Radiative Neutrino Masses

Linked to OvBp Decay

US

University of Sussex Jose Miguel No (Sussex U.)

FLASY 14, Sussex, June 18™ 2014



(Naturally small) Neutrino Masses

@® Up type Quarks
@® Down type Quarks
@ Charged Leptons S

Neutrinos

eV KeV MeV
M

m < 01ev Why So Small?



(Naturally small) Neutrino Masses

@® Up type Quarks
@® Down type Quarks
@ Charged Leptons S
Neutrinos

Ug
9631-
700,, /\/eij /fel'h }
Mass. M Oha
eV KeV MeV 7 Ge " h Isp,

g \_/ ekaf’bn
m < 01ev Why So Small?

= See-Saw Mechanism

=2 Radiative Neutrino Masses Symmetry (e.g. Z,) Conyection fo DY
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> Possible Collider Signatures at LHC & ILC (Potential LNV!)
= Potentially large Lepton Flavour Violation signals

Rich Phenomenology:

= Potentially large OvBB decay signals



Radiative v -Masses & O0vBP (& Neutrino Mixing)
(A Systematic Approach to Structure)

A Systematic Approach to O0vBp?

= Classifu LNV Non-Renormalizable SM Operators (AL = 2)
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Assume:
= LNV New (BSM) Physics Only Couples Directly to Lepions (not to guarks)

= No New Gauge Summedivies (below a few Tev)
A | ept
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Assume:

= LNV New (BSM) Physics Only Couples Directly to Leptons (not to guarks)
= No New Gauge Symmedries (below a few Tev)

A | epton

Copstvucti Lowest Ordey: LNVI SM Opevaiior (0L) Chirality

o 1f 0, Involves 2 ¥ : D=5
Weinberg Operator

> No Structure in Neutrino Mass Matrix mvab

> OvBB Dominated by Light Neutrino Exchange

J. Lopez-Pavon, S. Pascoli, C. Wong, Phys. Rev. D 87 (2013) 9, 093007
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> Short-Distance Contribution from 0, Important for OvBB

u
d_/ ﬂ 0 . . .
R 9 Light Neutrino Exchange Contribution Supressed (m’ = 0)
‘// oo but SD contribution has 16 w* v/ m_ ‘enhancement’
L)— £ = Electrons of Opposite Chirality
L
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(Known to be possible for Effective Operators involving Quarks)

K. S. Babu, R. N. Mohapatra, Phys. Rev. Lett. 75 (1995) 2276
K. S. Babu, C. N. Leung, Nucl. Phys. B 619 (2001) 667
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(2] 07 & 09 give Structure fo m’” m =0 (m” = O?)
(A Word on Neutrino Mixing...)
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Compatible with Current Oscillation Data
Predictive (NO, ngoo’fan’r, 5.p)



(1 07 & 09 give Tree-Level OvBp vs Loop-Level M~

F. del Aguila, A. Aparici, S. Bhattacharya, A. Santamaria, J. Wudka, JHEP 1206 (2012) 146
M. Gustafsson, J.M.N, M. Rivera, arXiv:1402.0515

G

Short-Distance — > NeWrE 5
771’10

1-Loop: C, = 10°
1-Loop: C, = 10?

ed-Level: C_=10"
ee

A3ojowso) Aq paioAe)siq
A3ojowiso) AQ paloARJSI(




(1 07 & 09 give Tree-Level OvBp vs Loop-Level M~

F. del Aguila, A. Aparici, S. Bhattacharya, A. Santamaria, J. Wudka, JHEP 1206 (2012) 146
M. Gustafsson, J.M.N, M. Rivera, arXiv:1402.0515

G

Short-Distance — > NeWrE 5
771’10

1-Loop: C, = 10°

red-Level: C_=10"
ee

A3ojowso) Aq paioAe)siq
A3ojowiso) AQ paloARJSI(

Positive Signal in OVBP combined with NO (hierarchical) as a way. To/test 07/09



(1 07 & 09 give Tree-Level OvBp vs Loop-Level M~

F. del Aguila, A. Aparici, S. Bhattacharya, A. Santamaria, J. Wudka, JHEP 1206 (2012) 146
M. Gustafsson, J.M.N, M. Rivera, arXiv:1402.0515

G

Short-Distance — > NeWrE 5
771’10

1-Loop: C, = 10°

red-Level: C_=10"
ee

' 1-Loop: C,, = 10°

“Tree-Level: C,, = 10"

A3ojowso) Aq paioAe)siq
A3ojowiso) AQ paloARJSI(

Positive Signal in OVBP combined with NO (hierarchical) as a way. To/test 07/09

Angular Distribution in SuperNEMO? <«—— Electrons of Opposite;Chirality 1v/






A Word for the Model Builder...

Renormalizable Completions of 09

Tree-Level (2-Loop Neutrino Masses)

C. S. Chen, C. Q. Geng, J. N. Ng, Phys. Rev. D 75 (2007) 053004 w w
F. del Aguila, A. Aparici, S. Bhattacharya, A. Santamaria, J. Wudka, JHEP 1205 (2012) 133
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A Word for the Model Builder...

Renormalizable Completions of 09

1-Loop (3-Loop Neutrino Masses)
M. Gustafsson, J. M. N., M. Rivera, Phys. Rev. Lett 110 (2013) 211802

The *Cocktail* Model
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Conclusions

Standard Mechanism (Light-neutrino Exchange)

OvBp Decay <:

New Particles (Short-Distance Physics)

Effective § Operators

It LNV New Physios Couples Only to Leptons (not Quarks),
few Operators (e.q. 0,%0,)

There exist attractive ways to connect Radiative Neutrino Mass

Generation to OvBp Decay Probes of the Majorana Nafure of
Neutrinos

Ulfimate Answer: OvBp + LHC + Cosmology






The *Cocktail* Model

Inert Doublet Model inspired by Zee/Babu

1T —— 2 2 2 12 P 12 A (e )
~AL = CaTiy b, o+ V(@1 (8ol S, 6f%) + s 010+ % gqn@z)

Lepton Number Breaking
Need C. #0, A #0, (K #0) Need X “orKu# 0
ab 5 1 pS 2
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