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Beta decays and new phsyics

Wolfgang Pauli, 
ά[ŜǘǘŜǊ ǘƻ ǘƘŜ ǊŀŘƛƻŀŎǘƛǾŜ ƭŀŘƛŜǎ ŀƴŘ ƎŜƴǘƭŜƳŜƴέΣ 
(1930)

(A,Z)  (A,Z+1) + e- + neSinglebdecay

Enrico Fermi, 
ά!ǘǘŜƳǇǘ at a beta-Ǌŀȅ ŜƳƛǎǎƛƻƴ ǘƘŜƻǊȅέΣ 
(1933)
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60Co  60Ni + e- + ne

Chieng-Shiung Wu, 
Parity Violation
(1956)

Eu + eҍ Smz + ne Sm + g +ne

MauriceGoldhaber, 
Helicity of neutrinos
(1957)

Beta decays and new phsyics

At millikelvin temperatures!
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Double beta decay

(A,Z)  (A,Z+2) + 2e-

Nuovo Cimento 14( 1937 )171-184

άbƻ ǊŜŀǎƻƴ ǘƻ ŀǎǎǳƳŜ ǘƘŜ 
existence of antiparticles for 

ƴŜǳǘǊŀƭ ǇŀǊǘƛŎƭŜǎέ

n¹n

Ettore Majorana

(A,Z)  (A,Z+2) + 2e- + 2ne

0n2b

2n2b
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Neutrinoless double beta decay is the only experimentally viable 
process that can ascertain the Majorana nature of neutrinos

- New form of matter: self-conjugate fermions

- Natural extension of Standard Model, with Majorana mass term
(in addition to Higgs mechanism)

- Fix the neutrino mass scale  (not accessible to noscillation experiments)

- Explain smallness of neutrino masses(See-saw mechanism)

- Can explain matter / antimatter asymmetryin the Universe 
(Leptogenesis)

0n2band its implications
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Light Majorana neutrino exchange

Two key formulae

mbb= | | Ue1 |
2 m1+ eia1| Ue2|

2 m2+ eia2| Ue3|
2 m3|

Effective Majorana neutrino mass

1/t= G0ngA
4 | M0n| 2mbb

2

0n2bdecay rate
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Estimated by cosmology

E
st

im
a
te

d
 b

y 0
n
2
b

ra
te

(0.0087 eV)2

(0.050 eV)2

Normal 
ordering

Inverted
ordering

From noscillation experiments

Light Majorana neutrino exchange



0n2bisan inclusive test for the «creationof leptons»:    
2n  2p + 2e- Ý LNV (LetponNumberViolation)

This test is implementedin the nuclear
matter:  (A,Z)  (A,Z+2) + 2e-

0n2b: other mechanisms
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Tello et al., PRL 106, 151801

W. Rodejohann et al., Int. J. Mod. Phys E 20, 09, 1833

Left - Right symmetric models R-Parity violating SUSY models
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mbb= | | Ue1 |
2 m1 + eia1| Ue2|

2 m2+ eia2| Ue3|
2 m3|

Effective Majorana neutrino mass

1/t= G0ngA
4 | M0n| 2mbb

2

0n2bdecay rate

0n2b: the challenge


