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03/12/2018-30/11/2019.

Post-doc Positions

Post-doc at the Department of Mathematics “Guido Castelnuovo”, Sapienza Uni-
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01/10/2015-30/09/2017.
Scientific supervisor: Prof. Bruno Franchi.

Academic Education

PhD in Mathematics: 29/10/2015 - University of Bern.
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Research statement

My research activity has been focused on three main topics so far:

(i) Symmetry properties of solutions of fourth order elliptic PDEs and minimizers of variational
problems;

(ii) Magnetic Sobolev spaces and PDEs driven by fractional magnetic operators;
(iii) Geometric Analysis in Carnot groups.

(i) My main interest so far has been the study of qualitative properties of optimal pairs of
an eigenvalue optimization problem known as composite plate problem, that naturally arises in
continuum mechanics. The problem can be stated as follows: let Ω ⊂ R

n be an open and bounded
set, let A,m,M be positive constants such that 0 < m ≤ M < +∞. Define

R :=

{

ρ : Ω → R : m ≤ ρ ≤ M,

∫

Ω
ρ = Aρ 6= 0 a.e.

}

,

as the set of admissible densities. From the mathematical point of view it is an eigenvalue opti-
mization problem of the form

(0.1) inf
ρ∈R

inf
u∈W

∫

Ω(∆u)2
∫

Ω ρu2
,

where W = W 2,2
0 (Ω) or W = W 2,2(Ω) ∩ W 1,2

0 (Ω), depending on the model considered, either
hinged or clamped plate. A couple (u, ρ) which realizes the infimum in (0.1) is called optimal

configuration. The Euler-Lagrange equation associated to (0.1) is a fourth order PDE driven by
the bilaplacian ∆2. There are several issues that can be addressed: symmetry properties of the
solutions, symmetry breaking phenomena and properties of the free boundary associated to the
optimal configuration ρ. In [8], in collaboration with F. Colasuonno (Torino), we proved a sym-
metry result when Ω is a ball. To be more precise, we showed that there exists a sub-level set of
u, D ⊂ Ω, such that any optimal density ρ is of the form ρ = mχD +M χDc∩Ω. Moreover, u is
positive, radial and radially decreasing, which gives that D is an annulus.
In [11], in collaboration with F. Colasuonno (Torino), we extended part of these symmetry results
in the case of hinged composite plates. In particular, we adopted the moving plane method re-
fined by Berestycki and Nirenberg to be able to consider more general sets. We also studied an
overdetermined type problem in the spirit of Serrin.
A second order version of the aforementioned problem is the so called composite membrane prob-

lem, that has been extensively studied in the ’00’s, starting from a paper by Chanillo, Grieser,
Imata, Kurata and Ohnishi. In this framework, in [12] in collaboration with G. Cupini (Bologna),
we proved the validity of Faber-Krahn and Lieb-type inequality.

In [13,16], in collaboration with S. Biagi (Ancona) e E. Valdinoci (University of Western Aus-
tralia) we studied symmetry propoerties of singular solutions of cooperative elliptic systems. More
precisely, in [13], following a result by Caffarelli, Li and Nirenberg valid for fullynonlinear scalar
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equations, we considered the case of classical solutions in punctured domains. In a subsequent
paper [16] we extended the above mentioned result to the case of bigger singularity sets, suitably
defined in the sense of capacity. In both cases the proof is based on the application of the cele-
brated moving planes technique, which has to be modified in order to face the technical difficulties
arising from the presence of singularities.

(ii) The magnetic Sobolev spaces are the natural functional setting to consider when dealing
with energies associated to the motion of charged particle under the action of an external magnetic
field. Formally, given a vector potential A : Rn → R

n, the magnetic Sobolev space (for p = 2) is
defined as follows:

H1
A(R

n) :=
{

u : Rn → C : u ∈ L2(Rn), ∇u− iAu ∈ L2(Rn)
}

.

Analogous definitions can be given on Ω ⊂ R
n and for p 6= 2. The physically relevant situation is

provided by p = 2 and for n = 3: in this case the magnetic field B acting on the particle is given by
B = curlA. A quite natural question that arise in this context is the validity of Bourgain-Brézis-
Mironescu-type formulas, or even more general characterizations of these spaces in the spirit of
the works by Nguyen. A first positive answer is contained in [14], where, in collaboration with A.
Pinamonti (Trento) and M. Squassina (Brescia), we proved the following: let A : Rn → R

n be of
class C2, let p ≥ 1 and let Ω ⊂ R

n be an open and bounded set with Lipschitz boundary. Then

lim
sր1

(1− s)

∫

Ω

∫

Ω

|u(x)− ei(x−y)·A(x+y

2 )u(y)|pp
|x− y|n+ps

dxdy = Qp,n

∫

Ω
|∇u− iA(x)u|pp dx,

for every u ∈ W 1,p
A (Ω).

