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Two-Dimensional Self-Similar Soliton Waves in Highly Nonlocal Media
Chen Susong
(Department of Electronic Engineering, Shunde College, Shunde

Guangdong 528300, China)
Schrédinger equation is obtained, and it can be described by Whittaker function in highly nonlocal media. The results
demonstrate that there exist soliton waves, propagating in a self-similar manner. The higher-order spatial soliton
propagation is confirmed by direct numerical simulation
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family and defects soliton family by choosing optical soliton parameters. The stability of these soliton clusters in

Abstract The propagation of two-dimensional (2D) spatial soliton waves in highly nonlocal media is investigated
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analytically by using self-similar mothod. A broad class of exact self-similar solutions to the highly nonlocal

nonlinear optics; spatial optical soliton; self-similar mothod
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waves can exist in various forms, such as 2D Gaussian soliton family, vortex-ring soliton family, multipole soliton
; .

B KRKRHES) TR R s

8] IR~ A BFE o TS A
Snyder-Mitchell BERIH %, 258 1 2 [ 56 IR 7 1 BF
FEPEE
fe ASCHIH A ARRTS ¥ 438 T Snyder-Mitchell 45
FEIN T, MR A ot DURORTHAR 5 SCERLT I A ) SCRRLT I i Ak X
JFHAE L 1 0906 1) A S i 17 ) 38k BE A AS IR AT A
g0 o R 55 Al JR L — IR R R AR SR B i
B AR R
1) =

- hell A
JEAS SO ) — A (RIS n=0 F1 m=0 B 1F B0 »

v
B Rl Y 3R IR 7% . B4R Alexander I Yakimenko
(8] 6 IR T 5 A7 AE FHE R B
W3 A7 AE B4
I

AN
LR TﬂF%ﬁ B AR R o B RS

¥

SEUBERE T AR R B R A B AR E
Mg
o W R AE v R e R Lk
i, RA LR XT%JEE‘@EIE%% PEIE AR Y Joj 3k 35

ORAYE
REAIP ¢=1.n=0.m=1 1500, 1L
o AR P W L RS
£, #R AT DL — Y R R AR M e 1 T R
(NNSE) K ffi ik, 76 @ e Lt s/R A . dE R
B RERH LRI L 7E — & ST (0 AN 5 i A 1% Tl
A R e L
Snyder SE4& 1y 1 58 AF Ry AR LA A
(1] AR P e P AR Y CRP BT R 1) Snyder-Mitchell

P I B AR TS & B i e IR
Fo SCHERLLS TR 52 56 FnBC(E A 400 14 7 3R 9 T 48
WeF =W F DU 7R Z 2 KT, B RTIE A A
W57 2 )2 2 W ARF A X FR B BE IR F
B 55
i B H: 2008-05-23; W RS FE B HA: 2008-11-11
TEE B PRIER (1959

2 wRAR R kR

P N 21

JE T

E 15

J7 R B A A
TEBEHGE ST U = By & s e 31
FARNE w(r,2) 0] DL IR 2R 1
) BRI, BN A Bl 5 T A5 . E-mail: chenss@sdpt. com. cn

TR A H



1654 B % ¥ it 29 &
— ALy 1700 LA Snyder-Mitchell #5844 , 15— 1L IE
[1.7]
“7—“+ V4wt N(Du = 0. (1 AH
'a—qu VLu*\ru—O, (3

X vi ﬁ’fﬁ‘ﬁh R EAT, 1= () = (0
T AEAR T = [u]® AR N(D — B A E
AR LT A

+oo

N = JR(r*r)I(r YdPr, (2)

2 A A pR R R (r) B SRR Y OE 52 R B =L i R
—fb 2% #FJRU)d r= 1,205 R R(r) 5T

5 E 43 A PR T () B Al 206 330 A4 g A5 i i Za‘:&zﬁk
EH N ~— PR(r),P RHRHINR AR E

T D a5 B A S IR Oy W (L L 3 o 2% A SR T TLM’}E
BN ~— PR, +R, 7)), XHE R, =R(r=0),
R, = &*R(r)/dr* | ,— o TESXFIEBL R, 5 I J5) 3R
SE V5 7 TR TR A0 UL A TR iR B AR R 1 R
Snyder Fl Mitchell & 20 JE L M T0A Ol 5L L)
FRBURIE H L B ANCD &~—o* (P)#, BIAATT T F
() Snyder-Mitchell #5717, B 4R 3 A~ B 70 % 2% 1
() ARATSHE E A A A B 58 R J5 38 AE 46 M IR T 1% 4 1)
A AT H BT RLHOR fif B B AR S b e 2 i AR R
|32 CEE SN

