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Relic Neutrinos

¢ At around one second after
big bang, neutrinos got
decoupled from other
particles.

Microwave Background

400 kyr
z=1100

¢ Detection of CvB will validate
modern cosmological theory.

Nucleosynthesis

) e |t will provide a window to the
Jaomi, - first second of creation of the
universe.
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Characteristics of relic neutrinos

e CvB inherently connected to CMB:
Tyo=(£)° T, 0 = 1.945K = 1.7 x 10~4eV/
e Essentially a fermion gas obeying Fermi-Dirac statistics.

e Number density: n, o = 3 Cffﬁ’)ngo 56cm~—3 per flavor (and similarly for
7).

* Most intense natural neutrino source.
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e CvB inherently connected to CMB:
To= (&) T, 0 = 1.945K = 1.7 x 10~4eV
e Essentially a fermion gas obeying Fermi-Dirac statistics.

e Number density: 1,y = 3 <2
7).

* Most intense natural neutrino source.

® Neutrinos start clustering when they become non-relativistic. Relic
neutrino density gets enhanced.

9T, = 56cm~? per flavor (and similarly for

ny, =&nyo(1+ 2)3

¢ is relic neutrino overdensity.
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Characteristics of relic neutrinos

e CvB inherently connected to CMB:
To= (&) T, 0 = 1.945K = 1.7 x 10~4eV
e Essentially a fermion gas obeying Fermi-Dirac statistics.

e Number density: n, o = gé‘;i’)ngo = 56ecm—3 per flavor (and similarly for
7).

* Most intense natural neutrino source.

® Neutrinos start clustering when they become non-relativistic. Relic
neutrino density gets enhanced.

ny, =&nyo(1+ 2)3

¢ is relic neutrino overdensity.

e The current strongest experimental constraint on the local neutrino
overdensity from the KATRIN experiment is ¢ < 1.1 x 10! (95% CL).
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¢ Direct detection of coherent CvB elastic scattering with target nuclei
through momentum transfer.
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¢ Direct detection of coherent CvB elastic scattering with target nuclei
through momentum transfer.

* Difficulty:- Resulting acceleration too small.

e Direct detection by neutrino capture by 5-decaying nuclei.

* Difficulty:- Need high energy resolution.
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Existing probes and their difficulties

e Cosmic rays - CvB scattering

Resonant absorption happens at
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Using other SM meson resonances

For s << m?% , weak current is either vector or axial-vector type. Weak vector
current — JP¢ = 1—— resonances and weak axial-vector current —
JPC = 1t+ resonances.
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Using other SM meson resonances
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Using other SM meson resonances
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Using other SM meson resonances

For s << m?% , weak current is either vector or axial-vector type. Weak vector
current — JF¢ = 1—— resonances and axial-vector current — JX¢ = 1++
resonances.
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Using other SM meson resonances

For s << m?% , weak current is either vector or axial-vector type. Weak vector
current — JF¢ = 1—— resonances and axial-vector current — JX¢ = 1++
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® For the rest meson resonances, either resonance energy is beyond
10V or the resonances have narrow width.
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Far beyond the sensitivity of next-generation neutrino radio telescopes.
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Far beyond the sensitivity of next-generation neutrino radio telescopes.

Focus is on decaying dark matter
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Neutrino flux from decaying DM
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Ema.’l]

Nw/wo:/ dE T Q Aeff(E) (I)(EamDM,TDM) R(Eaml)faz)
Emin

For Nw, R(E,ml’é"z) — e_L(s)a(E:ml)”u(zag)

for Nyo, R(E,mq,£,2) = 1.
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For Nw, _I%(_E'7 m, 67 z) — e_L(g)o'(Evml)”u(Zag)

for Nyo, R(E,m1,€,2) = 1.
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w

N,

)

Writasree Maitra Probing Relic v Clustering with Heavy DM decay October 22, 2022 13/17



Result

Emaz
Nw/wo:/ dE T Q Aeff(E) (I)(EvaM,TDM) R(Eamlvgaz)
lanain

For Nw, _R(_E'7 m, 57 Z) — e_L(g)U(Evml)”u(Zag)

for Nyo, R(E,m1,€,2) = 1.

X2 =2 <Nw — Nwo + Nwolog J\;JJO

)

For IceCube-Gen2 to detect these events at 90% CL-

X2 > 2.7
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Emin

For Nw, _R(_E’7 m, 57 Z) — e_L(g)U(Evml)”u(Zag)

for Nyo, R(E,m1,€,2) = 1.
X2 =2 <Nw - Nwo + NwOZOQ N,

For IceCube-Gen2 to detect these events at 90% CL-

X2 > 2.7

X2(m1amDMvTDM)27§) Z 2.7
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Summary

® The existence of relic neutrino background is a strong prediction of big
bang cosmology.

e |ts direct detection is difficult because of its low kinetic energy.

e |ts indirect detection via cosmic ray-CvB scattering is limited to inclusion
of only p meson resonance.

® Heavy dark matter decaying into neutrinos can be resonant scattered by
relic neutrinos and this can be a new probe of detecting relic neutrino.
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Summary

® The existence of relic neutrino background is a strong prediction of big
bang cosmology.

e |ts direct detection is difficult because of its low kinetic energy.

e |ts indirect detection via cosmic ray-CvB scattering is limited to inclusion
of only p meson resonance.

® Heavy dark matter decaying into neutrinos can be resonant scattered by
relic neutrinos and this can be a new probe of detecting relic neutrino.

Thank you :)
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