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Research options available for topic B 
 

Research topics a) and b) offered by every Doctoral Course involved in UNIPhD are frameworks 
within which every applicant has to present an original research project in collaboration with a 
Supervisor at the University of Padua.  

Potential Supervisors at Unipd have proposed the following detailed research options, which are 
related to the research topic. They are offered as a guideline and should facilitate your contact 
with potential Supervisors. Supervisors’ e-mail is specified in every research option table. You are 
welcome to contact them directly. 

Note that this research option list is not at all exhaustive and, within the topic you have chosen, 
you are free to propose a different research project. 

 
 

Doctoral Course  MATHEMATICAL SCIENCES 
 

Macro-area Physical Sciences and Engineering 
 

Department name Department of Mathematics 
 

Webpage https://dottorato.math.unipd.it/ 
 

Research topic B 

Arithmetic and complex algebraic geometry 

The research line in arithmetic algebraic geometry has two main topics. The 

first sits in the complex geometry setting, with a special attention to moduli 

spaces of curves. The second research line has a more arithmetic flavour, 

and it concerns especially the theory of motives, and the theory of p-adic 

modular forms, with possible applications to global problems such as the 

Birch and Swinnerton-Dyer conjecture. 

 

Link to the UNIPhD Call 
(Academic Year 
2022/2023) 

https://www.unipd.it/en/uniphd  

  

Latest Update 12.01.2022 
 

#Number of available 
Research Options 

4 

Scroll down to see all the Research Options 

 

  

https://dottorato.math.unipd.it/
https://www.unipd.it/en/uniphd
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# 1 Research Option Description 

Doctoral Course  Mathematical Sciences 
 

Department name Department of Mathematics ‘Tullio Levi-Civita’  
 

Research topic B Arithmetic and Complex Algebraic Geometry 
 

Research option  Motives in arithmetic geometry and their realizations.    
 

Supervisor and research 
group 

Supervisor: Alessandra Bertapelle bertapel@math.unipd.it, 
Research group: Cristiana Bertolin cristiana.bertolin@unipd.it, Bruno 
Chiarellotto chiarbru@math.unipd.it, Nicola Mazzari 
mazzari@math.unipd.it, Jakob Scholbach jakob.scholbach@math.uni-
muenster.de 

 

Webpage https://www.math.unipd.it/~bertapel/ 
 

Context of the research 

activity and objectives 

 
 
 
 
 
 
 
 

The theory of motives, inspired by the work of A. Grothendieck, offers a 
wide framework to connect algebraic, analytic and arithmetic aspects of 
geometric objects. A motive can be understood as a piece of a variety, 
equipped with maps to vector spaces, called realisations, which are meant 
to capture different features of the motive itself, e.g. its cohomology 
theories (Betti, de Rham, étale, rigid, crystalline…).  
The Padova school in arithmetic geometry began with the work of Barsotti 
on p-divisible groups, and is nowadays a solid and creative research group. 
The main interests of the group include p-adic cohomology theories, 
especially rigid and crystalline, recently renewed by the introduction of 
perfectoid techniques by Scholze. The connection of p-adic cohomology 
theories with motives became more and more relevant in these years, since 
many members of the group work on one or the other, or both, of these 
themes. 

 

Infrastructures  
The library of the Department of Mathematics offers a complete up-to-
date access to mathematical journals and books. 

 

Skills and competencies 
for the development of 
the activity  

Solid knowledge of basic number theory, including local fields, and algebraic 
geometry, including the theory of schemes, and basic notions of 
cohomology theories.  

 

Training offer 
In addition to the large range of courses and soft skills training offered 
every year by the PhD programme in Mathematical Sciences, the 
supervisor will devote to the fellow as much time as necessary. 

 

Possible Secondments 

-Concordia University, Montreal, Canada 
-University of Münster, Germania 
-University of Regensburg, Germania 
-ENS de Lyon, Francia 

 
 
  

mailto:bertapel@math.unipd.it
mailto:cristiana.bertolin@unipd.it
mailto:chiarbru@math.unipd.it
mailto:mazzari@math.unipd.it
mailto:jakob.scholbach@math.uni-muenster.de
mailto:jakob.scholbach@math.uni-muenster.de
https://www.math.unipd.it/~bertapel/
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# 2 Research Option Description 

Doctoral Course  Mathematical Sciences 
 

Department name  Department of Mathematics ‘Tullio Levi-Civita’  
 

Research topic B  Arithmetic and Complex Algebraic Geometry 
 

Research option  Multiplier ideals and their applications 
 

Supervisor  
Supervisor:  Remke Nanne KLOOSTERMAN,  remke.kloosterman@unipd.it    
Relevant member of the research group: Ernesto Carlo MISTRETTA 

 

Webpage 
https://www.math.unipd.it/~klooster/ 
https://www.math.unipd.it/~ernesto/ 

 

Context of the research 

activity and objectives 

 
 

Multiplier ideals have their roots in certain analytic problems, but turn out 
to be also of key interest in algebraic geometry. 
Suppose X is a singular variety then for any rational number between 0 and 
1 there is a multiplier ideal. These ideals are used in the study of extending 
top differential forms on the smooth part of X to a resolution of singularities 
of X. In this project we look to a generalisation of these ideals beyond the 
interval (0,1) in order to attack the problem of extending k-forms rather than 
the top degree. Moreover, multiplier ideals, positivity properties of vector 
bundles, extensions of k-forms or symmetric forms, are connected to various 
problems in the birational classification of varieties, in particular of varieties 
of Kodaira dimension 0. 

 

Infrastructures  
This project requires access to current literature and to some specialised 
software to check some constructions and to produce interesting examples 
within this project, which will be provided. 

