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Sharp asymptotics for the eigenvalue function of
Aharonov-Bohm operators with a moving pole

Laura Abatangelo

Let us consider Aharonov-Bohm operators with half-integer circulation and Dirich-
let boundary conditions in planar domains. We address our attention to any sim-
ple eigenvalue as a function of the moving pole in the interior of the domain. In
different preliminary works it is proved that this function is even analytic in a
neighborhood of the limit point and that its asymptotic behavior has to do with
the zero order of the limit associated eigenfunction. In this talk we will discuss
how to provide sharp asymptotics of the eigenvalue function and how to determine
exact coefficients for the leading term in its Taylor expansion. All the results were
obtained in collaboration with Veronica Felli.

Nonhomogeneous boundary conditions for the
spectral fractional Laplacian

Nicola Abatangelo

We will present a construction for nontrivial harmonic functions associated to the
spectral fractional Laplacian operator, that is a fractional power of the Dirichlet
Laplacian giving rise to a nonlocal operator of fractional order. These harmonic
functions present a divergent profile at the boundary of the prescribed domain,
and they can be classified in terms of a singular boundary trace.
We will introduce a notion of L1-weak solution, in the spirit of Stampacchia, and
we will produce solutions of linear and nonlinear problems (possibly with measure
data) where one prescribes such a singular boundary trace, therefore providing
with a nonhomogeneous boundary value problem for this operator.
We will also review some results entailing the existence of large solutions in this
context.
This is a joint work with Louis Dupaigne.
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The electrostatic potential: monotonicity
formulas and geometric inequalities

Virginia Agostiniani

The aim of this talk is to report on some recent progress - obtained in collaboration
with L. Mazzieri - in the study of some geometric aspects of potential theory. In
particular, we show how the technique introduced in some previous work, based
on a conformal reformulation of the electrostatic problem jointly with some split-
ting principles, allows us to single out certain relevant quantities associated with
the level set flow of the electrostatic potential, which are proved to be monotone
along the flow. As a consequence of this monotonicity, we derive some old and
new geometric inequalities, whose equality cases are characterized in terms of the
rotational symmetry of the potential function and sphere-type theorems. If the
time permits, we will also show that similar results hold for the problem of the
static metrics in general relativity.

Catenoidal layers for the Allen-Cahn equation in
bounded domains

Oscar Agudelo

We present a new family of solutions to the singularly perturbed Allen-Cahn equa-
tion α2∆u+ u(1− u2) = 0 in a smooth bounded domain Ω ⊂ R3, with Neumann
boundary condition, where α > 0 a small parameter. These solutions have the
property that as α → 0, their level sets collapse onto a bounded portion of a
complete embedded minimal surface with finite total curvature intersecting ∂Ω
orthogonally and that is non-degenerate respect to ∂Ω. We provide explicit exam-
ples of surfaces to which our result applies. This is a joint work with Manuel del
Pino (University of Chile) and Juncheng Wei (University of British Columbia).
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Groundstate solutions for a nonlinear Choquard
equation

Luca Battaglia

I will discuss the existence of groundstate solutions for the Choquard equation

−∆u+ u = (Iα ∗ F (u))F ′(u) in RN ,

where Iα(x) =
Γ
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N−α
2

)
Γ
(
α
2

)
π
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2 2α

1

|x|N−α
is the Riesz potential and α ∈ (0, N).

I will first consider the case of a homogeneous nonlinearity F (u) =
|u|p

p
, then I

will prove the existence of solutions under general hypotheses. In particular, the
cases N = 2 and N ≥ 3 will have to be treated differently.
The solutions are found through a variational mountain pass strategy.

Positive solutions to indefinite ODEs: high
multiplicity and chaotic dynamics

Alberto Boscaggin

We discuss the existence of multiple positive solutions for BVPs associated with
nonlinear ODEs of the type

u′′ + q(t)g(u) = 0,

with q(t) a sign-changing function and g(u) satisfying “super-sublinearity” assump-
tions. More precisely, using a topological technique based on Mawhin’s coincidence
degree theory, we show how the number of positive solutions is affected, in a sin-
gular perturbation spirit, by the nodal behavior of q(t). As a by-product of our
approach, symbolic dynamics of globally defined positive solutions with multibump
behavior is also obtained.
Joint work with G. Feltrin (SISSA, Trieste) and F. Zanolin (University of Udine).

