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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  ASTRONOMY 
 

Macro-area Physical Sciences and Engineering 
 

Department name Department of Physics and Astronomy 
 

Webpage 
https://www.dfa.unipd.it/didattica/dottorati-di-ricerca/corso-di-
dottorato-di-ricerca-in-astronomia/english-version/  

 

Research topic B 

Galaxies and cosmology 

The ultimate goal of the projects proposed for the research topic 
"Galaxies and cosmology" is to find our place in the Universe. How 
galaxies like our own Milky Way form, evolve, and eventually die? 
What can we learn about the nature of the matter by studying the 
most energetic astrophysical events? What is the smallest detail that 
we can study in distant galaxies? All the proposed projects make use 
of pioneering facilities like JWST, E-ELT, EUCLID, and more. 

 

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

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

 

Latest Update 11.01.2022 
 

#Number of available 
Research Options 

8 

Scroll down to see all the Research Options 

 
  

https://www.dfa.unipd.it/didattica/dottorati-di-ricerca/corso-di-dottorato-di-ricerca-in-astronomia/english-version/
https://www.dfa.unipd.it/didattica/dottorati-di-ricerca/corso-di-dottorato-di-ricerca-in-astronomia/english-version/
https://www.unipd.it/en/uniphd
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# 1 Research Option Description  
 

Doctoral Course  Astronomy 
 

Department name Physics and Astronomy Galileo Galilei 
 

Research topic B Galaxies and cosmology 
 

Research option  The Unexplored High-Energy Sky 
 

Supervisor  
Eugenio Bottacini eugenio.bottacini@unipd.it  
Research group: Alessandro De Angelis, Elena Orlando 

 

Webpage 
https://www.dfa.unipd.it/en/research/research-areas-and-
groups/astronomy-astrophysics-and-physics-of-the-earth-and-
planets/high-energy-astrophysics-from-ground-and-space/  

 

Context of the research 

activity and objectives 
 
 
 
 
 
 
 
 

 

Technological breakthroughs in telescope development have always 
driven discoveries in astronomy. Discoveries are yet to be made in the 
energy band between a few hundreds keV and a few tens MeV, which 
is currently very little explored due to the lack of sensitive enough 
telescopes. The most uniform all-sky survey in this energy band was 
performed by the COMPTEL telescope on board NASA’s CGRO 
mission, which discovered 63 astrophysical sources. This underpins 
how little explored the sky in this high-energy range is. In this energy 
band the telescope technology is challenged by the changing nature 
of the photon-matter interaction used to detect the astrophysical 
radiation. Today, several missions with different technologies are 
being proposed to space agencies for future space missions. 
In this project, we will make precise predictions for the future 
missions building upon current observations in the contiguous (to the 
MeV range) energy band by NASA’s Fermi and Swift missions and 
ESA’s INTEGRAL mission. These missions are currently providing the 
most comprehensive surveys at high energies. 
The project will be carried out at the University of Padua (Eugenio 
Bottacini, Alessandro De Angelis) in collaboration with the University 
of Trieste (Elena Orlando).  
For more information: eugenio.bottacini@unipd.it  

 

Infrastructures  
Padova University, Department of Physics and Astronomy. INAF, 
Padova Observatory 

 

Skills and competencies 
for the development of 
the activity  

The ideal PhD candidate has experience in coding. He/she shows 
enthusiasm in developing software to simulate the sky in the MeV 
energy range as well as analyzing data from the previously mentioned 
space missions. No specific requirements for this PhD position. 

