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} Two possibilities to define fermion mass

ὣ’ ’
’

Ὄ

’

’

Ὄ

ὣ

ὌὌ

ⱨ╡

ⱨ╛

ⱨ╡

ⱨ╛

ⱨ╛ ⱨ╛

ⱨ╡ ⱨ╡

Dirac mass analogous to other fermions

but with ρπ couplings to Higgs

Majorana mass, using only a left - handed 
neutrino Ҷ Lepton Number Violation
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} Process ὃȟὤ ᴼ ὃȟὤ ς ςὩ

}Uncontroversial detection of π’
of utmost importance

ƁProve lepton number to be broken

ƁProve neutrinos to be Majorana particles
(Schechter & Valle '82 )

} Which mechanism triggers the decay?
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General Effective Operator
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Light Neutrino Exchange
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} Plethora of New Physics scenarios
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R- Parity 
Violating SUSY

Extra 
Dimensions

Majorons

Leptoquarks
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} Effective operator for Majorana neutrino mass

ƁOnly dimension - 5 operator beyond SM

} Seesaw Mechanisms
ƁThree possible mediators at tree level
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Seesaw I Seesaw II Seesaw III
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} Effective operator for Majorana neutrino mass

ƁOnly dimension - 5 operator beyond SM

}Radiative Generation via Loops
ƁAlternative to Seesaw, e.g. R - Parity Violating SUSY
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} Seesaw I mechanism with TeV scale heavy neutrinos

ƁStandard Seesaw with small Yukawa couplings

ƁòBentó Seesaw I mechanisms (e.g. Inverse Seesaw)

¶Decouple ɤ,.6from 
heavy neutrino mass

¶Example

¶Large Yukawa 
couplings ρπ

¶Quasi - Dirac heavy
neutrino
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Quasi - Dirac 

Majorana Neutrino 
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} Seesaw I mechanism with TeV scale heavy neutrinos

ƁStandard Seesaw with small Yukawa couplings

ƁòBentó Seesaw I mechanisms (e.g. Inverse Seesaw)

¶Decouple ɤ,.6from 
heavy neutrino mass

¶Example

¶LNV in resonant ὔproduction

suppressed by 
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FFD, Dev, Pilaftsis

NJP 17 (2015) 7, 075019
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} Constraints on coupling 
to leptons ὠ

} Neutrinoless Double Beta 
Decay
Ɓ GERDA
Ɓ stringent for pure 

Majorana ὔ

} Peak Searches in Meson 
Decays
Ɓ “ȟὑᴼὩ’
Ɓ Belle

} Beam Dump Experiments
Ɓ e.g. PS191, CHARM
Ɓ LBNE

} LNV Meson Decays
Ɓ ὑᴼὩὩ“
Ɓ SHiP

} Z Decays
Ɓ LEP: L3, Delphi
Ɓ FCC- ee

} Electroweak Precision Tests
Ɓ EWPD: Fit of electroweak precision observables, 

lepton universality observables

FFD, Dev, Pilaftsis

arXiv:1502.06541
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} Constraints on coupling 
to leptons ὠ

} LEP2, ILC
ὩὩ ᴼὔ’, ὔᴼὩὡȟ’ὤȟ’Ὄ

} LHC (ATLAS, CMS, LHC14)
Ɓ Drell - Yan Production

Ɓ

Ɓ Majorana ὔ
¶ Same- sign dilepton signal

Ɓ (Quasi - )Dirac ὔ
¶ Trilepton signal

Ɓ Modified searches for
¶ lighter neutrinos
¶ Long - lived neutrinos

FFD, Dev, Pilaftsis

NJP 17 (2015) 7, 075019
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} Constraints on coupling 
to leptons ὠ

} LEP2, ILC
ὩὩ ᴼὔ’, ὔᴼὩὡȟ’ὤȟ’Ὄ

} LHC (ATLAS, CMS, LHC14)
Ɓ Drell - Yan Production

Ɓ

Ɓ Majorana ὔ
¶ Same- sign dilepton signal

Ɓ (Quasi - )Dirac ὔ
¶ Trilepton signal

Ɓ Modified searches for
¶ lighter neutrinos
¶ Long - lived neutrinos

Izaguirre , Shuve

PRD 91 (2015) 9, 093010

FFD, Dev, Pilaftsis

NJP 17 (2015) 7, 075019


