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3-evolution semilinear equations in projective Gevrey classes

Alexandre Arias Junior
University of Turin
alexandre.ariasjunior@unito.it
We consider the quasilinear Cauchy problem

{ P(t,2,u(t, x), Dy, Do)u(t, x) = f(t, x), (t, ) € [0,T] xR, (1)
u(0,2) = g(x), z € R,

where
P(t7x7uaDt7Dr) = Dt + a3(t)Di + a2(t,x,u)Di + al(t,x,u)DI + ao(t,$7u),

a;(t,z,w), 0 < j <2, are continuous functions of time ¢, projective Gevrey regular with respect to the space
variable 2 and holomorphic in the complex parameter w. The coefficient a3(t) is assumed to be a continuous
function which never vanishes.

In this talk we shall discuss how to apply the Nash-Moser inversion theorem in order to obtain local in time
well-posedness in projective Gevrey classes for the Cauchy problem (1).

This is a joint work with:
o Alessia Ascanelli. University of Ferrara.
E-mail: alessia.ascanelli@unife.it
e Marco Cappiello. University of Turin.

E-mail: marco.cappiello@unito.it

* Click to go to the Schedule
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Semilinear stochastic pdes of Schrodinger type with variable
coefficients

Alessia Ascanelli
Dipartimento di Matematica e Informatica, Universita degli Studidi Ferrara, Italy

alessia.ascanelli@unife.it

In this talk we discuss the Cauchy problem for Schrédinger type stochastic partial differential equations with
uniformly bounded z-depending coefficients:

{ P(x,0;, 0, )u(t,z) = y(t, z,u(t, ) + o(t, z, u(t,))E(t,z), (t,x) € [0,T] x RE, (1)
u(0,z) = ug(z), = €R4,

d
1
P(a,01,0:) = 0+ > 0, (aje(2)0n,) +ma(z, —i0y) + mo(x, —i0y)
Jf=1
i0y + a(x, D) + a1(x, D) + mq(x, Dy) + mo(z, D),

D, = —i0,, where:

d
1
° -3 Z a;e(x)E&e, aje = ag;, 3, £ =1,...,d, is the Hamiltonian of the equation,
j =1

. d

i

=3 Z Oz, a50(7)€e, my(z,&) comes from a magnetic field and mg(x, ) is a potential term;
j,4=1

e 7 and o, are real-valued functions representing, respectively, drift and diffusion;

e Zis an S’(RY)-valued Gaussian process, white in time and coloured in space, with correlation measure
I" and spectral measure 901;

e u is an unknown stochastic process, called solution of the Cauchy problem (1).

We give conditions on the coefficients, on the drift and diffusion terms, on the Cauchy data, and on the
spectral measure associated with the noise, such that the Cauchy problem admits a unique function-valued
mild solution in the sense of Da Prato and Zabczyc.

This is a joint work with:
e Sandro Coriasco. Dipartimento di Matematica “G. Peano”, Universita degli Studi di Torino.
E-mail: sandro.coriasco@unito.it
e André SifB.

E-mail: suess.andre@Qweb.de

* Click to go to the Schedule



SEE2023 - Book of Abstracts 7

On the asymptotic behavior of the energy for evolution models
with oscillating time-dependent damping

Halit Sevki Aslan

Department of Computing and Mathematics (FFCLRP), University of Sdo Paulo (USP), Ribeirao Preto,
SP

halitsevkiaslan@gmail.com

In the present work, we consider the following Cauchy problem for a linear o-evolution equation with a
time-dependent damping term b(t)u,:

ug + (=A)u + b(t)uy = 0, (t,x) € [0,00) x R™, 1)
u(0,2) = uo(z), w(0,2) =u1(x), =z€R",

where 0 > 0 and b is a continuous and positive function. The term b(t)u; represents a damping, a term
whose action may dissipate the energy

B(t) = 5 lunlt, Vs + 5 N-A)Fult, )l @

Our purpose is to study the energy behavior of solutions to the Cauchy problem (1) depending on the
properties of time-dependent coefficient b(t) = u(t) + w(t), where p = p(t) is a shape function and w = w(t)
is an oscillating function. To achieve this we use the energy method in the phase space and method of
the zones similarly as considered in the diagonalization procedure. This method allows us to have less
regularity on b without further control on the oscillations. Our goal is to understand if oscillations on the
time-dependent coefficient b(t) satisfying lim sup,_, . tb(t) < oo have any influence in the energy behavior of
solutions to (1).

