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PhD in Mathematics 

Research topics – Cycle 34 
  

Primo bando / First Call 2018 

DIPARTIMENTI DI ECCELLENZA / Departments of Excellence  

A Calculus of variations and geometric measure theory in metric measure spaces 

B Mean field games and applications 

C Multilinear algebra for tensor decomposition 

D Robust Statistics 

E Statistical Data (Local)Depth for high dimension,  functional and networks data 

F Mathematical modeling of arterial hypertension 

G Mathematical Physics of Quantum Theories 

H 1-2  Algebraic Geometry and Topological Data Analysis (2 positions) 

I Geometric Analysis 

  

Assegno di ricerca/Fellowship A 

 Topic: Calculus of variations and geometric measure theory in metric measure spaces 

P.I.: Andrea Pinamonti, Francesco Serra Cassano 

Contacts: francesco.serracassano@unitn.it 

Synthetic description of the activity and expected research outcome 

The research deals with some topics of calculus of variations and geometric measure theory in metric 

measure spaces and, with particular attention to  sub-Riemannian metric structures. Analysis and 

geometry on these structures have been object of extensive research in the last few years, with 

applications ranging from classic ones - degenerate elliptic equations, optimal control theory, differential 

geometry, harmonic analysis - to very new ones as the functional structure of the visual cortex and pure 

computer science. 

The fellowship is meant for candidates with a solid background in analysis, and also with expertise in 

differential geometry. The main focus will be on the following research topics: 

1)   Lipschitz functions between Carnot groups; 

2)   intrinsic Lipschitz graphs and rectifiability in Carnot groups; 

3)   minimal surfaces in Carnot groups; 

4)   variational problems and convergences in sub-Riemannian structures. 

Possible interactions with the control theory will be welcome. 
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References 
[1] Ambrosio, Luigi; Ghezzi, Roberta Sobolev and bounded variation functions on metric measure spaces. 

Geometry, analysis and dynamics on sub-Riemannian manifolds. Vol. II, 211–273, EMS Ser. Lect. Math., Eur. 

Math. Soc., Zürich, 2016. 
[2] Serra Cassano, Francesco Some topics of geometric measure theory in Carnot groups. Geometry, analysis 

and dynamics on sub-Riemannian manifolds. Vol. 1, 1–121, EMS Ser. Lect. Math., Eur. Math. Soc., Zürich, 

2016. 

Ideal candidate (skills and competencies): 

-   Knowledge of  the following topics, at a level of a master degree in Mathematics: functional and real 

analysis, differential geometry, geometric measure theory, pde’s theory, calculus of variations.  

-     Good computer skills 

-     Fluent English (written and spoken) 

  

Assegno di ricerca/Fellowship B 

 Topic: Mean field games and applications 

P.I.: Fabio Bagagiolo 

Contacts: fabio.bagagiolo@unitn.it 

Synthetic description of the activity and expected research outcome: 

In the Mean Field Games models (MFG), in the view of an optimization criterion, many agents 

individually take their decisions, being anyway influenced by the behavior of all other agents. Due to the 

huge quantity of agents, each single agent has only an average perception of others’ behavior. This 

fact brings to a limit mathematical model given by two partial differential equations: one (Hamilton-

Jacobi) describes the optimal behavior of the single agent, the other one (transport, Fokker-Planck) 

describes the evolution of the distribution of the whole population. MFG is suitable to describe: crowd 

dynamics, opinion dynamics in the social networks, power grid dynamics with many customers, 

dynamics of financial markets, and many others. 

The doctoral student will be involved in studies and theoretical researches on the mathematical model 

and its possible applications, within the theory of partial differential equations such as (for example): 

viscosity solutions, variational formulations, transport equations, conservation laws, optimal control and 

(differential) games. Particular attention may be given to the case, relevant for the applications, where 

the dynamics are switching discontinuous (hybrid systems). Possible interactions with the calculus of 

variations and the analysis in the metric spaces will be welcome. 

References: 
See at the following web-page some links to essential literature: 

https://en.wikipedia.org/wiki/Mean_field_game_theory 

Ideal candidate (skills and competencies): 

-   Good basic knowledge of differential and integral calculus in several variables, linear algebra, 

ordinary differential equations. 

-    Notions of measure theory, functional analysis and basics of partial differential equations are 

welcome. 

-     Good English 

  

Assegno di ricerca/Fellowship C 
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 Topic: Multilinear algebra for tensor decomposition 

P.I.: Edoardo Ballico, Alessandra Bernardi 

Contacts: edoardo.ballico@unitn.it; alessandra.bernardi@unitn.it  

Synthetic description of the activity and expected research outcome: 

The problem of the decomposition of structured tensors is currently of the highest interest in many 

areas of research both in terms of pure mathematics and for applications. For example, in 

computational complexity, signal processing for telecommunications, scientific data analysis, the study 

of complexity of the multiplication of matrices, the problem of the complexity of P vs NP, the study 

entanglement in quantum physics and matchgates in computer science. 