• A. Boscaggin, G. Feltrin, F. Zanolin, Positive solutions for super-sublinear
indefinite problems: high multiplicity results via coincidence degree, preprint
available on http://arxiv.org/abs/1512.07138

4



Standing wave solutions for a nonlinear
Schrödinger equation with mixed dispersion

Jean-Baptiste Casteras

In this talk, we will be interested in standing wave solutions to a fourth order
nonlinear Schrödinger equation having second and fourth order dispersion terms.
This kind of equation naturally appears in nonlinear optics. In a first time, we will
establish the existence of ground-state solutions. We can obtain them with two
different ways : either by imposing a L2 mass constraint or via a Lp constraint.
We will then be interested in their qualitative properties : positivity, symmetry,
exponential decay, uniqueness and orbital stability. We will conclude with some
open questions.
Joint work with Denis Bonheure, Ederson Moreira Dos Santos and Robson Nasci-
mento.

Quantitative flatness results and BV-estimates
for nonlocal minimal surfaces

Eleonora Cinti

We establish quantitative properties of minimizers and stable sets for nonlocal
interaction functionals, including the s-fractional perimeter as a particular case.
On the one hand, we establish universal BV-estimates in every dimension n ≥ 2
for stable sets. This nonlocal result is new even in the case of s-perimeters and its
local counterpart (for classical stable minimal surfaces) was known, under some
topological assumptions, only in dimension n = 3. > On the other hand, we prove
quantitative flatness estimates for minimizers and stable sets in low dimensions
n = 2, 3. More precisely, we show that a stable set in BR, with R large, is very
close in measure to being a half space in B1 with a quantitative estimate on the
measure of the symmetric difference. As a byproduct, we obtain new classification
results for stable sets in the whole plane.
This is a joint work with J. Serra and E. Valdinoci.
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A p-Laplacian supercritical Neumann problem

Francesca Colasuonno

I will present some results concerning the Neumann problem
−∆pu+ up−1 = f(u) in B,
u > 0 in B,
∂νu = 0 on ∂B,

where B is the unit ball in RN , the nonlinearity f is required to be (p − 1)-
superlinear and to have f ′(u0) sufficiently large at some u0 ≡ Const. > 0 such that
f(u0) = up−10 . The assumptions on f allow the nonlinearity to be possibly Sobolev
supercritical. I will summarize previous results for p = 2 and I will prove the
existence of a nonconstant, radially nondecreasing solution via the Mountain Pass
Theorem when p > 2, stressing the differences between the two cases. Finally, I
will show the limit profile of the mountain pass solution when f(u) = uq and q
tends to infinity.
These results have been obtained jointly with Benedetta Noris.

Flows of non-smooth vector fields and the
Vlasov-Poisson system

Maria Colombo

The classical Cauchy-Lipschitz theorem shows existence and uniqueness of the
flow of any sufficiently smooth vector field in Rd. In 1989, Di Perna and Lions
proved that Sobolev regularity for vector fields, with bounded divergence and a
growth assumption, is sufficient to establish existence, uniqueness and stability of a
generalized notion of flow, consisting of a suitable selection among the trajectories
of the associated ODE. Their theory relies on a growth assumption on the vector
field which prevents the trajectories from blowing up in finite time; in particular,
it does not apply to fast-growing, smooth vector fields. In this seminar we give an
overview of the topic and we introduce a notion of maximal flow for non-smooth
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vector fields which allows for finite-time blow up of the trajectories. We show
existence and uniqueness under only local assumptions on the vector field and
we apply the result to a kinetic equation, the Vlasov-Poisson system, where we
describe the solutions as transported by a suitable flow in the phase space. This
allows, in turn, to prove existence of weak solutions for general initial data.

The singular Nirenberg problem
Francesca De Marchis

I will consider the problem of prescribing the Gaussian curvature (under point-
wise conformal change of the metric) on surfaces with conical singularities. This
question has been first raised by Troyanov in [6] and it is a generalization of the
Kazdan-Warner problem for regular surfaces, known as the Nirenberg problem on
the sphere.
Answer this question amounts to solve the following differential problem on a
surface Σ

−∆gu+ 2Kg = 2Keu − 4π
m∑
j=1

αjδpj , (1)

where Kg is the Gaussian curvature of the background metric g, K is the curvature
we want to prescribe, pj are the singular points and αj the orders of the singularities
of the new metric we are looking for: g̃ = eug, verifying Kg̃ = K.

This equation has been studied first in the case K > 0. I will present some
new results (obtained in collaboration with R. López-Soriano ) in the case K sign-
changing.
When Σ = S2, under some mild conditions on the nodal set of K we derived some
sufficient conditions on K and on the singularities for the existence of solutions of
(1). Even if we do not expect these conditions to be necessary, I will explain why
they are somehow sharp.