 

Training offer PhD schools and PhD thematic courses 
 

Possible Secondments University of Trieste (Italy), Max Planck Institut (Germany) 
  
  

mailto:eugenio.bottacini@unipd.it
https://www.dfa.unipd.it/en/research/research-areas-and-groups/astronomy-astrophysics-and-physics-of-the-earth-and-planets/high-energy-astrophysics-from-ground-and-space/
https://www.dfa.unipd.it/en/research/research-areas-and-groups/astronomy-astrophysics-and-physics-of-the-earth-and-planets/high-energy-astrophysics-from-ground-and-space/
https://www.dfa.unipd.it/en/research/research-areas-and-groups/astronomy-astrophysics-and-physics-of-the-earth-and-planets/high-energy-astrophysics-from-ground-and-space/
mailto:eugenio.bottacini@unipd.it
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# 2 Research Option Description  

Doctoral Course  Astronomy 
 

Department name Physics and Astronomy Galileo Galilei 
 

Research topic B Galaxies and cosmology 
 

Research option  Obscured Accretion Over Cosmic Time 
 

Supervisor  Eugenio Bottacini eugenio.bottacini@unipd.it  

 

Webpage www.TheBotta.com  
 

Context of the research 

activity and objectives 

Accretion in galaxies is often hidden by tori of gas and dust that 
surround the central supermassive black hole (SMBH). This 
intervening matter efficiently absorbs photons. Only the non-thermal 
X-ray photons (>10 keV) are energetic enough to escape absorption 
thereby piercing through the tori. Therefore, X-rays provide a view 
onto the hidden and actively accreting SMBH, which is very similar to 
a X-ray tomography in medical imaging. However, current non-
thermal X-ray surveys of the high-redshift and the low-redshift 
Universe show results that are in tension hinting at galaxies that show 
rapid cosmological evolution. Unfortunately, there is a gap between 
high-redshift and low-redshift surveys, which prevents from any 
conclusion on evolution studies. 
In this project the successful PhD student is expected to perform a X-
ray survey to bridge the gap between high-redshift and low-redshift 
Universe and to study the cosmological evolution of the galaxies. The 
student will build upon an existing survey technique that allows for 
merging the independent observations of currently flying NASA and 
ESA space missions. This technique provides more sensitive 
observations. The student will collaborate with scientists from 
different space missions. 
 
For more information: eugenio.bottacini@unipd.it  

 

Infrastructures  
Padova University, Department of Physics and Astronomy. INAF, 
Padova Observatory 

 

Skills and competencies 
for the development of 
the activity  

The ideal PhD candidate is expected to learn to program in Python 
and C. Furthermore, the candidate is willing to propose observations 
for space missions including Chandra, XMM-Newton, and Swift. 

 

Training offer PhD schools and PhD thematic courses 
 

Possible Secondments Max Planck Institut (Germany) 
 
  

mailto:eugenio.bottacini@unipd.it
http://www.thebotta.com/
mailto:eugenio.bottacini@unipd.it
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# 3 Research Option Description  
 

Doctoral Course  Astronomy 
 

Department name Physics and Astronomy Galileo Galilei 
 

Research topic B Galaxies and cosmology 
 

Research option  
When galaxies die: tracing galaxy evolution in last 7 Gyrs through 
stellar populations 

 

Supervisor  

Enrico Maria Corsini (Supervisor, UNIPD) 
enricomaria.corsini@unipd.it  
Research group: Alessandro Pizzella (UNIPD), Luca Costantin (CISC-
INTA, Madrid) 

 

Webpage 
http://www.dfa.unipd.it/ricerca/linee-e-gruppi-di-
ricerca/astronomia-astrofisica-fisica-della-terra-e-dei-
pianeti/struttura-e-dinamica-delle-galassie/  

 

Context of the research 

activity and objectives 

StePS (Stellar Population at intermediate redshift Survey) is one of the 
eight surveys that will be carried out (starting in 2022) with WEAVE, 
the new wide-field spectroscopic facility for the 4.2 m William 
Herschel Telescope (WHT) in the Canary Islands. StePS aims to obtain 
high-resolution (R ~ 5000) spectra of about 25000 galaxies in the 
redshift range 0.3-0.7, thus providing reliable measurements of the 
absorption features in the stellar continuum for a statistically large 
sample of galaxies. 
This thesis project will allow the candidate to deal with brand-new 
spectroscopic data, join an international team with extensive 
experience in the field, and lead scientific analyses tackling 
fundamental and still open questions regarding the evolution of 
galaxies in the last 7 Gyrs of the universe life. When and how do 
galaxies stop forming stars and quench? Are quenched galaxies really 
dead, or do they rejuvenate during their life? 
In particular, the candidate will answer these question by: 
(1) Analyzing the stellar population properties of the observed 
spectra with different spectral techniques and multiple models. 
(2) Combining the spectroscopic information with photometric 
constraints in a Bayesian framework. 
(3) Comparing observational results with the state-of-the-art 
cosmological simulations. 

