, 11404194), Hh Bl 45 Rl 3 41 LI H (JkfE 5
2015M582126) Fl Ll R4 M S5 E AL TR (HHES: J14LA55) BB,

T #E/E#H. BE-mail: gaoyuanmei@sdnu.edu.cn

© 2017 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

084206-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.084206
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 8 (2017) 084206

T s =100 DA B 5 O Y [ ' B
e ENS B SR, BRI TT AR IR A e
7 1. XA FRATAI W A i) — A B S
s

ARSCH, — REARSR O R AT FLIE B 289
PR BT THT I 5 58 AR K RO R 01T 0l R
i EAS 2 LiNbOg:Fe I, £ & EWER] 1
RERHUR G, BATHETE T 2O I T5 1A 5 di R
¢ Jli P A7 A0 BRI BT A B ', RIS
fr AR ¢ 7 [ ARG RS 1R (f D7 18]) B R BR DG
HIUR. i c AT AIOE TR f 07 1A AT I, B
W ZH T IR AL 2 T R B, RO
JeHEI T I B, WRAE f 7 A B EATR
UG B 7 R 2= 5 AR ¢ BT A — 2 IF i
LG A SR PR EAT 1 fa] 5 O A .

2 EBFKEHER
2.1 SKEKRE

AR S XF — H LINDO3:Fe i 4 (0.03%,
5 mm x 10 mm x 10 mm, YaH 5 mm £ 77 1)) [
WHFCAE . SEER BT F RO & R m IR0, 78 db A 11
NS BN I SO R 58 0.3 mm, NG D)
FR1 mW, KR EEmE 1 os. — R KEN
50 mW [ Nd:YAG BOG# (B 532 nm) £ %
(B 2% (SF) MiESE Ly (f1 = 300 mm) JGAE R T
— RS HE ECPAT O, X R HE AT R A T AL
TP FE] B ) 918 0 J NS B AR T B, 200 7 A
MBS (f2 = f3 = 200 mm) a2 RM— KT
J7 AR KT 10 mm, B E 7 )29 0.3 mm (75
K7 1) B R 8 58 42 7 A R AA) AR TR O 5%,
B N R — /K7 R4 0.3 mm, B
B 7 AR SE R 10 mm 4 20 TR 3 5 21
Tk b fEIE SO B (291 m i) BB YEBE, R
FEALA R E 5 B RO EIFE.

Camera

Laser [ I
1

SF Iy Ly Ls LN

1 SR EI SF AT MRS L B Lo, Ls
DIAETE S LN 35S e R A fn 14

Fig. 1. Experimental setup: SF is the spatial filter; L
is a lens; Lo, L3 are cylindrical lenses; LN iron-doped

lithium niobate crystal.
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Fig. 2. (color online) Pattern changes on the far-field screen with the incident irradiation time: (a)—(f)

Correspond to the irradiation time 0, 10 s, 30 s, 1 min, 3 min, 10 min; (g) is the reflected light pattern of

(d); (h) is the reflected light pattern of (f).

(d)

(h)

B3 (MTIRE) B MICE Tt - EE RS ¢ F2846 (a)—(h) 205X ¢ = 0, 0.5, 2 min,
35, 40, 45, 50, 68 min

C

17

®

Fig. 3. (color online) Pattern changes on the far-field screen with the incident irradiation time in the second
cofiguration: (a)—(h) ¢ =0, 0.5, 2, 35, 40, 45, 50, 68 min, respectively.
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B4 (MTIRG) FE=FMECET, wiphi LRSI KL (a)—(f) 2R ¢ = 0.5; 3; 6; 12; 16;

30 min

Fig. 4. (color online) Pattern Changes on the far-field screen with the incident irradiation time in the third

configuration: (a)—(f) ¢t = 0.5; 3; 6; 12; 16; 30 min, respectively.
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Special scattering in photorefractive crystal LiNbOgj:Fe*
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Abstract

We observe special scattering light by using a simple experimental device and record the dynamic behavior with a
camera. A laser beam from an Nd:YAG laser, which is expanded by the spatial filter (SF) and collimated by the lens L
(fr = 300 mm), is focused into a line light through a pair of cylindrical lenses L2 L3 (f2 = f3 = 200 mm) and irradiates
the LiNbOs:Fe crystal. On condition that the directions of line beam (f) and c-axis of the crystal are both parallel to
the horizontal direction, we observe experimentally that the scattering light spreads gradually in the horizontal direction
in the far field as irradiation time goes on. Then the scattering light reaches a steady state after 10 min. The scattering
light beam is composed of vertical filaments. When the line beam is horizontal and the c-axis is vertical, the scattering
light composed of horizontal filaments firstly appears in the vertical direction. About 30 min later, the scattering light
appears and spreads along the horizontal direction to the far field as irradiation time goes on. At this time, the scattering
light is also composed of vertical filaments. That is to say, we observe the scattering light whose direction is inconsistent
with the ¢ axis of the crystal. We also give the corresponding theoretical explanation to the phenomenon. We suppose
that the line beam consists of many close-set thread-like sub-beams, which are vertical to the direction of the line beam.
When the line beam irradiates the photorefractive crystal, the sub-beams record the gratings in the crystal according
to photorefractive nonlinear effect. The gratings diffract the input beam. The scattering light and the incident beam
interfere with each other, thereby recording the new grating. At the same time, the new gratings also diffract the incident
beam. It goes full circle. So energy transfers from incident beam to the scattering light beam. The direction of the

scattering light beam spreads along the direction of the line beam.

Keywords: nonlinear optics, photorefractive effect, light scattering

PACS: 42.65.-k, 42.65.Hw, 42.68.M] DOI: 10.7498/aps.66.084206
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