The geometric point of view on the tensors allows to insert the questions coming from the various areas 

of applied research in a wide-ranging mathematical context. It allows to interpret results in terms of 

multilinear algebra, commutative algebra and algebraic geometry. Between the most effective and 

commonly used geometric methods are techniques such as the study of apolarity and secant varieties, 

and more modern approaches as the use of representation theory. 

Ideal candidate (skills and competencies): 

The background required to the student who intends to deal with these subjects is rather modest 

because the knowledge of linear algebra already allows to tackle research topics related to very 

advanced problems in tensor decomposition. Some familiarity with commutative algebra and classical 

algebraic geometry are desirable but not mandatory. 

- Excellent knowledge of linear algebra; (preferably) some background in commutative algebra and 

algebraic geometry. 

-   Good computer skills 

-   Fluent English 

  

Assegno di ricerca/Fellowship D 

 Topic: Robust Statistics 

P.I.: Claudio Agostinelli  

Contacts: claudio.agostinelli@unitn.it  

Synthetic description of the activity and expected research outcome 

Robust statistics is becoming a key ingredient in all modern data analysis to identify unusual 

observations and/or subgroups of observations following an assumed model. An active research field 

studies new methods for the so call cellwise contamination mechanism, where in contrast with the 

usual casewise scheme, only some measures in a given units might be unusual. This approach is 

extremely important when the dimension becomes large and it would be natural for most of the modern 

data science applications in medicine, biology, agriculture and environmental sciences where the 

dimension is high or even infinite. This project will focus on a new robust statistics methodology for this 

challenging class of problems, with a focus on methods, theory development and computational 

aspects.   

References 
[1] C. Agostinelli, A. Leung, V.J. Yohai, and R.H. Zamar (2015) Robust estimation of multivariate location and 

scatter in the presence of cellwise and casewise contamination, TEST, 24(3), 441-461. 

[2] C. Agostinelli and V.J. Yohai (2016) Composite Robust Estimators for Linear Mixed Models, JASA,  111(516), 

1764-1774 
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Ideal candidate (skills and competencies): 

The ideal candidate is a student with a Master's degree (or similar) in mathematics, statistics, physics 

or computer science with excellent mathematical background and strong knowledge in probability and 

statistics. Good computer skills, such as knowledge of computer languages are a plus. Fluent English 

or Italian is compulsory. 

  

Assegno di ricerca/Fellowship E 

 Topic: Statistical Data (Local) Depth for high dimension,  functional and networks data 

P.I.: Claudio Agostinelli  

Contacts: claudio.agostinelli@unitn.it  

Synthetic description of the activity and expected research outcome 

The main aims of statistical data (local) depth are the construction of quantile regions and centrality 

points of data in a general space with characteristics as similar as possible with the quantile regions 

and the median in the univariate setting. The statistical data depth are multivariate in nature. Recently, 

these techniques are extended to the high dimensional case and to functional data. Their application is 

in many diverse fields, e.g., in the analysis of data from sensors, in the characterization of earthquakes 

as well as in the study of environmental pollution. Their local version (local depth) provides further 

possibility for exploring the structure of the data. This project will develop new statistical data depths, 

together with their local version, for high dimensional data, functional data or networks data. 

References 
[1] C. Agostinelli e M. Romanazzi (2011) Local depth, Journal of Statistical Planning and Inference, 141(2), 817-

830. 
[2] C. Agostinelli (2018) Local half-region depth for functional data, Journal of Multivariate Analysis, 2018, 163(C), 

67-79. 

Ideal candidate (skills and competencies): 

The ideal candidate is a student with a Master's degree (or similar) in mathematics, statistics, physics 

or computer science with excellent mathematical background and strong knowledge in probability and 

statistics. Good computer skills, such as knowledge of computer languages are a plus. Fluent English 

or Italian is compulsory. 

  

 

Assegno di ricerca/Fellowship F 

 Topic: Mathematical modeling of arterial hypertension 

P.I.: Alberto Valli, Eleuterio Francisco Toro 

Contacts: alberto.valli@unitn.it 

Synthetic description of the activity and expected research outcome 

Arterial hypertension is by far the most important source of morbidity and mortality in the world, 

according to the World Health Organization [1], and its etiology remains enigmatic in 95% of cases [2]. 

Recent groundbreaking medical research suggests that vascular anatomical variations may play a 

significant role in the onset of hypertension [2]. By building upon the Mueller-Toro mathematical model 

for the entire human circulation [3], developed in Trento, here we propose to construct a global 

transport model to account for mass transport and exchange between the vasculature and various 
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organs as well as the interaction of several short- and long-term regulatory mechanisms. Judicious use 

of the resulting model would contribute to a better understanding of the bio-physical aspects of the 

phenomena and to the design of targeted drug-delivery based therapeutic strategies. 

References 
[1] WHO. Global health risks. WHO Library Cataloguing-in-Publication Data: 2009. 

[2] Warnert E.A.H.  et al. Is High Blood Pressure Self-Protection for the Brain? Circ Res. 2016 Dec 9; 119(12): 

e140-e151. 