 

Infrastructures  
Padova University, Department of Physics and Astronomy. INAF, 
Padova Observatory 

 

Skills and competencies 
for the development of 
the activity  

Basic knowledge in stellar and galactic astrophysics. Basic knowledge 
in statistics. Programming in Python. 

 

Training offer PhD schools and PhD thematic courses 
 

mailto:enricomaria.corsini@unipd.it
http://www.dfa.unipd.it/ricerca/linee-e-gruppi-di-ricerca/astronomia-astrofisica-fisica-della-terra-e-dei-pianeti/struttura-e-dinamica-delle-galassie/
http://www.dfa.unipd.it/ricerca/linee-e-gruppi-di-ricerca/astronomia-astrofisica-fisica-della-terra-e-dei-pianeti/struttura-e-dinamica-delle-galassie/
http://www.dfa.unipd.it/ricerca/linee-e-gruppi-di-ricerca/astronomia-astrofisica-fisica-della-terra-e-dei-pianeti/struttura-e-dinamica-delle-galassie/
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Possible Secondments  
Centro de Astrobiología, Instituto Nacional de Técnica Aeroespacial, 
Madrid (Spain); Instituto de Astrofísica de Canarias, La Laguna, 
(Spain); Universidad de La Laguna (Spain) 
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# 4 Research Option Description  

Doctoral Course  Astronomy 
 

Department name Physics and Astronomy Galileo Galilei 
 

Research topic B  Galaxies and cosmology 
 

Research option  The assembly of Milky Way-like galaxies 
 

Supervisor  
Alessandro Pizzella (Supervisor, UNIPD) alessandro.pizzella@unipd.it  
Research group: Enrico Maria Corsini (UNIPD), Jairo Mendez Abreu 
(Universidad de La Laguna, Spain) 

 

Webpage 
http://www.dfa.unipd.it/ricerca/linee-e-gruppi-di-
ricerca/astronomia-astrofisica-fisica-della-terra-e-dei-
pianeti/struttura-e-dinamica-delle-galassie/  

 

Context of the research 

activity and objectives 

The BEARD (Bulgeless Evolution and the Rise of Disks) project aims at 
providing tight observational constraints that prove the success or 
failure of the CDM hierarchical theory for late-type galaxies like the 
Milky Way. With this objective, BEARD proposes a multidisciplinary 
approach using different observational tracers to reveal the 
formation and evolution of Milky Way-like galaxies. BEARD was 
awarded in two consecutive years with an International Time 
Program (ID: ITP 2019-02; ITP 2010-06, PI: Jairo Méndez-Abreu) at the 
Roque de los Muchachos Astronomical Observatory and spent more 
than 75 nights of observation with GCT, TNG, WHT, INT, and LT 
telescopes. 
 
The student is expected to use the BEARD dataset with an all-spatial-
scales approach to understand the mass assembly of Milky Way-like 
galaxies: i) deep photometry will be used to study the stellar halo of 
the galaxies and investigate the merger history; ii) long-slit 
spectroscopy will be analysed to derive stellar population gradients 
and constrain the formation timescale; and iii) integral-field 
spectroscopy will allow to understand the merger/secular nature of 
bulges. 
 
The BEARD survey has already collected >75% of the data in all the 
telescopes, and more observations will be carried out before the start 
of the PhD. This means that the statistical analyses foreseen in the 
different specific objectives of this PhD project are granted. 

 

Infrastructures  
Padova University, Department of Physics and Astronomy. INAF, 
Padova Observatory 

 

Skills and competencies 
for the development of 
the activity  

Basic knowledge in stellar and galactic astrophysics. Basic knowledge 
in astronomical data analysis. Programming in Python. 

