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ν physics was born in Tübingen 

. 

Light ν mass mechanism of 0νββ-decay 

Distinguishing of 0νββ–decay mechanisms 

Measuring of ν mass with  β-decays  

Fundamental properties of ν 

R-parity breaking mechanisms of 0νββ-decay 

Neutrinoless Double Electron Capture 

Detection of relic neutrinos 

Lepton number violation 

Related LNV processes with 0νββ-decay 

2νββ-decay and bosonic ν 

Detection of DM particles 

I have done a  
terrible thing.  
I invented a  

particle that cannot 
be detected. 

                 W. Pauli 

Detector at Savannah River 
Nuclear reactor (1956)  

We are happy to inform you  
 (Pauli)  

that we have definitely detected 
            ν             

 Reines & Cowan 

3 events per hour 

         σ  = 
(1.1±0.3) 10-43 cm2  
in agreement with  
Fermi theory of  

β-decay 

Tagung in Tübingen 
Lisa Meitner, Hans Geiger 

0νββ-decay 
 forbidden 

 in SM 

Matrix 
 elements 

 are as 
 important 

 as data 

• Can we relate 0ν and 2ν ΝΜΕ? 
• Common origin and differences 
   of different nuclear structure 
   calculations – extended anatomy  
• Measuring of Fermi 0ν NMEs? 
• New (multiphonon) QRPA method  
• Deformation, uncertainty, etc. 

Šimkovic, Faessler, Muether, Rodin, Stauf,  
PRC 79, 055501 (2009)  

we know 
we calculate 

we get 

Faessler, Fogli, Lisi, Rodin, Rotunno, Šimkovic,   
PRD 79, 053001 (2009)  

0νDEC: eb+eb +(A,Z)→(A,Z)*  

 Mi-Mf                    T1/2
ECEC 

                           (mββ= 50 meV) 

______________________ 
   1 keV      2.44 1031 years 
  100 eV     2.45 1029 years 
   10 eV      2.91 1027 years 
     0 eV      4.67 1026 years 
-------------------------------- 

No 2νDEC  background! 

Oscillation of atoms (LNV) 

χ 

An alternative to 0νββ search? 
Systematic study of all systems. 

(λ’111)2 

A comparison of all R-parity breaking SUSY mechanisms. 
LNV parameters constrained from phenomenological ν mass matrix  

Lepton Family Number Violation Total Lepton Number Violation 

Like most people, physicists enjoy a good mystery. 
 When you start investigating a mystery you rarely 

know where it is going 

Effective Majorana neutrino mass 

• 3 families of light (V-A) neutrinos: νe, νµ, ντ 
• νs are massive: we know mass squared differences 
• Relation between flavor states and mass states 
  (neutrino mixing)  only partially known 

• ν’s are their own antiparticles – Majorana. 
• Absolute ν mass scale from the 0νββ-decay? 

• Is there a CP violation in ν sector? (leptogenesis) 
• Are neutrinos stable?  
• What is the magnetic moment of ν?  
• Sterile  neutrinos? 
• Statistical properties of ν? Fermionic or partly bosonic? 

we know 

Claim for evidence of 0νββ 

we do not know 
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Šimkovic, Dvornický, Faessler, PRC 77, 055502 (2008) 
Dvornický, Muto, Šimkovic, Faessler, PRC 83, 045502 (2011) 

eeOsRe ν~187187 ++→ −

eeHeH ν~33 ++→ −

β-emitter (g.s.→g.s.) with lowest Q value (2.47 keV) 
First unique forbidden β-decay (5/2+→1/2-) 
Half-life of  T1/2=4.35 x 1010 y ~ age of Universe   
Natural abundance 63% 

Relativistic and with nuclear recoil 
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Clustering of relic νs ? 

•Feasibility to detect relic ν 
 in Katrin and MARE exp. 
•Detection of sterile ν  
•Resonant capture of relic ν 

• Kurie plot for rhenium β-decay 
• Effect of final atomic/molecular states 
• Effect of exotic (scalar, tensor) interactions 

gluino, neutralino exch. 

