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• Introduction: the role of  0nbb in neutrino physics 

• Link between Lepton Number Violation (LNV) and
Lepton Flavor Violation (LFV) in muon decays:
useful ‘diagnostic tool’ to reveal 0nbb mechanism

• Illustrations: 

• Conclusion   

Outline

Based on  hep-ph/0406199, with  A. Kurylov, M.J. Ramsey-Musolf, P. Vogel

- RPV SUSY
- Left-Right symmetric models



Outstanding questions in neutrino physics

• Charge conjugation properties (Dirac or Majorana?)

0nbb [(Z,A) Ø (Z+2,A) + 2 e- ] can help address both issues

1.  Observation of DL=2 transition fl n are Majorana particles         

• Absolute mass scale in the spectrum

n n

p p
e-e- νM2.  If light n exchange is the dominant 

mechanism  fi access to mass scale



Based on LMA oscillation 
parameters.  Cross-hatched 
region ‹ 1σ errors 

Stripes region ‹unknown 
Majorana phases

By determining  mββ one can 
deduce  the neutrino mass 
pattern

R.D. McKeown and  P.Vogel



Mechanism(s)  generating 0nbb

(i)   Light  n exchange
Helicity flip (       ) 

Helicity non-flip  (R-currents, …)

(ii)  Heavy particle exchange

- TeV scale LNV could contribute to 0nbb at the sensitivity-level
of  future experiments  

Need extra ‘handle’ to decide 0nbb mechanism:
LFV phenomenology provides one !

[Single electron spectra/polarization
discriminate the two] 

is O(1)  for



Linking LNV to LFV   I

- SM extensions with low (~ TeV) scale LNV fl**

- SM extensions with high (GUT) scale LNV [ ]fl

** In absence of  special symmetries or hierarchies 
in Yukawa-like couplings.  Important caveat!

RPV SUSY
LRSM
…

SUSY GUT
SUSY SEE-SAW
…



Linking  LNV to LFV   II

• Projected experimental sensitivities: MECO  Ø
MEG  Ø

• Simple criteria** based on ratio  

1.                      Ø

2.                                Ø

3.  Non observation    Ø

(Need  more input 
to discriminate)



Effective theory description  I

- arises at loop level

- ,            may arise at tree level 

- Leading terms in  ci  are nominally of order (Yukawa)2

Operators  (omitting L ¨ R)



Effective theory description  II

• Phase space + overlap integrals: 

• hn  are coefficients of O(1) 

• Origin of large logs:
one loop operator mixing 

for light nuclei

[Raidal-Santamaria ’97]



Effective theory description  III

(i)  No tree level          ,           fl

(ii)  Tree level          ,          * fl log enhancement and 

(iii)  Tree level            **       fl

Need to show that in models with  low scale LNV 
Ol  and/or  Olq are generated at tree level. 

No general proof, but two illustrations 



Illustration I: RPV SUSY [R = (-1)3(B-L) + 2s ]



Illustration I: RPV SUSY [R = (-1)3(B-L) + 2s ]

[deGouvea-Lola-Tobe ’00]



Illustration II: Left-Right Symmetric Model
SU(2)L ≈ SU(2)R ≈ U(1)B-L fl SU(2)L ≈ U(1)Y fl U(1)EM

fl



Illustration II: Left-Right Symmetric Model
SU(2)L ≈ SU(2)R ≈ U(1)B-L fl SU(2)L ≈ U(1)Y fl U(1)EM

fl



Conclusions

• The ratio                    provides insight about 0nbb

mechanism and possibility to access n mass scale

• Low scale LNV  fl* 

• Simple criteria:
- if fl

- if                        ,  TeV scale LNV is possible

More expt./th. input needed to decide  0nbb mechanism     