1. Models with the behavior of energy solutions determined at high frequencies

Hypothesis 1 We assume that the function b is positive, continuous and can be defined by b(t) = p(t)+w(t),
where = u(t) is a shape function and w = w(t) is an oscillating function. These functions satisfy the
following conditions:

(A1) we L'([0,0)),
(A2) limsup,_ . tb(t) <2,

(A3) b(t) = p(t) fort>to, to >0 is sufficiently large,

(A4) pu(t) >0, (/(t) <0, —p/'(t) = O(u(t)?) and 2u'(t) + u(t)? is a strictly increasing function for t > to.
Example 1 As a simple example we may take

~sin (t/(In(e +1))*)
(1 +t)(In(e + 1))

with «€R, v>1 and M(t):].i"‘t with B € (0,2).

Theorem 1 Letug € H?, uy € L? and let us assume Hypothesis 1. Then, the energy solution to the Cauchy
problem (1) satisfies the estimate

B0 < Cop (~ [ n(6)is) (BO) + ol

where E(t) is defined in (2).
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Example 2 We consider

- 2

with 8 € (0,2) if v =0 and w(t) satisfies Hypothesis 1. Then, Theorem 1 implies the following estimates:

+w(t), ~e[-1,0],

(1+t)75 if y=0,
() < C(E(0) + uoll32) { exp (= 525 (e + 1)) ify e (-1,0),
(In(e +1t) -0 if v =—1.

2. A model with the behavior of energy solutions determined at low frequencies
In this section we are interested in damping terms b(t)u; satisfying hm mf tb(t) > 2 and hm bup th(t) < oo.
For this reason, in the following we restrict ourselves to the case that b( ) is a perturbatlon of the scale

invariant case with 5 > 2.

Hypothesis 2 We assume that the function b is positive, continuous and can be written as b(t) = u(t)+w(t),
where p(t) will determine the shape of the coefficient, while w(t) contains oscillations. These two functions
satisfy the following conditions:

(B1) u(t) = 7

(B2) there exists € > 0 such that B — 3¢ > 2 and |w(t)] < e(1+¢e) Lu(t).

’ﬂ>27

Theorem 2 Let ug € H°, u; € L? and let us assume Hypothesis 2. Then, the energy solution to the Cauchy
problem (1) satisfies the estimate

E(t) < C1+6)7*(E(0) + |luoll72).
where E(t) is defined in (2).

Example 3 Let us consider

Ié] e(1+¢)~1Bsint
1+t 1+1¢
——

=:u(t) =:w(t)

b(t) =

)

where 3 > 2 + 3¢, with € > 0 sufficiently small. From Theorem 2 we conclude the same decay rate (1 + t) =2
for the energy of solutions to (1) for a class of effective damping b(t)u, that does not satisfy the condition
V' (t)| < C(1+1)71b(t) in order to apply the diagonalization procedure.

References

[1] Vargas Junior, Edson Cilos.; da Luz, Cleverson Roberto.; o-evolution models with low regular time-
dependent non-effective structural damping, Asymptotic Analysis. 119, 2020, 61-86.

[2] Vargas Junior, Edson Cilos.; da Luz, Cleverson Roberto.; o-evolution models with low regular time-
dependent effective structural damping, J. Math. Anal. Appl. 499(2), 2021, 125030.

[3] D’Abbicco, Marcello.; Ebert, Marcelo Rempel.; A classification of structural dissipations for evolution
operators, Math. Methods Appl. Sci. 39, 2016, 2558-2582.

[4] Hirosawa, Fumihiko.; Wirth, Jens.; C™-theory of damped wave equations with stabilisation, J. Math.
Anal. Appl. 343(2), 2008, 1022—1035.
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[5] Reissig, Michael.; Smith, James.; LP? — L9 estimate for wave equation with bounded time-dependent
coefficient, Hokkaido Math. J. 34(3) 2005, 541-586.

[6] Wirth, Jens.; Wave equations with time-dependent dissipation I. Non-Effective dissipation, J. Differen-
tial Equations, 222(2), 2006, 487—-514.

[7] Wirth, Jens.; Wave equations with time-dependent dissipation II. Effective dissipation, J. Differential
Equations. 232(1), 2007, 74-103.

This is a joint work with

e Marcelo Rempel Ebert. Department of Computing and Mathematics (FFCLRP), University of Sao
Paulo (USP), Ribeirdo Preto, SP.

