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Abstract: The existence and stability of quiescent solitons in a dual core optical medium, where the one core has only
Kerr nonlinearity while the other has Bragg grating and dispersive reflectivity are investigated. Three spectral
gaps are identified in the systems linear spectrum, in which both lower and upper band gaps overlap with one
branch of the continuous spectrum for all values of normalized group velodityhe linear core; and, the
central band gap remains a genuine bandgap. Soliton solutions exist only in the lower and upper gaps. In the
absence of dispersive reflectivity, stable solitons are only found in the upper bandgap. However, introduction of
dispersive reflectivity significantly alters the stability characteristics of solitons and results in the stabilization
of solitons in a portion of the lower bandgap.

1 INTRODUCTION structures such as planar photonic crystal waveguides
(Monat et al., 2010), dual core fibers (Atai and Mal-

One of the main characteristics of fiber Bragg grat- omed, 2000; Atai and Malomed, 2001; Mak et al.,
ings (FBGs) is that cross-coupling between forward 1998; Atai and Baratali, 2012), waveguide arrays
and backward propagating waves leads to a strong ef-(Mandelik et al., 2004; Tan et al., 2009; Dong et al.,
fective dispersion which may be 6 orders of magni- 2011), and nonuniform Bragg gratings with disper-
tude greater than the dispersion of silica (de Sterke Sive reflectivity (Atai and Malomed, 2005; Neill et al.,
and Sipe, 1994; Eggleton et al., 1997). At suffi- 2008). Since dual core fibers made of dissimilar cores

ciently high intensities this effective dispersion can can exhibit better performance and switching charac-

be balanced by non"nearity g|V|ng rise to the for- teristics than the ones with identical cores (Atal and

mation of gap solitons (de Sterke and Sipe, 1994) Chen, 1992; Atai and Chen, 1993; Bertolotti et al.,

Over the past two decades, gap solitons have re_1995; Nistazakis et al., 2002), one may anticipate rich

ceived much interest and have been studied exten-dynamicsand interesting applications if such couplers

sively both theoretically (Aceves and Wabnitz, 1989; are also equipped with Bragg gratings. Moreover, in

Christodoulides and Joseph, 1989; Malomed and the case of Bragg gratings with dispersive reflectiv-

Tasgal, 1994; Barashenkov et al., 1998; De Rossi ity, it has been demonstrated that the presence of dis-

et al., 1998; Neill and Atai, 2006) and experimentally Persive reflectivity has a stabilizing effect (Atai and

(Eggleton et al., 1996; de Sterke et al., 1997; Eggleton Malomed, 2005).

etal., 1999). The objective of this work is to analyze the exis-
One of the main features of gap solitons is that t€nce and stability of gap solitons in a dual core op-

they can have any velocity between zero and the tical system where one core is !lnear _and contains a

speed of light in the medium. Zero velocity or very nonuniform Bragg grating with d|sper_S|ve r_eflectlwty

slow solitons may be used as optical switches, opti- @nd the other core has only Kerr nonlinearity.

cal memory or buffer elements (Krauss, 2008). As a

result, much of the experimental activity in this area

has focused on the generation of zero velocity (quies-2 THE MODEL

cent) solitons. Thus far, gap solitons with a velocity

of 23% of the speed of light in the medium have been Starting with the model of (Atai and Malomed, 2001)

observed (Mok et al., 2006). and following a similar procedure as described in
Gap solitons have been studied in a variety of (Atai and Malomed, 2005), one can derive the fol-
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Figure 1: Typical examples of the linear spectrum for (a) (®)
A =0.5,c=0.0andm=0.5 and (b)A = 0.5, c = 4.0 and Figure 2: Examples of typical quiescent soliton solutions
m=0.5. in upper gap with different parameter values }a} 0.8,

¢=0.0 andm= 0.1 (b) sidelobes formation with its real and

lowing normalized model which describes the prop- Madinary parts foh =08, c=0.1, w=147 andm=05.

agation of light in a linearly coupled dual core sys- _
tem with one core having Kerr nonlinearity and the Set equal to 1 and represents the relative group ve-
other one being linear and equipped with Bragg grat- 10city in the linear core. Real parameter> 0 is the

ing with dispersive reflectivity: dispersive reflectivity strength. Our analysis is lim-
1 ited to O< m< 0.5 as there is no practical importance

iU+ iU+ [|v|2 + E|u|2] u-+@=0, for m> 0.5 (Atai and Malomed, 2005).
Spectrum analysis is an important feature in or-

. . 1 der to find the existence of the gap soliton in the
_ 2., 112 _
M= {M + 2|V| } vHw=0, (1) spectral gap (de Sterke and Sipe, 1994). Substituting
i@ +iCQ, + U+ AP + M= 0 u,v, @, ~ exp(ikx—icwt) into Eqgs. (1) and lineariz-
L ’ ing we arrive at the following dispersion relation:
iPr—icyy +V+AQ+ Mm@y =0,

where the forward- and backward- propagating waves W' - (2 +(A - mkz)z +(1+¢) kz) W+

areu andv in the nonlinear corep andy in the grat- 2 ) 2

ing aided core, function evolution timetigndx is the (Ak—mk®) "+ (ck* —1)" = 0. 2
transverse coordinate, the coefficient of linear cou- The dispersion relation gives rise to a central gen-
pling between the cores is normalized to be 1, Bragg uine gap and two gaps (one in the upper half and one
grating induced linear coupling coefficient is repre- in the lower half of the spectrum). The upper and
sented ad > 0 between the left- and right- propagat- lower gaps overlap with one branch of the continu-
ing waves. The group velocity in the nonlinear core is ous spectrum and therefore are not genuine gaps (Atai
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Figure 3: Typical examples of the stationary solitons evolu Figure 4: Typical examples of the stationary solitons evo-
tion in the upper band gap (a) Unstable solitonXct 0.2, lution in the lower band gap (a) stable soliton for= 0.2,

c=0.2, w=1.02 andm = 0.1 and (b) stable soliton for = ¢=0.5,w=—1.01 andn= 0.1 and (b) unstable soliton for
A=02,c=0.2, w=1.06 andm= 0.1. Onlyu compo- A=0.2,c=0.5 0= -1.07 andm= 0.1. Onlyu compo-
nents shown here. nents shown here.

and Malomed, 2001). For fixed values@énd\, the ~ sidelobes are shownin Fig. 2. .
width of the central gap varies with. Typical exam- We have investigated the stability of the stationary

ples of the bandgap structures are shown in Fig. 1.  soliton solutions by means of systematic numerical
simulations. Figs. 3 and 4 display examples of the

evolution of stable and unstable solitons in the upper
and lower bandgaps for various valuesph, mand
3 STABILITY ANALYSIS w. As is shown in Figs. 3(a) and 4(b) unstable soli-
tons shed some energy in the form of radiation and
The soliton solutions are sought numerically by subsequently they are either destroyed or evolve to a
means of relaxation algorithm as there are no exactmoving soliton. This demonstrates that stable moving
analytical solutions fom = 0. Stationary soliton so-  solitons exist in this model.
lutions are found both in the upper and lower spectral Fig. 5 summarizes the outcomes of the stability
gaps. No stationary solutions are found in the cen- analysis forA = 0.2 andm = 0.2 in the(c,w) plane.
tral band gap. With higher values afsidelobes are A noteworthy feature of the stability diagram is that
formed in the stationary soliton both in the upper and there are large regions within the upper and lower
lower band gaps over a certain value of dispersive re- bandgaps where solitons are stable. Additionally, it
flectivity. Typical soliton solutions with and without is found that in both lower and upper bandgaps, when
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