 

Skills and competencies for 
the development of the 
activity  

The candidate should have knowledge in algebraic geometry and 
commutative algebra. Some knowledge of singularity theory and complex 
geometry might be preferable. 

 

Training offer The PHD school offers a wide variety of courses related to this subject 
 

Possible Secondments 
Katholieke Universiteit Leuven; University of Wisconsin at Madison; 
Institut Élie Cartan - Université de Lorraine (Nancy, France); Leibniz 
Universität Hannover. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

mailto:remke.kloosterman@unipd.it
https://www.math.unipd.it/~klooster/
https://www.math.unipd.it/~klooster/
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# 3 Research Option Description 

Doctoral Course  Mathematical Sciences 
 

Department name  Department of Mathematics ‘Tullio Levi-Civita’ 
 

Research topic B  Arithmetic and Complex Algebraic Geometry  
 

Research option  Global and local aspects in the theory of modular forms. 
 

Supervisor  
Supervisor: Matteo LONGO 
matteo.longo@unipd.it 
Research group: Adrian Iovita.  

 

Webpage https://www.math.unipd.it/~mlongo/ 
 

Context of the research 

activity and objectives 

 
 
 

One of the main open problems in modern number theory is the Birch and 
Swinnerton-Dyer conjecture for rational elliptic curves, a Millennium 
problem. During the last decades, p-adic variational techniques have proved 
to be one of the most powerful tools to attack this problem. Indeed, moving, 
or deforming, algebraic cycles in families of Galois representations allows to 
prove strong results on the arithmetic of elliptic curves or, more generally, 
modular forms. The possibility of deforming modular forms in p-adic 
families is therefore an important theme of independent interest in modern 
number theory.  
We would like to address some aspects of the problems outlined above in 
settings which have not been fully investigated yet. Given the expertise of 
the research group, we are interested in p-adic properties of modular forms 
for algebraic groups different from GL(2)/Q; the case of algebraic groups 
coming from rational quaternion algebras will be of special interest, since 
this setting is on the one hand similar to the GL(2) case, but on the other 
hand requires often new ideas and leads to interesting applications to the 
arithmetic of rational elliptic curves or the Galois representation attached 
to modular forms.        

 

Infrastructures  
The library of the Department of Mathematics offers a complete up-to-date 
access to mathematical journals and books. 

 

Skills and competencies 
for the development of 
the activity  

Solid knowledge of basic number theory, including local fields,   algebraic 
geometry, including the theory of schemes, and the theory of modular 
forms. 

 

Training offer 
In addition to the large range of courses and soft skills training that are 
offered every year by the PhD programme in Mathematical Sciences, the 
supervisor will devote to the fellow as much time as necessary. 

 

Possible Secondments 

- Concordia University, Montreal, Canada.  
- UPC - Universitat Politècnica de Catalunya, Barcelona, Spain.  
- LMNO - Laboratoire de Mathématiques Nicolas Oresme de l'Université de 
Caen-Normandie, France. 
- University of Duisburg-Essen 

 
  

mailto:matteo.longo@unipd.it
https://www.math.unipd.it/~mlongo/
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#4 Research Option Description 

Doctoral Course  Mathematical Sciences 
 

Department name Department of Mathematics ‘Tullio Levi-Civita’ 
 

Research topic B Arithmetic and Complex Algebraic Geometry 
 

Research option  Moduli spaces of curves 
 

Supervisor 
Supervisor: Paolo ROSSI (paolo.rossi@math.unipd.it), 
Research group: 
Orsola TOMMASI (orsola.tommasi@math.unipd ) 

 

Webpage 
https://www.math.unipd.it/~rossip/ 
https://www.math.unipd.it/~tommasi/ 

 

Context of the research 
activity and objectives 
 
 

One of the most natural problems in mathematics is to classify all elements 
of a certain class of geometric objects. Consider for example the simplest 
algebraic varieties: complex algebraic curves. How many essentially non-
equivalent (complete) algebraic curves are out there? Can we give some 
nice geometric structure to the set of all such curves? 
The moduli space of stable curves is the space classifying all (complete) 
complex algebraic curves with nodal singularities, of given genus and with a 
finite group of symmetries. Deligne and Mumford showed in the 60s that it 
can be endowed with the structure of a smooth Deligne-Mumford stack. 
Its intersection theory and the structure of the tautological ring, a natural 
subring of cohomology which contains virtually all geometrically natural 
cycles, lie at the heart of remarkable connections with a number of other 
subjects like enumerative geometry, singularity theory, integrable systems, 
quantization. 
We propose to investigate several open problems on the geometry of the 
moduli space of curves, their universal Jacobians and more general moduli 
spaces of principally polarized abelian varieties. We will employ a mix of 
classical and modern techniques, the latter including cohomological field 
theories and integrable systems. 
NOTE: the supervisor can be any member of the research group. 

 

Infrastructures  Office space, access to computing facilities and a rich library. 
 

Skills and competencies 
for the development of 
the activity  

The candidate should have a working knowledge of basic algebraic 
geometry and/or complex differential/holomorphic geometry, together 
with a basic knowledge of algebraic topology. 

 

Training offer 

The Ph.D. school has a rich selection of basic and advanced courses on a 
wide variety of topics, including specific courses in algebraic geometry. 
Faculty members periodically organise research and reading seminars. The 
group includes many Ph.D. students and post-docs, offering the possibility 
of fruitful interactions.   

 

Possible Secondments  
Fondation de Sciences Mathematiques de Paris (France), ETH Zürich 
(Switzerland), Higher School of Economics (Russia), Stockholm University 
(Sweden), University of Pennsylvania (US). 

 
 
 

mailto:paolo.rossi@math.unipd.it
mailto:orsola.tommasi@math.unipd
https://www.math.unipd.it/~rossip/
https://www.math.unipd.it/~rossip/

