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Dirac vs Majorana

} Two possibilities to define fermion mass
y @ >

m% 3 m%
m%

Dirac mass analogous to other fermions Majoranamass, usingonlyaleft -handed
but with p 1t couplingsto Higgs neutrino Y4 Lepton Nunm

| 5 . X0 9 40
L > ’ S~
” - w — \/ ,‘>

Frank Deppisch | Neutrinosand Collider Physics | 17/09/2015



Neutrinoless
Double Beta Decay

1 Process (6h) © (0hd ¢) ¢Q
1 Uncontroversial detectionof 1’ T ] W "
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B Prove lepton number to be broken
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B Prove neutrinos to be Majorana  particles o -k
(Schechter & Valle '82 ) 14 n pmt A6
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1 Which mechanism triggers the decay?
Light Neutrino Exchange General Effective Operator
Q - 0 ’ 0
w Y |4
, Q Q | 66N Q
! Q Q | U
3 (L) 4
Q 0 , 5
Yy pT UG D 04 AP

Frank Deppisch | Neutrinosand Collider Physics | 17/09/2015



New Physics Contributions .

University College London

to Ovpp ———

; Plethora of New Physics scenarios —
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Violating SUSY
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} Effective operator for Majorana neutrino mass

B Only dimension -5 operator beyond SM
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1 Seesaw Mechanisms

B Three possible mediators at tree level

iy

Effective Mass and Seesaw m
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} Effective operator for Majorana neutrino mass
B Only dimension -5 operator beyond SM
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Effective Mass and Seesaw m
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} Radiative Generation via Loops
B Alternative to Seesaw, e.g. R - Parity Violating SUSY
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Heavy Sterile Neutrinos
Low Scale Singlet Seesaw Models

} Seesaw | mechanism with TeV scale heavy neutrinos
B Standard Seesaw with small Yukawa couplings o pmJO TAA (is

BdBent 0 Slenechamisms (e.g. Inverse Seesaw)
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Heavy Sterile Neutrinos
Low Scale Singlet Seesaw Models

} Seesaw | mechanism with TeV scale heavy neutrinos
B Standard Seesaw with small Yukawa couplings o pm O TAA (is
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BdBent 0 Slenechamisms (e.g. Inverse Seesaw)

T Decouple ¥ = &om
heavy neutrino mass

1 Example
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Heavy Sterile Neutrinos
Experimental Searches

} Constraints on coupling 1
to leptons |w |

+  Neutrinoless Double Beta 0.01
Decay

B GERDA

B stringentfor pure 10
Majorana 0

1 Peak Searchesin Meson 5 107°
Decays il
B “ho Q’
B Belle

}  Beam Dump Experiments

10—10
B e.qg.PS191, CHARM

B LBNE b \
} LNV Meson Decays 10 0.1 o 1 o 10 o ““1‘00
50 'O« FFD, Dev, Pilaftsis
E ;HiPQQ arxiv:1502.06541 My (GeV)
}  ZDecays
B LEP: L3, Delphi
B FCCee

»  Electroweak Precision Tests

B EWPD: Fit of electroweak precision observables,
le pton universality observables
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Heavy Sterile Neutrinos
Experimental Searches

}  Constraints on coupling I
to leptons |w | i
} LEP2,ILC . 0.01+% .
QQO(’,00 Qi & O é Nk el EWPD N .
}  LHC (ATLAS, CMS, LHC14) 107451 ‘
B Drell - Yan Production o i _DELPHI _ -
q o :5 107°}
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107° 3
-10 -
q 10
B Majorana 0 10-12 DR
1 Same- signdilepton signal 0.1 1
B (Quasi-)Dirac 0 FFD, Dev, Pilaftsis
9 Trileptonsignal NJP 17 (2015) 7, 075019

B Modified searchesfor
i1 lighter neutrinos
1 Long - livedneutrinos
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}

Constraints on coupling
to leptons |w |
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LHC (ATLAS, CMS, LHC14)
B Drell - Yan Production
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1 Same- signdilepton signal
B (Quasi- )Dirac 0

1 Trileptonsignal
B Modified searchesfor

i1 lighter neutrinos

1 Long - livedneutrinos
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