Squark mixing mech. ν mass loop mech. 

Faessler, Gutsche, Kovalenko, 
Šimkovic,  PRD 77, 113012 (2008) Gozdz, Kaminski, Šimkovic,  PRD 74, 055007 (2008)  

Faessler, Kovalenko, Šimkovic, PRD 58, 115004 (1998) 

Breakdown of empirical conservation laws not 
 protected by the gauge principle, such as the  
lepton number, the baryon number, the flavor  
changing process, CP violation are all expected. 

 Question is only the rate. 

Dirac-Majorana mass term R-parity breaking SUSY 

⇒ see-saw mech. 

Gozdz Kaminski, Šimkovic, Acta Phys. Pol. 37, 2203 (2006) 

Subject of interest : e–  + (A,Z)  → μ+ + (A,Z–2)  
Background:  µ+ from  π+ decay  

Phenomenological  
ν mass matrix  

IH 

Lepton number violating processes  
(eμ):  e–  + (A,Z)  → μ+ + (A,Z-2)  

(μe):  μ– + (A,Z)   → e+ + (A,Z-2) 

(μµ):  μ– + (A,Z)   → µ+ + (A,Z-2) 
(ee):  e–   +   e–   (atomic)   →  π− + π−   
(eμ):  νμ  +  e–   (atomic)   → π−  + π0  

(eµ), (eτ), (µτ):  
Trans. magn. moment 

Šimkovic, Krivoruchenko, 
Phys. Part. Nucl. Lett. 6, 485 (2008). 

Mixing of  
fermionic  

and  
bosonic ν 

2νββ 
amplitude 

Commutation 
relations 

Barabash, Dolgov, Dvornicky, Šimkovic, Smirnov,  
Nucl. Phys. B 783, 90 (2007). 

Statistical properties of ν: 
2νββ, supernova  

Ratio of T1/2 for trans. 
to 0+ g.s. and 2+ e.s. 
as function of sin2χ 

Mixing of atoms 

Capture rate 

Domin, Kovalenko  
Faessler, Šimkovic,  

 PRC 70, 065501 (2004) 

Šimkovic, Faessler, 
Kovalenko  

PRD 60, 033005 (2004) 

WIMPs candidates: 
Axino, ν, sterile ν 
SUSY particles (neu- 
tralinos, gravitino,  
axino), Kaluza-Klein  
Particles, etc. 

Direct detection 
(nuclear recoil) Bednyakov, Šimkovic, PRD 72, 035015 (2005) 

• NME for spin-dependent interaction of WIMPs  
• WIMP-nucleus cross section from two-nucleon currents 
   from pion-exchange in the nucleus 

Distinguishing 0νββ mechanisms with the help of data  
of different nuclei: 

Many extensions of the SM generate Majorana neutrino masses 
and offer a plethora of 0νββ mechanisms (ν, SUSY p., KK p. etc) 

i) Dominance of a single LNV mechanism (statistical analysis) 
    Faessler, Fogli, Lisi, Rodin, Rotunno, Šimkovic,  PRD 79, 053001 (2009) 

  ii) Competing mechanisms of the 0νββ−decay 
      Faessler, Meroni, Petcov, Šimkovic, Vergados,  PRD 83, 113003 (2011) 
        Šimkovic, Vergados,  PRD 83, 113015 (2010) 

Light and heavy ν exchange 

Gluino 
 exchange 

76Ge 

100Mo 

Gozdz,  
Kaminski,  
Šimkovic, 
 PRD 74, 

 055007 (2008)  

Faessler, Hodák, Kovalenko, Šimkovic,  
J. Phys. G 38, 075202  (2011) 
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Krivoruchenko, Šimkovic, Frekers, Faessler, 
Nucl. Phys. A 860, 1  (2011) 
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