Chaotic orbits for systems of nonlocal equations

Serena Dipierro
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In this talk we consider a system of nonlocal equations driven by a perturbed pe-
riodic potential, and we construct multibump solutions which connect one integer
point to another one in a prescribed way. In particular, heteroclinic, homoclinic
and chaotic trajectories are constructed.

This is the first attempt to consider a nonlocal version of this type of dynamical
systems in a variational setting and the first result regarding symbolic dynamics
in a fractional framework.

This is a joint work with Stefania Patrizi and Enrico Valdinoci.

Variational problems arising in an analysis of
Euler equation

Juraj Foldes

Two dimensional turbulent flows for large Reynold’s numbers can be approximated
by solutions of incompressible Euler’s equation. As time increases, the solutions
of Euler’s equation are increasing their disorder; however, at the same time, they
are limited by the existence of infinitely many invariants. Hence, it is natural to
assume that the limit profiles are functions which maximize an entropy given the
values of conserved quantities. These profiles, described by methods of Statistical
Mechanics, are solutions of non-usual variational problems. Nevertheless, there
is no general agreement in the literature on the right notion of the entropy. We
will show that on symmetric domains, independently of the choice of entropy, the
maximal entropy solutions with small energy respect the geometry of the domain.
This is a joint work with Vladimir Sverak (University of Minnesota).

Existence of H-surfaces in cones and their
representation as radial graphs

Iacopetti Alessandro

In this talk we show some recent results concerning the Plateau problem for disk-
type surfaces with prescribed mean curvature H : R3 → R, spanning a given
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Jordan curve Γ and contained in a convex cone. Under some growth condition
on H we prove existence of a solution X characterized as minimizer of the energy
associated to the problem. Moreover, under a suitable monotonicity assumption
on H, we show that if the Jordan curve Γ has injective radial projection Γ̂ on the
unit sphere, then X is the radial graph of a mapping on the interior domain of the
unit sphere bounded by Γ̂.
These results are contained in a joint work with Paolo Caldiroli.

Examples of spectral minimal partition

Corentin Léna

We will consider a minimal partition problem connected with Dirichlet Laplacian
eigenvalues. More specificaly, we fix a two-dimensional domain Ω (which can be a
bounded open set in R2, with a sufficiently regular boundary, or a two-dimensional
manifold), and an integer k. We then look for a family of k open, connected and
disjoint subsets of Ω, D = (D1 . . . , Dk) which minimizes the following energy:

Λ(D) = max
1≤i≤k

λ1(Di).

Such a family is called a minimal k-partition of Ω. I will recall some properties of
these objects, present various numerical method to deal with them, and show the
results for several types of domain Ω.
This is joint work with Virginie Bonnaillie-Noël (DMA-ENS).

Geometric properties of optimal sets for some
spectral optimization problems

Dario Mazzoleni

We consider the problem of minimizing convex combinations of the first two eigen-
values of the Dirichlet-Laplacian among open set of RN of fixed measure. We
show that, by purely elementary arguments, based on the minimality condition,
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it is possible to obtain informations on the geometry of the minimizers of convex
combinations: we study, in particular, when these minimizers are no longer convex
and the minimality of balls. Moreover we will discuss some symmetry problems
for optimal sets.

Our techniques involve explicit constants in quantitative inequalities as well
as a purely geometrical problem: the minimization of the Fraenkel 2-asymmetry
among convex sets of fixed measure.
The talk is based on joint works with Davide Zucco.

Properties of groundstates of nonlinear
Schrödinger equations under a weak constant

magnetic field

Manon Nys

In this talk, we consider the nonlinear Schrödinger equation in the presence of an
external magnetic field

−(∇+ iA)2u+ u = |u|p−2u, in RN ,

where the magnetic operator is defined as
−(∇+ iA)2 := −∆− i∇ · A− 2iA · ∇+ |A|2.

Here we choose A = (Ai)1≤i≤N to be a linear magnetic potential, corresponding to
a constant magnetic field B = (Bij)1≤i,j≤N , where Bij = ∂iAj − ∂jAi.

In particular, we focus on the groundstates of this equation for |B| sufficiently
small.

