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Abstract: We analyze the stability of solitons in a semilinear dualeceystem where one core is linear with a Bragg
grating and the other core is uniform and has cubic-quinticlinearity. It is found that there exist three
spectral gaps in the model’s linear spectrum. The quiesmitdn solutions are found by means of numerical
techniques. Itis found that the soliton solutions exisyanlboth the upper and lower bandgaps. Two distinct
and disjoint families of solitons (i.e. Type 1 and Type 2 ®&wis) are found in the upper and lower bandgaps
that are separated by a border. Stability of solitons arb/aed numerically. The stability analysis shows that
stable Type 1 solitons may only exist in a part of the uppedbgap. Type 2 solitons in both upper and lower
gaps are found to be unstable.

1 INTRODUCTION and Atai, 2006) and experimentally (Eggleton et al.,
1996; de Sterke et al., 1997; Eggleton et al., 1999)

Fiber Bragg Gratings (FBGS) have found use in nu- in Ke_zrr nonlinear media. To _date_, BG solito_ns prop-
merous applications such as filtering, dispersion com- 29ating at 23% of speed of light in the medium have
pensation, and sensing (Kashyap, 1999; Krug et al., been reported (Mok et al., 2006). Theoretical studies
1995: Loh et al., 1996: Litchinitser et al., 1997: Cao have shown that BG solitons may exist in other optical
et al., 2012). As a result of the variation of re- structures and nonlinearities such as dual-core fibers
fractive index, the FBGs possess a distinctive fea- (Ataiand Malomed, 2000; Atai and Malomed, 2001b;
ture, namely the existence of a bandgap in their lin- Mak et al., 1998; Atai and Baratali, 2012), photonic
ear spectrum within which linear waves do not prop- Cystal waveguides (Monat et al., 2010; Neill and
agate (Kashyap, 1999). Additionally, the coupling Ata_l, 2007; Atai gt aI.,2006),wavegwde arrays (Man-
between transmitted and reflected waves in an FBG delik etal., 2004; Tan et al., 2009; Dong et al., 2011),
gives rise to an effective dispersion that can b& 10 and cubic-quintic nonlinear medium (Atai and Mal-
times stronger than the chromatic dispersion of sil- ©Mmed, 2001a; Dasanayaka and Atai, 2010).
ica (de Sterke and Sipe, 1994; Eggleton et al., 1997). . Nonlinear couplers with non-identical cores (par-
At sufficiently high intensities, Bragg grating solitons  ticularly semi-linear ones) possess better switching
can be generated in FBGs through a balance betweerfharacteristics than the standard dual-core fibers (Atai
the effective dispersion of the FBG and the nonlinear- @nd Chen, 1992, Atai and Chen, 1993; Bertolotli
ity of the medium (de Sterke and Sipe, 1994). et al., 1995). The presence of Bragg grating in one
The generation and observation of Bragg grat- °" both cores in such dual-core fibers will poten-
ing (BG) solitons have been of great interest mainly tially lead tq nov_el switching and slow light deyjces.
because of their potential applications in generation Therefore,_ n th!s paper, we s_t_udy the stability of
of slow light and development of novel optical de- Z2€7o-Velocity solitons in a semilinear dual-core sys-
lay lines and memory elements. Consequently, BG (€M where one core is linear with a Bragg grating
solitons have been studied extensively both theoret-W”tt.en on !t andl_the qther one is uniform and has
ically (Aceves and Wabnitz, 1989: Christodoulides CuPic-quintic nonlinearity.
and Joseph, 1989; Malomed and Tasgal, 1994;
Barashenkov et al., 1998; De Rossi et al., 1998; Neill
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2 THE MODEL AND ITSLINEAR
SPECTRUM

We consider the propagation of light in a dual-core
fiber where one core is linear and has a Bragg grating
and the other one is a uniform fiber with cubic-quintic
nonlinearity. The mathematical model for such a sys-
tem can be expressed as follows:

. . 1 1
iU iy + [|v|2+ §|u|2] u—q Z|u|4+

3 3
SR+ 2w+ 90,

1
Z|V|4+ 1)

. . 1
iVt — vy + {|u|2+ §|v|2} v—q

3 5 5 3, 4]
S VP24 S| v+ =0,

i@ +icg+u+AP=0,

iP —icPx+v+Ap=0.
Here, u and v are the forward-propagating and
backward-propagating waves in the nonlinear core
and their counterparts in the linear core are repre-
sented byp and ), respectively.q is the parameter
that controls the strength of the quintic nonlinearity.
The coupling coefficient between the forward- and
backward-propagating waves induced by Bragg grat-
ings in the linear core is denoted Byandc is the
group velocity for this core. The linear coupling co-
efficient between the two cores and the group velocity
in the nonlinear core are set equal to 1.