E-mail: ebert@ffclrp.usp.br

* Click to go to the Schedule
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Gevrey well-posedness for p-evolution equations

Marco Cappiello
Dipartimento di Matematica, Universita di Torino

marco.cappielloQunito.it
We study the Cauchy problem

, (t,x) €[0,T] x R,

P(t,x, D¢, Dy)u(t,z) = f(t,x)
u(0,z) = g(x)

for p-evolution operators of the form

p—1
P(t,x,Dy,Dy) = Dy + ap(t) DL + Y _a;(t,x)D],  (t,x) € [0,T] x R,

j=1

where a, € C([0,T],R) and a; € C([0,T],C>*(R;C)),j = 0,...,p — 1, in the Gevrey functional setting.
When the coefficients a;(¢,x),5 = 0,...,p — 1, of the lower order terms are complex-valued, it is possible
to obtain well-posedness results in Gevrey spaces under suitable decay assumptions on a; for |z| — co. In
the first part of the talk, we present a well-posedness result for 3-evolution equations obtained in [1]. In
the second part we discuss the sharpness of the decay conditions assumed and the generalization of these
conditions to the case of p-evolution equations for an arbitrary positive integer p.
This is a joint work with:

e Alexandre Arias Junior, Dipartimento di Matematica, Universita di Torino

E-mail: alexandre.ariasjunior@unito.it

e Alessia Ascanelli, Dipartimento di Matematica e Informatica, Universita di Ferrara

E-mail: alessia.ascanelliQunife.it

References
[1] Arias Junior, Alexandre; Ascanelli, Alessia; Cappiello, Marco; Geuvrey well-posedness for 3-evolution

equatons with variable coefficients, 2022. To appear in Ann. Scuola Norm. Sup. Pisa Cl. Sci. DOI:
10.2422/2036-2145.202202_011, https://arxiv.org/abs/2106.09511

* Click to go to the Schedule
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Smoothing and finite-dimensionality of uniform attractors in
Banach spaces

Arthur Cavalcante Cunha
Universidade Federal da Bahia (UFBA)

cunha.arthurc@gmail.com

The aim of this talk is to find an upper bound for the fractal dimension of uniform attractors in Banach
spaces. The main technique we employ is essentially based on a compact embedding of some auxiliary
Banach space into the phase space and a corresponding smoothing effect between these spaces. Our bounds
on the fractal dimension of uniform attractors are given in terms of the dimension of the symbol space
and the Kolmogorov entropy number of the embedding. In addition, a dynamical analysis on the symbol
space is also given, showing that the finite-dimensionality of the hull of a time-dependent function is fully
determined by the tails of the function, which allows us to consider more general non-autonomous terms
than quasi-periodic functions. As applications, we show that the uniform attractor of a reaction-diffusion
equation is finite-dimensional in L? and in L?, with p > 2.

Now we give definitions on this topic and summarize our main results on the dimensionality of uniform
attractors.

Let (£, d=) be a complete metric space and let {6, }scr be a group of continuous operators acting on =, i.e.,
Ooo = o and 04(0s0) = 0,450 for all o0 € E, t,s € R, and for each s € R, 05 : E — E is a continuous map in
E. Let ¥ C = be a compact subset of = which is invariant under {6;}scg, that is, ;X = X for all s € R.

Considering a collection of evolution processes {U,(t, s)}sex indexed by o € ¥, i.e., for each o € ¥ the two-
parameter family {U, (¢, s) : t > s} in a Banach space X satisfies U(s, s) = Idx and U(t, 7)U(7,s) = U(t, s)
for all t,7,s € R with ¢t > 7 > s, it will be called a system if the translation-identity is satisfied:

Us,o(t,8) =Us(t+h,s+h), VoeX,t>s, heR.

In this case, the parameter o is called the symbol of the process {U,(t,s)} and the set ¥ the symbol space
of the system {U, (¢, s)}sex. The uniform attractor for such systems of processes is defined as follows.

Definition. A compact set Ay C X is said to be the wniform (w.r.t. ¢ € X) attractor of a system
{Us(t,8)}pex if

(i) As is uniformly attracting, i.e., for any bounded set E C X it holds

sup dist x (Ug(t, 0, E),AE) — 0, ast— oo,
gED

where for non-empty sets A, B C X we denote the Hausdorff semi-distance dist x (A, B) := sup binjfg la—
acAbE
bl x.

(ii) (Minimality) If A% is a closed set in X uniformly attracting, then Ay C A%..
Definition. Let A be a non-empty precompact subset of X. The (upper) fractal dimension of A in X is
defined as I N lA
dimp(A; X) := limsup In Nx[Aie]

e—0+ —Ineg

where Nx[A;¢] denotes the minimum number of open e-balls in X that are necessary to cover A.

Now we give a criterion for the uniform attractor Ay, of {U,(¢,s)}sex to be finite-dimensional. The main
idea is an (X, Y')-smoothing property combined with assumptions on the dimension of the symbol space. Let
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B C X be a closed bounded uniformly absorbing set of {U, (¢, s)}sex (it has necessarily to satisfy Asx, C B)
and suppose that:

(H1) There is an auxiliary Banach space Y compactly embedded in the Banach space X.

