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Dynamics evolution characteristics of bound state solitons in
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Abstract: As optical solitons propagate along the fiber, stable bound state solitons can be formed due to
complex nonlinear interactions, and phase variation of bound state solitons reveals abundant dynamics in
the nonlinear system. Based on the Ginzburg-Landau equation governing the evolution of solitons along
the fiber, the dynamics of soliton phase variation induced by the system parameters was numerically
studied. It was found that there exist different bound state solitons, and initial conditions finally converge
to bound state solitons with different phase difference. The results also indicate that the change of pump
strength influences the pulse separation of solution as well as phase difference of bound state, which is of
importance for in-depth understanding of the underlying nonlinear interaction mechanism.
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Fig.1 Schematic of the linear cavity dispersion-managed fiber laser

TEOGER i, ek i £ T LIAR 4y 3t oy Al e bk
2B R W 7 R AN A, O B S S8 SUAR 82 97 il X A1
TR, J7 2T A AR A, A (1)
JoR

AU LB 9 _d a2 g o4
— i ———==u+iy|u|u+ 1
o2 TS e Ty Uttt g e ()

AP u N IRIE ; S8y T B, 73Rt
21 W AR Lt T8 R RN A B €5 0 B E B
JGET 3G 2570 B8, g IR TOLER i3 a5 0N, xF Tk
BIRPBOLE g=0, Wi7EM LB 5 OLEr b i Mg 43
R A (2) R A A
g=—& @
1+ J |u|2dt/Egy

2 go FOEHK IR B /MG 5 38 45 R B NOCEF I
S Bk bR AT RE R o 1 OB TR0 AR A B

0803008-2


http://www.irla.cn

bk AR

% 8

www.irla.cn

% 47 %A

JRBNASAE R AR R B2 | 220 O N TR
(1 45 1 (AR 2 i 4R 2 5 15 AR A AR R R E B4 R)
LA P A0 e AR RE AR PR RGN 2 TR A 5
o BRAKRAT | FRWEAE AT $ B Rz A 8] /)N AR A
MRZ AT A T LA 73 A R R R AT A AR 8 0 R R WA A, H:
PR [ 4 DG 9 325 2o 24 R BT L el 24 30 (3) e il ik

98(t) — 8=8(t) _ 8(t)|ul?
at - Trelax Isat (3)

Ao 8(t) KR WU FE 5 & TR LML ; T 78
RN ) AL 1 P P N L ) S € [ )
HREF RSN FEL K 2 R,

R1ATFRHHNSH

Tab.1 Parameter of fiber device

Patameter EDF SMF

L/m 0.31 0.74

Bz /ps?-km-? 50 -24

y/km™t 3 1.3
y/nm 20 0
goym™ 4 0
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Tab.2 Parameter of saturated absorber
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Fig.2 Pulse separation evolution of bound states solitons

with different initial pulse separations
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Fig.3 Phase difference evolution of bound states solitons

with different initial pulse separations
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Fig.4 Evolution of phase difference(a) and pulse separation(b) of

bound states solitons when pump energy increases
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Fig.5 Energy of bound states solitons when pump energy improves

AL LA 240 ARE /N T 550 pd B, ik e ] R ik
hTE Y H AR R AR A 22, SRR RE R AT 600 pd
P Jk e i) R0 ok oo 5 R 1 EEARL DU KA 6, 7RI
A TAERE, 7E R A 2 A 28 A8 B 1% L, IKF ] 1)
Fi ] [0 B2 i 5 ) %6 1) 8 Mok ofe /) - R R 25 IR (1)
(R 5 | ) oA i i | B8 3 00 ) ke /N o YA ELA
FHAR B I8 8 — 2 e BRAEL S ,  AsF 1) 1) B 5 4 452 22 ] s

560 360
40| —e— Duration
:22 | —A— Peak power 1320
g~
2 500 //‘ 1280 €
~
480} 124078
§ 4601 2
8
A 4401 Y 1200 2
420} ‘\.
1160
4001 A/ e,
380 : : - - 120
400 500 600 700 800 900

E,/pJ
Pl 6 250 R A 1 e, o 2SI B4 K S N W D R e Ak
Fig.6 Evolution of pulse duration and peak power

when pump energy increases

e Mt 850 pJ, HIREHEARLEHOL A RER
58 L A0, T Bk o ik — 2500 28 =90 ik
K e ) 4 R 3 O A 5 A 67 5% 28 SN A ik el e
8 o3 A AT WS R
2.3 i iz B [8) Xof 3R 4 25 0 F 3 4L B R i

AT 5 TR AT i 7 P[] o o 28 25 K
AL B0 A — 4> XK v o 6 R A A e i
AT R I WA S i 87 P, 2Kz B 7 1] % 5 i
TR AR B 28, 1AL 7 Bz S A Wi 1z I 1]
EWREEREDEED R, A Rk b g

0803008-4


http://www.irla.cn

bk AR

% 8

www.irla.cn

% 47 %

5 B /N 7 s ) D R B B /N g Ao R ik e e AL e
(Y GEARFE S K — 2L | [RIIT LA B, B2 e g Fsf ] £
HEN, A T SO XS R e g e 7 A X RS v 4 B[]
M5 A FTERT PRI, AE S R v (R RS T R AN AR
LT, O bR R A g 7 Fsf [ b v DA B
AR AN 2 -m/2 B w/2 FIBRAS , 4 8 s  AHER:
PR P9 Bk P R R A IR  AA B IR R
Jik o B /NI SR A ST B AATE, S DL

FEARE kR BE AR 2505 8., (EARE B A ]
R LN D N ST 3 NG R 1 R N2 RS R R S
2o AR HAR A 22 B0 T 4 Ot 25 ML A 70/2,

0.7 F

0.6 F
z
E 0.5F
Z 04l
g
203}
g
o2l

0.1}

0.0

6
Time/ps
Pl 7 A [ Wi J7 s [60) T T 60 A oS Y o ot 2R
Fig.7 Transmittance of saturable absorber with different relax time
]
g 27 e e "
g 1t
éuo
R
2 -1f
o
= -2 - L
A 100 15 250 300 350 400
Relax time/fs

W 3 0
£
£ 2] T
E 221 \
& .\;\
w 1.8 N L L

100 150 200 2 300 350 400
Relax time/fs

Pl 8 i) 1oy BF i) 495 0 B, B8 245 K 1) A 437 22 (a) K e
Iia] 5 (b) #4351
Fig.8 Evolution of phase difference(a) and pulse separation(b)

when relax time increases
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