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® CvB inherently connected to CMB:
T,0= ()T, 0 =1.945K = 1.7 x 10~%eV
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Characteristics of relic neutrinos

CvB inherently connected to CMB:
T,0= ()T, 0 =1.945K = 1.7 x 10~%eV

11
Essentially a fermion gas obeying Fermi-Dirac statistics.
Number density: n, o = %% gT3 o = 56cm ™ per flavor (and similarly for

7).

Neutrinos start clustering when they become non-relativistic.
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Characteristics of relic neutrinos

® CvB inherently connected to CMB:
T,0= ()T, 0 =1.945K = 1.7 x 10~%eV

11
® Essentially a fermion gas obeying Fermi-Dirac statistics.

® Number density: n, o = %% gTE’O = 56cm 3 per flavor (and similarly for

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

n, =&ny,o(l+ 2)3

£ is relic neutrino overdensity.
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Characteristics of relic neutrinos

® CvB inherently connected to CMB:
T,0= ()T, 0 =1.945K = 1.7 x 10~%eV

11
® Essentially a fermion gas obeying Fermi-Dirac statistics.

® Number density: n, o = %% gT3 o = 56cm ™ per flavor (and similarly for

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

n, =&ny,o(l+ 2)3

£ is relic neutrino overdensity.

® 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 experiments: KATRIN, PTOLEMY
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Existing probes and their difficulties

® KE of CvB is very low — direct detection is extremely difficult.
® Cosmic rays - CvB scattering

Resonant absorption happens at
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Existing probes and their difficulties

® KE of CvB is very low — direct detection is extremely difficult
® Cosmic rays - CvB scattering

Resonant absorption happens at

sl ~ (4.2 X 10%2eV) &V Be-
yond GZK cut-off

[T. Weiler (PRL ’82)]
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Existing probes and their difficulties

® KE of CvB is very low — direct detection is extremely difficult.
® Cosmic rays - CvB scattering

Resonant absorption happens at
Sl (4.2 % 10%2eV) &LV Be-
yond GZK cut-off
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Existing probes and their difficulties

® KE of CvB is very low — direct detection is extremely difficult.

® Cosmic rays - CvB scattering
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[Eberle et al. (PRD ’04)]
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Resonant absorption happens at
2

Sl (4.2 % 10%2eV) &LV Be-

yond GZK cut-off

Difficulty:- Dependent on redshift
and source energy distribution of
the unknown cosmic ray sources.
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Using other SM meson resonances

For vv annihilation, weak current is either vector or axial-vector type. Weak

vector current — JFC = 17~ resonances and weak axial-vector current —
JPC = 11+ resonances.
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Using other SM meson resonances

For vv annihilation, weak current is either vector or axial-vector type. Weak

vector current — JFC =1~

PC _
JPC = 1%+ resonances.
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Using other SM meson resonances
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[Brdar, Dev, Plestid, Soni (PLB ’22)]
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Using other SM meson resonances

2
\ B. . = m, ~ 3x10'%ev 0.1eV
‘\ Tes T 2m, (142) ~ 142 m,

]

[Brdar, Dev, Plestid, Soni (PLB ’22)]
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Using other SM meson resonances
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Using other SM meson resonances

N 2
\ m ~ 3x10'%ev 0.1eV

\ — P
N E’r‘es — 2m,(142) ~ 142 m,

v

The cosmogenic neutrino flux typi-
cally peaks around 10'8eV’
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[Brdar, Dev, Plestid, Soni (PLB ’22)]
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Using other SM meson resonances

For vv annihilation, weak current is either vector or axial-vector type. Weak

vector current — JFC =1~

resonances and axial-vector current —

PC _
JPC = 1%+ resonances.
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Using other SM meson resonances

For vv annihilation, weak current is either vector or axial-vector type. Weak
vector current — JFC = 17~ resonances and axial-vector current —

PC _
JPC =177 resonances.
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e For the rest meson resonances, either resonance energy is beyond 10'8eV
or the resonances have narrow width.
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Motivation of our work

Fields Particles Macroscopic objects
Ultra—light s g thermal Primordial
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DM — v, (10°GeV < mpy < 1015GeV)
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Constraint on DM lifetime
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Constraint on DM lifetime
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‘We have considered-

® p—p (DM + astrophysical) constraint — weaker constarint on 7pas

® v ray (Galactic DM) constraint — stronger constarint on 7p s
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Result

Number of unattenuated events,

Nu)o = dE,, T Q Aeff(EV) _(EyanM’TDM)
Emin dEI’/
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Result

Number of unattenuated events,

Emax dd
N'u)o = dEl, T Q Aeff(EV) _(EuymDMvTDM)
Emin dEU

Number of attenuated events,

E
max dq)
Nw:/ dEI/ T Q Aeff(EV) E(EuymDMaTDM) R(EV7m1a§7Z)

Emin
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Result

Number of unattenuated events,

Emax dd
N'u)o = dEl, T Q Aeff(EV) _(EuymDMvTDM)
Emin dEU

Number of attenuated events,

E
max d@
Nw:/ dEI/ T Q Aeff(EV) E(EuymDMaTDM) R(EV7m1a§7Z)

Emin

R(E,,my,€,2) = e~ L&) (By,m1)n.,(2,8)
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Result
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Result

E
max d@
Nw/wo:/ dEu T Q Aeff(Eu) dT(EuamDMaTDM) R(Ey,ml,f,Z)
v

Emin
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For Nwoa R(Euvmlafvz) =1
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v

Emin
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Result

E
max d@
Nw/wo:/ dEu T Q Aeff(Eu) _(EuamDMaTDM) R(Ev,mlaf)z)

Emin dEV

For N,,, R(Ey, my, &, Z) — o~ L(©)o(Ey,mi)ny (2,€)

For Nwoa R(E,,,ml,f,Z) =1

X2 =2 <Nw — Nyo + Nwolo.g

wo
w

N,

)

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

x2>27
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Result

E
max d@
Nw/wo:/ dEu T Q Aeff(Eu) _(EuamDMaTDM) R(Ey,ml,f,Z)

Emin dEV

For N,,, R(Ey, my, &, Z) — o~ L(©)o(Ey,mi)ny (2,€)

For Nwoa R(E,,,ml,f,Z) =1

Nuyo
X2 =2 <Nw_Nwo+Nwol0.g )
Ny

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

x2>27

X2<m1a mDM7TDM7Z7§) > 2.7
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Summary

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

® [ts direct detection is difficult because of its low kinetic energy.

® [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.

® [ts direct detection is difficult because of its low kinetic energy.

® [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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