(H2) The symbol space X has finite fractal dimension in space Z, i.e., dimp(3; E) < oo.

(H3) The system {U,(t, $)}oex is (T x X, X)-continuous.

(Hy) {Uy(t,8)}oes is uniformly (X,Y)-smoothing on the absorbing set B, i.e., for any ¢ > 0 there exists a

k(t) > 0 such that

sup Uy (¢, 0)u — Us (£, 0)v|ly < k(t)l|lu—vllx, Vu,veB.
oED

(Hs) {Us(t,8)}oex is (3, X)-Lipschitz on the absorbing set B, satisfying
lUs, (t,0)u — Uy, (t,0)ul|x < L(t)dz(o1,02), YVt >1,01,00 € X, u€ B,
where 1 < L(t) < c;eP* for some positive constants ¢1, 3 > 0 for ¢ > 1.
Our main result guarantees that under these hypotheses Ay has finite fractal dimension in X. More precisely:

Theorem. Let {U,(¢, s)}sex be a system in X with uniform attractor As,. If conditions (Hy) - (Hs) hold,
then the uniform attractor Ay has finite fractal dimension in X with

dimpg (AZ;X) <InNy [By((), 1); 1/(2@/@)} + (B +1)dimp (E; E),
for some k = k(Tg) depending on B with T > 1 an absorption time after which B uniformly absorbs itself.

About the symbol space we also provide the following result in order to construct finite-dimensional examples.

Theorem. Let M be a complete metric space and g4, g- € E = C(R; M) with finite-dimensional hulls

H(g+) and H(g—) in E, respectively, where H (&) = {£(-+s) : s € R}E for £ € . Suppose that g € Zis a
function such that

(G1) g is Lipschitz continuous from R to M;
(G2) g converges forwards to g4 and backwards to g_ eventually exponentially.

Then the hull H(g) of g is compact and finite-dimensional in = with
dimp (H(g); E) < max {17 dimp (H(g+); E), dimp (’H(g,);E)}.

As an application of our theoretical results we investigate the reaction-diffusion equation
v+ v — Av = f(v) + o(z, ),
v(x,t)|i=r = vr(x), v(z,t)]oo =0, €O, t>r,

where @ € R, N € N, is a bounded smooth domain and A > 0 is a constant. The nonlinear term
f(-) € CY(R;R) is assumed to satisfy the following standard conditions

f(S)S < —O£1|8|p+61, |f’(5)| < /€2|S|p_2—|—127
If()] < anlsP™! + a, fl(s) < —kyls|P2+ 1,
where p > 2 and all the coefficients are positive. The non-autonomous symbol ¢ is in a symbol space X

constructed as the hull H(g) of a given non-autonomous function g € = := C(R; L*(0)), i.e., for 6,g(-) :=
g(- + r) we have

Y =H(g):={0,g9:1r €R}.
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We suppose that ¥ has finite fractal dimension (see the previous Theorem). For such problem we prove that
it has a uniform attractor which is finite-dimensional in L? and in LP, with p > 2.
e Hongyong Cui. Huazhong University of Science and Technology, Wuhan - China.
E-mail: h.cui@outlook.com
e Alexandre Nolasco de Carvalho. Universidade de Sao Paulo - Campus Sao Carlos, Sao Carlos - Brazil.
E-mail: andcarva@icmc.usp.br
e José Langa. Universidad de Sevilla, Seville - Spain.

E-mail: langaQus.es

References

[1] Cui, Hongyong; Carvalho, Alexandre; Cunha, Arthur; Langa, José; Smoothing and finite-dimensiona-
lity of uniform attractors in Banach spaces, Journal of Differential Equations 285, 2021, 383-428.

* Click to go to the Schedule
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Old and New Results on Fourier Analysis

Radouan Daher

Department of Mathematics, Laboratory of M.F.A, Faculty of Sciences Ain Chock University Hassan II,
Casablanca, Morocco.

rjdaher024@gmail.com

On this talk, we give some old and new results on Fourier analysis. In particular, the absolute convergence
of trigonometric Fourier series is studied. Furthermore, the Szasz and Stechkin theorems are established in

this framework.

* Click to go to the Schedule
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Asymptotics for two two-terms fractional diffusion problems

Marcello D’Abbicco
University of Bari

marcello.dabbicco@Quniba.it

We consider the Cauchy-type problems associated to the time fractional differential equation

8tu—|—3fu—Au:g(t,x), t>0, x €R"
u(0,z) = ug(),

with 8 € (0,1), where the fractional derivative 8,56 is in Caputo sense, and to the space-time fractional
differential equation

Ou+ 0P (=AY Pu— Au=g(t,x), t>0, xR
U(O,J?) = UO(JT),
where (—A)'~# is the fractional Laplace operator of order 1 — 3.