First, we consider uniqueness (up to some "translations" and multiplication by
a complex phase) and symmetry properties of such groundstates. To study this,
we use the known properties of the limit equation

−∆u+ u = |u|p−2u, in RN ,

and an implicit function argument.
Then, we obtain an improved asymptotic decay at infinity (with respect to the

case without magnetic field).
Finally, we consider the dependence of the groundstate energy E(B) on the

magnetic field B and in particular we succeed to prove its monotonicity (and to
give an exact expression).
Joint work with Denis Bonheure and Jean Van Schaftingen.
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A pointwise finite dimensional reduction method

Bruno Premoselli

Abstract: Instability results for critical nonlinear elliptic PDES are often obtained
through a constructive finite-dimensional reduction method, which is by essence an
energy method. In this talk I will investigate non-compactness issues for a highly
coupled and non-variational system of elliptic PDEs where the usual reduction
method fails. I will describe a new finite-dimensional reduction method which
merges the traditional energy approach with pointwise a priori asymptotic analysis
techniques.

On the extended Allen-Cahn equation

Alberto Saldana

Nonlinear fourth-order PDEs usually have a richer and more complex set of solu-
tions when compared to its second-order counterpart. In this sense, many models
exhibit behaviours that could be better described with fourth-order equations, like
ocean and atmosphere dynamics, bridges, and pattern formation, just to mention
some of them. The theory for higher-order nonlinear problems, however, is far less
developed than its second-order analogue and many basic questions remain open.
Lack of maximum principles, oscillatory behaviour of solutions, and regularity
issues are some of the main difficulties in the study of such problems.

In this talk I consider a fourth-order extension of the Allen-Cahn model with
mixed-diffusion and Navier boundary conditions. I present results on existence,
uniqueness, positivity, stability, a priori estimates, and symmetry. As an appli-
cation, we construct a saddle solution in the whole space. The proofs rely on
variational and bifurcation methods. Some numerical approximations of solutions
will also be discussed.
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On entire solutions of an elliptic system
modelling phase separation

Nicola Soave

We present several results concerning existence and qualitative properties of entire
solutions to {

∆ui = ui
∑

j 6=i u
2
j in RN

ui > 0 in RN i = 1, . . . , k,

and we discuss their application in the asymptotic analysis for the system{
−∆ui = fi(x, ui)− βui

∑
j 6=i aiju

2
j in Ω

ui > 0 in Ω
i = 1, . . . , k

in the limit of strong competition β → +∞.

Interface layer of a two-component Bose-Einstein
condensate

Christos Sourdis

We study the behaviour of the wave functions of a two-component Bose-Einstein
condensate near the interface, in the case of segregation, in the Thomas-Fermi
limit. In the direction orthogonal to the interface, possibly after a rescaling, this
should be governed by an energy minimizing solution of the problem:

−av′′1 + v31 − v1 + Λv22v1 = 0,

−v′′2 + v32 − v2 + Λv21v2 = 0,
(2)

(v1, v2)→ (0, 1) as z → −∞, (v1, v2)→ (1, 0) as z → +∞, (3)

where Λ > 1 represents the intercomponent repulsive strength and a > 0 is a fixed
parameter. Using singular perturbation arguments, we construct a solution to the
above problem with monotone components, while providing a very detailed com-
ponentwise description of the limiting behaviour v1v2 → 0 in the case of the strong
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segragation regime, that is Λ → ∞. Our analysis is based on the nondegeneracy
of the inner (or blow-up) profile which is a special entire solution of

aV ′′1 = V1V
2
2 , V ′′2 = V2V

2
1 , (4)

as well as on the nondeneracy of the outer profiles which satisfy the Allen-Cahn
type of problems that give the leading order behaviour of solutions to (2)-(3) as
Λ → ∞. Furtheremore, we prove that the constructed solution is nondegenerate
in the natural sense: the linearized operator of (2)-(3) about the solution, in
L2(R) × L2(R), has zero as a simple eigenvalue at the bottom of its spectrum
and the rest of the spectrum is contained in an interval of the form [c,∞) with
c > 0 independent of Λ � 1. Moreover, we prove that there is a unique solution
(modulo translations) to (2)-(3) with positive components such that at least one is
monotone. In turn, this implies that the constructed solution is a minimizer of the
associated energy to (2)-(3). We can then exploit our detailed estimates from the
singular perturbation analysis and provide an asymptotic expression for its energy,
which is in agrrement with that predicted in the physics literature. Finally, our
existence and uniqueness results for (2)-(3) can be combined to give a new proof
of the uniqueness (modulo translations and scalings) of the blow-up profile in (4).
This is a joint work with A. Aftalion.

