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Abstract We study the following nonlinear Schrodinger system

—Au+ P(|z))u = pu® + Bv*u, =z € R

—Av+ Q(lz|)v = vv® + Buv, =z €RY
where P(r) and Q(r) are positive radial functions, © > 0, v > 0, and 8 € R is a coupling
constant. This type of system arises, particularly, in models in Bose-Einstein condensates
theory. Applying a finite reduction method, we construct an unbounded sequence of non-
radial positive vector solutions of segregated type when (3 is in some suitable interval, which

gives an answer to an interesting problem raised by Peng and Wang in Remark 4.1 (Arch.
Ration. Mech. Anal., 208(2013), 305-339).
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Introduction and Main Result

In this article, we are concerned with the following nonlinear Schrodinger system

—Au+ P(|z))u = pu? 4 po’u, z € R,

(1.1)
—Av + Q(|z))v = vv? + BuPv, € R?

where we suppose that P(x) and Q(z) are continuous positive radial functions, u > 0, v > 0,

0 € R is a coupling constant.

These kinds of systems arise when one considers standing wave solutions of time-dependent

N-coupled Schrédinger systems with N = 2 of the following form

0
i5:05 = 85 = V(@) + wilosPos+6; > Bilal®, =R,
I=T ki (12)
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where p; and (j; = [i; are constants. These systems of equations, also known as Gross-
Pitaevskii equations, have applications in many physical problems such as in nonlinear optics
and in Bose-Einstein condensates theory for multi-species Bose-Einstein condensates. For more
background of this problem, we can refer to [15] and the references therein. We should point
out that the sign of the scattering length 3 determines whether the interactions of states are
repulsive or attractive. In the attractive case the components of a vector solution tend to
go along with each other, leading to synchronization. In the repulsive case, the components
tend to segregate from each other, leading to phase separations. These phenomena have been
documented in experiments as well as in numeric simulations [16].

Systems of nonlinear Schrédinger equations have been studied extensively by many math-
ematicians, for example, [2, 3, 7, 10, 12, 14, 24]. Phase separation was proved in several cases
with constant potential, such as in [3, 5, 6, 14, 17, 19, 20] as the coupling constant § tends
to negative infinity in the repulsive case. For the totally symmetric case (u; = p > 0 for
all j, and B; = B for all k # j), in [17] Terracini and Verzini used variational methods and
perturbation methods to construct radial solutions with domain separations for N-systems. In
[6, 20], the minimax methods were applied to obtain infinity many radial positive solutions for
2-systems (see also [18] for generalizations to the N-systems). In [3], Bartsch, Dancer, and
Wang used global bifurcation methods to obtain segregated radial solutions in repulsive cases
for the general systems (1.1), establishing the existence of infinity branches of radial solutions
with the property that /i — Bu — /v — Bv has exactly k¥ nodal domains for solutions along
the kth branch. However, non-radial solutions of the segregated type with an arbitrarily large
number of nodal domains are not well known. In [11], Lin and Wei obtained solutions with one
component peaking at the origin and the other having a finite number of peaks on a k-polygon.
For the symmetric case (= v and P = @ = 1), in [20] Wei and Weth obtained infinitely many
non-radial positive solutions for 8 < —1, which are potentially of the segregated type.

Very recently, in [15], applying techniques in singularly perturbed elliptic problems, Peng
and Wang obtained infinitely many solutions with a potentially large number of nodal domains
and constructed infinitely many non-radial synchronized and segregated solutions in R®. Both of
the synchronized and segregated solutions have a large number bumps near infinity. Moreover,
the locations of the bumps for u and v are roughly the same for the synchronized solutions
and the locations of the bumps for u and v gave an angular shift for segregated solutions. In
Remark 4.1 of [15], Peng and Wang mentioned that they did not know whether or not their
result on segregated solutions was valid for R2. Inspired by this interesting problem, in this
article, we intend to investigate existence of infinitely many positive segregated solutions for
(1.1) in R2.

We assume that P(r) > 0 and Q(r) > 0 satisfy the following conditions:

(P) There are constants a € R, m > 1, and 6 > 0, such that as r — 400,

a 1
(Q) There are constants b € R, n > 1, and € > 0, such that as r — 400,
Q) 1+b+0( ! ) (1.4)
T) = —_— . .
rn rnte

Our main result in this article can be stated as follows:
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