For the first model (see [1]), we provide sufficient conditions on the perturbation g which guarantees that
the solution remains in C([0, c0), H?), and we exploit a dissipative-smoothing effect which allows to describe
the asymptotic profile of the solution in low space dimension.

For the second model (see [2]), we provide sufficient conditions on the perturbation g which guarantees that
the solution satisfies the same long-time decay estimates of the case g = 0, assuming initial datum in H*™
for some s > 0 and m € (1, 00).

Joint work with:
e Giovanni Girardi. Universita Politecnica delle Marche.

E-mail: girardigiovanni91@gmail.com

References

[1] D’Abbicco, M.; Girardi, G.; Asymptotic profile for a two-terms time fractional diffusion problem,
Fractional Calculus and Applied Analysis, 25(3), 2022, 1199-1228.

[2] D’Abbicco, M.; Girardi, G.; Decay estimates for a perturbed two terms space-time fractional diffusive
problem, Evolution Equations and Control Theory 12(4), 2022, 1056-1082.

* Click to go to the Schedule



SEE2023 - Book of Abstracts 16

Asymptotic behaviour of solutions for a strongly damped wave
equation

Marcelo Rempel Ebert
University of Sao Paulo

ebert@ffclrp.usp.br

We derive long time LP — L7 decay estimates, in the full range 1 < p < ¢ < oo, for time-dependent
multipliers in which an interplay between an oscillatory component and a diffusive component with different
scaling appears. We estimate ||m(t,-)||aze as ¢ — oo (see [3]) for multipliers of type

m(t,€) = e~"" sine (tw(©)),
where sincp = p~lsinp is the cardinal sin function and w(§) ~ [£]7 as € — 0, under the additional
assumption that at law frequencies the scaling of the diffusive component is worse, i.e., § > ¢ > 1. These
multipliers are related to the fundamental solutions to the Cauchy problem for the Viscoelastic Damped
Plate equation [1]
g + A%u+ A%, =0, t>0, z€R",

and to the Viscoelastic Damped Wave equation ([2] and [4])
g — Au—Aug =0, t>0, v € R".

As it is done in the case of the free damped evolution equation uy + (—A)%u = 0, we have to split our
analysis for 0 > 1 and 0 = 1.

This talk is a joint work with
e Marcello D’Abbicco. University of Bari.

E-mail: m.dabbicco@gmail.com

References

[1] M. D’Abbicco, M.R. Ebert, LP — L9 estimates for a parameter-dependent multiplier with oscillatory
and diffusive components, J. Math. Anal. Appl. 504 (2021).

[2] M. D’Abbicco, M.R. Ebert, Some optimal decay estimates for wave equation with a strong structural
damping, Preprint.

[3] L. Hormander, Estimates for translation invariant operators in LP spaces. Acta Mathematica 104

(1960), 93-140.

[4] Y. Shibata, On the rate of decay of solutions to linear viscoelastic equation, Math. Methods Appl.
Sci. 23 (2000) 203-226.
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Almost global existence for Kirchhoff equations

Marina Ghisi
University of Pisa

marina.ghisiQunipi.it

Let H be a real Hilbert space, and let A be a positive self-adjoint operator on H with dense domain D(A).
We consider the abstract evolution equation

u"(t) +m (\Alﬂu(t)\?) Au(t) =0, (1)

where m : [0, +00) — R is a nonlinearity that we always assume to be of class C! and to satisfy the strict
hyperbolicity assumption
m(o) > vy >0 Yo > 0. (2)

Equation (1) is an abstract version of the hyperbolic partial differential equation introduced by G. Kirchhoff
as a model for the small transversal vibrations of elastic strings or membranes.

Existence of local/global solutions to equation (1) with initial data
u(0) = ug u' (0) = uy, (3)

has been deeply investigated in the literature. Global-in-time solutions to problem (1)—(3) are known to exist
in many different special cases, involving either special initial data (such as analytic data, quasi-analytic data,
lacunary data), or special nonlinearities, or dispersive equations and small data, or spectral gap operators.
For the moment, there are no examples of local-in-time solutions that blow-up in some sense in finite time
and this remains the main notorious open question for Kirchhoff equations.