 

Training offer PhD schools and PhD thematic courses 
 

Possible Secondments 

  
Instituto de Astrofísica de Canarias, La Laguna (Spain); Universidad de 
La Laguna (Spain) 

mailto:alessandro.pizzella@unipd.it
http://www.dfa.unipd.it/ricerca/linee-e-gruppi-di-ricerca/astronomia-astrofisica-fisica-della-terra-e-dei-pianeti/struttura-e-dinamica-delle-galassie/
http://www.dfa.unipd.it/ricerca/linee-e-gruppi-di-ricerca/astronomia-astrofisica-fisica-della-terra-e-dei-pianeti/struttura-e-dinamica-delle-galassie/
http://www.dfa.unipd.it/ricerca/linee-e-gruppi-di-ricerca/astronomia-astrofisica-fisica-della-terra-e-dei-pianeti/struttura-e-dinamica-delle-galassie/
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# 5 Research Option Description  

Doctoral Course  Astronomy 
 

Department name Physics and Astronomy Galileo Galilei 
 

Research topic B Galaxies and cosmology 
 

Research option  
Morphological analysis of galaxies at cosmic noon and beyond with 
high-spatial resolution observations. 

 

Supervisor and team 

G. Rodighiero (supervisor) giulia.rodighiero@unipd.it  
Research group: M. Gullieuszik (co-supervisor); A. Grazian; B. Vulcani; 
C. Arcidiacono; E. Portaluri; A. Zanella. 

 

Webpage 
https://sites.google.com/inaf.it/micado-italy; https://mavis-ao.org/; 
www.stsci.edu/jwst/science-execution/approved-ers-programs  

 

Context of the research 

activity and objectives 

A detailed understanding and characterization of the properties of 
high-redshift galaxies are  mandatory and not yet fully achieved goals 
to understand galaxy formation and evolution. The study of galaxies 
at cosmic noon and beyond (z>2) and a detailed morphological 
analysis of their sub-structures are hampered by their faint 
magnitudes and even more so by their small angular size. New 
generation instrumentation (JWST and forthcoming ground-based 
Adaptive Optic assisted instrumentation) will provide an 
unprecedented sharp and deep view on high-redshift galaxies. Our 
research group includes members of the JWST Early Release Science 
(ERS) Programs and it is deeply involved in the science and 
development teams of MAVIS@VLT, MICADO and MAORY@E-ELT. 
The first part of the work will be based on the analysis of new data 
taken with JWST as part of the e.g. GLASS and CEERS ERS. The PhD 
student will then be asked to take part to the preparation and to 
propose new observations with both the JWST and available AO-
assisted instrumentations (e.g. GeMS@GEMINI, MUSE@VLT, 
LUCI@LBT) and to lead the scientific analysis of the data. The last part 
of the thesis will be focused on developing possible future scientific 
applications using next-generation instrumentation; the PhD student 
will join the feasibility studies to prepare the first observations with 
these instruments in close collaboration with the development 
teams; the student will be part of the scientific teams that will have 
access to Guaranteed Time Observations of first generation 
instruments for E-ELT and third generation for VLT. 

 

Infrastructures  
Padova University, Department of Physics and Astronomy. INAF, 
Padova Observatory 

 

Skills and competencies 
for the development of 
the activity  

Basic knowledge of galaxy formation and evolution. basic data 
analysis and programming (preferentially python) skills 

 

Training offer PhD schools and PhD thematic courses 
 

mailto:giulia.rodighiero@unipd.it
https://sites.google.com/inaf.it/micado-italy
https://mavis-ao.org/
http://www.stsci.edu/jwst/science-execution/approved-ers-programs
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Possible Secondments 
Texas A&M University (USA); University of Caluifornia Los Angeles 
(USA); Space Telescope Science Institute (USA); European Southern 
Observatory Garching (Germany) 
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# 6 Research Option Description  

