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How to reach Foz do Arelho
(credits to Paolo Gidoni)

There is no direct connection between Lisbon and Foz do Arelho. The nearby city of Caldas da
Rainha (about 10km far from Foz do Arelho) is well connected and from there one can continue by
bus or taxi.

• From Lisbon to Caldas da Rainha

1. Rede-expressos (https://www.rede-expressos.pt)

2. Rodoviaria do Oeste (http://rodoviariadooeste.pt)

Both bus terminals can be reached by metro from the airport in about 40 minutes (15 minutes from
the city center).

Each company offers frequent connections in the afternoon betweeen Caldas da Rainha and Lisbon,
approximately every 30-60 minutes.

1. The buses of Rede-Expressos leave from the bus terminal of Lisboa-Sete Rios (near the
Jardim Zoologico metro station on the blue line) with no intermediate stops. A one-way trip
takes about 1h10m and costs up to 8.70 euros (a limited number of cheaper tickets can be bought online
in advance; reduced fares are moreover available for passengers under 30 y.o. and seniors). Tickets
can be bought at the terminal or online up to three months before departure. To see the timetable or
buy tickets visit the website https://rede-expressos.pt/en.

2. The buses of Rodoviaria do Oeste (“rapida verde” line) leave from the bus terminal of
Lisboa-Campo Grande (metro station Campo Grande on the yellow line or the green line),
with 3 intermediate stops. A one-way trip takes about 1h15m and costs 9.35 euros (with reduced fares
for seniors). Tickets can be bought at the terminal or on board. The full schedule can be found here:
http://rodoviariadooeste.pt/wp-content/uploads/rapida linha verde.pdf

It is also possible to travel from Lisbon to Caldas da Rainha by train; however there is no direct
connection, trips are longer (around 2h30m) and less frequent.

• From Caldas da Rainha to Foz do Arelho

There are a few buses between Caldas da Rainha and Foz do Arelho, operated by Rodoviaria do
Oeste. Afternoon rides are not very frequent; for updated information, please check the webpage
http://rodoviariadooeste.pt/, where you can also find the schedule. A one-way trip takes about
24 minutes.

Taxis are also available, both in Caldas da Rainha and Foz do Arelho, and usually are the most
convenient travel solution. The cost of one trip should be around 14-17 euros.
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Schedule of the Workshop

Venue: Sala Columbano Bordalo Pinheiro

Wednesday - February 11th Thursday - February 12th Friday - February 13th

Opening 09:00-09:10

L. Malaguti 09:10-09:50 D. Papini 09:00-09:40 A. Ureña 09:00-09:40

J. Campos 09:50-10:30 A. Tellini 09:40-10:20 D. Ferreira 09:40-10:20

E. Sovrano 10:30-11:10 M. Zahradniková 10:20-11:00 E. Muñoz-Hernández 10:20-11:00

Break 11:10-11:30 Break 11:00-11:20 Break 11:00-11:20

A. Margheri 11:30-12:10 A. Falocchi 11:20-12:00 G. Feltrin 11:20-12:00

A. Cagnetta 12:10-12:50 E. Pastorino 12:00-12:40

Lunch Lunch

Working Groups Working Groups

P. Gidoni 18:00-18:40 R. Ortega 18:00-18:40

A. Boscaggin 18:40-19:20 A. Corli 18:40-19:20
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Aperi-talks

A promenade through central forces:
orbiting lightly into a heavy aperitif

Alberto BOSCAGGIN
Università degli Studi di Torino (Italy)

We will take a light tour through central force fields in classical and relativistic mechanics, with a
special focus on the case of singular forces. A few open problems will also be proposed.
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Shock wavefronts, and a bird’s-eye view on traveling waves

Andrea CORLI
Università degli Studi di Ferrara (Italy)

We consider a parabolic equation where the diffusivity changes sign twice (positive-negative-positive)
and the source term is bistable. Such an equation models the movement of biological organisms under
suitable conditions. If the internal zero of the source term lies in the region where the diffusivity
is negative, then it is known that regular wavefronts cannot exist. On the contrary, we prove that
discontinuous wavefronts do exist; moreover, they are valued in the region where the diffusivity is
positive, thus jumping over the region where the diffusivity is positive. Necessary conditions for the
existence require in particular an “equal area” condition, which has a natural geometric interpretation.
The second part of the talk deals with a historical discussion about the world of traveling waves, with
an emphasis to some less well-known features.

