Chinese Physical Society

Mﬂﬁﬁ Acta Physica Sinica

. Institute of Physics, CAS

M ESIERR R 1+ 1 ETERIF: MiE

FE RER BEHR B 54 S

(1 + 1)-dimensional spatial optical soliton in nematic liquid crystals with negative dielectric anisotropy:
perturbation method

Li Ying-Bing Liang Guo Hong Wei-Yi Ren Zhan-Mei Guo Qi

5| Fi{% K Citation: Acta Physica Sinica, 65, 094204 (2016) DOI: 10.7498/aps.65.094204
TEZ 7132 View online:  http://dx.doi.org/10.7498/aps.65.094204
AP 2 View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/19

AT RE RSB E A L&
Articles you may be interested in

L 25 8 R B8 U 205 X 3 B P A R P S
Influences of Raman gain and self-steepening on the propagation characteristic of Airy pulse
YyPE274%.2016, 65(7): 074204  http://dx.doi.org/10.7498/aps.65.074204

FE B B S LK 55 06 5 AH ELAE HT A AR T 7
Research on the interaction of Airy pulse and soliton in the anomalous dispersion region
VP22 4%.2016, 65(2): 024208  http://dx.doi.org/10.7498/aps.65.024208

L2 38 25 X v AT S G £ Hh i A7 3R R 2
Raman effect on dark soliton trapping in high birefringence fiber
PP 2E4%.2015, 64(18): 184211 http://dx.doi.org/10.7498/aps.64.184211

L1 175 58 W R G b I AL
Dark soliton in the system of electromagnetically induced transparency
PP 27 4%.2015, 64(6): 064202  http://dx.doi.org/10.7498/aps.64.064202

(D €S AP A BIRAW | NEN: ) ¢/ Puata X UL i W
Study of near-infrared dispersion wave generation for microstructured fiber
YH 24,2015, 64(3): 034215  http://dx.doi.org/10.7498/aps.64.034215


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.094204
http://dx.doi.org/10.7498/aps.65.094204
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I9
http://wulixb.iphy.ac.cn/CN/abstract/abstract67030.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67030.shtml
http://dx.doi.org/10.7498/aps.65.074204
http://wulixb.iphy.ac.cn/CN/abstract/abstract66412.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66412.shtml
http://dx.doi.org/10.7498/aps.65.024208
http://wulixb.iphy.ac.cn/CN/abstract/abstract65302.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65302.shtml
http://dx.doi.org/10.7498/aps.64.184211
http://wulixb.iphy.ac.cn/CN/abstract/abstract63661.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63661.shtml
http://dx.doi.org/10.7498/aps.64.064202
http://wulixb.iphy.ac.cn/CN/abstract/abstract62638.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62638.shtml
http://dx.doi.org/10.7498/aps.64.034215

32 % R  Acta Phys. Sin. Vol. 65, No. 9 (2016) 094204

T ETIERRT 1 + 1ETERDEILF: BIE

FUERD  FRVD AR £ EED FEY

1) (ERITYEREE, T ARG T IR RS S E iR, )7 510006)

2) (P [y~ e B 5 i SUE B 22 B, B 476000)
(20154 10 A 11 HYkH); 2016 4F 1 H 22 HRCEMESHR )

AN AL SIS 1 4+ 1 4ER RDCICT HEAT T RGNERIBE T, 53] 73T 0T . 38
A HEIEAR, BB 2 AE R R B K T2 — i SRS A7 A RE A7 A8 S DU A Ak B 48— AR SR AR FE T

ANEE i AT A B N7 IRRSE Tk, AT T AR MERRE ME i, A ELAN T 52 RRUE 1), H{E AR 4Ll —

AAUESE T AR E TE TS5 2R

KRR EEDCINT, TR RSB, %, LtEieE ot

PACS: 42.65.Tg, 42.65.Jx, 42.70.Nq

1 5 =

1997 4, Snyder Al Mitchell & % #£ (Science)
FE ERSCE, W T R IR R RDGIT
2 1 2 i) A S 3 i 00 2 A J5 o B e
W B NAMAN 5 Z s 6 Ok, 1 B 577 [a
oAt 5 3 5 102 MR YR 58 5 A R 4R
P M) V7 AR AGE B PR G RUBE R /D, AT B 3R ) ek
Sy ONTFR S 22 R, 59k R, — MR R
AsEAE Rk, 5RAE R B0 R R S N T R
A 20 1 i S AR AR BT 1B T, 1 A2 IR AR A 45 A
N7 P 5 2 AR R AT R AT St AL AL B AT A5 31 26 1
11 77 F2, Bl Snyder-Mitchell # %4 1 £ Snyder-
Mitchell 152 Y (1) B At b, B R bR T 25 A0 &4
FIAKF, Lbln Hermite-Gaussian I8 7 [, Laguerre-
Gaussian JL1- [, Ince-Gaussian L7 ?), Complex-
variable-function-Gaussian Il 1~ (01 &5 7F 5256 |
AT C 28 4 30E 52 ) 81 A V& (NLC) 780 /0 4% 3%
5 OV B AR KA AR 2 1tk i iR FE B AT AT LA B
U Ty W S ISR AR SR A 2% A, AT 23 n R B
fm 73 B R HLER AN AR LR LB, 17 1 AH R

* EREHRBFEEES (S 11274125, 11474109) FEh 5.