Let us now consider equation (1) with small initial data
u(0) = euy, u'(0) = euy,

where (ug,u1) € D(A%*) x D(A'*) and € is a positive real number. In this case it turns out that the
solution is defined at least in some interval [0, 7], where T, — 400 as € — 07. Results of this type are
usually referred to as “almost global existence”. The simpler result of almost global existence is a by-product
of the classical local existence result of A. Arosio and S. Panizzi that implies that, if

|U1|2 + |A1/4u1‘2 + |A1/2u0‘2 + ‘A3/4U0|2 < 62, (4)

then the solution to problem (1)—(3) is defined at least on an interval [0, T¢] with

€o
Te Z 672’ (5)

where ¢g is a suitable constant that depends on the behavior of m in a neighborhood of the origin. More
refined results have been proved in the last years. In this direction R. Manfrin and later P. Baldi and E. Haus
obtained an estimate of the form .

T.> 7. (6)

The question that we asked ourselves was the following.

Assume that {(uoe, u1e)} is a family of initial data that converges in some sense to some limiting
initial datum (ug, u1), and assume that equation (1) admits a global-in-time solution with initial
datum (ug,u;). Can we conclude that the life span T, of solutions with initial data (uge,u1e)
tends to +oo as € — 017
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We give a positive answer to this question.

e From the qualitative point of view, we prove more generally that the life span of solutions (which is
either a positive real number or +00) is lower semicontinuous with respect to convergence of initial data
in D(A%/*) x D(A'*), and that solutions depend continuously on initial data in the longest possible
time interval. In particular, if for some reason the limiting initial datum (ug,u;) originates a global
solution, then the life span of solutions with approximating initial data tends to +oo.

e From the quantitative point of view, we provide estimates from below for T, when (ug, ;) belongs to
three special classes of initial data for which global existence is known, namely data that are finite
linear combinations of eigenvectors of A, analytic data, and quasi-analytic data.

The quantitative estimates are rather weak, for example in the classical quasi-analytic case they involve
three nested logarithms, but we point out that in this result we have no smallness assumptions on (g, t1).

From the technical point of view, our estimates from below for T, are based on some estimates from above
for the growth in time of the energy of the solution with the limiting initial condition (ug, u1). These growth
estimates are a by-product of the classical global existence results in analytic and quasi-analytic classes, but
probably they had not been stated or proved explicitly before.
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Monotonicity results for generalized solutions to a class of
forward-backward parabolic equations

Massimo Gobbino
Dipartimento di Matematica — Universita di Pisa (Italy)

massimo.gobbino@unipi.it

The one dimensional Perona-Malik equation is the partial differential equation

Uy l—ui
— — 1
g <1+uz>x Ty o @)

with homogeneous Neumann boundary conditions in some interval, and an initial datum at ¢ = 0.

It is the one-dimensional version of the celebrated equation introduced in the 90s (see [3]) as a tool for
image denoising. The main feature is that it is a forward parabolic equation in the subcritical regime where
lugz| < 1, and a backward parabolic equation in the supercritical regime where |u,| > 1. Despite the analytical
ill-posedness, numerical simulations exhibit more stability than expected. A satisfactory theory that explains
this unexpected stability, usually called “the Perona-Malik paradox”, is still out of reach. By “satisfactory
theory” we mean a notion of solution that exists for a reasonable class of initial data, depends in a reasonable
way on the initial condition, and to which solutions of approximating models converge.

A natural approach (see [2]) consists in defining generalized solutions as all possible limits of solutions to the
semi-discrete approximation in which derivatives with respect to the space variable are replaced by difference
quotients.

In this talk we present the two main results of [1]. The first one is a pathological example in which the initial
data converge strictly as bounded variation functions, but strict convergence is not preserved for all positive
times, and in particular many basic quantities, such as the supremum or the total variation, do not pass to
the limit. Nevertheless, the second result shows that all generalized solutions satisfy some of the properties
of classical smooth solutions, namely the maximum principle and the monotonicity of the total variation.

The verification of the counterexample relies on a comparison result with suitable sub/supersolutions. The
monotonicity results are proved for a more general class of evolution curves, which contains weak solutions
to many parabolic equations (and even forward-backward equations) in divergence form.

This talk is based on a joint work with
e Nicola Picenni. Scuola Normale Superiore di Pisa (Italy).

E-mail: nicola.picenni@sns.it
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Critical exponent of Fujita type for semilinear damped wave
equations in Friedmann-Lemaitre-Robertson-Walker spacetime