In order to determine the spectral regions where
solitons may exist, it is essential to analyze the lin-
ear spectrum of the model. Substituting/, @, ~
exp(ikx—iwt) into the linearized version of Egs. (1)
results in the following dispersion relation:

W= [(1+A) K+ (2+2%)] w?+
(02— 1)*+ 232 =0,
The dispersion relation (2) is identical to that of Ref.

(Atai and Malomed, 2001b). Far= 0, Eq. (2) gives
rise to three disjoint gaps (Atai and Malomed, 2001b).
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, the gaps are given by

1
and forA < —, the gaps are as follows:
NG gap
\/1+)\—2—é <w< 1+)\—2+&'
4 2 4 2’

A< WA
- \/14—)\—24—)—\ <W< — \/1+)\—2—é
4 2 4 2
1 o .
ForA = —, the three gaps combine into a single gap

V2
defined by—v/2 < w < v/2. Examples of dispersion
diagrams for different values @fare shown in Fig. 1.

In the case ot # 0, the characteristics of the dis-
persion diagrams change significantly. More specifi-
cally, the upper and lower gaps of the dispersion dia-
gram overlap with one branch of the continuous spec-
trum. This means that only the central gap remains a
genuine one (Atai and Malomed, 2001b).
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Figure 1: Linear spectrum for Egs. (1)@t O for different
values ofA.

3 SOLITON SOLUTIONSAND
THEIR STABILITY

To obtain stationary zero velocity soli-
ton solutions for the system, we first
substitute {u(x,t),v(x,t), o (x,t), P(x,t)}=

{U(X),V(x),d(x),¥(x)} e into Egs. ().
Upon simplification and invoking the symmetry
conditions from quiescent solitons i.eU = —V*
and® = —¥*, we arrive at the following system of
ordinary differential equations:

3 5
wJ +|ux+§\u|2u —§q|U\4U +®=0,
WP + icPy+U — AD*

3
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Figure 3: Examples of propagation of Type 1 zero-velocitjtaas. (a) a stable soliton in the upper gap foe= 1, c =0,
w= 1.6 andg=0.13 and (b) an unstable soliton in the lower gapXoe 1, c =0, w= —1.41 andg= 0.16 . Only theu

components are shown here.
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Figure 2: Soliton solutions at= 0 for (a) Type 1 soliton in
the upper gap &t = 1.2, w=1.56,q= 0.12 and (b) Type

2 soliton in the lower gap & = 1.2, w=—1.5,q=0.5.

Moreover, in each gap (i.e. upper and lower gap),
there exist two different and disjoint families of soli-
tons (henceforth referred to as Type 1 and Type 2).
The Type 1 and Type 2 families differ in their phase
structure and amplitude. In particular, Type 2 solitons
are characterized by a sharp nonsingular peak. Fig.
2 displays examples of Type 1 and Type 2 solitons in
the upper and lower bandgaps.

In order to determine the stability of the quiescent
BG solitons, we have conducted a numerical stabil-
ity analysis by solving Egs. (1) using symmetrized
split-step method (Agrawal, 2013). The results sug-
gest that for a givel\, stable Type 1 solitons exist
only in a certain region of the upper band gap. Addi-
tionally, Type 2 solitons are unstable in both the upper
and lower gaps. Figs. 3 and 4 show examples of the
propagation of Type 1 and Type 2 solitons in the upper
and lower gaps. A noteworthy feature of these figures
is that Type 2 solitons are highly unstable and decay
into radiation very quickly. The results of the stability
analysis forA = 1 are presented in Fig. 5.

4 CONCLUSIONS

We study the existence and stability of the Bragg grat-
ing solitons in a dual-core system where one core is
linear and is equipped with a Bragg grating and the
other one is uniform with cubic-quintic nonlinearity.

Egs. (3) can be solved numerically using the re- for ¢ =0, the linear spectrum of the system has three
laxation algorithm to obtain soliton solutions. The re- distinct gaps which merge into one gap when the cou-
sults of the numerical analysis show that soliton solu- pling coefficient between the core is equal toV/2.
tions exist only in the upper gap and the lower gap. In the case o€ # 0, the upper and lower gaps overlap
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Figure 4: Examples of propagation of Type 2 zero-velocitjt@os. (a) an unstable solution in the upper gapNer 1, c =0,
w=1.21 andq = 0.63 and (b) an unstable solution in the lower gapXet 1, c =0, w= —1.47 andq = 0.38 . Only theu

components are shown here.
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