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Dirac vs. Majorana

» Two possibilities to define Fermion mass
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Dirac mass analogous to other fermions Majorana mass, using only a left-handed
but with ™/, ~ 107'? couplings to Higgs neutrino — Lepton Number Violation
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» Two possibilities to define Fermion mass
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Lepton Flavour versus *yCl
Lepton Number Violation

Neutrinoless _ _ ut - e”
double beta decay B =€y conversion in nuclei
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Effective Mass and Seesaw _UCL

» Effective operator for Majorana neutrino mass
> Only dimension-5 operator beyond SM
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» Seesaw Mechanism
- Add right-handed neutrinos N; to SM, My ~ 10'* GeV
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Effective Mass and Seesaw _UCL

» Effective operator for Majorana neutrino mass
. . (H) (H)
> Only dimension-5 operator beyond SM + *

N\ /
N\ /
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» Seesaw Mechanism
o Sterile Neutrino Mass Scale Unknown

- ~ 10 GeV Naive Seesaw, GUTs

- = 10° GeV Thermal Leptogenesis

- =~ 103 GeV Resonant Leptogenesis, Production at LHC
- ~ 1 keV Dark Matter Candidate

- ~1eV Oscillation, Cosmology, 0vBp
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» Introduces high energy scale

» Right-handed neutrinos are singlets §

+ Couple only via small mixture
with active neutrinos

» Mechanism not testable
with low energy observables

» Possible Solutions
> SUSY Seesaw
- Testable LFV effects from sleptons
- “Bent” Seesaw mechanisms
- Decouple A ny from heavy neutrino mass
- Left-Right symmetric models

+ Right-handed neutrinos couple
with gauge strength to charged leptons
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Small Yukawa’s vs UL
“Bent” Seesaw

» Seesaw Mechanism with GeV/TeV scale heavy neutrinos
> Standard Seesaw with small Yukawa couplings

Y, ~ 1078,/My /GeV

o “Bent” Seesaw mechanisms
Decouple Ay ny from

heavy neutrino mass _r"1 R BELRRLLL, LR BELELL L IR L BN L IR BELRLLLLL, LA BRI L BELLALLL, BELELLL L BELELLLLL BELELLLL BELLRLLL, LR BRI L, LA 1.;
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processes 10—1°f! ) ¢ ,
- 1076 107 1072 10° 10% 10* 108 108 -

1 [GeV]

Frank Deppisch | Light Heavy Neutrinos | 17/09/2014



Neutrinoless &
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O U b I e eta e Cay Light Neutrino Exchange

» LNV and neutrino mass probe d ” u
. . e
» Uncontroversial detection of 0vgp v
of utmost importance W
> Prove lepton number to be broken d u

> Prove neutrinos to be Majorana TOVBE ~ 1025

particles 1/2 yr - mpp ~ 0.1eV
(Schechter & Valle '82)

e

» Typically most sensitive
probe of heavy neutrinos, ,
!

- only probing coupling to e SUEL N
> limit can be evaded in bent
Seesaw cases
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v Minimal Standard Model

(Asaka, Shaposhnikov ’05)

» Very light right-handed neutrinos

» my, ~ few keV

- Dark Matter candidate for very weak mixing
with active neutrinos: 67, ~ 10710

v
N
7
Zz
v
- Hint of observation in galactic photon ‘—Qﬁ
N

E. =
spectrum at +X—"1 = 3.5 keV? v v
(Bulbul et al., Boyarksy et al., ‘14)

» my,, = few GeV

> Light neutrino mass
generation for weak mixing

> Leptogenesis through
active-sterile oscillations,

requiring small mass splitting

between N, and N;
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v Minimal Standard Model

» Motivation to search for heavy
neutrinos in the GeV mass range

» LNV + LFV rdecays
» LNV (+ LFV) Meson decays

> Strong limits below Kaon mass
- Potential for B and D decays

> Problem: Active-Sterile
mixing too small in vMSM 00015,

. *
baryogenesis  LHCRQ, ™"
yog AL

I.C‘l' b J—

~, ‘e -“I
- Decay times > pus e
> Implement Bent Seesaw = 1075F
with large mixing
(Canetti, Drewes, Garbrecht ‘14) 10771

» Dedicated beam dump
experiment SHiP
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Falsifying Leptogenesis

(FFD, Harz, Hirsch, ’13)

» Observation of LNV process (at LHC)
sets lower limit on lepton asymmetry
washout

OLHC
fb

[ M
log1, ?W >7+0.6 (T_e)\(/ — 1) + logo

> Excludes high scale Leptogenesis

- Expected to hold for any
(incl. non-resonant) LNV process
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Conclusion

» Neutrinos much lighter than other fermions
> Dirac or Majorana? Lepton Number Violation?

» Searches for LNV are crucial probes for BSM physics

- Nature of neutrino mass generation

> Matter asymmetry through Leptogenesis
> Does not really require further theoretical motivation!

» Strong interest in “Short”-Seesaw Mechanisms
> LNV may not be observable for quasi-Dirac neutrinos
- LNC + LFV modes can be important probes as well
> vMSM can explain Dark Matter and Matter asymmetry
with keV / GeV neutrinos
> Attractive scenario or artificial solution?
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