Following the proofs of Davila and Ponce we also proved the validity of such kind of formula for a
magnetic BV functions, a notion that we introduced and for which we developed the counterparts
of the classical results holding for BV functions.
In [4], in collaboration with A. Pinamonti (Trento) and M. Squassina (Brescia), we proved the
magnetic version of a result due to Maz’ya and Shaposhnikova, a result that can be considered as
complementary to the Bourgain-Brézis-Mironescu formula. In particular, we proved the following:
let n ≥ 1 and p ∈ [1,∞), then for every

u ∈
⋃

0<s<1

Ds,p
A,0(R

n,C),

it holds that

lim
sց0

s

∫

Rn

∫

Rn

|u(x)− ei(x−y)·A(x+y

2 )u(y)|p

|x− y|n+ps
dxdy =

4πn/2

pΓ(n/2)
‖u‖pLp(Rn),

where the space Ds,p
A,0(R

n,C) denotes the closure of C∞
c (Rn,C) with respect to a suitable magnetic

fractional norm.
More recently, in [7], I studied further characterizations of magnetic Sobolev spaces based on

the works by Nguyen. Here is a brief account of the results proved in collaboration with H.-M.
Nguyen (EPFL), A. Pinamonti (Trento) and M. Squassina (Brescia). Define

Ψu(x, y) := ei(x−y)·A(x+y

2 )u(y), x, y ∈ R
n

and

Jδ(u) :=

∫∫

{|Ψu(x,y)−Ψu(x,x)|>δ}

δ2

|x− y|n+2
dxdy, for u ∈ L1

loc(R
n), δ > 0,
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and let A : Rn → R
n be a Lipschitz vector potential. Then u ∈ H1

A(R
n) if and only if u ∈ L2(Rn)

and
sup

0<δ<1
Jδ(u) < +∞.

Moreover, if u ∈ H1
A(R

n) it holds that

lim
δց0

Jδ(u) = QN

∫

RN

|∇u− iA(x)u|2 dx.

The proofs of the results mentioned so far follow the proof of the results for the classical Sobolev
spaces. The main difficulty comes from the presence of the vector potential A, which creates
extra terms that need to be controlled in order to get results consistent with the classical ones.

Recently, D’Avenia and Squassina introduced also a nonlocal operator called magnetic fractional

Laplacian. I am interested in generalizations of classical results also to this new class of non-local
operators. In this direction, I refer to the papers [5,9]. In [5], together with A. Fiscella (Campinas)
and A. Pinamonti (Trento), we proved the existence of multiple weak solution of the following
nonlinear boundary value problem:

(0.2)

{

(−∆)sAu = λ f(|u|)u, in Ω,
u = 0, in R

n \ Ω,

where Ω ⊂ R
n is an open and bounded set with Lipschitz boundary and f is a certain sub-critical

non-linearity. The proof of this result is purely variational and requires the introduction of a proper
function space where to settle the problem. To this aim we adapted to our setting a previous idea
of Servadei and Valdinoci.
In [9], together with A. Fiscella (Campinas) we studied bifurcation and multiplicity results for the
magnetic critical fractional problem

{

(−∆)sAu = λu+ |u|2
∗

s−2 u, in Ω,
u = 0, in R

n \ Ω,

In particular, we extended to this case a nowadays classical result due to Cerami, Fortunato and
Struwe.

(iii) My main interest concerns higher order curvatures of smooth embedded surfaces in Carnot
groups. In [2,6], in collaboration with Z. Balogh (Bern), F. Ferrari (Bologna), B. Franchi (Bologna),
J.T. Tyson (Urbana) and K. Wildrick (Montana), I studied curvature properties of smooth em-
bedded surfaces in the first Heisenberg. In particular, we were interested in defining a suitable
notion of horizontal Gauss curvature away from characteristic points.
More recently, in [15] in collaboration with F. Ferrari (Bologna) we started the study of the regu-
larity of viscosity solutions for a class of fully nonlinear PDE’s in the first Heisenberg group.

