Lepton Number Violation and
Scalar Searches at LHC

Francisco del Aguila
M. Chala, A. Santamaria and J.Wudka

-«

+  Universidad
B - 25y de Granada

4 CENTRO ANDALUZ DE FISICA
2 DE PARTICULAS ELEMENTALES

iieste 2013, Oetober 4



arX1v:1305.3904 [hep-ph]
arXiv:1307.0510 [hep-ph]

. Xiv:1310.xxxx [hep-ph]
Outline -~

® Introduction: Up to now the tiny neutrino masses are the only direct
observation of Lepton Number Violation (LNV), if they are actually Majorana
[and the observed baryon asymmetry of the universe is not generated by
leptogenesis]. At the LHC era the question is if LNV is observable at the LHC.

® Present limits on di-lepton decays can be easily extrapolated to LNV processes.

® But H++ can be a component of a generic scalar multiplet, generalizing the see-
saw of type Il model [with a heavy scalar triplet (A** A* A% giving Majorana
masses to neutrinos]. VWhat can be determined sampling appropriately 4 and 3
isolated lepton signals because their production rate does depend on T and Y.

® Conclusions
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The three mechanisms must violate Lepton Number (LN) for they are assumed to
generate Majorana masses. | and lll involve fermions: singlets N (I) or triplets X (llI),

and Il scalar triplets: A.



TeV signatures of see-saw messengers:
Multilepton signals
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Fig. 2. Left: pp — Wi — IN cross section at LHC. Right: N decay branching

ratio to Wg and SM bosons (see the text).
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Fig. 3. Left: Discovery limits for 30 fb™! as a function of M, and my, assuming

that N only decays into ITW}, — Ijj. from Ref. |[11]. Right: The same, assuming

that N decays into SM bosons.
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g N
CMS and ATLAS have set stringent limits on doubly-charged scalars H**

flecaying into two same-sign leptons ~ 400 GeV with only 5 fb-'at 7 TeV.

J

4 N
But they very much depend on the assumed di-leptonic branching ratios, in

particular, into Ts, and especially into gauge bosons. For instance, if the new
scalar muliplet has a neutral component getting a v.e.v,, through the gauge
coupling g’<H’>H"*W~"W~". On the other hand, if both H** decays are
observed, pp = H™ H~ = |7 I" W-W-, LN will have been proved to be violated

at the LHC.
\_

J

*The most popular Standard Model extension of this class is the see-saw of
type |l with a heavy scalar triplet (A** A* AY giving Majorana masses to
neutrinos.

*Present limits on di-lepton decays can be easily extrapolated to LNV

processes.
*But H++ can be a component of a generic scalar multiplet with
TH > T3H++ =7 —YH
*What can be determined sampling appropriately 4 and 3 isolated lepton
signals because their production rate does depend on T and Y.
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e and [ only
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(M) 0.6 10.6 17.4 5H.7 10.2 110.3  177.8 178.7 2324
(D) 19 214 9.1 173.4 2.9 194.4 4.4  607.0 314.9
SM Bkg 0.0 0.9 2.5 14.3 1.9 15.9 19.5 5483 1328

Table 2: Number of events with 30 fb~! for the fermion triplet signals with Majorana

(M) and Dirac (D) neutrinos, and SM background in different final states.

LHC reach (30 fb='and 14 TeV):
>2: 750 (700) GeV for Majorana (Dirac) coupling to e or x
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A BR’s into leptons are a high energy window to neutrino masses and mixings, and may even allow for

reconstructing the PMNS matrix.

They depend on the neutrino masses and mixings, being the main dependance on a: (in the plots B2—p3

and 32, respectively).
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e and |J only
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How well can we measure
the total cross-section ?
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® LNV processes are rare (my~0) and require a physical

enhancement (cancelling contributions to my or rather slow
decays) and an efficient reconstruction to be observable at the

LHC.

® Present limits on doubly-charged scalar masses mediating the see-
saw of type Il (triplet) and decaying into leptons only can be
extended to more general multiplets and decays.

® |f observed in the same-sign charged di-lepton channel, the type of
multiplet can be determined using events with four and three
isolated leptons, independently of the size of LNV.
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From Majorana to LHC:

Workshop on the Origin of Neutrino Mass
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