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Classical Double Beta Decay Problem 
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Adapted from Avignone, Elliot, Engel, Rev. Mod. 
Phys. 80, 481 (2008) -> RMP08 
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Neutrino Masses 
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-  Tritium decay: 

-  Cosmology: CMB power 
spectrum, BAO, etc, 
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2 ≈ 7.5 ×10−5 eV 2 (solar)
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Two neutrino mass hierarchies 
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Neutrino ββ effective mass 
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The origin of Majorana neutrino masses 
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GUT/SUSY R-parity v. mechanism 
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Left-Right Symmetric model 
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Possible contributions to 0ββ decay 
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The Black Box Theorems 
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J. Schechter and J.W.F Valle, PRD 25, 2951 (1982) 

0νββ observed     ó 

at some level 

E. Takasugi, PLB 149, 372 (1984) 

(i) Electron neutrinos are Majorana 
fermions (with m > 0).  

(ii) Lepton number conservation is 
violated by 2 units 

J.F. Nieves, PLB 145, 375 (1984) 

Black box I  (electron neutrino) 

However: 

M. Duerr et al, JHEP 06 (2011) 91 
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δmν e( )
BB
~ 10−24 eV << Δm32

2 ≈ 0.05eV

Black box II  (all flavors + oscillations) 

M. Hirsch, S. Kovalenko, I. Schmidt, PLB 646, 106 (2006) 

0νββ observed     ó 

at some level 

(i) Neutrinos are Majorana fermions.  

(ii) Lepton number conservation is 
violated by 2 units 
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Regardless of the 
dominant 0νββ 
mechanism! 



DBD signals from different mechanisms 
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The DBD half-life 
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(i) ηNL neglijible in most models; (ii) η & λ ruled in /out by energy or angular distributions
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2v Double Beta Decay (DBD) of 48Ca 
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Ikeda sum rule(ISR) = B(GT;Z →Z +1)∑ − B(GT;Z →Z −1)∑ = 3(N − Z)

Ikeda satisfied in pf ! 
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The choice of valence space 
is important! 
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B(GT) =
f ||σ⋅ τ || i

2

(2Ji +1)

Horoi, Stoica, Brown,  

PRC 75, 034303 (2007) € 

gAστ
quenched⎯ → ⎯ ⎯ ⎯ 0.77gAστ

 ISR 48Ca 48Ti 
pf  24.0  12.0 

f7 p3  10.3    5.2 



The effect of larger model spaces for 48Ca 
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0   0.941  0.623 
0+2  1.182 (26%)  1.004 (61%) 
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SDPFU: PRC 79, 014310 (2009)  

SDPFMUP: PRC 86, 051301(R) (2012)  

arXiv:1308.3815, PRC 89, 045502 (2014) 

   M(0v) 
0      / GXPF1A   0.733 
0      +2nd  ord./GXPF1A   1.301 (77%) 
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PRC 87, 064315 (2013) 

See also M. Horoi,  

PRC 87, 014320 (2013) 



Beyond Closure in Shell Model 
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Challenge: there are about 100,000 
Jk states in the sum for 48Ca 

Much more intermediate states for 
heavier nuclei, such as 76Ge!!! 

No-closure may need states out of 
the model space (not considered). 
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Minimal model spaces 

82Se :    6,146,681 
130Te : 22,437,983 
76Ge :  89,472,767 
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M0v for 82Se: PRC 89 054304 (2014) 
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136Xe 0νββ Results 

M. Horoi and B.A. Brown, Phys. Rev. Lett. 110, 222502 (2013) € 

Mexp
2ν = 0.019 MeV −1

n (0+) n (1+) M(2v) 

0 0 0.062 

0 1 0.091 

1 1 0.037 

1 2 0.020 

0g9/2  

0g7/21d5/2 1d3/2  

 2s5/2  0h11/2  

0h9/2 
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B(GT;Z →Z +1)∑ − B(GT;Z →Z −1)∑ = 84

Ikeda: 3(N − Z) = 84
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Comparisons of M0ν 0νββ Results 

From T. Rodriguez, G. Martinez-Pinedo,  

Phys. Rev. Lett. 105, 252503 (2010) 

T. Rodriguez, G. Martinez-Pinedo,  

Phys. Lett. B 719, 174 (2013) 
Large jump down for magic no 
of neutrons !!! 

€ 

Sn isotopes

    Present Shell Model results:  

Phys. Rev. Lett. 110, 222502 (2013) 

PRC 89, 045502 & 88, 064312 (2013) 

PRC 89, 054304 (2014) 
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Summary and Outlook 
•  Observation of neutrinoless double beta decay would signal 

physics beyond the Standard Model: massive Majorana 
neutrinos, right-handed currents, SUSY LNV, etc 

•  48Ca case suggests that 2ν double-beta decay can be 
described reasonably within the shell model with standard 
quenching, provided that all spin-orbit partners are included.  

•  Higher order effects for 0ν ΝΜΕ included: range 1.0 – 1.4  

•  Reliable 0νββ nuclear matrix elements could be used to 
identify the dominant mechanism if energy/angular 
correlations and data for several isotopes become available. 

•  The effects of the quenching and the missing spin-orbit 
partners are important (see the 136Xe case), and they need to 
be further investigated for 76Ge, 82Se and 130Te.  


