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Abstract. The paper is concerned with fractional Ginzburg-Landau equation.
Existence and uniqueness of local and global mild solution with initial data in
Morrey spaces are obtained by contraction mapping principle and carefully
choosing the working space, further regularity of mild solution is also dis-
cussed.
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1 Introduction

The effects of singularities, fractal support and long-range interactions of the sys-
tem are involved in numerous applications such as chaotic dynamics [18], ma-
terial science [11], physical kinetics [19], and among other (see, e.g., [8, 9, 15]).
Fractional dynamics equations are just the right tool to describe these phenom-
ena because they are nonlocal, which means they depend on the value of the
whole space from the mathematical point of view, see Metzler and Klafter [6].

The fractional generalization of the Ginzburg-Landau equation was first pro-
posed by Tarasov and Zaslavsky [13]. Its rescaled form is

∂u

∂t
=Au−(a+νi)Λ2αu−(b+µi)u|u|2σ , (1.1)
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u(x,0)=u0(x), (1.2)

where Λ = (−△)
1
2 , and σ > 0, A ≥ 0, a > 0,b > 0,α ∈ (0,1],ν,µ are real constants.

Actually, this equation can be used to describe dynamic processes in medium
with fractional mass dimension or a continuum with fractional dispersion [12].
It is indicated by asymptotic analysis that an implication of the complex frac-
tional Ginzburg-Landau equation was the renormalization of the transition state
owing to the non-locality of competition [7]. In [10], the Psi-series solution of
the one-dimensional fractional Ginzburg-Landau equation was proposed and
the dominant order behavior and its structure of arbitrary singular solutions are
discussed. In [5], we obtained local well-posedness result for the whole space
case with initial data in Lp(Rn), 1 ≤ p ≤ ∞, C(Rn) and global well-posedness
result for the periodic case. In [4], we proved that the initial-value problem of
(1.1)-(1.2) with 0< σ ≤ 1 is locally well-posed with initial data in Ẇr,p(Rn) and
Ẇr,p(Tn), T

n=R
n/Zn if r and p satisfy

1< p<∞,
α

3
<

n

p
≤α, r=

n

p
−α≤0

by contraction mapping principle.
As we learned from [7, 12–14, 17], very singular initial data such as certain

measures concentrated on smooth surfaces are of real physical interest for frac-
tional Ginzburg-Landau equation, which motivates us to reconsider the problem
of (1.1)-(1.2) containing initial data in the Morrey space. In this paper, we prove
that if 0<α≤1 and u0∈Mp,λ(R

n) with

1≤ p<∞, 0≤λ<∞,
n−λ

p
<

α

σ
,

then the problem of (1.1)-(1.2) is locally well-posed for some T > 0 and for suf-
ficiently small initial data the solution is global. Moreover, we prove that the
solution is actually smooth for 0< σ< 1. The precise statement of the results is
presented in Theorem 3.1 of Section 3. For initial data u0(x)∈Mp,λ(R

n), we prove
that Eq. (1.1)-(1.2) admits a solution u∈BC([0,T);L−k/q,q), and for the global so-
lution u we have decay rate

‖u‖L∞ =O(tz),

where

z=−

[
n−λ

pα

(
σ+

1

2

)
−1

]
.

The results reduce to those in Lp(Rn) theory by taking λ=0.