Joint work with Diego Berti (University of Turin, Italy) and Luisa Malaguti (University of Modena
and Reggio Emilia, Italy).
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On some boundary value problems
for the pendulum (?) equation

Paolo GIDONI
Università degli Studi di Udine (Italy)

We will survey some really classical (foundational, one could say) results, highlighting the mechanical
relevance of the boundary value problem

ϑ′′ + λ sinϑ = 0

ϑ(0) = 0

ϑ′(T ) = 0.

Some related boundary conditions will also be discussed.
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Three questions on Duffing equation

Rafael ORTEGA
Universidad de Granada (Spain)

Consider the differential equation

ẍ+ δẋ+ αx+ βx3 = f(t),

where δ > 0, β 6= 0 and f(t) is a T -periodic function. For many years I have tried to understand some
aspects of this equation, specially those concerning the stability of periodic solutions. Although I have
obtained some partial results, I have not been able to prove or disprove what I think that could be the
key property. This talk will be about this elusive “theorem”.
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Invited Seminars

Asymptotically relative-periodic motion
in locomotion systems: the Chaplygin sleigh

Alberto CAGNETTA
Università degli Studi di Udine (Italy)

Locomotion systems with nonholonomic constraints often exhibit periodic-like “internal” behavior.
This observation underlies the notion of relative periodicity. Such systems often admit an equivariant
formulation on a configuration space M , where the action of a Lie group G encodes the rigid sym-
metries of the system. In this setting, trajectories may converge asymptotically to a relative-periodic
regime, in which periodicity holds only modulo the symmetry group.
After revisiting the notion of relative-periodic dynamics, we briefly analyze some paradigmatic loco-
motion models. The main focus is on the periodically actuated Chaplygin sleigh: building on the
numerical analysis of Fedonyuk and Tallapragada, we establish a Massera-type result guaranteeing the
existence of a global periodic attractor for the reduced dynamics, and hence asymptotically relative-
periodic motion.

Based on ongoing joint work with Paolo Gidoni.
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The shape of an epidemic wave

Juan CAMPOS
Universidad de Granada (Spain)

The recent Covid-19 epidemic has made us see what an epidemic looks like. The most basic way to
simulate these waves is to use the model described in [2]. This compartmental model was presented
based on three groups of individuals, susceptible, infected and recovered and leads to a differential
system with three equations,

S′ = −βSI,

I ′ = βSI − δI,

R′ = δI,

where β > 0 and δ > 0 are the standard rates of infection and recovery, respectively. At first glance,
only the first two equations are necessary. That is, they can be reduced to the study of susceptibles and
infected. However, has anyone seen a profile of susceptibles within the numerous graphs in the news
that the recent pandemic provided? The concept of a susceptible individual is not clear. Individuals
who are either well confined or, for some genetic or biological reason, give rise to individuals who
cannot suffer from the disease.

A method is proposed to understand biological parameters that only uses the profiles of infected
individuals or at most recovered individuals. New parameters that are: epidemic severity, wave asym-
metry and fraction of endemicity can be used to recovery the infected profile. These results follow
from [1].

References

[1] J. Campos and M.C.A. Leite, Novel Approach to Extract Epidemiological Information from Waves
in Epidemic’s Profiles, submitted.

