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PhD in Mathematics – Cycle 35 

Research topics 2019  

 

Dipartimenti di Eccellenza/Departments of Excellence  

Assegni di ricerca/Fellowships  

 

A Mathematical Physics of Quantum Theories 

B Quaternionic and Clifford analysis and its applications 

C Mathematical models of epidemics 

  

The Microsoft Research - Centre for Computational and Systems 
Biology - COSBI 

Borse di studio/Scholarships  

D Combined signature and network analysis methods in systems biology 

E Hybrid approaches for hierarchical, multiscale mathematical modeling in precision 

medicine 

 

 

Assegno di ricerca/Fellowship A 

Topic: Mathematical Physics of Quantum Theories 

P.I.: Romeo Brunetti , Valter Moretti 

Contacts: romeo.brunetti@unitn.it  

Synthetic description of the activity and expected research outcome 
The subject of the PhD thesis will concern a specific topic proper of the axiomatic and 
mathematical formulation of quantum theories and quantum field theory also in the algebraic 
approach. From the mathematical structure of quantum mechanics (described in terms of operator 
algebras, either abstract or concrete in Hilbert spaces), 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). 

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. 
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 Assegno di ricerca/Fellowship B 

Topic: Quaternionic and Clifford analysis and its applications 

P.I.: Riccardo Ghiloni, Alessandro Perotti 

Contacts: alessandro.perotti@unitn.it 

Synthetic description of the activity and expected research outcome 
The activity of the PhD student will concern theoretical aspects of complex, quaternionic and 
Clifford 
Analysis, with particular interest towards methods of Functional Analysis that are part of the 
mathematical foundations of Quantum Mechanics. The selected candidate will collaborate with 
other PhD students and researchers on related topics. 

References 
[1] R. Ghiloni and A. Perotti. Slice regular functions on real alternative algebras. Adv. Math., 226(2):1662– 

1691, 2011. 
[2] R. Ghiloni, V. Moretti, and A. Perotti. Continuous slice functional calculus in quaternionic Hilbert 

spaces.Rev. Math. Phys., 25(4):1350006, 83, 2013. 
[3] R. Ghiloni, V. Moretti, and A. Perotti. Spectral representations of normal operators in quaternionic Hilbert 

spaces via intertwining quaternionic PVMs. Rev. Math. Phys., 29(10):1750034, 73, 2017. 
[4]  A. Perotti. Slice regularity and harmonicity on Clifford algebras. In Topics in Clifford Analysis – A Special 

Volume in Honor of Wolfgang Sproessig, Trends in Mathematics. Springer, 2019. 
http://arxiv.org/abs/1801.03045, in press. 

Ideal candidate (skills and competencies): 

The ideal candidate should have obtained a Master degree in Mathematics, with a good basic 
theoretical formation in Mathematical Analysis of real and complex variables and in Geometry. 
Some knowledge in linear functional analysis in Hilbert spaces is a plus, not strictly necessary. 

  

 

Assegno di ricerca/Fellowship C 

Topic: Mathematical models of epidemics 

P.I.: Andrea Pugliese 

Contacts: andrea.pugliese@unitn.it  

Synthetic description of the activity and expected research outcome 
The activity of the PhD student will concern the development of novel methods and models for 
epidemic spread. More specifically, the research topic could concern models coupling epidemic 
spread to within-host immune-pathogen interactions, or models for populations with age and/or 
space structure. The project could involve the analysis of available data on a specific infection 
(e.g. West Nile virus, measles, varicella...). The selected candidate is expected to collaborate with 
other PhD students and researchers. 

References 
[1] De Graaf, W. F., Kretzschmar, M. E. E., Teunis, P. F. M., & Diekmann, O. (2014). A two-phase within-

host model for immune response and its application to serological profiles of pertussis. Epidemics, 9, 1–
7. 

[2] Lunelli, A., & Pugliese, A. (2018). Final attack ratio in SIR epidemic models for multigroup populations. 
Ricerche Di Matematica, 67, 49–68. 

[3] Moschini, P., Bisanzio, D., & Pugliese, A. (2017). A Seasonal Model for West Nile Virus. Mathematical 
Modelling of Natural Phenomena, 12(2). 58-83. 

[4]  Pugliese, A., & Milner, F. (2018). A structured population model with diffusion in structure space. Journal 
of Mathematical Biology, 77, 2079–2102. 

Ideal candidate (skills and competencies): 

The ideal candidate should have obtained a Master degree in Mathematics, or in another scientific 
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field (Physics, Engineering...) but with a solid mathematical background, especially in the area of 
differential equations, and a strong interest in modelling applied problems. A good knowledge of 
probability and statistics, and experience in scientific programming are a plus.  

