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Fermion masses

After LHC discovery of the Higgs boson and
precise measurement of Yukawa couplings
the BEH mechanism is well established as

the mechanism to give mass to charged fermions

However: what about neutrinos?

from oscillation experiments -> they are massive
and their mass is very light

The SM must be extended



Neutrino masses

The simplest extension -> add ¥z and Dirac mass Y Lovp
is not satisfactory:

- extreme lightness of neutrino masses not explained
- lepton number conservation must be imposed

otherwise, Majorana mass is allowed Mvirrp

-> new scale in the SM -> BSM physics!

M can be at any scale, lighter or heavier than EW scale

If M>EW -> Seesaw mechanism
lightness of neutrino mass arise naturally



Seesaw mechanism

Minkowsky77
Simplest: type I seesaw Gell-Mann Ramond Slansky 79

-> add heavy fermion singlets N  Yanagida 79
Mohapatra Senjanovic 80
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Light neutrino mass for Y ~ 1 and M ~ Mqaur

Drawback: impossible fo test!

- both directly -> never produce heavy states

- neither indirectly -> NP effects suppressed by the large M:
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Seesaw mechanism
O(1) Yukawa not necessary: M ~ TeV with Y ~ 107° (Y,)

It seems better, but:
- N produced via Yukawa couplings -> difficult direct prod.
- moreover: NP effects now suppressed by Y"2 ~ Y= /M~

Can we build testable models?
YES

2 ways:

- use different seesaw particle, which can be gauge-produced
at accelerators

- try to have low scale with large Yukawa

we will do both



Other seesaws

type I is only one of the possible realization of neutrino masses
Lets adopt an effective operator approach:
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Weinberg 79

Many ways of getting it:
- tree-level

- 1 loop \

- e 3 possibilities:
@ fermion SU(2)-singlets -> typel seesaw
@ scalar SU(2)-triplets -> typell seesaw
@ fermion SU(2)-triplets -> typelll seesaw
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Type-111 seesaw

Foot Lew He Joshi 89 Ma 98 ..
Add to the SM fermionic SU(2) triplets:

Y exactly behaves like Vg

-> all the neufrino mass phenomenology studied for typel
seesaw models can be applied here

-> additionally richer phenomenology from charged states



Type-111 seesaw

Advantages:

- LHC: friplets can be Drell-Yann produced (if M is small)
independently of the strength of Y

- Richer pheno: FCNC for charged leptons at tree-level

relevant only if Y is large and M small
2
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We can have large Y and low M if
neutrino mass suppression comes from a symmetry ->
-> Lepton Number

Requirement of approximate L conservation



Approximate L conservation

Gd=5 ~d=6
£ = L (e —Ogs + ...
Ay ZZ: A%F'\Z
Neutrino mass / flavour changing operator
L violating L conserving

Standard seesaw: Ay =Arp =M

We consider models where M = App << Apn

Inverse seesaw models (initially for type-I)

Mohapatra 86 Mohapatra Valle 86 Bernabeu Santamaria Vidal Mendez Valle 87
Branco Grimus Lavoura 89 Malinsky Romao Valle 05 Buchmueller Wyler 90
Gavela Hambye Hernandez”2 09



1) General case - Eff. ops. analysis

Consider type-III seesaw, add a certain number of triplefts,
integrate them out, generate effective operators, calculate
all possible processes, compare with experiments and put bounds

o (Lﬁgb) iv"D,, (qﬁ?Lﬁ)
-> non-unitarity of the leptonic mixing matrix N = (1 — n)Upuns

-> FCNC for charged leptons at tree-level ~ (NN')? ~ (1 — 4n)

1.5-10" 27 00810~ 7 0.6
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Abada CB Bonnet Gavela Hambye 07
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CB, Fernandez-Martinez, Filaci, Hernandez-Garcia, Lopez-Pavon, in preparation




1) General case - Eff. ops. analysis

In this case we are assuming large Y and small M
-> approximate L conservation, but we do not see it directly

Also at the LHC: searches for triplets like these

Msiz:840 Gelle (if Y. — Y, /S| 82017

but: how can we know they are responsible for neutrino masses?



2) Inverse type-III with 3 triplets

Approximate L conservation fixes the pattern of Y and M:

Kersten Smirnov 07
Abada CB Bonnet Gavela Hambye 07
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2) Inverse type-III with 3 triplets

2
v
Compute m, = ?YM_lYT with these specific Y and M

Mas(O12, O23, O13, 6, d1, P2, Amiy, Ams,, my)

This is the footprint of the seesaw!

It must be taken into account when performing the fit



3) Inverse type-III with 2 triplets

Gavela Hambye Hernandez”2 09
Eboli Gonzales-Fraile Gonzales-Garcia 11
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More constrained scenario, we expect more stringent bounds



Observables for the fit

26 observables in the fit, as a function of a, Mz, Gg

G F receives non-unitary corrections (measured in muon decay):

> ratios of Z fermionic decays

> invisible width of Z

> ratios of weak decays constraining EW universality
> weak decays costraining CKM unitarity

> LFV processes: u — e(Ti), 7 — ey, 7 — uvy



Parameters

1) General case:

Nee Mup Nrr Mep Mer Nur (9 parameters)
2) 3 triplets:

0| “9“‘ Pe Pu 0 @1 P2 My
3) 2 triplets:

0| 0 ¢ (mg =0)

In (2) and (3) consider both NH and IH



PRELIMINARY Results PRELIMINARY
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PRELIMINARY Results PRELIMINARY

General

LFC
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from Schwartz inequality : from LFV processes:

|77046| < v/MNaaNBp 1t to e conversion in Ti, 7 — ey and 7 — uvy




PRELIMINARY Results PRELIMINARY
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PRELIMINARY Results PRELIMINARY

General — {3 triplets ] 2 triplets
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Future perspectives

Analyse the 3 and 2 triplets case at the LHC

> 2 triplets case studied in Eboli, Gonzales-Fraile, Gonzales-Garcia ‘11
- perform the study in the 3 friplets scenario
- use present LHC bounds on ftriplefs typelll-like

to place direct constraint on the approximate L-conserving
type-III seesaw



Conclusions

@ Low-scale seesaws with approximate Lepton Number symmetry
are very interesting scenarios

@ We are studying the typelll seesaw with approximate L-
symmetry with 2 and 3 triplefs

® We are placing new bounds on the parameters of these models
@ We will study LHC phenomenology

@ In case of signal (at the LHC or in LFV processes) the

correlations typical of these models will make them *really™
testable
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Observable SM prediction Experimental value

v
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Observable| Experimental bound |Future sensitivity

Ty | < 4.4-107° [5] < 3-107" [6]
T ey =233 107°.[5] < 3-107? [6]

< 10718 [§]







