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See-saw models

Type-l see-saw: addition of heavy singlet fields, vg.

. 1__
—Liigh = L YpPrg + EV,C?MRI/R + H.c. J

Type-ll see-saw: addition of heavy scalar triplet fields, A.

1 ~ ~
—Ligh = 552 YaQl, + MATr (ATA) + " Ad + H.c. J

Low-Energy:

Lefr = EI/_Lm,,I/Z + H.c.
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See-saw models and Leptogenesis CP asymmetry

Sakharov conditions: B, € and CPand Out of thermal equilibrium
Type-1: (¢2) Type-ll: (e2)

M (Nk = La®) — T (N = €a9) 5o TS5 = lalls) = T(Ag = Lulp)
C(Nk = Lad) +T (Ng = 1a9) J Fa, +Mas

y

€ o Im [mBkamD,amHkm} flavoured  €2P o Im [ujub Yfﬁ Yc’fg} flavoured
€k = Zef o Im [H,fm] unflavoured o Im [Tr (Yb yTa) Yolfﬁ ag}

i €5 < Im [u:ubTr (Yb YT""H

with H = mi,m
D™D unflavoured
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1 C.S.Lam, PRD (2006
Sym metry O{: Matrlces W. Grimus, L. L(avour)a, P.O. Ludl, JPG (2009)
We shall focus on 3 x 3 matrices: $.F. King, C. Luhn, JHEP (2009)

@ Hermitian Matrices:

t . _ T
G'MG =M, M= UdU J Symmetry Group

Generators U(1) x U(1) x U(1) J
G =gl+ (g —g)viv
where |gi| = 1.

e Symmetric Matrices:

GTMG =M, M= U*dUTJ Symmetry Group

22X22X22 J

Generators

Pure mathematical
Gi=gl+ (g1 — é,’z)ViV,-T

result!
where g? = 1.
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Symmetry of mass as residual symmetry

R. Gonzalez Felipe, HS, PRD (2010)

. o 17 1 ¢
Type-I: —Lpjgh = Vpmpvg + 5vgMrvg — Liow = 5Vem,Vf
We always have

szy Z = m, and G,;-MRGR = MRJ

What are the consequences if:

v = G, vr — GRig J is a residual symmetry?

We get the constraint

GZmDGR = Mmp J
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Symmetry of mass as residual symmetry
In the physical basis for Leptogenesis

G drGr=dr and GUHGL=H |

e non-degenerate M;: Gg is diagonal with +1. H diagonal

o degenerate M;: G G, =1 — GAIV,T VGl = VT Vi, where
Vi diagonalizes H. V] V}y has to be diagonal.
Parametrize: Vy = 0, KO.
Two conditions:
1)0, =dP, d = diag(+1,+1,+1)
2) K2 — eia
Hj € R, the freedom vg — Ovg leads to H diagonal

GZmD Gr =mp < UP = U,PK, US = URP'K No Ieptogenesis!J

see also: E.Bertuzzo, P.Di Bari, F.Feruglio, E.Nardi, JHEP (2009)
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Mass-independent textures

The diagonalization independent of the mass parameters (eigenvalues). |

Rewriting the see-saw: d, = Ad;'AT with A= UJUP dp U,?TUR

A is real, at least 6
Z Mk_lA,?k =m;, Z Mk_lA,-kAjk =0 Ajj vanish. vg degen.
k k Ur — URO
Two distinct solutions:
e det(m,) #0: A=PKdp K*P’ e det(m,)=0:mp =UA

UP = U,PK, H = ATA (real)
UR = URP'K Again No Mp, i MD.oj =
leptogenesis! Zk’k, U Uok Aki A

GZmDGR = mp J

see also:
D. Aristizabal Sierra, F. Bazzocchi, |I. de Medeiros Varzielas, L. Merlo, S. Morisi, NPB (2010)
S.Choubey, S.F. King, M.Mitra, PRD(2010)
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TB mixing from A; and Resonant Leptogenesis

G.C.Branco, R. Gonzilez Felipe, N.M.Rebelo, HS, PRD (2009)

Resonant flavoured Leptogenesis:
57! Im[H;jY? Y]
€ Z > D ',J_I,,m =
i () + () z
using RGE (t = In(A/M)/1672)
5f =2(Hi— Hy)t, Hy~3y2YsYajt J

using soft breaking M5k
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Disfavored by neutrino oscillations

p=10"

p=102

o= 2

0° 0° 0 07
Jéres]

T2K latest results: Normal(Inverted)
0.03(0.04) < sin® 26033 < 0.28(0.34)

Hugo Serddio (CFTP-IST) Leptogenesis and Flavour Symmetries

FLASY-2011

8/ 10



Leptogenesis in Type-I|

I. de Medeiros Varzielas, R. Gonzalez Felipe, HS, PRD (2011)

Type-ll TB mixing (de Medeiros's Talk)
e unflavoured , , ,
€, < Im [,u’;ubTr(YbYTa)] mrg =xC+yP+2D,
product C and P is traceless. /2 1
Zero unless D is present =3 (Zi 2 _21)
orY~C+P (1 0 o) 1(1 1 1>
P=|0 0 1 D=-11 1 1
e flavoured o 1 0 P\t

eg‘ﬁ x Im [ujub chﬁ ag]
o Im [Tr (YbYT"’) Yofﬂ ag}
not restricted in general

mass-independent mixing (X)

m, = meTBK)Z, Ux = KxUrs
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Conclusions

@ Type-l see-saw flavour models that predict a mass-independent
mixing — No leptogenesis in leading order

@ In these models the symmetry of mass matrices is the residual
symmetry of the Lagrangian, i.e. v; — G v, and vg — Ggrug.

@ Type-ll see-saw is not so restrictive in flavour models, and in the
simplest implementation can be related to the inverted neutrino
mass spectrum.
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