





See-saw induced neutrino masses
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Model dependence in see-saw type-1

M;;
® Relevant interactions: )\5 L hd+)\NNl M QJNiNj [m,, — TN M)‘N]

@ Overall size of neutrino Yukawa couplings
AN — kAN My — My,
—
M — k*M BR(e; — e;7) — k*log k BR(e; — e;7)
@ Unknown flavour structure

VAAE, UyAN, M 21 physical parameters

e Ty, T 01y 0o e 12 known or measurable parameters
di

.2 Uy AN = Uydar Mitor Vi e

_1/\/ M diag 4 )\NUT/\/ N[ diag

9 unknowns = 3 masses + 3 angles + 3 phases

@ Type-II: LFV more predictive , leptogenesis as well in SO(10)



Type-II see-saw in SO(10)

A =~ (1,3,1) o 15su(5) A + Z & 5450(10) = 155u(5) + 1_55u(5) +24su(5)
(or c 126 + 126 or > 500)

Note: 10 x 10 = 15 + 45, + 54, 54 < 252 (perturbativity)

54 does not couple to 16 x 16

But it does couple to 10 x 10, and 10 > (1,2,-}2) = |

Reminder: SM embedding
16s010) = 5sus) + 10sues) + lsus) 10s0010) = 5su(s) + 5su(s)
ESU(S) =| +d¢= hd + H3

10suqo) = q + u¢ + e€



A predictive Type II SO(10) model

SO(10): 10isues) € 16iso0), Sisusy S 10isoqo)

W D %162-16].10 e T %1()@-10]-54 = %10 1054 + Wiev 1 NR

<16> pairs up the  h..16.10.16 —Vig h;:516510
f mg = Uy Yij spare components : v L e ol
in 16; 10; =Vi6 hij(LiLj + D; DY)
E
’U2
Y s
Mg = 2M ——— fi; (pure type II)

W is Rp invariant, generic up to mass terms; no type-1I

Below Mgur: SM + (51+5)) + (15+15+24) (+ N))
LNV from A (and N;) Ma = Mis < M2s My



CP asymmetry

o fij, MY; from my, me (up to overall factors, Wir)
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Maximal CP asymmetry

Need: ne ~ 10~°

Emax/ N2L Normal Hierarchy Inverted Hierarchy
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Maximal efficiency

@ A kept in equilibrium by gauge interactions (AA < SM) and
especially decays (A < ', hyhy, L1L7)
(— no dependence on initial conditions!)

o Still, a quasi-maximal efficiency can arise if one (decoupled)
decay channel is out of equilibrium

s 2 Bt

@ Inour case: A < L iL;

T(A L5220 BCA- 200~ 2006 5> i 20 m|?

2.2102 e siad
H H sin*s Ami, = i (A1) > i m;
Ma 1/2
; ; . : ; .
@ O(1) efficiency if |ful is sufficiently small: |fi1]| < (0.5 SR GeV)



O(1) efficiency region

M) <€ Mz &« ms, MA/N\24 = 0.1, sin20 =1, sin2613 = 0.05, fanB = 10

M,=10"GeV

(K = [/H)




Analytical estimate of n

Toy model: no SUSY, no GUT (SM + A + LiLj)

Yx = nx/s
Define A; = o€ DS Ma s my— O(1) AVEER S 6
Zx = Yx + Y>Z

No — 1 in the limit: ya <« yp (V) + BL « 1 (see eqs)
Hypercharge conservation: Ay =2AA — A;+ Ay

Lepton number asymmetry at T « Ma: Ajp, = A + Ail — A

% i r Al AA Ah AA
If both A < I*1* hh are in equilibrium: ~ 0 a
e e R YT
Then:
Y4 4 4
Ap_ [ = —Ap = K A: = —ngeXS{ T > M =

(n8/S)exp = NoE = 2 1078

~ 0



FCNCs

o New effects from new heavy fields below Mcur: (5i+5:) + 54

1
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A
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SO(10) breaking and 2-3 splitting

Woew = WD 4 (2

vev vev

A Rt
WD = T154452 1 (AgS + g1254) 45,455 -+ . 54'° + 16(Mig + g 451)16

vev 2

11616

M
W® — p10'45,10 + =210 — 2161610

vev 2 2

new implementation of the DW mechanism

room to suppress D=5 proton decay



Gravitinos

® Weak washout =@ Ma = 10! GeV
@ Large Try and SUSY

@ Tru up to few 100 GeV:
® mssz > 100 TeV (e.g. anomaly mediation)
@ gravitino LSP (specific NLSP or RPV)

& Tru > 10" GeV
@ m3p <16 eV + CDM
@ msp » 100 TeV
@ No sugra/sUSY

@ Small Tru
@ A from reheating, preheating, other mechanisms

@ Lower Ma (strong washout)



Model dependence

mo = me' only (approximately) compatible with 3™ family

No surprise it does not work for lighter families: small Yukawas

are sensitive to higher dimensional operators, possibly involving
SO(10) breaking fields

Such operators also affect the relation between light and
heavy leptons in a model-dependent way

The quantitative effect is negligible in leptogenesis unless Ma =
M;, mild in FCNC because it is O(1) and enters logarithmically;
negligible if the triplet is heavier than the second heavy family



i = i

@ Baryogenesis closer 0 be tes able




