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Motivation

Why neutrino decay? Why cosmic neutrino decay?

See also P. Denton’s talk.



Motivation

 Neutrino oscillation experiments revealed
Am3s, ~ (8.6 meV)? IAm3,| ~ |Am3,| ~ (50 meV)?

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

-[This implies neutrinos have non-standard interactions.}

 [f neutrinos are massive, what could happen? 0

Neutrino Decay! v, j

 Non-standard interactions may induce fast neutrino decay.



focus on it

Neutrino Decay

Neutrino Radiative Decay
Even the SM interactions induce radiative decays.

V; — Vi

(current age of the universe)
Its lifetime is extremely long: 7., > 10°°(m,,/eV)™® yr >ty ~ 1.4 x 10*° yr

There is already stringent constraint: 7., = 10'® yr > ¢,

(neutrino-electron scattering)
Borexino 2017
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Neutrino Invisible Decay

V; —» Vj¢ V; ¢
Invisible particle like majoron etc AN

The lifetime (i.e. A\, m) of Invisible decay is much less constrained.




Constraints on neutrino lifetime
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Constraints on neutrino invisible decay

e Current constraints:

Tvy o 5 m,,. 3 Ty, 1
= 2> 10° s/eV > 4 % 10° ( vi ) 210" s/eV
ml/1,2 Tyi ~ 8 50 meV > mVi etC.
(SN1987A) (CMB) (High energy astrophysical neutrinos, see P. Denton’s talk)
Kamiokande-Il 1987 Barenboim et al. 2021 Pagliaroli et al. 2015
o Future sensitivity:
T,
—~ ~ 10 s/eV T, ~ tg = 4.35 X 1017 S
my
(supernova neutrino background) (CvB)
DeGouvea et al. 2020 Long et al. 2014

The most discussed, but still difficult, method
~
n N N \ N n
We forecast constraints on neutrino decay via capture of the CvB on tritium,
and support the construction of a setup for such an experiment.




Outline

* Decay of cosmic neutrinos and their spectrum
* Implications on cosmic neutrino capture on tritium

e Conclusions



Decay of heavier neutrinos: (vi)— v; + ...

« Number density today (to) : L’nz/i (tg) = e‘A”fan}

m—

o dt to E
>\1/ - / = W(EV) = —~1 TI/ ~ TCMB < AmQ ) AmQ
tq Y(E, )T Ty My ( 21 | 31‘)
nd =n,(tg)|a(ty)/a(ty)]® ~ 56 cm™?: number density without decays

Neutrino decoupling time

fc :the enhancement factor of gravitational clustering by nearby galaxies

m (meV) fe
10 1.053
50 1.12
100 1.5
200 3

— P. Mertsch et al 1910.13388.



roduced lighter neutrinos: vi —(v)+ ...

« Number density today (to) : [ﬁ,/j (to) =~ N, n, (1 — ot/ T, )}

I/Z'—>Vj¢2 Nyjzl

Vv, — I/jVjDk; : N,/j =2

N,/j : the number of V; produced by one decay of V;

« Current energy spectrum: de(Z) i
/l J dZ%(tO) Owing to cosmic expansion
dny, (to) _ /OO = 1 n(V)z' o~ t(2)/ Ty, By, py(z) dN (E,.(2)) N Production at z’
dE,,j 0 H(z) 7, pv; By, (2) dEVj (2) ’ Production at z

/

/ \
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Decay rate per
volume and time

1 di, (t)
N, di

J

Superposition of the decays

- Main contribution is
z~1(H(z)>»1for z>1)
- Energy injection by the decay occur.

We ignore clustering for Vj .

Spectrum by one decay

dN N, dT',
dE,, T, dE,,
/

Decay rate

. B,

J

Pv; (Z) = Pv; (1 + Z)a
— 2 2 2
By, (2) = \ /03, (1+2) 4+ m3, .




Outline

* Implications on cosmic neutrino capture on tritium

e Conclusions



Neutrino capture on tritium

 The most discussed method proposed by Weinberg in 1962:

Vi+tn—p+e

No threshold energy E,. because of sy > Mayge 1+ Me

e Tritium (PTOLEMY-type experiment)
v; +°H — *He 4+ e~

Long lifetime: ¢,/ = 12.32 years
High capture cross section
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Properties and Challenges

* Ca pture rate M Total tritium mass

Number of tritium: Np =
msy
_
J ~ 2 = ~ 2 Ny, MT
on = 2WUss Pon Nr =m0l (55255) (557
PMNS matrix ~~

A large amount of tritium is required.
& =3.76 x 10~*° cm?

e Spectrum of the emitted electrons dn . Observed electron”spectrum
dE, (Not yet take into account neutrino decay)
—dg?eB ~ 2|U,;|*6 Nt ik, (E.) E,~K’ ,+m.+E, ccay [(:gnd =~ 19keV

lightest: ECVB

. 1\ >

« Main background: *H — *He + e~ + 7; (B -decay) X : CvB
A tiny energy resolution is required. | i
A S Miightest + EcuB N N

The lightest neutrino mass



Observed “electron” spectrum in hormal ordering
(NO): V3 — V1
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CvB produced in the early universe

« We model the Gaussian-smeared spectrum to take into account the energy resolution
of the detector A .

dP%VB _ 1 / dF%VB / (Eé _ Ee) _
iE 27ra/ dE, i, (E))exp —ogz oc=A/v8In2




- We employ a simple x*

J Fiducial values
> . ‘

test.

Possible constraints in NO: vs — v1¢

We use a Gaussian likelihood.

A Poisson likelihood reproduce almost the same results.
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Possible constraints in Inverted Ordering (10):
vy — ...

The expected spectrum for ¥1 — V3¢
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Conclusions

« The CvB capture on tritium have the potential to explore a neutrino lifetime,
especially in the region of the age of the universe ty = 4.35 x 10'7 s.

We will mainly observe it due to a large PMNS matrix U,y .
 In normal ordering, we can constrain neutrino lifetime for v3 — v{¢
when an exposure of 2 500 g yr and energy resolution & S 0.6muightest are
obtained.

We will mainly observe it.

. . . L /
* In inverted ordering, we can constrain neutrino lifetime for vy — ...
when an exposure of 2 500 g yr and A < muigheess are obtained.

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

Thank you!