[2] W. Kermack and A. McKendrick, Contributions to the mathematical theory of epidemics – I,
Bulletin of Mathematical Biology 53 (1991), 33–55.
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ODEs systems arising from the Galerkin approximation
of Navier-Stokes equations

Alessio FALOCCHI
Politecnico di Milano (Italy)

We consider unforced Navier-Stokes equations under Navier boundary conditions in a specific domain
Ω = (0, π)3. We investigate both the global existence of solution and the asymptotic behaviour for
t → +∞; the first problem is well known since the pioneering work by Leray, while the second is
connected to Foias-Saut long time behavior studies on Navier-Stokes equations.
Since Ω is a cube, we are able to write the n-th Galerkin approximation by means of a nonlinear system
of n autonomous ordinary differential equations with explicit coefficients. We consider at first a third
order approximation, proving global existence and qualitative behaviour of the solution. We underline
that, modifying the signs of some coefficients of the system, we obtain, instead, blow-up in finite time.
For large n Galerkin approximations the situation is more involved; we obtained partial analytical and
numerical results, suggesting some conjectures both on the time interval of existence of the solution
and on the long time asymptotic behaviour.

This is based on joint works with Filippo Gazzola and Gianni Arioli (Politecnico di Milano).
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A proof of a conjecture on the multiplicity of positive solutions
of an indefinite superlinear problem

Guglielmo FELTRIN
Università degli Studi di Udine (Italy)

We first review the main features of the paradigmatic class of superlinear boundary value problems

−u′′ = λu+ a(x)up, u(0) = u(L) = 0,

where p > 1, λ ∈ R is regarded as a parameter, and a(x) is a weight function. Next, we present
a solution to a conjecture by R. Gómez-Reñasco and J. López-Gómez (JDE, 2000) concerning the
multiplicity of positive solutions.

This is a joint work in collaboration with Julián López-Gómez (Universidad Complutense de Madrid)
and Juan Carlos Sampedro (Universidad de Cantabria).
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Dynamics for the mosquito’s population:
periodic environment VS periodic behaviour

Diana FERREIRA
CEMAT-Ciências and Departamento de Matemática, Faculdade de Ciências de Lisboa (Portugal)

Throughout the years, humankind has been afflicted by several infectious diseases, many of which
caused by bacteria, virus or parasites transmitted by mosquitoes. An important example is the one
of malaria disease which transmission occurs between female Anopheles mosquitoes and human indi-
viduals. The study of the mosquito’s dynamics has been shown to be very important in the control of
this potentially fatal disease and so many others.
In this talk, we extend some previous results obtained in [1], where a model for the evolution of a
mosquitoes population with two stages is considered. In that model, a periodic human intervention
in the habitat implies that the vector field in the system under study is a periodic Carathéodory
function. Using the concept of offspring number for periodic dynamics, we will give some results on
the dynamics of the system among which: when the offspring number is larger than one every non-
trivial nonnegative solution is eventually bounded below and above by positive periodic functions, and
there exists a positive periodic solution. This periodic solution is obtained applying a result on the
existence of periodic solutions when there are lower and upper solutions.
Numerical simulations suggest that this periodic solution is globally stable.

Joint work with Carlota Rebelo (Departamento de Matemática, Faculdade de Ciências de Lisboa).

References

[1] F.J.P. Antunes, M.S. Aronna and C.T. Codeço, Modeling and Control of Malaria Dynamics in Fish
Farming Regions, SIAM Journal on Applied Dynamical Systems 22 (2023), 2123–2149.
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A topological degree for studying epidemic models
with age-structured population

Luisa MALAGUTI
Università degli Studi di Modena e Reggio Emilia (Italy)

This talk is devoted to the study of an age-structured SIR epidemic model, in which a population
affected by a disease is divided into susceptible, infected, and recovered individuals. The model, origi-
nally introduced by Iannelli and his collaborators [2], is naturally formulated in an abstract functional
setting and has traditionally been analyzed by means of fixed point techniques, frequently the Banach
contraction principle. Following Inaba [3], we instead adopt a semigroup approach and investigate the
existence of mild (integral) solutions. Our analysis hence relies on semigroup theory and extends, in
this direction, earlier results by Banasiak [1]. The main novelty of our work is the use of the topolog-
ical degree for condensing maps (see [4]) in place of classical fixed point arguments. This alternative
approach enables us to prove the existence of a unique, global, nonnegative solution to the model,
taking values in the L1 space with respect to the age variable and satisfying the prescribed initial and
standard nonlocal conditions. Finally, we show that our results can be extended to a more general
class of models with nonlinear, time-dependent forces of infection.

