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Three things we have learned
from the neutrino experimem&s

1. Neukrinos have ij MASSES << MW
2. Neutrinos mix a Lot (unlike the guarks)

3. First (and so far ontv) new phvsws Bejov\d
the Standard model



Lepton Mixing Angles

Figure from SFK
hep-ph/0310204 Vl o




Gonzalez-Garcia et al
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Plots from updated review by SFK and Luhn
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Roadmap of neutrino mass models

DLrac

’ Arkani-Hamed,Dimopoulos,Dvali, March-
MD(J orana Russell[hep-ph/9811448]; Antoniadis talk

Yyes - ;
NG Higgs triplet or Loop
moolels

Zee,Babu...Ma talk, Tanja Geip talk

gCS

el RPV SUSY wodels

lwo
Hirsch,Diaz,Porod,Romao,Valle

[hep-ph/0004115].
See-saw models




Type I see-saw mechanism  Type IT see-saw mechanism (SUSY)§R

P. Minkowski (1977). Glashow: Yanagida; Lazarides, Magg, Mohapatra, Senjanovic,

Gell-Mann, Ramond, Slansky: Shafi, Wetterich, Schechter and Valle
Mohapatra, Senjanovic; Schechter and Valle
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Flavour Symmetry
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Family Generators
symmetry S, T,U A(6n2)

T preserved S,U preserved Luhn et al

IS the only viable
symmetry class -

Charged Neutrino predicts zero Dirac
Lepton Sector Sector T

Figure from

Holthausen,Lim,
SFK,Luhn

Lindner;
SFK,Neder,Stuart;
Lavoura,Ludl;
Fonseca,Grimus
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Semi-Direct Models

Klein symmetry and T are
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BT mixing B (BM) GR mixing
at LO mixing at LO at LO

1 S
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Lepton mixing corrections
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CP violation
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E.g. in semi-direct
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GY ~ 73
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Dirac Phase
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Indlrect Models
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Predictions follow
from flavon vacuum
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Sequentlal Dominance

Heavy Majorana Dirac
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L|ttlest Seesaw Model
2RHN

A A
Messenger scale 0 1
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Nick Prouse
et al
(to appear)

3 1 Very
_|_mb6i27f/3 SENGES ’ predictive:

1 3 1 a 7 outputs!!

Only two parameters now: 1M, My

my, my i 012 013
(meV)  (meV) (rad) (°) (°) (°) (°) (meV) (meV)

26.57 2.684 2% 34.3 8.67 45.8 -86.7 0




Bjorkeroth, de Anda,

de Medeiros Varzielas,
zea SFK 1503.03306




[M/ Bjorkeroth, de Anda,
C de Medeiros Varzielas,
MW o zea SFK 1512.00850
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AsxSU(S)
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1503.03306

1512.00850

AllL wass makbrices have
samwe CSD3 skructkure

i1~ 1) 8

neluding all neutrine
diotrices (Dirac & Maj.)

Bubt correction md(
Fo up nokbrix:




1503.03306 1512.00850

A4xSU(S)

© Boubi.e%m%r&pte% © Tmubi.e%m%ripi.e%
splitting from splitting from
Missing Partner Dimopoulos-Wilzcek

® Solves strong CP  |® Elegant universal
prabtem via CSD3 mwass makrices
Nelson-Barr for quarks & leptons

® Leptogensis phase |® Leptogenesis is

= oscillation phase | possible (1 progress)
1505.05504
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In the diagonal down quark basis (Super CKM basis) the down squark mass matrix is
2 mg(Ag—ptanB) (AL)rr (Afy)Lr {

(Afs
m= (AL)RL (ALy)RR (

(

(
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m3 ms(As = Ntanﬁ)

S L

A
m%R A
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Matrix is diagonal corresponds to "minimal flavour violation
We say that SUSY is “flavour blind”

Constrain off-diagonal elements from rare/FC processes
(AY)RR . (AL LR
(055)Lm =

mJiRmJjR md~iL m‘jj

(05 )RR =
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Dimou, SFK, Luhn 1511.07886

Mass insertion parameters in
SUSY SaxSU(5)xU(1) A= 0.22 §
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L.tosaiv resembles Minimal Flavour Violakion




Dimou, SFK, Luhn 1512.09063

LFV and EDM signals predm&ed

Idn/el(GeV D

H % 67 neutron EDM

10712F

BR(u—ey)

1077

- ot S ; I
B : o, S ge 2 f.L:;; “.«-$: Y Y R

. e ® o

107161 * .t X{»

10718+

electron EDM " slectron EDM

. 1 -20 | : : | 1
10714 10-12 |d./e|(GeV ™) 010_20 1018 [ot4 -2 \d.,/e|(GeV ™)

R e m(TeV)

12 14




® W&J % 037@'/@% Suall Newtrine /Masses?

f?;cmdmap of possibiti&ies e.9. loop models, seesaw models,..

e W&J %wju@w L@g@i%@%/%@?

Flavour symmetry is really the only way to make progress, but how
to implement it? Direct, semi-direct indirect, CP violakion?



o Vit the WWM/WWWMMWQ

Littlest Seesaw: 2RHN, CSD3, 2 E,v\pu,& Famme&ers, 7 predac&mns!

® Cm/«m@w/é@% rur be wnified?

Flavoured GUTs e.q. A4xSU(8), A(R7) xS0(10) elegant & predictive:

Littlest Seesaw, Leg%agamasis

P mejww%wwéfﬂa/?

Small flavour changing and rare processes: EDMs, LFV (cf. MFV)



Tallks by Miguel Romao & Andrew Meadowcroft