E 4 5 AR e IR Z P A 5 e Tk 9 14

Jz
A = BRI, s> 0) 25 o (P) BIEKZS
B PR TG AR — DR P, o (3) U3
AR A J5T (9 A7 b8 000 T 26 = TR I T B AE ZR Pk 2%
JOL o FERR A AR AR AR BT AT R LA

G LAy 1o
= r dr\ dr r 3@27
o WIS, ¥ =2+ 3 A3 AT B AR
ulz.r,@) = Uz, ®(g), 1] LAAFE IR Jy
d ‘1"+ ‘@ =0, (1a)
.HU J ﬂ _ﬁ 2 o
i = 5 T ar (7r<r 8r> 2r2U s7*U = 0, (4b)

A m NS E B (da) AT LI 3
®,,(¢) = cos mg + igsin mge ,

XHq (0<<q<<D 2N 7RG I8 H B 5] A
M — A E R, (ab) e (D) BT LlE SUh
U(z,r) = A(z,rexpliB(z,») ], X F Alz,r,) Hi
B(z.r) BRI Ulz.r) fCA Ub) 2, 8 5 EF
MSLFBHEAT 0 B IS4 — W A%, o] IS 2R 5
J5 e

IB 1 *A  (IB\*
9z+ [K dr? ((77*
104 1(20BoA @B
A dz (A dr Ir ar’

1 JA m* .
g?}’} 27_2 Sro = O, (5)
1 JB

p ar) 0. (6)

F(® Ml B(zyr) = alz) +b(D)r+ (D, kK

T T Ab) X ARSI ACz.r) = ()

H— 165 8w () AR TE , Po HATIRIER TN, 02, r) ML A MR T, a() NHOLREL, 6(2) N
A . () R wrdh &, l:ﬂ]%‘llze%ﬁ?mﬂﬁb&sﬂﬁ B AR Az, ) M1 Bz, ) ACA6) 2, BIF R~ 19 2 0L I 4

H RN T BT AT LR 5] 0. ) = 1 dw B IEHILL AR IFRAG) K.
LA F(O) E’széﬂﬁ%

7, b(z) =0Hc(z) =
w

_ F,ow(_wdw_ .\ »m'F _
% [d@zJr ( 2 d2 " >F] A e
FIA TSN F(O) = F'Zﬂ@),m EWCIRVR 21
df w(_ wdw o\ 1w da, 11—m"7,
d02+[ ( 2 de m) 02 d: F 1 }ffo' (8)
ik
w( wdw 2y 1
ST ) 2

*%@:n. (10)



58 AR SRy A i R K 4 A AR LR 35 1655

6 1 Sk«
(8) A w] AR 1EHy
SN S ORI NI Sk (i [P
dor [ 79 T g ]f 0. b

X = 0. 1.2 RFRC AR ) 23 AT T 5T A ) —
S HC D AR E R RO T R R
— R R 2 A B

exp(—0/2)0"
I'(l/2—n-+2m)

- .
Ir e <1+ (9)

Forb T o3 ek 8. (9) 2n] 5 A

1 i’l 2 23w3(772—1)(772—/\) -
2(d2> + 7]2 o

= w/w, 2 = 1/ 2swd) 3 B FAR0” k%
TE = = 0 M X P F R A M0 46 M. B p(2) | .m0 = L AN
dp(2) /dz | .-y = 0. XF(12) KBS — W T LA75 5
w' = wi[14+ 1 — Dsin’ 2yswiz) | (13)
ACTO) 2% 3 7 32 1 i ST LA 78 )
sl — D sin(4sw?z)