 

Borsa di studio/ scholarship D 

Topic: Combined signature and network analysis methods in systems biology 

P.I.: Mario Lauria 

Contacts: mario.lauria@unitn.it  

Synthetic description of the activity and expected research outcome 
The combination of rank-based signatures and network analysis represents a new paradigm for 
the analysis of high dimensional data in biology. The signatures represent a way to reduce the 
dimensionality of data such as gene expression profiles, proteomic and/or metabolomic profiles, 
while retaining the essential characteristics of the profiled sample. Their analysis can then be 
carried out through the use of networks, which are employed either to represent newly identified 
relationships or to encode previously established ones. The details of such network-augmented 
signature analysis can be personalized to solve the specific problem at hand. For example, the 
identification of diagnostic biomarkers is achieved by a similarity mapping in which the relationship 
between biological samples is represented using a similarity network of sample signatures. In 
another application of the paradigm, drug repurposing is attempted by studying the distance over 
a protein-protein interaction network between the signature of a disease of interest and each of 
the signatures of a set of candidate drugs.   
 
In this project the candidate will explore new applications of the network-signature analysis 
paradigm to solve open problems in systems biology and assist in developing the formal methods 
required to provide the applications with a solid mathematical foundation. Areas of interest include 
drug repurposing, disease-disease relationship networks, multi-data patient stratification, and 
treatment personalization for precision medicine applications. The results will be validated by 
applying the techniques to real case studies in the context of one of the collaborations that COSBI 
has established in the field of computational systems biology. The project will be carried out at 
COSBI within the “Computational Biology" group. 

Ideal candidate (skills and competencies):  
The ideal candidate will be a highly motivated student, possessing an MSc in Mathematics, 
Bioinformatics, Biostatistics, Computer Science, Computational Biology or equivalent degrees, 
ideally with previous experience in data analysis and solid programming skills, who will be willing 
to explore a rapidly advancing and interdisciplinary field of research. The candidate is expected to 
work both independently and in multidisciplinary teams in close collaboration with COSBI 
scientists and external institutions. 

 

 

Borsa di studio/ scholarship E 

Topic: Hybrid approaches for hierarchical, multiscale mathematical modeling in 
precision medicine 

P.I.: Mario Lauria 

Contacts: mario.lauria@unitn.it  

Synthetic description of the activity and expected research outcome 
Precision medicine is a novel medical model that proposes, in contrast to a one-size-fits-all 
approach, the customization of healthcare, with medical decisions, treatments, practices, or 
products being tailored to the individual patient. In this context, a promising opportunity would be 
offered by the field of mathematical modeling, which can be employed to introduce mathematical 
descriptions of diseases that can be calibrated on the basis of individual data coming from clinical 
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trials. 
Within this project, the candidate will focus on the development and implementation of novel 
computational methods for mathematical modeling in precision medicine to extend the capabilities 
in the field in defining hybrid models of complex diseases. A challenging modeling aspect is the 
need of providing a systems-level understanding of the disease by encoding in a unified 
mathematical description a wide variety of independent or interacting genetic and non-genetic 
factors acting at different levels of biology (genetic, molecular, tissue, organ, etc.) which concur to 
the development of a complex disease. To this aim, several mathematical models have been 
developed at COSBI as hierarchical, multiscale mathematical entities, where the disease is 
described according to different levels of detail. These hierarchical description layers have been 
initially implemented in the same mathematical setting. The purpose of the project is exploring 
different hybrid modeling approaches where the hierarchical layers will be developed with different 
modeling approaches (Boolean networks, discrete models, ordinary differential equations, etc.), 
and then interconnected to form a unique hybrid model of the disease. This modeling strategy is 
particularly promising because it allows to adapt the requirements imposed by the choice of a 
mathematical description with the amount of biological knowledge and data that is available for 
each hierarchical layer. Therefore, a hybrid mathematical model has potentially more chances to 
be correctly parametrized on the basis of the available data and can more naturally represent the 
different granularity of the information coming from multiple omics layers. 
The research work will start from a comprehensive review of already available modeling methods. 
The knowledge developed from this preliminary step will be then employed to define innovative 
modeling pipelines for hybrid modeling. The methodologies resulting from the project will be then 
potentially applied to modeling cases related to the several active international collaborations that 
COSBI has in place in the pharma world. These collaborations allow the access to proprietary 
data and provide the opportunity to face with real problems that can impact the every-day decision 
making within the industrial drug R&D setting.  

Ideal candidate (skills and competencies):  
The ideal candidate will be a highly motivated student, possessing an MSc in Mathematics, 
Bioinformatics, Computer Science, Computational Biology or equivalent degrees, ideally with 
previous experience in mathematical modeling and solid programming skills, who will be willing to 
explore a rapidly advancing and interdisciplinary field of research. The candidate is expected to 
work both independently and in multidisciplinary teams in close collaboration with COSBI 
scientists and external institutions. 

 