Teaching activity and teaching statement

During my PhD at the University of Bern, I have been teaching assistant of 10 courses both at
the bachelor and master level. The bachelor courses were taught in German, while the master ones
in English. My duty as a teaching assistant was to hold weekly exercise sessions of about 1-2 hours
and then to mark all the exercise sheets the students were handing in weekly. The typical exercise
session was organized as follows: a first part in which I was solving exercises at the blackboard,
and a second part in which the students could ask questions and/or hints (but not to explicitly
solve) related to the new exercises they had to hand in at the end of the exercise session. An
important complementary activity was the office hour during which the students could come to
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discuss about the results achieved in their exercise sheets. This activity lasted from the Spring
Semester 2012-2013 to the Spring Semester 2014-2015.

During the two years as a Marie-Curie Post-Doc spent at the University of Bologna, I have
been teaching assistant for the courses of Mathematical Analysis I(TA) - II(TB) at the faculty of
Engineering of Bologna. My duty as a teaching assistant was to solve exercises on selected topics
of the course, aiming at preparing the students for the written exam. Parallel to this activity I
held regular office hours.

In the Fall semester 2017-2018, I held the course “Crash course in Mathematics” for the Bache-
lor’s degree in Economics at the University of Bologna, for a total amount of 24 hours. The content
of the course was a review (at a higher level) of the high school topics necessary to attend more
advanced courses along the years.

• 2018-2019 (Spring semester): Teaching assistant for the course Mathematical Analysis
I, Bachelor’s degree in Mathematics, University of Trento.

• 2017-2018 (Fall semester): Teacher of the course “Crash course in Mathematics”, Bach-
elor’s degree in Economics, University of Bologna.

• 2016-2017 (Fall semester): Teaching assistant for the course Mathematical Analysis
TA, Bachelor’s degree in Engineering, University of Bologna.

• 2015-2016 (Spring semester): Teaching assistant for the course Mathematical Analysis
TB, Bachelor’s degree in Engineering, University of Bologna.

• 2015-2016 (Fall semester): Teaching assistant for the course Mathematical Analysis
TA, Bachelor’s degree in Engineering, University of Bologna.

• 2014-2015 (Spring semester): Teaching assistant for the course Mathematics II, Bach-
elor’s degree in Natural sciences, University of Bern.

• 2014-2015 (Fall semester): Teaching assistant for the course Ordinary Differential
Equations, Bachelor’s degree in Mathematics, University of Bern.

• 2014-2015 (Fall semester): Teaching assistant for the course Mathematics I, Bachelor’s
degree in Natural sciences, University of Bern.

• 2013-2014 (Spring semester): Teaching assistant for the course Mathematics II, Bach-
elor’s degree in Natural sciences, University of Bern.

• 2013-2014 (Fall semester): Teaching assistant for the course Nonlinear PDEs, Master’s
degree in Mathematics, University of Bern.

• 2013-2014 (Fall semester): Teaching assistant for the course Mathematics I, Bachelor’s
degree in Natural sciences, University of Bern.

• 2012-2013 (Spring semester): Teaching assistant for the course Mathematics II, Bach-
elor’s degree in Natural sciences, University of Bern.

• 2012-2013 (Fall semester): Teaching assistant for Analysis Seminar, Master’s degree in
Mathematics, University of Bern.

• 2012-2013 (Fall semester): Teaching assistant for the course Mathematics I, Bachelor’s
degree in Natural sciences, University of Bern.

• 2012-2013 (Spring semester): Teaching assistant for the course Differential Geometry,
Bachelor’s degree in Mathematics, University of Bern.

• 2010-2011 (Fall semester:) Teaching assistant for the course Mathematics, Bachelor’s
degree in Industrial Chemistry, University of Bologna (Polo di Ravenna).
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Talks and Seminars

• Title: Symmetry and rigidity for composite membranes and plates, June 13, 2019.
Workshop “Something about nonlinear problems”, University of Bologna.

• Title: Symmetry and rigidity for composite membranes and plates, February 21, 2019.
Analysis Seminar “P(n)/N(p): Problemi differenziali nonlineari/Nonlinear differential prob-
lems”, Sapienza University of Roma, Roma, Italy.

• Title: Symmetry and rigidity for composite membranes and plates, November 9, 2018.
Analysis Seminar, University of Trento, Trento, Italy.

• Title: Steiner formula and Gauss curvature in the Heisenberg group, May 31, 2018.
Workshop: Variational and PDE problems in Geometric Analysis, Bologna, Italy.

