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Concentration Phenomena of Two-Vortex Solutions
in a Chern-Simons Model

CHIUN-CHUAN CHEN – CHANG-SHOU LIN – GUOFANG WANG

Abstract. By considering an Abelian Chern-Simons model, we are led to study the
existence of solutions of the Liouville equation with singularities on a flat torus.
A non-existence and degree counting for solutions are obtained. The former result
has an application in the Chern-Simons model.
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1. – Introduction

The Abelian Chern-Simons Higgs model introduced by Hong-Kim-Pac [18]
and Jackiw-Weinberg [19] has the Lagrangian density

(1.1) L(φ, A) = DαφDαφ + 1

4
κεαβγ Fαβ Aγ − V (|φ|)

for a complex scalar (Higgs) field φ coupled with a Chern-Simons gauge field
A on 2+1 dimensional Minkowski space R

1,2. Here Fαβ are the component of
the curvature F of A, Dαφ = ∂αφ − i Aαφ and κ is a coupling parameter. The
Euler-Lagrange equation for the Lagrangian action density L is the following
system

(1.2)

1

2
κεαβγ Fαβ = jγ = i(φDγ φ − φ̄Dγ φ),

Dα Dαφ = −∂V (φ)

∂φ
,

where jγ is the conserved matter current density. We are interested in time-
independent vortex solutions to these field equations (1.2). For such static
configuration, the energy becomes

(1.3) E(φ, A) =
∫

(|DAφ|2 − A2
0|φ|2 − κ A0 F12 + V (|φ|))d2x .
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