The results come from a joint work with Stefania Perrotta [5] from my same University.

References

[1] J. Banasiak, Transport processes with coagulation and strong fragmentation, Discrete Contin. Dyn.
Syst. Ser. B 17 (2012), 445–472.

[2] M. Iannelli, Mathematical Theory of Age-Structured Population Dynamics, Applied Mathematics
Monographs 7, Giardini (Pisa), 1995.

[3] H. Inaba, Age-structured population dynamics in demography and epidemiology, Springer (Singa-
pore), 2017.

[4] M. Kamenskii, V. Obukhovskii and P. Zecca, Condensing Multivalued Maps and Semilinear Differ-
ential Inclusions in Banach Spaces, Grundlehren Math. Wiss., W. de Gruyter, 2001.

[5] L. Malaguti and S. Perrotta, A topological degree for studying epidemic models with age-structured
population, preprint, 2026.
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A Massera-type result for relative-periodic solutions
for a simple model of rectilinear crawlers

Alessandro MARGHERI
Universidade de Lisboa and CEMS-UL (Portugal)

We study a second-order model of rectilinear locomotion and show a Massera-type result: if a bounded
solution exists, the reduced dynamics, i.e. the dynamics in the (shape, velocity) space, admit a global
periodic attractor. This follows from a key contractive property of the dynamics of the model. We
give conditions on friction forces ensuring bounded solutions and show that more general friction laws
may break this property.

Joint work with Paolo Gidoni (Università degli Studi di Udine).
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Global structure of coexistence states
in a Holling-Tanner predator-prey model

Eduardo MUÑOZ-HERNÁNDEZ
Universidad Complutense de Madrid (Spain)

In this talk, we present a one-dimensional Holling-Tanner predator-prey model with Neumann bound-
ary conditions that exhibits a high multiplicity of coexistence states when the saturation rate ap-
proaches infinity. To prove this, we will first use phase plane analysis to determine the global structure
of coexistence states for a shadow system associated with the predator-prey model. Then, using lo-
cal bifurcation theory together with analytical perturbation methods, we will demonstrate that this
structure remains essentially the same provided the saturation rate is sufficiently high.

This is a joint work with K. Kuto (Waseda University) and J. López-Gómez (Universidad Complutense
de Madrid).
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Bifurcation from periodic solutions
of central force problems in the three-dimensional space

Duccio PAPINI
Università degli Studi di Modena e Reggio Emilia (Italy)

The talk deals with electromagnetic perturbations of a central force problem. The considered differ-
ential operator includes, as special cases, the classical one as well as that of special relativity. We
investigate whether non-circular periodic solutions of the unperturbed problem can be continued into
periodic solutions for small perturbations, both for the fixed-period problem and, if the perturbation
is time-independent, for the fixed-energy problem. The proof is based on an abstract bifurcation the-
orem of variational nature, which is applied to suitable Hamiltonian action functionals. In checking
the required nondegeneracy conditions we take advantage of the existence of partial action-angle co-
ordinates as provided by the Mishchenko–Fomenko theorem for superintegrable systems. Physically
relevant problems to which our results can be applied are homogeneous central force problems in
classical mechanics and the Kepler problem in special relativity.
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Torsional stability for an asymmetric system of
PDEs modeling the dynamics of suspension bridges

Emanuele PASTORINO
Politecnico di Milano (Italy)

