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Can the Higgs be superpartner of a neutrino?

Yes: same quantum numbers
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Is the Higgs the first SUSY particle discovered?
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What if Higgs is the superpartner
of the neutrino?
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Grahan G Ross Grand Unified Theories Chapter 9

An obvious
poseibility {8 to {dentify the Higgs SU(2) doublet ss s
partner of e lepton doublet. However, this is not possible,

for such sen sssignment {n supersymmetry does not give an
acceptsbls psttern of fermion massses. The reason i{s that

Superéymmelry restricts the possible forms of Yukaws couplings
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Surprisingly Higgs mass still protected at one-loop
ot ot
Notice that a 125 GeV Higgs also needs g

a “quartic coupling” from SUSY breaking!
2
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MSSM: R-Parity

In the MSSM, we need an R-parity:
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Higgs as slepton: R-parity?
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Higgs as slepton: R-parity?

Standard particles

Higgs VEV breakes it!

-+ Proton decay...

-+ Need a new version of R-parity!



Higgs as slepton: R-Symmeftry
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Higgs as slepton: R-Symmeftry

Standard particles SUSY particles

Example:

R-charge = O

- must be charged _ _

- R must be a symretry (not a parn‘y)

-+ Gauginos: Majorana masses forbidden, must get Dirac
masses by marrying other states

~-» Neutfrino masses:
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-+ Gauginos have Dirac-type masses: different phenomenology
(no same-sign dileptons)
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Implications

Gauginos have Dirac-type masses: different phenomenology
(no same-sign dileptons)

<-ﬂ> lept ' iXi [~ ‘
: 3 ptfon-gaugino mixing, changes { couplings
'——>2»a W™ LEP bounds: gaugino mass >TeV

No trilinears: No LR-mixing in the squark sector
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Implications

Gauginos have Dirac-type masses: different phenomenology
(no same-sign dileptons)

<-ﬂ> lept ' iXi [~ ‘
: 3 ptfon-gaugino mixing, changes { couplings
'——>2»a W™ LEP bounds: gaugino mass >TeV

No trinilears: No LR-mixing in the squark sector

2 JEND SN 2
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No ordinary R-parity: Squarks can decay to quarks+lepton



Higgs as slepton: R-Symmeftry

Standard particles SUSY particle
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Signatures: 3rd family squarks

Typical LHC signatures: No ¥, but leptons in final state!
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Signatures: 3rd family squarks

Typical LHC signatures: No ¥, but leptons in final state!
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Signatures: 3rd family squarks

Typical LHC signatures: No ¥, but leptons in final state!
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Signatures: 1st/2nd family squarks
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Signatures: 1st/2nd family squarks

~ €, Ky T
2-Body decays Yukawa suppressed: dr ---<

TR

-+ 1st family: 3-Body decays dominate

-+ 2nd family: 3-Body decays can dominate
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Signatures: Higgs sector

Higgs sector: Invisible decay h — v+ G with BRin S 10%

005 0.10 0.15 020
Brinv

Falkowski,FR,Urbano ‘13



Conclusions

@ SUSY is a general framework with diverse realizations

@ Discovery of 125 GeV Higgs has changed perspective
on SUSY:  Hard breaking needed / MSSM unnatural



Conclusions

@ SUSY is a general framework with diverse realizations

@ Discovery of 125 GeV Higgs has changed perspective
on SUSY:  Hard breaking needed / MSSM unnatural

@ Higgs could be the first SUSY partner discovered
(same quantum numbers as sneutrino):

Squarks decay into quarks and leptons, or into 3-body

If gravitino is light, small invisible Higgs BR expected

Dedicated study allows fo distinguish from other models



