LEPTOGENESIS AND LOW ENERGY CP VIOLATION:

A NEW PERSPECTIVE
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2 — Dirac and Majorana CPV phases

2 — Dirac and Majorana CPV phases
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2 — Dirac and Majorana CPV phases

From probing

leptonic CP-violation at low energy,

which information
can we obtain
about the physics at high energy

and in particular about leptogenesis?



3 — The see-saw mechanism and Leptogenesis
e

3 — The see-saw mechanism and Leptogenesis

The see-saw mechanism provides a natural explanation for
smallness of neutrino Masses. [Minkovski; Yanagida; Gell-Man

Glashow; Mohapatra, Senjanovic]




3 — The see-saw mechanism and Leptogenesis

In a 3 neutrino mixing, light masses are given by:

m, = U*d,,U" ~ —\T Mz \v?

e Light neutrinos are predicted

e The orthogonsa
A= 1/vD

f




3 — The see-saw mechanism and Leptogenesis

I
Leptogenesis takes place in the context of see-saw models. The
decays of /N produce a lepton asymmetry, which is then

converted into a baryon asymmetry. Leptogenesis can

succesfully explain the observed baryon asymmetry of the

Universe.

[Fukugita, Yanagida; Covi, Roule

It requires:

* out of equilibrium;
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It requires:

Expansion of the Universe

* out of equilibrium;
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3 — The see-saw mechanism and Leptogenesis

The one-flavour approximation

For high 1" > 10™ Gev, charged leptons Yuke

are out-of-equilibrium and flavours are inc

The baryon asymmetry is given b

ng/s =Cnr/s ~ —10"*

_ T(N—IH) = T(N—icH")
I(N—IH) + [(N—lcH¢)

=; Im(AA)2, %




3 — The see-saw mechanism and Leptogenesis

. L
Taking flavour into account

At T < 10 GeV, the T charged lepton is a distinguishable
mass eigenstate. The asymmetries in the 7 and [ + €

need to be considered separately. [abada et al.; Nardi

also Antush, Barbieri et al., Pilaftsis and Underwood; Anisimov €

We take M; < My < M5 with 10?

The baryon asymmetr

€] X m 2j Im ()\U(A)\T)lj)\jl)%
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4 — Is there a connection between CP-V at low energy and in lept  ogenesis?
T
In understanding the origin of the flavour structure, the see-saw models have

a reduced number of parameters, with no independent . In some cas

It Is possible to predict

the baryon asymmetry from the Dirac and/or Majorana phases

FLAVOUR P.
See saw :
3 | eptogenesis

4

4

4
V masses b
mixing (U)



5 — Observing low-energy CPV implies leptogenesis?

5 — Observing low-energy CPV implies leptogenesis?

We use the orthogonal parametrization: A = 1 /v

with [?1;/7;; real. [Abada et al., Nardi et al., SP, P¢

one-flavour

- 3M; Im (Zﬁp myf *m3/ QUl*BUlpRlﬁRlp)
1670 > 5mg | Rl

€] —

¢; depends on the mixing matrix U directly (NEW!).



5 — Observing low-energy CPV implies leptogenesis?

NH spectrum

Let’'s consider m; < 1Mo X~ \//\m%> < Mg =~ \/Amgtm.

[SP, Petcov, Ria

l. e, X
. 8% 2 P
M, f(Rij) [023823012 Slﬂ( 5’2) €351

Direct dependence on the Majoran:
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|YB| X C23 €13 (823012 T 023512513) |Siﬂ % :

Taking R%Q — 0.



5 — Observing low-energy CPV impli
Leptogenesis due uniquely to the Dirac phase

’YB’ X C%g 512 513 |Sin5|.

For 3, = 0.85, Rl = 0.1, w
| YB|g

Im pOS | n ;g’::: r

|sin 63 sind| & 0.11, sinf3 2 0.11.
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6 — Conclusions

FLAVOUR P.

2l | eptogenesis
b/
4
A s’
V masses ‘
= mixing (U)

In presence of flavour effects, there is

a direct link between low energy phases and leptogenesis.
The observation of L violation ((33)g,-decay)
and of CPV in the lepton sector (neutrino oscillations and/or (ﬂﬁ)oy-decay)

would be a strong indication, even if not a proof, of leptogenesis.



