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Motivation: Neutrino Oscillations
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Motivation: Invisible Higgs Decay

N J

In every model with spontaneous L breaking,

there Is a massless Goldstone boson:
] (majoron)




Standard Model

SM neutrinos are massless since:
@ Right-handed neutrinos do not exist

© Lepton number is “accidentally” conserved
©@ Higgs triplets do not exist

= SM must be extended In some sector:

@ Particles
© Symmetries

@ or both



©@ The most general SUSY extension of the SM
allows L and B violation =- Proton decay!!

©@ Ad hoc postulation of R-parity conservation
= MSSM

PR — (_ 1)3B—|—L—|—25

@ Neutrinos remain massless
¥ Postulation of Pr conservation Is not inevitable!

@ Postulation of Pr as an exact symmetry of the
W, but which is spontaneously violated
= SBRP



Spontaneously Broken R-Parity Model

©@ Particle Content
©@ Superpotential

©@ Non-Zero Vacuum Expectation Values

@ Neutral Fermion Sector
@ Neutral Scalar Sector



Particle Content

MSSM superfields

+
3 Isosinglets
Ve S @
L = —1 +1 0

v = neutrino Dirac mass term
S = large mass for v*

O = it enlarges invisible Higgs boson decay
= possible solution to the p problem



Superpotential
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Solution to the u problem



Vacuum Expectation Values
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Neutral Fermion Sector

Non-zero VEVs =

® neutrinos

.. ® 2augIinos

= mixing ot 5aUE
e higgsinos

e singlet fermions

In the basis - N
(1/)0)T — (Vll V2, V3, _iA,/ _iA3/ Hgl HS/ VC/ S/ (D)

£ 5 (") Mu(U)



Neutral Fermion Mass Matrix
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Effective Neutrino Mass Matrix
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Matrix elements:
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Mass Elgenstates

m,, = 0

m,, = min(|m, |, |m,,|) = SOL scale

My,

, = max(|m, |, |m,.|) = ATM scale

V2 V3

where, approximately,

m), o |Al?

/
m,, X |€



Neutral CP-even Scalar Sector

(h/O)T _ (HOR, HSR, 1’7{%, 175, 17%)%, VCR, §R, (DR)
1
r S E(h’O)TMiO(hIO)
Mass eigenstates are
0
h) = R hY
with the following mass eigenvalues
diag(m? ,...,m} ) = RV M2 (R™)T

We define 1 = 1



Neutral CP-odd Scalar Sector

(P/O)T _ (HOI, HSI, ,\7{, 175, 175, ,\701, gll (DI)
1

LD E(P’O)TMf,O(P’O)

Mass eigenstates are P?, where

(PO)T — (]/ GO/ Al/ AZ/ A3/ A4/ A5/ A6)

0 __ pP'prn0

with the following mass eigenvalues

diag(0,0,m% ..., m% ) = REMZ(RP)T



Higgs Production

We define the following parameter:

__877Zh
; g%\éh
@ If n ~ 0 = h mainly isosinglet
@ If n ~ 1 = h mainly isodoublet (like MSSM h)
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Visible Higgs decay

Invisible Higgs decay



Invisible Higgs decay

We define the following parameter:

_ Mk —=J])
~ TI'(h — bb)

Ry

where

M(h — bb) o< m;

2
Shjy

=11 = 350




Numerical Results (general W)
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Numerical Results (general W)
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Numerical Results (cubic-only W)
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Numerical Results (cubic-only W)
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Conclusions

© Experimental data: Neutrino oscillations
= SM must be extended

©@ The Spontaneously Broken R-Parity Model
explains neutrino properties

@ It can give a solution to the i problem

© Moreover it predicts large invisible Higgs decay
(for Higgs mainly isodoublet)



@ The SUSY extension of the SM allows L and B violation

@ The most general superpotential which is renormalizable
and invariant under Ggp; = SU(3)c x SU(2)r x U(1)y is

W = Wnssm + WE -+ WB

where
Wwss = eap | QIU;HE + W QYD HS + 1/ TYE; B — nAS L
Wy = e |eLfHE+ ALITYE, + A, L2Q8D;
Wi = ALUD;Dy

@ W = Proton decay!!



Possible Solutions

@ Postulation of L and B conservation

&) Disadvantage respect to the SM
@ They are violated by non-perturbative EW effects

@ Postulation of R-parity conservation:

PR _ (_1)SB+L—I—25

@ It can be an exact symmetry
@ Stable LSP = candidate to dark matter
— MSSM

@ Neutrinos remain massless

% Postulation of Pz conservation is not inevitable



Possible Solutions

© Postulation of baryonic parity conservation:

Zg _ o2& (B-2Y)

@ Postulation of Pr as an exact symmetry of the
W, but which is spontaneously violated
= SBRP

% Z2 and SBRP let L violation
= open door to massive neutrinos



Numerical Results (general W)
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Numerical Results (general W)
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Numerical Results (cubic-only W)
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Numerical Results (cubic-only W)
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Motivation: Neutrino Oscillations

© Atmospheric Neutrinos

Am3oy = 2.2 x 1073 eV?
sin®(Barm) = 0.50

@ Solar Neutrinos

Am2,; = 8.1 x 1075 eV?
tanz(BgoL) =041

©@ Reactor Neutrinos

Sinz(QCHgoz) S 0.022
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