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The longstanding questions

2) How to measure very low energy (< 1 keV) neutrino ?

1) Is it possible to make a measurement of the 
Cosmological Relic Neutrino density ?

We know that CRN are non-relativistic and weakly-clustered

• UHE cosmic rays scattering (indirect, unknown sources)

• Torsion balance (polarization, strong ν-ν asymmetry)
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An old idea
S.Weinberg Phys.Rev. 128 (1962) 1457
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Neutrino Capture on a
Beta Decaying Nucleus

(NCB)

In the original idea a large neutrino chemical potential (μ) could
distort the electron (positron) spectrum near the endpoint energy
Today we know that μ/Tν ≤ 0.1 and the effect is too small to be
detected. BUT……
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A new fact: mν≠ 0
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Neutrino masses of the order of 1 eV are compatible with
the present picture of our Universe

The events induced by Neutrino Capture have a unique
signature provided by a gap of 2mν

The drawings however are not to scale…..
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NCB Cross Section
a new parametrization

Beta decay rate

NCB

The nuclear shape factors Cβ and Cν both depend on the same nuclear
matrix elements

It is convenient to define

In a large number of cases can be evaluated in an exact way and
NCB cross section depends only on Qβ and t1/2 (measurable)



NCB Cross Section
on different types of decay transitions

• Superallowed transitions

• This is a very good approximation also for allowed
transitions since

• i-th unique forbidden



NCB Cross Section Evaluation
The case of Tritium

Using the expression

we obtain

where the error is due to Fermi and Gamow-Teller matrix
element uncertainties

Using shape factors ratio

where the error is due only to uncertainties on Qβ and t1/2

lim β → 1 
=

lim β → 1 
=



NCB Cross Section Evaluation
allowed 1st unique forbidden 2nd unique forbidden 3rd unique forbidden

allowed 1st unique forbidden 2nd unique forbidden 3rd unique forbidden

β+ (bottom)
β− (top) Qβ =     1 keV

Qβ = 100 keV
Qβ =   10 MeV



NCB Cross Section Evaluation
using measured values of Qβ and t1/2

1272 β− decays

799 β+ decays

Beta decaying nuclei having BR(β±) > 5 %
selected from 14543 decays listed in the ENSDF database



NCB Cross Section Evaluation
specific cases

Superallowed 0+ 0+ decays
used for CVC hypotesis testing
(very precise measure of Qβ and t1/2) Nuclei having the highest product

σNCB  t1/2



Relic Neutrino Detection

In the case of Tritium we estimate that 7.5 neutrino capture events
per year are obtained using a total mass of 100 g

The cosmological relic neutrino capture rate is given by

Tν = 1.7 ⋅ 10-4 eV

after the integration over neutrino momentum and inserting
numerical values we obtain



Relic Neutrino Detection
signal to background ratio

In the case of Tritium we found that

As a general result for a given experimental resolution Δ the signal
to background ratio is given by

The ratio between capture (λν) and beta decay rate (λβ) is obtained
using the  previous expressions

where the last term is the probability for a beta decay electron
at the endpoint to be measured beyond the 2mν gap



Relic Neutrino Detection
discovery potential

As an example, given a neutrino mass of 0.7 eV and an
energy resolution at the beta decay endpoint of 0.2 eV
a signal to background ratio of 3 is obtained

In the case of 100 g mass target of Tritium it would take
one and a half year to observe a 5σ effect

The same result holds in case of mν=0.3 eV and Δ=0.1 eV



Conclusions

The fact that neutrino has a nonzero mass has renewed
the interest on Netrino Capture on Beta decaying nuclei
as a tool to measure very low energy neutrino

A detailed study of NCB cross section has been performed for
a large sample of known beta decays avoiding the uncertainty
due to nuclear matrix elements evaluation

The relatively high NCB cross section when considered in
a favourable scenario could bring cosmological relic neutrino
detection within reach in a few years
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