T #E/E#H. E-mail: guoq@scnu.edu.cn

© 2016 FEYIEF S Chinese Physical Society

DOTI: 10.7498/aps.65.094204

am R 2 (DG A7 W4 FR A 1) 51 7 (nematicons),
FEAE SEEG R YO ER B 5 R SR o AT DL B
SR 1A 1 (1) — e 44 )i 7] BAH Snyder-Mitchell #52
BRI, (RS2, a0 17 51 AR W JE R J80RE FE ()
JE AT P U g 277 o) ) B 112 450 e
HIRF I ZN AN BE F Snyder-Mitchell £ 75 SRAIA .

HZHE, M aF e J LA R R T IR
1) B AR R, BRI 1] B AR R A L 1) S MR A
TEBIE O, e, o T4 F 8% ) e D A7 1) 271 AH
0 PR F 9 A0 I 458 13140 AR SR R A v
M R B AR S AR ) 1 4+ 1 4E S RDEINF3E4T T &R
GBI AT, 193] 7 I AT O . %I AL A AT
fife 0 S i B ASE A — R R R SRR B2 R A5 & 45t A
MUF. [F R, () ICFANAEAE T JF R 3R B K
Tl FUE I, Hd I 4 1 RS e 1t 4 i B, B
B BN 25 2 A 1, 5 R A 2R P A o B A
U —HIESE T AR e A i i 45 5

2 FERARA AR AR

1 1 28 ) 56 AR S P 1] A7) ARt o 1 A
LG IR A A 7 R 9,

http://wulizb.iphy.ac.cn

094204-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.094204
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 65, No. 9 (2016) 094204

ou 10%u
18—+§ﬁ+Anu—0 (1&)
d An

w2 ——— 12 + An+ |u* =0, (1b)

A, u(e, z) ROCKIEIRIERL, An NARLIET
SF AR, w, NARLRAEA BT BLFRFAE AL, o A 2 73
S R [ AN AL a5 TR (AR AR, TR (1) S8 T

Ou  10%
laz 2 Ox2
+u/ Rz — a')u(e, 2)2da’ =0,  (2)

e B KR ()

I 2 sine 4k 37 & 20 1 Wi N bR 4 B B I Nikolov
S I0L FE TS ZIRAT I 42 Y, Esbensen %5 116,
XPHREAT T RGN, I B K A7) 7]
R o %o S SR 11 i 17 A1 T 2% b ke A ik 09

BEAY (2) W LS FH GO v oK FL i AL e AT e 4
FIBINT M w(z, z), WA |u(z, 2)]* = Ju(—=, z)[> H
lu(z, 2)| = Ju(x,0)], BILATLLE L

V(z) = _/00 R(z — 2")|u(z’, 2)|?da’, (4)

2 (4) KN (2) AT 15
Ou  10%u
SRR IR T, 72 o = 0 648 V (2) JEIT
ST, WA
V(z) ~Vh+ 2—;4102 + azt 4+ Bab, (6)

A

1

Vo=V(0),  —=V&(0),

a= VOO, B= VOO, ()

ERH, w Al BEERAETEN RS AR, JF
JREEE XN 0 = w /w, o BRFIRIAEJR R
FEibkng. 42 (6) AN (5) 3, AT LATG 3

Ou [ 10% 1
(8)

BT RE (8) A7~

u(x,z) =, (x)exp[—i(en +Vo)2].  (9)

2 (9) AN (8) K, AT LATSF
1 d2

1
5@4——35 + axt + B2°| hn = enthn.

(10)
Frafl BRI NE HIE00) &N T — 4R ¥
FIr 5 A2 (1) 78 75 B 0 v 5 A, AR SR AR /8 &1
axt Al B 3X P TR T B &A1 fif (1) 52 1R izt 55 T
222wty 171, BRI SR 7 (10) B3 LR BT A2 B0
LR HR AT PAFE et AT BacS 31X 5 T00 24 4 Tl i R Ab B
H i U718 a8 B i AU S IR 1

¢0 (A,Od,ﬁ,ﬂf)

1 1/4 2
- A(w) P (—ng)

6 4 2
X [1+a<9103w$2wx4)

of  1247Tw'?  141w' 5, 53uw®
- + z° 4+ Ry
512 64 64
1Bw® 4 wt 8 55w®  15ub
T TRt )t s T w
4 2
— 5%904 — 12;106)], (11)
i
1 3w'a 21w? 1508
o~ L 3wla 21w w B. (12)
2w? 4 8 8

PRI 0 00 1 4 35 KO 0T, VR LI 2 AL 3T
(1) F1(12) X, #7208 a, o2, BIT, AT LA 5
ST AT MR R, 2 (11) RACN (4) R,
EEE]