Doctoral Course  Astronomy 
 

Department name Physics and Astronomy Galileo Galilei 
 

Research topic B Galaxies and cosmology 
 

Research option  The 3-dimensional vision of the Star Formation of the Universe  
 

Supervisor  
Rodighiero (UniPD) giulia.rodighiero@unipd.it  
Research group: Cassata (UniPD), Cucciati (OAS), Vulcani (OAPD), De 
Lucia (OATS), Dannerbauer (IAC) 

 

Webpage 
http://www.dfa.unipd.it/ricerca/linee-e-gruppi-di-
ricerca/astronomia-astrofisica-fisica-della-terra-e-dei-
pianeti/formazione-ed-evoluzione-delle-galassie/  

 

Context of the research 

activity and objectives 

 
 
 
 
 
 
 

 

The details of when and where star formation (SF) took place as a 

function of cosmic time, and the role of the environment in shaping 

galaxy evolution are still not well understood. This PhD project will 

carry out, for the first time in a self-consistent and systematic way, a 

census of the SF activity in galaxies living in different environments up 

to the Cosmic Noon.   The project is based on two main pillars: 

1) powering the unexplored complementarity of unbiased large 

spectroscopic surveys: SDSS, GAMA, VIPERS, VUDS and VANDELS - to 

probe homogeneously the skeleton of the Cosmic Web.  We will 

complement the SF rate information from these surveys, obtained 

from optical emission lines, with far-Infrared and radio photometric 

surveys in which we are involved (e.g. Herschel, ALMA), to map the 

obscured Universe; 2) comparing observations to state-of-the-art 

theoretical models to guide the interpretation of observational 

results, as well as for identifying consistent ways to measure the 

environment at different epochs and scales. In turn, we expect that 

the data in hands will provide important feedback to constrain the 

key physical mechanisms responsible for galaxy evolution in different 

environments. 

 

Infrastructures  
Padova University, Department of Physics and Astronomy. INAF, 
Padova Observatory 

 

Skills and competencies 
for the development of 
the activity  

A general background in galaxy formation and evolution would be 
preferred 

 

Training offer PhD schools and PhD thematic courses 
 

Possible Secondments INAF-Bologna, INAF-Trieste, IAC-Tenerife, Università di Bologna 
 
  

mailto:giulia.rodighiero@unipd.it
http://www.dfa.unipd.it/ricerca/linee-e-gruppi-di-ricerca/astronomia-astrofisica-fisica-della-terra-e-dei-pianeti/formazione-ed-evoluzione-delle-galassie/
http://www.dfa.unipd.it/ricerca/linee-e-gruppi-di-ricerca/astronomia-astrofisica-fisica-della-terra-e-dei-pianeti/formazione-ed-evoluzione-delle-galassie/
http://www.dfa.unipd.it/ricerca/linee-e-gruppi-di-ricerca/astronomia-astrofisica-fisica-della-terra-e-dei-pianeti/formazione-ed-evoluzione-delle-galassie/


 
 

10 
 

# 7 Research Option Description  

Doctoral Course  Astronomy 
 

Department name Physics and Astronomy Galileo Galilei 
 

Research topic B Galaxies and cosmology 
 

Research option  The JWST’s view on star formation in cluster galaxies 
 

Supervisor  
P. Cassata paolo.cassata@unipd.it  
co-supervisor: B. Vulcani; collaborators: B. M. Poggianti, T. Treu and 
the GLASS-ERS team 

 

Webpage https://glass.astro.ucla.edu/ers/  
 

Context of the research 

activity and objectives 

 
 
 
 
 
 
 

 

