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1 — Outline

Low energy neutrino parameters
The see-saw mechanism
Leptogenesis

On the connection between CPV phases in leptogenesis and m,,

Questions for the future




2 — Neutrino parameters at low energy

To explain the present data we need to assume (at least) 3 generations.

We have 3 masses: TR = \/ + Am%l, ms = \/ + Am%l

The mixing is described by a unitary mixing matrix:
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parametrized by 3 angles and 3 phases.




2 — Neutrino parameters at low energy
In the neutrino mass matrix K= U};MNS D, Upvins BRI EERITE

3 mixing angles: 64 ~ 45°, 05 ~ 30°, 0 < 12°.

3 masses.: ma

AmZ ~ 8 x 107° eV?2,
Amz oG e N

3 phases: universal phase 0

2 Majorana CPV phases,
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2 — Neutrino parameters at low energy

NATURE « NEUTRINOS

particles particles, AL = 2

A Majorana neutrino coincides with its antineutrino. Then the lepton symmetry is not a good

symmetry of the theory of Elementary Particles.

The nature of neutrinos is directly related to the of
elementary particle interactions and is crucial in understanding

(e.g. ).

Neutrino oscillation experiments

. AL = 2 processes can answer this question and the most sensitive
one is (33)q,-decay.




3 — See-saw mechanism and leptogenesis

We assume the existence of very heavy right-handed neutrinos, singlet with respect to SM.

They have a large Majorana mass, Mz > 100 GeV. They couple to the left-handed
neutrinos and to the Higgs:

YL-HN - Y(H%Yv N = mpv N

The massive neutrinos are

It naturally explains the smallness of neutrino masses.

Leptogenesis takes place in the same context.




3 — See-saw mechanism and leptogenesis

A viable explanation for the baryon asymmetry of the Universe

g = 6.9 X 10—10

IS the leptogenesis mechanism . It requires L violation and CPV.

The out-of-equilibrium decays of heavy N of see-saw models generate a lepton

asymmetry. This is then converted into the observed baryon asymmetry.

is an efficiency factor, which takes into account the wash-out effects, controlled by

My = (mpmb)11 = ma|R% | 4+ ma|R2,| 4+ ma|RZ;).

This allows to put a bound on the range of values of neutrino masses compatible with

m1 < 0.1 —0.15eV .

minimal leptogenesis




3 — See-saw mechanism and leptogenesis

Is there any link between CPV in m,, and the lepton asymmetry?

In going from high energy to low energy, 6 real parameters and 3 phases are lost.

Using useful parametrizations we can trace which are the parameters which do not play any

role at low energy

Biunitary parametrization

de2di? = —UTmE D> RRT D} *mpU

mp =iDY? R dy*U"

Orthogonal parameterization :
—1 /2




3 — See-saw mechanism and leptogenesis

Leptogenesis depends on the mixing in the right-handed sector.

m,, depends on both the mixing matrices for the left-handed and right-handed sector.

Leptogenesis

Neutrino mass matrix

R T
U does not enter explicitly in mpmp,.

U(CKR,CKL)




3 — See-saw mechanism and leptogenesis

U(OZR, OéL)
Implies that

there is no one-to-one connection between CPV phases in m,, and
leptogenesis;
If in a model the number of high energy phases is reduced, then it may be
the low-energy parameters with the leptogenesis ones. (For

example, models in which a;, = 0 or ap,(ag)).

For each model which reproduces the low energy neutrino mass matrix, the
need to be studied. Typically successful leptogenesis

puts bounds on the neutrino parameters at high and low energy (light and

heavy mass scales, CPV phases),




4 — Conclusions

require new

If neutrinos are Majorana particles, the mechanism would be a reasonable

explanation for neutrino mass generation.

Furthermore it would indicate that L is violated and this is one of the

ingredients for leptogenesis.

Present and future knowledge of m,, (angles, phases and masses) will allow to test the
-mass generation models and disprove a large number of them.
Successful leptogenesis will further restrict the allowed ones and the range of their

parameters.

Neutrino physics can shed some light on the physics at very high energy scales

(and possibly on the evolution of our Universe ).




