
Course Title : Neutrino Physics and Dark Matter

Number of hours/semester : 30 h, 2nd Semester

Number of ECTS : 3

Lecture outline, contents : The  theoretical  part  of  this  lecture  covers  the  history  of  neutrino
physics,  which is  strongly linked to the one of the Standard Model.  It
spreads  from  Fermi  Theory  to  Beyond  Standard  ones  (BSM).  The
oscillation phenomena will be addressed with a discussion of the matter
effect.  The topics discussed in these lectures include general properties
of neutrinos, their nature (Dirac or Majorana), their absolute mass scale,
the  violation  of  lepton  number,  and  the  potential  of  the  lepton  CP
violating phases with their main signatures.  An important part will be
devoted to the origin of neutrino masses and their mixings, in link with
BSM physics. A strong emphasis on the sterile neutrino hypothesis and
all  relevant  implications  and  constraints  (cosmological  and
phenomenological),  depending  on  their  mass  regimes  will  close  the
theory part.

Others:  Early  experiments  on  the  neutrino;  Neutrino  oscillations;
Current knowledge on the neutrino mixing matrix and perspectives for
future   experiments;  The  mass  of  the  neutrino:  direct  and  indirect
experimental searches; Neutrino astronomy.
The dark matter part  provides an overview on the evidences of dark
matter  through cosmological  and  astrophysical  indirect  observations,
followed  by  a  review  of  the  most  favourite  dark  matter  particle
candidates. The course is then focused on WIMPs. The connections with
background challenges already discussed in the experimental neutrino
part are also addressed. The lectures will tackle both experimental and
theoretical aspects of modern neutrino physics,
giving an overview of the most salient developments of the last decade.
The proximity of the experimental techniques adopted in underground
neutrino physics and direct dark matter detection offers the additional
opportunity  to  discuss  the  latest  developments  in  the  field  of  dark
matter.
The  theoretical  part  covers  the  history  of  neutrino  physics,  which  is
strongly  linked  to  the  one  of  the  Standard  Model.  The  theory  part
spreads  from  Fermi  Theory  to  Beyond  Standard  ones  (BSM).  The
oscillation phenomena will be addressed with a discussion of the matter
effect. The topics discussed in these lectures include general properties
of neutrinos, their nature (Dirac or Majorana), their absolute mass scale,
the  violation  of  lepton  number,  and  the  potential  of  the  lepton  CP
violating phases with their main signatures. An important part will be
devoted to the origin of neutrino masses and their mixings, in link with
BSM  physics.  In  particular  the  different  seesaw  mechanisms  will  be
addressed  with  their  phenomenological  consequences.  A  strong
emphasis  on  the  sterile  neutrino  hypothesis  and  all  relevant
implications  and  constraints  (cosmological  and  phenomenological),
depending on their mass regimes will close the theory part.
The  experimental  part  will  start  with  a  historical  discussion  of  the
different  processes  and  experiments  that  led  to  the  discovery  of
neutrinos,  and then to the study of their  fundamental properties and
interactions.  An  important  part  of  the  lectures  is  devoted  to  review
neutrino  oscillation  results,  with  an  emphasis  on  the  variety  of



experimental approaches that have been used (solar and atmospheric
neutrino  detectors,  reactor  neutrinos  and  neutrino  beams).  The
measurement  of  the  neutrino  masses  is  also  addressed.  Current
challenges in neutrino physics will  be discussed in the context of the
next generation of neutrino experiments. Finally, the role of neutrinos in
multi-messenger astronomy will be presented along with a presentation
of the main astrophysical neutrino sources.
The dark matter part will first overview the evidences of the existence of
dark  matter  through  cosmological  and  astrophysical  indirect
observations.  We  briefly  review  the  dark  matter  particle  candidates,
then focus on the Weakly Interacting Massive Particle (WIMP) and on
the estimation of its flux. An important section will be dedicated to the
experimental techniques, emphasizing the connections with background
challenges already discussed in the experimental neutrino part. The next
generation of experiments will  be sufficiently sensitive to detect solar
and  atmospheric  neutrino  interactions  via  coherent  scattering  off
nucleus, an irreducible background for WIPMs, but also a new window
for observing neutrinos. We conclude with an outlook on the future of
dark matter searches,  on the envisaged techniques for  discriminating
neutrinos,  and on the possibility to build giant observatories for both
neutrinos and dark matter.

Pedagogical methods : Lectures and Tutorials

Prerequisites :

Modalities of knowledge 
assessment :

Written examination at the end of the semester for the first 
session and Oral examination for second session (for the second 
session, the maximum grade is limited to 10)
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