• Title: Gauss curvature in the Heisenberg group, May 10, 2018.
Geometry Seminar, University of L’Aquila, L’Aquila, Italy.

• Title: Symmetry in the hinged and clamped composite plate problem, May 7, 2018.
Workshop: A.MA.CA. - Analisi MAtematica al CAstelnuovo, Roma, Italy.

• Title: Symmetry results for hinged and clamped composite plate problems, March 27,
2018.
Workshop: Viscosity and variational solutions of nonlinear PDEs, Bologna, Italy.

• Title: Symmetry results for optimal pairs in the composite plate problem, January 26,
2018.
Conference: Sub-Riemannian Geometry, Harmonic Analysis, PDE and Applications, Bologna,
Italy.

• Title: Symmetry results for optimal pairs in the composite plate problem, December 18,
2017.
EDP e DINTORNI, III Meeting around PDE, University of Bari, Italy.

• Title: Gauss curvature in the Heisenberg group via Riemannian approximation, May 26,
2017.
Workshop: Brescia-Trento Nonlinear Days, University of Trento, Italy.

• Title: Horizontal Gauss curvature in the Heisenberg group, May 25, 2017.
International Conference on Elliptic and Parabolic Problems, Gaeta, Italy.

• Title: Bourgain-Brezis-Mironescu formula in the magnetic setting, January 18, 2017.
MAnET Metric Analysis Meeting, Université Paris-Sud, France.

• Title: Steiner formula in the Heisenberg group, April 27, 2016.
Workshop: 3 days on Evolution PDEs, University of Salerno, Italy.

• Title: Steiner formula in the Heisenberg group, April 7, 2016.
Bruno Pini Mathematical Analysis Seminar, University of Bologna, Italy.

• Title: Gauss curvature in the Heisenberg group: a proposal, December 8, 2015.
Mid-Term Review Meeting of MAnET Project, University of Helsinki, Finland.

• Title: Aleksandrov’s estimates and Normal mapping in the Heisenberg group, June 12,
2013.
Bern Analysis Micro-Conference, University of Bern, Switzerland.

Scientific Visits

• Sapienza University of Roma, collaboration with Prof. Adriano Pisante (28/02 - 01/03/2019).
• University of Milano, collaboration with Prof. Enrico Valdinoci (14/12/2018).
• Univeristy of Nice (France), collaboration with Prof. Séverine Rigot. (01/06/2017-09/06/2017).
• Univeristy of Nice (France), collaboration with Prof. Séverine Rigot. (20/02/2017-10/03/2017).
• University of Nice (France), collaboration with Prof. Séverine Rigot. (24/11/2016-25/11/2016).
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• University of Padova (Italy), collaboration with Dr. Andrea Pinamonti. (04/11/2016).
• University of Bern (Switzerland), collaboration with Prof. Zoltán Balogh and Prof. Jeremy
Tyson. (07/03/2016-12/03/2016).

• University of Milano (Italy), collaboration with Prof. Andrea Calogero. (24/02/2016).
• University of Bern (Switzerland), collaboration with Prof. Zoltán Balogh. (19/10/2015-
21/10/2015).

• University of Bologna (Italy), collaboration with Prof. Bruno Franchi. (03/03/2014-
06/03/2014).

Intensive Schools, Workshops and Conferences

• European Mathematical Society Summer School ”Partial differential equations from theory
to applications”, Milano (Italy), July 1-4, 2019.

• 11th School on Analysis and Geometry in Metric Spaces, Levico Terme (Italy), June 24-26,
2019.

• Workshop “Something about nonlinear problems”, Bologna (Italy), June 13-14, 2019.
• Variational and PDE problems in Geometric Analysis II, Bologna (Italy), May 23-24, 2019.
• Some topics of Geometric Analysis and Geometric Measure Theory, Pisa (Italy), April
16-17, 2019.

• From Optimal Control to Maximum Principle, Agropoli (Italy), September 12-14, 2018.
• Meeting in Applied Mathematics and Calculus of Variations, Rome (Italy), September 3-6,
2018.

• Two Days on PDEs - Bruno Pini Centenary Conference, Bologna (Italy), June 21-22, 2018.
• Recent advances in Geometric Analysis, Pisa (Italy), June 4-8, 2018.
• Variational and PDE problems in Geometric Analysis, Bologna (Italy) May 31- June 1,
2018.