[3] Müller, L.O., Toro, E.F. A global multiscale mathematical model for the human circulation with emphasis on the 

venous system. Internat. J. Numer. Methods Biomedical Engin., 2014, 30, 681-725. 

Ideal candidate (skills and competencies): 

-       Knowledge of partial differential equations and numerical approximation methods 

-       Theoretical fluid mechanics, basic human physiology 

-       Good computer skills (knowledge of computer languages) 

-       Fluent written and spoken English 

  

Assegno di ricerca/Fellowship G 

 Topic: Mathematical Physics of Quantum Theories 

P.I.: Valter Moretti, Romeo Brunetti 

Contacts: valter.moretti@unitn.it  

Synthetic description of the activity and expected research outcome 
The subject of the PhD thesis will concern a specific topic - possibly agreed with the PhD student - 
proper of the axiomatic and foundational mathematical formulation of quantum theories [1]-[3] in a quite 
broad sense. From the mathematical structure of quantum mechanics (described in terms of operator 
algebras, either abstract or concrete in real, complex or quaternionic  Hilbert spaces), also including the 
possibility of dealing with issues related to quantum information and to the  theory of quantum fields (in 
local algebraic formulation and on Lorentzian manifolds). 

References 
[1] V.Moretti: Spectral Theory and Quantum Mechanics Mathematical Foundations of Quantum Theories, 

Symmetries and Introduction to the Algebraic Formulation, Springer (2018) 
[2]  K.Landsman: Foundations of Quantum Theory Springer (2017) 
[3] R.Brunetti, C.Dappiaggi, K.Fredenhagen,J.Yngvason (Editors): Advances in Algebraic Quantum Field Theory, 

Springer (2016) 
[4]  M. Hayashi: Quantum Information Theory Mathematical Foundation Springer (2017) 

Ideal candidate (skills and competencies): 

The ideal candidate should be either Master graduate in Physics and familiar with both basic tools of 

linear functional analysis in Hilbert spaces and a little of differential geometry, or Master graduate in 

Mathematics  interested in physical application of functional analysis and able to handle mathematical 

models of physics. 

 

 Assegno di ricerca/Fellowship H1 & H2 (2 positions) 

 Topic: Algebraic Geometry and Topological Data Analysis 

P.I.: Claudio Fontanari 

Contacts: claudio.fontanari@unitn.it  
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Synthetic description of the activity and expected research outcome 
The exploitation of algebro-geometric techniques in order to describe the shape of data clouds has 
recently inaugurated an innovative but already consolidated research field. In the last few years, even 
more advanced geometric techniques (such as sheaf and quiver theory) have found promising 
application to persistence homology and data analysis. Our doctoral programme offers two PhD 
positions to develop research projects on the mathematical foundations of data analysis, to be directed 
by a member of the local algebraic geometry group. Candidates are expected to have had a previous 
exposure to Topological Data Analysis at the level of Master thesis.  

References 
[1] Edelsbrunner, Herbert; Harer, John L. Computational topology. An introduction. American Mathematical 

Society, Providence, RI, 2010.  
[2] Ghrist, Robert W. Elementary Applied Topology, 2014. 
[3] Oudot, Steve Y. Persistence theory: from quiver representations to data analysis. Mathematical Surveys and 
Monographs, 209. American Mathematical Society, Providence, RI, 2015.  

Ideal candidate (skills and competencies): 
- Knowledge of Algebra and Geometry at the level of Master’s degree in Mathematics 
- Knowledge of Topological Data Analysis at the level of Master’s Thesis     
- Fluent English 

  

Assegno di ricerca/Fellowship I 

 Topic: Geometric Analysis 

P.I.: Lorenzo Mazzieri  

Contacts: lorenzo.mazzieri@unitn.it 

Synthetic description of the activity and expected research outcome 
The fellowship is meant for candidates with a solid background in Analysis and Geometry, and will be 

devoted to the study of the geometric aspects of elliptic partial differential equations, with special 
attention to methods and techniques coming from Riemannian geometry. The main focus will be on the 
following two aspects: 
1) Extensions of the range of applicability of the present techniques, possibly with the introduction of 
new methods. 
2) Applications to the study of the qualitative properties and to the classification of solutions to 
overdetermined elliptic boundary value problems arising in the field of shape optimization, in 
mathematical relativity (static metrics), and in the study of geometric flows (self-similar solutions).  

References 
[1] V. Agostiniani and L. Mazzieri. On the Geometry of the Level Sets of Bounded Static Potentials. Comm. Math. 

Phys., 355(1):261–301, 2017. 

[2] T. H. Colding. New monotonicity formulas for Ricci curvature and applications. I. Acta Mathematica, 

209(2):229–263, 2012. 

[3] G. Huisken and T. Ilmanen. The inverse mean curvature flow and the Riemannian Penrose inequality. J. 

Differential Geom., 59(3):353–437, 2001.  

Ideal candidate (skills and competencies): 

- Knowledge of elliptic PDE’s at the level of a Master degree in Mathematics. 
- Knowledge of the classical theory of curves and surfaces. 
- Knowledge of the basic notions of Riemannian geometry is a plus. 
- Fluent English (written and spoken). 

  