The De Giorgi approach to Hyperbolic Cauchy
problems: an extension to Nonhomogeneous

equations

Lorenzo Tentarelli

In [1] E. Serra and P. Tilli proved a long–standing conjecture by E. De Giorgi on a
purely minimization approach to the Cauchy problem for the nonlinear wave equa-
tion. In [2] they also showed how this method can be applied to investigate general
homogeneous hyperbolic PDEs. In my talk, I will discuss a further extension to
nonhomogeneous equations, especially highlighting analogies and differences with
respect to the homogeneous case. This is a joint work with P. Tilli.

1 E. Serra, P. Tilli, Nonlinear wave equations as limits of convex minimization
problems: proof of a conjecture by De Giorgi. Ann. of Math. (2) 175 (2012),
no. 3, 1551–1574.
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2 E. Serra, P. Tilli, A minimization approach to hyperbolic Cauchy problems.
J. Eur. Math. Soc. Article in press.

Blowing-up solutions for Yamabe - type
problems

Giusi Vaira

Let (M, g) be a non-locally conformally flat compact Riemannian manifold with
dimension N ≥ 7. We are interested in finding positive solutions to the linear
perturbation of the Yamabe problem

−Lgu+ εu = u
N+2
N−2 in (M, g)

where the first eigenvalue of the conformal laplacian −Lg is positive and ε is a
small positive parameter.
We show that for any point ξ0 ∈ M which is non-degenerate and non-vanishing
minimum point of the Weyl’s tensor and for any integer k there exists a family of
solutions developing k peaks collapsing at ξ0 as ε goes to zero. In particular, ξ0 is
a non-isolated blow-up point.
Moreover, if we assume that M is symmetric with respect to a point ξ̄ with non-
vanishing Weyl’s tensor, we show that for any k ∈ N, there exists εk > 0 such that
for all ε ∈ (0, εk) the problem has a symmetric solution uε, which looks like the
superposition of k positive bubbles centered at the point ξ̄ as ε→ 0. In particular,
ξ̄ is a towering blow-up point.

Regularity of optimal sets for spectral functionals

Bozhidar Velichkov

We consider the variational problem

min

{
k∑
j=1

λj(Ω) : |Ω| ≤ 1,Ω ∈ Rd

}
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in which the variable is the domain Ω ⊂ Rd, | · | is the Lebesgue measure and the
sot functional is the sum of the first k Dirichlet eigenvalues on Ω. We prove that
the optimal sets have C1,α regular boundary up to a set of zero Hd−1-measure.
This is strongly related to the regularity of the free boundary ∂|U | > 0 of the local
minima of the functional

H1
loc(Rd;Rk) 3 U 7→

∫
|∇U |2dx+ |{|U | > 0}|,

to which we will dedicate most of our attention.

Uniform bounds for strongly competing systems:
the optimal Lipschitz case

Alessandro Zilio

We consider a family of positive solutions to the system of k components

−∆ui,β = f(x, ui,β)− βui,β
∑
j 6=i

u2j,β in Ω

where Ω ⊂ RN , with N ≥ 2, is a smooth domain. The previous system of equa-
tions arises naturally for the study of the phase separation in Bose-Einstein con-
densates and it is also useful to study the existence and the qualitative properties
of harmonic maps in singular manifolds and optimal partition problems of domains
having as cost functionals smooth functions of the eigenvalues of the Laplace op-
erator.

It is known, thanks to some results by Caffarelli, Lin, Noris, Tavares, Terracini
and Verzini, that uniform bounds in L∞ of {uβ} imply convergence of the densities
to a segregated configuration in the C0,αloc topology for any α < 1, as the interaction
(competition) parameter β diverges to +∞.

More recently, Berestycki, Lin, Wei and Zhao were able to prove a sharper
version of the previous regularity result, obtaining uniform bounds of the Lipschitz
norm of the solution for the one-dimensional problem: this new result proved to
be crucial in understanding deeper qualitative and quantitative properties of the
phase separation phenomenon. Unfortunately, the prove relies strongly on specific
conservations laws of the one-dimensional systems that seem to be difficult to
extend in higher dimensions.
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In this seminar I will present a new proof, obtained collaboration with Nicola
Soave, of the uniform-in-β estimates for the Lipschitz norm of the densities {uβ}
which is valid in any dimension. This new regularity result serves as foundations
to extended the other results available only in dimension one.
The subject of the talk is covered in
N. Soave and A. Zilio. Uniform bounds for strongly competing systems: the optimal
Lipschitz case. Arch. Ration. Mech. Anal. 218 (2015), no. 2, 647–697.

16