Jorge Manuel Silva Marques
University of Coimbra

jmarques@fe.uc.pt

We study the Cauchy problem for the semilinear massless damped wave equation:

uge(t, ) — (1 + t)fQéAu(t,x) + ue(t, ) = |ulP

14+1¢
with 0 < ¢ < 1, 8 > 0 and p > 1, in FLRW spacetime. The solution u!"™ of the corresponding linear
Cauchy problem will be represented in the explicit form using Fourier multipliers operators with multipliers
expressed in terms of special functions. Our main goal is to prove global (in time) existence of solutions in
the case of decelerating expansion universe with small initial data belongs to L*(R™) N H*~1(R"), k > 1.
We are focused in finding the critical exponent of Fujita type: p.(n,f) = 1+ n(%@ It means that, if
1 < p < pe(n, €) there exist small data for which u blow-up in finite time while if p > p.(n,£) the global
solution has the same long time behavior of u'"”. We derive optimal LP — L7 estimates of u!"” and then we
use Duhamel’s principle to prove our results. This talk is a joint work with

e Marcelo Rempel Ebert. University of Sao Paulo.
E-mail: ebert@ffclrp.usp.br
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A shift of a Fujita type exponent for a class of semilinear
evolution equations with time-dependent damping

Wanderley Nunes do Nascimento
UFRGS - Federal University of Rio Grande do Sul

wanderley.nascimento@ufrgs.br

The goal of this presentation is to find a sharp exponent p., such that for p > p. there exists global existence
(in time) of small data solution for a class of semilinear o-evolution equations with effective scale-invariant
time-dependent damping

I

use + (=A)7u+ 14t

up = |ul?, w(0,z) =0, w(x,0) =ui(z), t>0, zeR" (1)

We suppose that u,p,o > 1. To achieve this goal we use a fixed point argument in a special operator defined
on a suitable function space. Under the assumption of small initial data u; € L™(R") N L2(R"),m = 1,2,
we find the critical exponent

_ 2
pc:p(’ym):]-"‘i, Ym = .
Tm mo

This is a joint work with:
e Marcelo Rempel Ebert. USP.
E-mail: ebert@ffclrp.usp.br
e Jorge Marques. University of Coimbra.

E-mail: jmarques@fe.uc.pt
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Reactive Flow of Unsteady Eyring-Powell Nanofluid Fluid with
Thermocapillary Convective Boundary Conditions, Variable
Thermal Conductivity and Radiant Heat through a Porous

Medium

Benjamin Aina Peter
Your institution Kampala International University, Kampala, Uganda

benjamin.aina@kiu.ac.ug, peterbenainal3@kiu.ac.ug

The development of new products, reliability, and the efficient functioning of the system all depend on finding
solutions to heat transfer issues in fluid flow in a variety of technical and industrial processes. As a result,
effective thermal management is crucial for preventing overheating and achieving functional success. The
development of nanofluids as a result of nanotechnology has significantly enhanced engineering heat transfer
processes and cooling technologies. In this study, thermal conductivity is studied for an unsteady Eyring-
Powell hyperbolic fluid with saturated porous media, thermocapillary convective boundary conditions, and
variable thermal conductivity. The thermal conductivity and fluid viscosity are temperature-dependent prop-
erties. The Maple 18 Software package, the Spectral element approach, the C++ programming language, and
the Garlekin weighted residue technique are used to generate and solve the differential equations governing
the fluid flow numerically. Skin friction coefficient and the local Nusselt number rise when the values of the
Marangon convective parameter, Biot number, stretching parameter, and Eyring-Powell material parameters
increase. The fluctuations of the physical factors on the distributions of fluid temperature and velocity are
shown graphically and quantitatively discussed in depth. Keywords: Porous media, Nanofluid, Thermal
conductivity, Radiant energy, Reactive flows, Petroleum, Thermodynamic states and processes.

This is a joint work with:

e Idowu Sabiki Adebola, Olasibi Onabajno University, Ago, Nigeria
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Sobolev solvability of elliptic homogenous linear equations on
Borel measures

Tiago H. Picon
FFCLRP - Universidade de Sa Paulo
picon@ffclrp.usp.br

In this talk, we present new results on Lebesgue solvability of the equation A*(D)f = u, where A(D) is an
elliptic homogeneous differential operator and u is a Borel measure. We emphasize the solvability for p = co
by duality method based on L!-type estimates on measures for a special class of operators.

Joint work with:

e Victor Biliatto (UFSCar).
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Critical exponent versus critical regularity in semilinear evolution
models

Michael Reissig
Institute of Applied Analysis, Faculty for Mathematics and Computer Science (TU Bergakademie Freiberg)
reissig@math.tu-freiberg.de

In the last decades we have a lot of papers devoted to finding of critical exponents in semilinear evolution
models with source nonlinearity of power type. The critical exponent is a threshold for blow-up in the
subcritical case and global (in time) existence of small data Sobolev solutions in the supercritical case. Some
of the exponents are well-known as, for example, the Strauss exponent or the Fujita exponent. Firstly, we will
explain recent results for o-evolution models with friction and visco-elastic type damping as well. Different
methods for proving blow-up or global (in time) existence are sketched.

Then we explain that the question for critical exponent is a bit not precise. Instead one should pose the
question for critical regularity. We present two recent results for semilinear wave models. Some open
questions for de Sitter models of cosmology complete the talk.

