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Abstract This PhD project is aimed at a detailed characterization of the impact of a variable
Initial Mass Function (IMF) on the chemical and physical properties of galaxies. Different lines
of  evidence  have  recently  suggested  a  non-universality  of  the  IMF,  with  the  strongest
deviations  found  for  the  most  massive  early  type galaxies  (e.g.  La  Barbera  et  al.  2013,
Cappellari et al. 2012). Results from different studies are often inconsistent, and the subject
remain  heavily  debated  in  the  community.  The  increase  of  available  resolved  dynamical
information and high resolution spectroscopy is also making the subject of a variable IMF a
popular one. It is therefore timely to assess the theoretical expectations of such a scenario.
The recently developed GAEA model (Hirschmann, De Lucia & Fontanot 2016) represents an
ideal  tool  to  carry  out  this  investigation,  thanks  to  the  improved  modeling  of  chemical
enrichment (which explicitly includes the differential  contribution of SNeII,  SNeIa and AGB
stars) and stellar feedback (which allows us to reproduce the differential assembly of galaxy
populations over cosmic epochs). In Fontanot et al. (2017, 2018), we have included in GAEA
some of the proposed models for IMF variation (Weidner et al. 2013, and Papadopoulos et
al., 2011), and analysed the basic predictions of these specific theories. 

PhD fellowship outline The student will focus on three different aspects of the modeling:

• Characterization of the properties of galaxy populations in the variable IMF theories.
Moving  from the  basic  predictions  in  Fontanot  et  al.  (2017,  2018),  we  expect  the
student  to  study  the  physical  properties,  environment  and  star  formation  histories
associated  with  different  galaxy  populations,  and  connect  them with  the  observed
evidences for a non-universal IMF. This analysis will  allow us to get insight on the
mechanisms determining the chemical and physical properties of model galaxies (and
their redshift evolution). In this phase, the student will accustom with the GAEA code
and its outputs.

• Expand the range of tested theories for IMF variation. The modules currently available
in GAEA represent just some of the possible approaches to IMF variation which have
been proposed in the literature. We expect the student to implement new prescriptions,
calibrate them and analyse their predictions, both in comparison with observed data
and with previous models. The new prescriptions will allow us to study common trends
among the proposed theories as well as to highlight possible discrepancies. In this
phase, the student will need  to modify the available semi-analytic model. 

• Quantitative comparison with observed samples. Many observational studies of IMF
variations are based on detailed modelling of spectral indices sensitive to the dwarf to
giant stars ratio (Conroy & van Dokkum 2012, La Barbera et al., 2013). By coupling our
galaxy formation model with the latest generation population synthesis models, it will
be possible to predict how the strength of these spectral features varies as a function
of  galaxy  properties  and  as  a  function  of  e.g.  the  environment.  This  will  allow  a
quantitative  comparison  with  available  data,  as  well  as  the  possibility  to  formulate
specific predictions for future observational programmes.  