[ =w,, (@ =

n—1/2+2m

exp(— )dr,

0. (12)

c(z2) = , (14a)
2[14 (A — Dsin® (25wl 2) |
a(o) — g — e[ an @i | oy

Aw?
UL Lt iT A L BJa v L 2 (3D X B A L
e 1 T I 1 i

Uy (2575 0) = g}i“(cos me + igsin me) X

W, (7" /w?)explila(z) + (D) ]}, (15)
A w(x)sa(z) e (13 AMAD X sE k=

\/T
Fn+m—+1)°

M 3) AT UL, 242 = 1 A W 5 R LR kAR
A X w = w, » WTE5 MR IR JEOC I U
AR (Accessible soliton)™ , H At IR 7= %%
"IN w=w,s c=0Hlalz) = ay —2nz/wi
A2 (3) Ay 8 AR BLIK i

uy (237,0) = @(cos mge + igsin mg) X
r

W, (r* /wi)explila, — 2nz/w?) ]. (16)

3 LRI G

e (16) X fliidk e =S (A L7 1 A B K nom
PEATHR o P2 — S5 X SN A AR LY
FEAE T AR T o X T 32 R I~ 2 MO — A
B o A = 4 =5 ] K1 B9 D 5k 7 B9 & AL

(= 0) FIRRAY A5 7 B (due,,, /dr = 0) B9 43 A o 7E 3%
BB UG 5 wo =1, P,=1,
3.1 HEHBESHEEDOLEE

(15) 2 (3) 2 1y 45 I 1R 1 i B X T (1D =X
11 5 AR — AN A . B 1 2 A A A oA 1 T
Wi (15) X 5 (D X BE B L. #0464 A
Jik v LA g X

kpfr(cos ¢+ igsin ¢) X

w}

uOl(O’rsgD) -

exp(-Z%ngiao). an

FABR AR (2) 2 I e T 00 A4 Rk 1 Wi 157 R 550H e 2
I3 A
/ 1 r—r' |’
R(r—r):?‘gexp<*7‘ 2 | ),

W oo =100, AI7ERAE R HIZ N K 1 & g=0%
PF R X T AR AR 800 0 A (15) 205 (D X8UE
fif I HL A B /60 m /4 n/3um/2 O 2 swix [ ER
B AU 1/4 BRI 9k 5 Rk . (D R %
(ELARIESE T 78 98 A JR) Y0 P P I 1 1 g 19 S €
PEPHRAT AT RE & AR AT LA B 0K i 2 e
(49 5 KR # W 5

ME T AT LU 2 A < 1B OGN i
B2 DKW AL 2 Jswiz = =/2 AL B 1/INE
IR » ) o I A2 o B A B DR M G R A, A > 1
A S 78 O B AT ) ) ol I 2 i B 4y 3
(LR N i i =T QU etk A i % =l
[E1) 7y T 8 i 2 i P 5 S 0L o 0 P P 4R ¥
3.2 —RHZHETHEIMFKR(m SEREH)
3.2.1  Z#INF % Gn = 0)

Mom = 0 Bf, (13) 0] DL I 3 9K 7 i . [ 2
JEAE B R (16) KAEAFINF S H n 550 T =i+
JE W LU AL R IR TR AR A n AN SR+ 1A
B A on BR8] 2P AR LB S5 KOG A6r T 0
A8 AR Y A SHE AT BT R — 14> 5E
[ 25, B Ry HEAS g W 97 3 0E S SCRRL 7 B i e A
BT % (16) AR IR 1 00 o
3.2.2 WARINTHE(Q=1, m > 0)

Xfm=>0M g =1, fF7E 0 IEIR 1 % . [ 3 5112 T
R INT W) — L2 i 5, ] LU B 6 T A0 6] 68 om
SR R INF R AR 1] 2R AR AR T AAAE n+ 1
AT G A 1 AAR A TR P L8 LR
T SCERLT4] AN e TR I R — A i —
AR Y AL B B IR IR oK W



cF
g3

Ik
=

1656 29 &

-4 -2 0 2 4 -4 -2 0 2 4 -4 -2 0 2 4

1 BT o MR A B S BUEB L . () B1R6HITH s (b (A5 AR iR (o) (1 =1 SE A
Fig. 1 Comparison of the analytical solutions with the numerical simulations for the u, wavepacket, for different A.

(a) Initial beam profile; (b) analytical solution of Eq. (15); (¢) numerical simulation of Eq. (1)
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Fig. 2 Comparison of the analytical solution with intensity for different n and m=0. (a) Position distribution of the zero

point and extreme point; (b) intensity distribution of Gaussian soliton family
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Fig. 3 Some properties of the vortex-ring soliton family with g=1, m=1. (a) Position distribution of the zero point and

extreme point; (b) intensity distribution
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