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- CUB inherently connected to CMB:
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- Essentially a fermion gas obeying Fermi-Dirac statistics.

3 5(3)gT3

>0 = 36 cm=3 per flavor (and similarly for D).

. Number density: n, o =
T4 n?

- Neutrinos start clustering when they become non-relativistic. Relic neutrino
density gets enhanced. n, = &n, o(1 + z)°, & is relic neutrino overdensity.

- The current strongest experimental constraint on the local neutrino
overdensity from the KATRIN experimentis £ < 1.1 x 101 (95 % CL).
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CuB can behave like a scatterer to the neutrinos coming from decaying DM.

We can use this scattering to put a constraint on local CvB overdensity.
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Neutrino flux frrom decaying DM

The neutrino flux expected fromm DM have galactic and extragalactic
components

DM (@FN ExtGal
dq)l/aJrDa _ dq)l/aJrl?a dq)l/aJrDa

dFdS? dFdS) dFdS?

where,
Gal S oo
S e [ dsooui r (1s.0)
AP ~ Opmpe > dz dNZ
dEdQ  Ammpvtom Jo  H(z) dE
dNS

dEa s the solution of neutrino transport equation.
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Neutrino flux frrom decaying DM
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INput to the neutrino
transport equation is
the neutrino prompt
spectrum.
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Existing Constraints on DM Lifetime

[Das, Murase, Fuji (PRD23)]
[Kachelrie3 et al. (PRD18)] 9 7 i e
[Chianese et al. (JCAP'21)]

[Sarmah et al. (PRD'25)]

[Esmaili et al. JCAP12)]

[Arguelles et al. (PRD23)]
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« G/ZK neutrinos:
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(UHECR) protons or nuclei during their extragalactic propagation interact
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. Astrophysical neutrinos:

Neutrinos that are produced when the cosmic ray protons or
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interactions with each other or with the ambient photon field in the
cosmic accelerators themselves.

GZK plus astrophysical neutrinos —  [Muzio et al. (PRD23)]

The neutrinos from astrophysical environment will also be scattered by CuB.
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Event Number Calculation

Number of unattenuated events:

Fnax AP
NWO — / dE T Q Aeff(E) —(E,mDM,TDM)
Emin dE

Number of attenuated events:

Ernax AP
N :/ dEl' T Q Aeg(E) ——=(E, mDM, TDM m,.£)
Emin dE , ’

Nyo
X2 = (NW — Nwo + Nwolag N >

For lceCube-Gen2 radio to detect these events at 90% CL:

x> (m1, mpu, 7o, €) > 2.7
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oummary

o The existence of the relic neutrino background is a strong prediction of Big
Bang cosmology.

o Heavy dark matter decaying into neutrinos can be scattered by relic
neutrinos and this can be used to set a constraint on local relic neutrino

overdensity.

° The constraint on local CuvB overdensity obtained only via DM-decay
scenario gets improved if we include neutrinos from astrophysical
environment as well.