V (A, a,B,1)
= - /_Z R(z — ') [¢o(A, o, B,2)*da’.  (13)
[F AR (7) 2, AT RLERAS
%=V®Maﬁm,

ﬂ:fwmmaﬁﬁ% (14)

HF—ANEEMwE, ZHA, o, 8H{EAT L
B SR AR TR (14) 53 U7 BkAN A, o, B
(B th AT DA Ik G S AT (0 07 VR SR IS FOEAUME. A
[Vo (A, a, B,2) |2 5 |vo (4,0,0,2) |? Z 8 2Z 5 HE
H N, BTRARTE A

1 [ee] !/
An(()) =~ —/ sin 57'|w0 (A»Oyovxl)‘Qd‘r/

2Wpm J_

094204-2


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

) I % R Acta Phys. Sin.

Vol. 65, No. 9 (2016) 094204

A? w
=~ o, DawsonF(m), (15)
X,

DawsonF(x) = exp(—x2)/ exp(y?)dy.
0

PUONARZRPEITI R An 52 J7EE (1h), WA

1
An?(0) = — — (An(0) + 1),
An(0) = - — (An®(0) + 1),
Wm
6) () — 1 (@) (4)
An(®)(0) _ (An 0)+1 ) (16)
Wm
, din ‘ d?lul?
b An(0) = S [og, 10 = Ty

FRIE (4) ATHIV (2) = —An(x), K (7) F1(16)
w2 qIYRCE

AQ
Vo ® ——— DawsonF <w> ,
VTw,, 2w,
VW,
3
A%~ w ,
1-— iDawsonF(L>
Wi, 2Wo,

1 2A? n 1
ar — — | —— + —
24w,? \ Vrw?  wt )’

1 1242 242 1
8=~ + + .
720w,,2 \ VTw®  Vmwg 2w’ whw,,?
(17)
Tl 2
Pc:/ |w0(Aaayﬁvx)‘2dsz2v

M — 0B, BrDawsonF (z) — 0, FrLAfEsRIESR
B (0 = wp/w > 1) &HT,

(w/wp ) DawsonF(w/2w,,) — 0.

Meh (17) e, fEsm AR /e 4 T~ T Zh 2 n]
KRN
2
\/ﬁw“gm . (18)
R R SRR S S VN W S TN R E | SRS S
A 5 2 2 5 A Jod JF 26 4w S REAIE 58 B2 1 ~F 7
FCE LG, 556 =k 7 B EE.
R R, EAFMAERBREE T, /58
e B oy (VO S0 AU B R I A 10 A5 S 15 7. e
BRI, SRR AR RIEEM T (o = 10), T
A o (A, 0,0, z) TEAL f I 72 Bt 22 &
AR AR A, AN BE SRR A AR A, T
T AL bo (A, o, B, z) TEAL K I FE 3 L

P.o~ A%~

PORFEANAR, BT 0 A AR B 2R T oA A B
Feif, B EL RE % B 4 R 1 1R B RH VB R A
TAIRZS. B 2 ] AT ZE A B T Bk R 3
T, P b s R AR IR

1204

lu(z, 2)[?

15
2 40 5 ; 10

Bl EH L (4,0,0,2) (a) A= KL Bl
Yo (A, @, B,x) (b) HIHfH A% i
A =13.844, a = —0.0768, 8 = 0.0149
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Fig. 2. Propagations of the second approximate solu-
tion under different degrees of nonlocality. Parameters
are taken as wy, =5, w =1, A =6.997, a = —0.0790,
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Fig. 3. Comparison between the analytical solution in the second approximation g (A4, , 3, z) (blue dashed

line) and the numerical solution (black solid line) for the strongly nonlocal case and the general nonlocal

case in (a) and (b), respectively, where parameters are taken as wy, = 10, w =1, A = 13.844, a = —0.0768,
and B = 0.0149 for (a); wm =2, w =1, A = 3.047, a = —0.0960, and 8 = 0.0173 for (b).
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Abstract

In this paper, we systematically study the (14 1)-dimensional spatial optical solitons in nematic liquid crystals with
negative dielectric anisotropy. Firstly, with the perturbation method, we obtain a (1 + 1)-dimensional soliton solution
in the second approximation.Numerical simulations confirm the analytical soliton solution in the strongly nonlocal case,
the critical power of a strongly nonlocal solition is directly proportional to w2, /w®, where w., is a characteristic length of
the material response, and w is the soliton width. Secondly, the soliton solutions in nematic liquid crystal with negative
dielectric anisotropy are obtained by numerical computation. It is found that the bright solitons exist only when the
degree of nonlocality is above a critical value. The analytical solutions in the second approximation accord with the
numerical ones very well even under the general degree of nonlocality. Finally, to investigate the stability, we conduct the

linear stability analysis, and find that all the solitons are stable, which is also confirmed by the numerical simulations.

Keywords: spatial optical solitons, nematic liquid crystals with negative dielectric anisotropy, perturba-

tion method, linear stability analysis
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