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Double-Beta Decay History
• Double-beta (bb) decay was introduced by        

M. Goeppert-Mayer in 1935 as a nuclear 
disintegration with simultaneous emission of two 
electrons and two neutrinos.

• (Z,A) → (Z,A±2) + 2 e± + (2ne)
• Since 1935, thousands of works were published.  

Analysis of the Nuclear Science References 
database shows that ~2/3 of them are theoretical. 

• Published theoretical results provide a very 
extensive range of possible scenarios and 
observables. 

• As of today, bb-decay is experimentally observed 
in 11(13) nuclei, and it represents an interest to 
analyze these findings, deduce trends, and 
constrain the theoretical pursuits.
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Present Status of bb-decay
• Two-neutrino mode was observed in many 

nuclei: (Z,A) → (Z,A±2) + 2 e± + (2ne)
• Neutrinoless mode is elusive:                 

(Z,A) → (Z,A±2) + 2 e±

• Two-neutrino bb-decay is the rarest 
observed process in Nature.

• Many measurements, even more 
calculations, often discrepant findings.

• Large number of observations allows 
implementation of nuclear systematics.

• The observables are T1/2 and decay 
products.

3



Double-Beta Decay Formalism
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128,130Te Nuclei
• B. Pontecorvo pointed out that transition 

nuclear matrix elements are similar in both 
nuclei, and half-lives are defined by 
transition energies or Q-values.

• Primakoff and Rosen predicted that for 
2β(2ν) decay, the phase space available to 
the four emitted leptons is roughly 
proportional to the 8th through 11th power of 
energy release. 

• NNDC adopted T1/2 for 128,130Te comply 
with the nuclear theory. 
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More Double-Beta Decay Formalism
• Two-neutrino decay formula

• There is a dependence on nuclear 
deformation and can be modeled with 
deformation parameters.

• Independently, deformation parameters 
and transition energies were explored at 
NNDC using a preliminary fitting formula. 

• It is time to revisit these fits. 

7



More Double-Beta Decay Formalism
• Two-neutrino decay formula

• There is a dependence on nuclear 
deformation and can be modeled with 
deformation parameters.

• Independently, deformation parameters 
and transition energies were explored at 
NNDC using a preliminary fitting formula. 

• It is time to revisit these fits. 

8



Re-visited Adopted T1/2 Fits
• It is known half-lives depend on 

dimensionless Coulomb energy parameter 
ξ ≈ ZA−1/3.

• Furthermore, several authors showed the 
anticorrelation between nuclear 
deformation (e or b2 deformation 
parameters) and the two-neutrino mode 
nuclear transition matrix element. 

• The fitting formula:

• Fit results: Good, we do not fit all cases for 
Z=20-92.

• We need to think about outliers.
9



Analysis of Fit Outliers
• Atomic nuclei are not alike, plenty of different physics there.
• 96Zr – Shape coexistence, spherically symmetrical and deformed configurations are present. 

The lowest excited state here is 0+, formally calculated rotational model deformation 
parameter of b2=0.0615(33) is not physical. It has to be increased by a factor of 2.5 to 
produce meaningful results.

• The analysis of nuclear properties of even-even atomic nuclei reveals that in 76Ge → 76Se, 
82Se → 82Kr, and 150Nd → 150Sm transitions the intermediate nuclei (76As, 82Br, and 150Pm) 
ground-state parity is negative while in all other cases it is positive. 

• This implies that these transitions are more complex than the Gamow-Teller pseudovector 
transitions where the selection rules for beta decay involve no parity change of the nuclear 
state (The spin of the parent nucleus can either remain unchanged or change by ±1), and 
first forbidden transitions could be present.

• Empirical evidence shows that adoption of a reduced deformation parameter β2(reduced) ≈ 
2/3*β2 resolves the predicted values deviations.
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Current Fit Results
• Current approach was used to predict T1/2 for 

36 isotopes of interest. 
• The present work findings were compared 

with 11 known T1/2 and experimental upper 
limits.

• 25 T1/2 values for presently unobserved 
decays were estimated.
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Takeaways
• NNDC adopted double-beta decay T1/2 values 

have been re-examined.
• 128,130Te data analysis led to observation of E-8

energy trend for 2n recommended values. 
• The energy trend and quadrupole deformation 

parameters were used to explain nuclear 
systematics of recommended values. 

• β β(2ν)-decay half-lives for 11 observed and 
25 unobserved transitions were calculated.

• Work on the double-beta decay compilation 
and evaluation at Brookhaven will continue.



Systematic Trends of 0+
2, 1-

1, 3-
1 and 2+

1
Excited States in Even-Even Nuclei

• The present state of the first-excited state 
2+ spin and parity dominance in even-even 
nuclei is given.

• The properties of 0+
2, 1-

1, and 3-
1 and 

lowest excited states were reexamined 
using the Evaluated Nuclear Structure Data 
File standard procedures.

• Strong needs for complementary 
theoretical studies on dominance are 
shown.

• Shape coexistence in 96Zr and its impact 
on its properties is extensively discussed.
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Beta Decay Transitions
• In the Fermi transition, the electron and 

neutrino emitted from the β-decay parent 
nucleus have spin vectors which are anti-
parallel to one another. 

• The Gamow–Teller transition is a 
pseudovector transition, that is, the 
selection rules for beta decay caused by 
such a transition involve no parity change 
of the nuclear state. The spin of the parent 
nucleus can either remain unchanged or 
change by ±1. However, unlike the Fermi 
transition, transitions from spin 0 to spin 0 
are excluded. 

• When L > 0, the decay is referred to as 
"forbidden". Nuclear selection rules require 
high L values to be accompanied by 
changes in nuclear spin (J) and parity (π).
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76As, 82Br, and 150Pm Levels
• The analysis of nuclear properties of even-

even atomic nuclei reveals that in 76Ge → 
76Se, 82Se → 82Kr, and 150Nd →150Sm 
transitions the intermediate nuclei (76As,82Br, 
and 150Pm) ground-state parity is negative 
while in all other cases it is positive.

• This implies that these transitions are more 
complex than the Fermi/Gamow-Teller 
allowed and superallowed transitions, and 
first forbidden transitions could be present. 
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