
Accepted Manuscript

On a polynomial scalar perturbation of a Schrödinger system in Lp-spaces

A. Maichine, A. Rhandi

PII: S0022-247X(18)30505-5
DOI: https://doi.org/10.1016/j.jmaa.2018.06.014
Reference: YJMAA 22330

To appear in: Journal of Mathematical Analysis and Applications

Received date: 9 February 2018

Please cite this article in press as: A. Maichine, A. Rhandi, On a polynomial scalar perturbation of a Schrödinger system
in Lp-spaces, J. Math. Anal. Appl. (2018), https://doi.org/10.1016/j.jmaa.2018.06.014

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are
providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jmaa.2018.06.014


ON A POLYNOMIAL SCALAR PERTURBATION OF A

SCHRÖDINGER SYSTEM IN Lp-SPACES

A. MAICHINE AND A. RHANDI

Dedicated to Prof. H. Bouslous
on the occasion of his 65th birthday

Abstract. In the paper [10] the Lp-realization Lp of the matrix Schrödinger

operator Lu = div(Q∇u) + V u was studied. The generation of a semigroup in
Lp(Rd,Cm) and characterization of the domain D(Lp) has been established.

In this paper we perturb the operator Lp of by a scalar potential belonging to a
class including all polynomials and show that still we have a strongly continuous
semigroup on Lp(Rd,Cm) with domain embedded in W 2,p(Rd,Cm). We also

study the analyticity, compactness, positivity and ultracontractivity of the
semigroup and prove Gaussian kernel estimates. Further kernel estimates and
asymptotic behaviour of eigenvalues of the matrix Schrödinger operator are

investigated.

1. Introduction

While the scalar theory of second-order elliptic operators with unbounded coeffi-
cients is by now well developed (cf. [11] and the references therein), there is still
few research works, at least in the framework of semigroup theory, for systems of
parabolic equations with unbounded coefficients. To our knowledge one of the first
papers dealing with such kind of systems is [7]. Subsequently, there were some other
publications [1, 2, 4]. Here the strategy in these references is quite different from that
in [7]. Namely, in [1, 2, 4] solutions to the parabolic equation are at first constructed
in the space of bounded and continuous functions. Afterwards the semigroup is
extrapolated to the Lp-scale. This approach cannot give precise information about
the domain of the generator of the semigroup.

Recently in [10] a noncommutative Dore–Venni theorem due to S. Monniaux and
J. Prüss [16] was used to obtain generation of C0-semigroups for matrix Schrödinger
operators of type L = div(Q∇·) + V in Lp-spaces, where V is a matrix potential
whose entries can grow like |x|r for some r ∈ [1, 2). This approach permits to obtain
the maximal inequality

(1.1) ‖div(Q∇u)‖Lp(Rd,Cm) + ‖V u‖Lp(Rd,Cm) ≤ C‖div(Q∇u) + V u‖Lp(Rd,Cm)

for all u ∈ C∞
c (Rd,Cm) and some positive constant C independent of u.

An other approach is to use form methods and Beurling-Denny criterion to prove
generation of C0-semigroup in Lp-spaces. This approach works for symmetric matrix
Schrödinger operators, but no information about the domain of the generator can
be obtained, see the recent paper [13].
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