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Motivation
Why neutrino decay? Why cosmic neutrino decay?

See also P. Dentonʼs talk.



Motivation
• Neutrino oscillation experiments revealed

But, the neutrino-mass-generation mechanism remains mystery...

• If neutrinos are massive, what could happen?

• Non-standard interactions may induce fast neutrino decay. 
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This implies neutrinos have non-standard interactions.

Neutrino Decay!

CHAPTER 3. REVIEW OF THE COSMIC NEUTRINO BACKGROUND
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Figure 3.1: The Feynman diagram for e�e+ ! ��

⌫i

�

⌫j

�

3.2 E↵ective number of neutrino species Ne↵

In this section, we review the e↵ective number of neutrino species, Ne↵ , which play an
important role in confirming the existence of the C⌫B and constraining physics beyond the
SM. After e±-pair annihilation, relativistic SM particles in the Universe are only photons
and neutrinos. Then the radiation energy density in the SM is given by

⇢r = ⇢� + ⇢⌫ , (3.19)
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and ⇢⌫ is the total energy density of neutrinos and anti-neutrinos. From Eqs (2.22) and
(3.9), it is convenient to parametrize the radiation density, ⇢r, as

⇢r = ⇢�
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Neutrino Decay
• Neutrino Radiative Decay

Even the SM interactions induce radiative decays. 

Its lifetime is extremely long:
There is already stringent constraint: 

• Neutrino Invisible Decay

The lifetime (i.e.          ) of Invisible decay is much less constrained.
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Constraints on neutrino lifetime

Constraints on        are longer for long travel time/low energy. 

• Various sources of neutrinos
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The Cosmic Neutrino Background(          )! https://inspirehep.net/files/c67ed6768c2031d578363160e3bdbbfd
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Constraints on neutrino invisible decay 
• Current constraints:

• Future sensitivity: 

We forecast constraints on neutrino decay via capture of the         on tritium,
and support the construction of a setup for such an experiment. 
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Decay of heavier neutrinos:
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Produced lighter neutrinos:
• Number density today (   ) :

• Current energy spectrum:
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Neutrino capture on tritium
• The most discussed method proposed by Weinberg in 1962:

No threshold energy        because of

• Tritium (PTOLEMY-type experiment)

Long lifetime:
High capture cross section
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Properties and Challenges
• Capture rate

• Spectrum of the emitted electrons

• Main background:
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Observed “electron” spectrum in normal ordering 
(NO):

• We model the Gaussian-smeared spectrum to take into account the energy resolution 
of the detector     . 
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Possible constraints in NO:
• We employ a simple      test.
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the result is the same. 
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Possible constraints in Inverted Ordering (IO):
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Conclusions
• The        capture on tritium have the potential to explore a neutrino lifetime, 

especially in the region of the age of the universe .

• In normal ordering, we can constrain neutrino lifetime for
when an exposure of           g yr and energy resolution                      are 
obtained.

• In inverted ordering, we can constrain neutrino lifetime for 
when an exposure of           g yr and                   are obtained.

• When the setup is determined more concretely, a more quantitative 
discussion will be possible. 
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