• A.MA.CA. - Analisi MAtematica al CAstelnuovo, Roma (Italy), May 7, 2018.
• Viscosity and variational solutions of nonlinear PDEs, Bologna (Italy), March 27, 2018.
• Sub-Riemannian Geometry, Harmonic Analysis, PDE and Applications, Bologna (Italy),
January 24-27, 2018.

• 2nd Italian-Chilean Workshop in PDE’s, INDAM, Roma (Italy), January 15-19, 2018.
• EDP e DINTORNI, III Meeting around PDE, University of Bari (Italy), December 18,
2017.

• CIME-CIRM Course on New Trends on Analysis and Geometry in Metric Spaces (10th
School), Levico Terme (Italy), June 26-30, 2017.

• Brescia-Trento Nonlinear Days - Edition I, Trento (Italy), May 26, 2017.
• International Conference on Elliptic and Parabolic Problems, Gaeta (Italy), May 22-25,
2017.

• James SERRIN: from His legacy to the new frontiers, Perugia (Italy), January 30- February
3, 2017.

• MAnET Metric Analysis Meeting, Paris (France), January 18-19, 2017.
• A mathematical tribute to Ennio De Giorgi, Pisa (Italy), September 19-23, 2016.
• Singular Phenomena and Singular Geometries, Pisa (Italy), June 20-23, 2016.
• Two-day Meeting on linear and nonlinear PDE’s in honor of the 65th birthday of Christian
Gutiérrez, Bologna (Italy), June 9-10, 2016.

• 3 days on Evolution PDEs, Fisciano (Italy), April 27-29, 2016.
• Mid-Term Review Meeting of MAnET Project, Helsinki (Finland), December 8-9, 2015.
• 9th School on Analysis and Geometry in Metric Spaces, Levico Terme (Italy), July 06-10,
2015.
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• Workshop on Geometric Analysis in the Heisenberg group, Bologna (Italy), March 4-6,
2015.

• MAnET Workshop on sub-Riemannian Analysis, PDE’s and Applications, Bern (Switzer-
land), January 26-30, 2015.

• Workshop on Geometric Analysis on sub-Riemannian manifolds, Paris (France), September
29- October 4, 2014.

• 8th School on Analysis and Geometry in Metric Spaces, Levico Terme (Italy), June 16-20,
2014.

• Norwegian Summer School on analysis and geometry, Bergen (Norway), June 24-28, 2013.
• Geometric Methods in PDE’s, Cortona (Italy), May 27-31, 2013.
• Bern Analysis Micro-Conference, Bern (Switzerland), June 12, 2013.
• Sub-Riemannian Geometry and PDE’s, Levico Terme (Italy), July 2-5, 2012.
• SMI Summer School Hyperbolic systems of conservation laws, Cortona (Italy), August 22-
September 3, 2011.

Organizing activities

• Organizer (together with S. Biagi and S. Dipierro) of the Special Session “Analysis of PDEs
and Free Boundary Problems” within the “13th AIMS Conference on Dynamical Systems,
Differential Equations and Applications”, Atlanta (USA), June 5-9, 2020.

• Organizer (together with D. Mazzoleni, A. Pinamonti and M. Squassina) of the Third
Edition of “Brescia-Trento Nonlinear Day”, Trento (Italy), May 31, 2019.

• Member of the Organizing Committee of the International Conference Sub-Riemannian

Geometry, Harmonic Analysis, PDE and Applications, Bologna (Italy), January 24-27,
2018.

Research Projects

• Member of the Indam-GNAMPA project (2018): “Problemi di curvatura relativi ad oper-
atori ellittico-degeneri ”. Principal Investigator: Dr. Giulio Tralli (Sapienza University of
Roma).

• Member of ALMA IDEA-Grant Junior project (2017): “Transizioni di fase nei modelli
disordinati in campo medio ”. Principal Investigator: Dr. Emanuele Mingione (University
of Bologna).

• Member of the Indam-GNAMPA project (2017): “Problemi nonlocali e degeneri in R
n ”.

Principal Investigator: Dr. Andrea Pinamonti (University of Trento).

Referee activity for scientific journals

• Advances in Nonlinear Analysis, Discrete and Continuous Dynamical Systems.

Languages

Italian (native speaker).
English (fluent), First Certificate English Grade B (2004).
German, B2-level.

Informatics knowledge

Good knowledge of: Matlab, LaTeX and Microsoft Office pack.
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Other information

2 letters from the Rectorship of the University of Bologna due to scholastic credits.
AUSER voluntary worker, from September 2007 to December 2011.
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