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3 Départment de Mathématiques, Université Joseph KI-Zerbo, Ouagadougou B.P. 7021,
Burkina Faso

Received 4 January 2025; Accepted (in revised version) 4 April 2025

Abstract. This work concerns the existence and uniqueness of square-mean 
pseudo almost periodic solutions of infinite class in the α-norm. The results are 
obtained using analytic semigroup, fractional α-power theory and by making use 
of Ba-nach fixed point theory. As a result, we obtain a generalization of the work of 
Zab-sonre et al. [Partial Differential Equations and Applications: Colloquium in 
Honor of Hamidou Touré, Springer, 2023] in the deterministic case, without 
unbounded delay. Our results extend and complement many other important 
results in the lit-erature. Finally, a concrete example is given to illustrate the 
application of the main results.
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1 Introduction

In this work, we study the existence and uniqueness of square-mean (µ, ν)-pseudo
almost periodic solutions of infinite class in the α-norm for the following stochastic
evolution differential equation:

dx(t) = [−Ax(t) + L(xt) + f (t)]dt + g(t)dW(t), t ∈ R, (1.1)
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where −A : D(A) ⊂ H is the infinitesimal generator of compact analytic semigroup
(T(t))t≥0 on L2(P, H). The phase space Bα defined by

Bα = {ϕ ∈ B : ϕ(θ) ∈ D(Aα) for θ ≤ 0 and Aα ϕ ∈ B}, ‖ϕ‖α = ‖Aα ϕ‖,

is a subset of B, where Aα ϕ is defined by Aα ϕ(θ) = Aα(ϕ(θ)) for θ ∈]−∞, 0] and B is a
Banach space of functions mapping ]−∞, 0] into L2(P, H) and satisfying some axioms
that will be presented later. Aα is the fractional α-power of A that will be described
later. For every t ≥ 0, the history function ut ∈ Bα is defined by

ut(θ) = u(t + θ), θ ∈]− ∞, 0].

L is a bounded linear operator from Bα into L2(P, H).
Here f : R → L2(P, H) and g : R → L2(P, H) are two stochastic processes and

W(t) is a two-sided standard Brownian motion defined on the filtered probability
space (Ω,F , P,Ft) with

Ft = σ{W(u) −W(v)|u, v ≤ t}.

We assume (H, ‖, ‖) is a real separable Hilbert space and L2(P, H) is the space of all
H-valued random variables x such that

E‖x‖2 =
∫

Ω
‖x‖2dP < ∞.

Recall that stochastic modeling is crucial to many fields such as physics, engineer-
ing, economics, and social sciences. To this end, stochastic differential systems have
been the subject of much research in recent years. Researchers are increasingly inter-
ested in the above mentioned quantitative and qualitative aspects of stochastic differ-
ential systems, such as existence, uniqueness, and stability. To this end, some recent
contributions have been made concerning square-mean pseudo almost periodic for
abstract differential equations similar to Eq. (1.1), see, for example, [4, 5, 9] and the
references therein.

The aim of this work is to extend the results obtained by Zabsonre et al. [18], whose
authors studied the Eq. (1.1) in the deterministic case. Note that some recent con-
tributions have been made. For example, in [10], the authors studied the equation
without operator L. They introduced a new concept of square-mean pseudo-almost
periodic and automorphic processes using measure theory. They used the µ-ergodic
process to define the spaces of µ pseudo almost periodic and automorphic processes in
the square-mean sense. Moreover, they established many interesting results on these
spaces, such as completeness and composition theorems. Then they studied the exis-
tence, the uniqueness and the stability of the square-mean µ-pseudo almost periodic
and automorphic solutions of the stochastic evolution equation.

Recently, in [17], the authors, studied the existence and the uniqueness of the
square-mean (µ, ν)-pseudo almost periodic solutions of infinite class for the stochastic
evolution equation. However, to the best of the authors knowledge, the existence of


