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Cosmic neutrino background

Temperature: T, = (4/11)PTyp =~ 1.945 K

Number density: n, >~ 56 cm—3 per flavor

Expected to have the largest flux

Detected only indirectly (BBN, CMB, large-scale structure...)
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Sterile neutrinos

* Hypothetical spin-1/2 particle that has mixing with active neutrinos
» keV sterile neutrino can account for dark matter
* Appears...

« when we extend the SM by adding a fermion (e.g. & D HLN)

in the context of neutrino mass generation, leptogenesis, ...
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Coherent enhancement

* Neutrino-neutron elastic scattering cross section: V; V;
2
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* Ng:anumber of particles in the sphere with a radius

A =2x/|q]

e.g.) neutron star
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» Consists mostly of degenerate neutrons

(Peore ~ 1014712 g/em?, Ry = 10 km, My ~ 1.5My, py, ~ 400 MeV, p;, ~ 150 MeV)

» Keep losing energy by

photon and neutrino emissions

e The standard cooling scenario
predicts a cold O(100) K NS

at fyee = 10”7 yr
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Low-Temperature NS detection

* The coldest NS on record: J2144-3933 Tyg < 42,000 K (located at 172 pc)

o JWST, ELT, and TMT can possibly detect ©(1000 K) neutron stars nearby

TMT: optical, ground-based,
already launched future telescope future telescope

* Monte-Carlo simulations predict 1-2 (100-200) low-T neutron stars within 10 (50) pc
N. Sartore et. al., 0908.3182



Particle capture by a NS

Relic neutrinos are first gravitationally attracted by a NS

max

V. relative velocity
NS > M

b

max. IMpact parameter

Vrelt

Gravitationally-captured neutrinos are boosted by gravitational potential of a NS
— on the NS's surface, neutrinos have kinetic energy
K, ~ 0.3m, (non-relativistic neutrinos)

K,~K, (relativistic neutrinos)



Energy exchange

Neutrinos and a NS exchange energy via scatterings

We numerically checked...

* In the first scattering, about 1/3 of kinetic energy is transferred

* After a sequence of scatterings, energy of neutrinos converges to E, ~ 3Tq
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U — n scattering cross section

Thermally-averaged cross section of v(k*, g) + n(p*, r) = v(k*, q") + n(p*, r)

neutrino-neutron scattering cross section log,, (o [cmz])
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NS cooling/heating by CvB/v, scatterings

* Ratio of energy loss due to CvB scatterings to photon emission:

3
L 10* K
<P~ 14x107 ——  for m,=0.1eV

Ly ( TNS )

— overdensity 77, =~ 10! might induce observable anomalous NS cooling

c.f.) KATRIN bound: 7 < 1.1 x 10'/a (95% C.L.)

NS heating by sterile neutrino DM
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Summary

* Direct detection of CuB is notoriously hard due to the small cross section

* One of possible ways to overcome this difficulty is making use of a coherent scattering

where the cross section is amplified by a factor of N,

* NS is cooled down by capturing relic neutrinos
3

I3 10* K
OB o 14x 107" for Tys = 10° K, m, = 0.1 eV

Ly ( TNS

* NS is heated up by capturing sterile neutrino DM

— Tys = 1000 K for sterile neutrinos with sin9* > 10~
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Backup slides
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NS cooling curve
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