Several nonlinear nonlocal PDE systems for fish-bone plates have been recently proposed to model the
dynamics of multi-span suspension bridges. A fish-bone plate is composed of a central beam moving
in the vertical direction, and a continuum of cross sections rotating around their center located on
the beam. The resulting system then features two degrees of freedom: the vertical displacement of
the beam, governed by a beam-type equation, and the torsional angle of the cross sections, described
by a wave-type equation. Building upon this framework, in this talk we introduce a PDE system of
the same type but involving a nonlinearity driven by an asymmetric potential. This aims to explicitly
model the slackening effect (the loss of tension) of the hangers and to analyze its impact on the stability
of the structure.
After describing the model and discussing the functional setting and the weak well-posedness of the
system, we focus on the class of bimodal solutions, namely those where each component is concentrated
on a single oscillation mode. We show that, in this regime, the torsional component satisfies an
asymmetric Hill equation whose periodic coefficient is determined by the solution of an asymmetric
Duffing equation. We then provide some results and insights regarding the stability scenario for this
equation, analyzing the differences and the complications that arise with respect to the symmetric
case.

The talk is based on joint work with Maurizio Garrione.
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Wavefronts for reaction-diffusion systems
with degenerate diffusivity

Elisa SOVRANO
Università degli Studi di Modena e Reggio Emilia (Italy)

This talk explores the dynamics of systems governed by two coupled reaction-diffusion equations,
wherein one component exhibits doubly degenerate diffusivity. These systems lack total mass con-
servation, separating them from standard scalar reaction-diffusion equations. We focus on searching
for wavefront solutions, namely those that exhibit profiles with a constant speed of propagation char-
acterized by a pair of strictly monotone functions. By applying shooting methods and fixed-point
techniques, we establish conditions for the existence of these wavefronts and provide estimates of the
threshold speeds. Moreover, we discuss wavefront regularity and show that all profiles are smooth,
except for the one at the threshold speed, which exhibits a distinct “sharp” behavior. Such models are
frequently used to study the spatial-temporal development of bacterial colonies on nutrient-rich agar
plates.

The talk is based on joint works with L. Malaguti and V. Taddei (University of Modena and Reggio
Emilia) and E. Muñoz-Hernández (Complutense University of Madrid).
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Bifurcation approach for periodic solutions
in a superlinear BVP

Andrea TELLINI
Universidad Politécnica de Madrid (Spain)

I will show how a bifurcation approach can be applied to a periodic superlinear boundary value problem
also for eigenvalues with even multiplicity. This approach allows us to obtain existence and multiplicity
results for local and global branches of periodic solutions with a certain nodal behavior.
The optimality of such results will be also discussed with the aid of numerical simulations.

These results have been obtained in collaboration with E. Muñoz-Hernández (Universidad Complutense
de Madrid, Spain) and J.C. Sampedro (Universidad de Cantabria, Spain).
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Perturbations of a continuum of critical points

Antonio UREÑA
Universidad de Granada (Spain)

If a real-valued function f has a nondegenerate critical point then the implicit function theorem ensures
that this critical point will survive under small perturbations of f . On the other hand, if we assume
that f has a manifold M of critical points then all these critical points are necessarily degenerate.
However, under some nondegeneracy conditions on M as a critical manifold some of these points
survive under C2-small perturbations of f . This well-known result can be generalized to the case
where the perturbation is small only in the C1 sense and the ambient space is infinite-dimensional.
In particular it can be applied to the search of periodic solutions of Hamiltonian systems, a problem
already considered by Weinstein, Moser, and others in their generalizations of the Liapunov center
theorem. It can also be used to recover some recent applications to the search of periodic solutions of
the forced Kepler problem.

This is a joint work with R. Ortega.
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Existence and properties of traveling fronts for
(q, r)-relativistic equations

Michaela ZAHRADNIKOVÁ
Jihočeská Univerzita v Českých Budějovićıch (Czech Republic)

We introduce a new reaction–diffusion model governed by a (q, r)-relativistic diffusion operator, which
extends the p-relativistic one and allows for a unified treatment of both singular and degenerate
diffusivity. Considering a monostable reaction, we prove the existence of nonincreasing fronts by
exploiting an equivalent first-order problem obtained through a first-order reduction. We then analyze
the asymptotic properties of the fronts by means of comparison principles.

Joint work with Pavel Drábek and Maurizio Garrione.
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