Joint work with:

e Chen Wenhui, Marcelo Rempel Ebert, Giovanni Girardi, Abdelatif Kainane Mezadek and Mohamed
Kainane Mezadek.
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Autonomous evolution inclusions with large diffusion and variable
exponents

Jacson Simsen
Federal University of Itajuba (UNIFEI)

jacson@unifei.edu.br

In this talk I will present an overview about results on continuity of solutions with respect to initial conditions
and parameters and as well upper semicontinuity of global attractors for autonomous evolution inclusions
with variable exponents and large diffusion.
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Topological structural stability for nonautonomous random
dynamical systems and applications in a SIR model

Alexandre N. Oliveira Sousa
Univerisdade Federal de Santa Catarina

alexandre.n.o.sousa@ufsc.br

In this work we study the continuity and topological structural stability of attractors for nonautonomous
random differential equations obtained by small bounded random perturbations of autonomous semilinear
problems. First, we study the existence and permanence of unstable sets of hyperbolic solutions. Then, we
use this to establish the lower semicontinuity of nonautonomous random attractors and to show that the
gradient structure persists under nonautonomous random perturbations. We apply the abstract results in
an autonomous SIR model under nonautonomous random perturbations.

The main abstract results are in [1], which is a joint work with:
e Tomas Caraballo. Universidad de Sevilla, Spain.
E-mail: caraball@us.es.
e Alexandre N. Carvalho. ICMC-USP.
E-mail: andcarva@icmc.usp.br.
e José A. Langa. Universidad de Sevilla, Spain.
E-mail: langaQus.es.
And the applications in the SIR model is a work in progress with
e Javier Lopez de la Cruz. Universidad Politécnica de Madrid, Spain.

E-mail: javier.lopez.delacruzQupm.es

References

[1] Caraballo, J. A. Langa, A. N. Carvalho, and A. N. Oliveira-Sousa; Continuity and topological structural
stability for nonautonomous random attractors, Stochastics and Dynamics. 22(07), 2022, 2240024.

* Click to go to the Schedule



SEE2023 - Book of Abstracts 27

Asymptotic expansion of solutions to the wave equation with
space-dependent damping

Yuta Wakasugi
Hiroshima University

wakasugi@hiroshima-u.ac.jp

Let Q C RY (N > 2) be an exterior domain with smooth boundary or = RY (N = 1). We consider the
initial-boundary value problem
O2u — Au+ a(2)dyu = 0, xeQt>0,
u(z,t) =0, x €0, t>0, (1)
u(z,0) = up(z), Oru(z,0) =ui(z), x€ Q.
Here, u = u(z,t) is a real-valued unknown. The damping coefficient a(z) is a positive and smooth function

defined on R having bounded derivatives. Moreover, we assume that there are constants ag > 0 and
a € [0,1) such that

lim |z|%a(x) = ag. (2)
|| — o0

The aim is to obtain the asymptotic behavior of solutions as ¢t — oco. In particular, we prove the higher-order
asymptotic expansion of the solution in terms of the corresponding heat equation.
To state the result, we prepare the following. Let Vj be the solution of

a(z)0 Vo — AVy =0, e Q,t>0,
Vo(z,t) =0, x € 00, t >0, (3)
Vo(2,0) = ug(z) + a(z) tuy(z), =€

and let V7, ..., V,, be successively defined as the solutions of
a(x)ath — A‘/j = —8th,1, e Ot>0,
Vi(z,t) =0, x e INt>0, (4)
Vi(z,0) = —(—a(x)) 7 tui(z), z€Q.

Also, we define, for s € NU {0}, m € R,

Ho™MQ) = {f : Q= B | fllmem = D [{&)™07 f 2 < o0},

[vI<s

Hy™ (@) = @
where (z) = /1 + |z|?. The main result reads as follows:

Theorem. Let n € NU{0}. Assume n+1 < 2=2. For any A € (2% (n+1), §=2), there exist s = s(n) € N
and m = m(n,a, \) > 0 such that if

ug € H¥TH™(Q) N HY ™ (), w € HY™(Q), (5)
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then the solution u to (1) satisfies

ult) =YV < C+n iR (6)

=0

L2

fort>0.

The conclusion of the theorem implies that the solution v can be asymptotically expanded as
u="Vy+ 0V + 8,52‘/2 + .-+ 0;'V,, + “remainder term”

in terms of the solutions of the parabolic problems (3) and (4).

This talk is based on a joint work with

e Motohiro Sobajima. Department of Mathematics, Faculty of Science and Technology, Tokyo University
of Science

E-mail: msobajimal984@gmail.com
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