The goal of this project is to get unprecedented insights on the 
mechanisms that regulate star-formation in galaxies at z=0.1-1, 
exploiting integral and spatially resolved fluxes of some critical near 
infrared lines obtained with revolutionary space-based observations. 
The student will exploit data acquired with the James Webb Space 
Telescope (JWST), the most powerful space observatory ever built. 
The proposed analysis will be based on one of the first ever 
observations obtained with JWST, taken in the context of the JWST 
Director’s Discretionary Early Release Science (ERS) Program. 
Specifically, the student will exploit the data of the Grism-Lens 
Amplified Survey from Space (GLASS)-ERS to investigate the 
integrated and spatially resolved Paschen and Balmer emission line 
fluxes in star forming galaxies in different environments to 
characterize the dust, gas and star-formation rate distributions. 
Variations in the line ratios within and across galaxies would indicate 
a modification of the intrinsic ratio by reddening. Exploiting also 
ancillary FIR data that constrain the thermal dust emission the 
student will derive the dust properties and detect deviations from the 
typical relations, and eventually pin down an appropriate theoretical 
model for the hydrogen-emission-line region. Comparisons between 
galaxies in the different environments will shed light on the physical 
processes at work. This analysis will impact on the worldwide 
scientific community, showing the first results obtained with JWST 
observations and helping future observations. The student will be 
inserted in a vibrant international environment, and join the ERS 
team. 

 

Infrastructures  
Padova University, Department of Physics and Astronomy. INAF, 
Padova Observatory 

 

Skills and competencies 
for the development of 
the activity  

Basic knowledge of galaxy evolution; programming in Python 

 

Training offer PhD schools and PhD thematic courses 
 

Possible Secondments 
University of California Los Angeles (USA); University of California 
Davis (USA); Space Telescope Science Institute (USA) 

mailto:paolo.cassata@unipd.it
https://glass.astro.ucla.edu/ers/
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# 8 Research Option Description  

Doctoral Course  PhD in Astronomy 
 

Department name  Department of Physics & Astronomy, University of Padua (Italy) 
 

Research topic B  Galaxies and Cosmology 
 

Research option  The missing satellite problem 
 

Supervisor  
Mauro D’Onofrio mauro.donofrio@unipd.it  
Research group: I. Trujillo, D. Zaritsky 

 

Webpage www.dfa.unipd.it  
 

Context of the research 

activity and objectives 
 
 
 
 
 
 
 

 

There is a strong discrepancy (up to a factor of 10) in the number of 
low-mass dark matter halos predicted by the Λ Cold Dark Matter 
(ΛCDM) model and the observed number of dwarf objects. The reason 
is still unclear and might be connected either to a failure of our galaxy 
formation paradigm or to a technical bias in detecting dwarf galaxies 
in our vicinity. From a theoretical point of view, the effects of cosmic 
reionization, feedback in small galaxies or even the ultimate nature of 
the dark matter (i.e., warm vs cold particles) has been suggested as 
potential solutions to this conundrum. From the observational side, a 
conceivable solution is that many dwarf galaxies are being missed in 
the current state-of-the-art surveys. It is possible that the missing 
(dark) galaxies have not yet been detected due to their intrinsic low 
surface brightness. In addition, the small number of satellites might 
be a peculiar property of the Local Group. Consequently, a pressing 
question is whether the missing satellites problem is an observational 
bias related to our Local Volume or a real failure of our cosmological 
model.The recently approved Large Binocular Telescope Large 
Program (LBT-LP) of observations of nearby galaxies entitled “Is there 
a missing stellar halo problem? (PI M. D’Onofrio, University of Padova 
and Co-PI I. Trujillo (IAC) and D. Zaritsky (Univ. Arizona)) can make the 
difference for understanding whether we are entering in a crisis of 
the ΛCDM model or not. In particular, the pilot observations of NGC 
1042 (Trujillo et al. 2021, A&A, in press), realized with the LBC camera 
in the two bands g and r, have demonstrated the superior 
performance of LBT in detecting low surface brightness galaxies in 
CCD images with respect to other surveys (like SDSS, Dragonfly, 
Stripe82, etc.), largely anticipating the results of LSST (Large Synoptic 
Survey Telescope).  

 

Infrastructures  
The Dep. of Physics & Astronomy of the Padua University; IAC in La 
Laguna (Tenerife, Spain)  

 

Skills and competencies 
for the development of 
the activity  

Programming in python 

 

Training offer PhD schools and PhD thematic lectures 
 

Possible Secondments  IAC (Spain), ESO 
 

mailto:mauro.donofrio@unipd.it
http://www.dfa.unipd.it/

