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Cosmic Neutrino Background
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Detection Proposals

• Various detection proposals 
include neutrino capture, Stodolsky 
effect, coherent scattering e.t.c

• PTOLEMY is based on neutrino 
capture.

• In this work, we use 
the coherent nature of CNB neutrino 
scattering.
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Coherent Scattering

• Occurs when incoming neutrino 
wavelength is larger than the target.

• The coherent cross section per nuclei 
scales while the total cross-
section scales as
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Coherent Scattering

• For maximum cross section, the 
densest object is a Neutron Star.

• This observation of large 
coherence in dense stars was first 
mentioned by Freedman (1973).

• Increases opacity for SN neutrinos as 
shown by Wilson (1974).

• One subtle difference for CNB : 
thermodynamics.

• CNB is a very cold fluid, with its 
interaction with a hot medium i.e. NS, 
will gain energy.
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Neutron Star : Overview

• Formed from stellar collapse

• Consists of different layers of increasing 
densities.

• While the internal temperature of newly born 
NSs is around several MeVs, the oldest observed 
neutron stars have cooled down to keV.
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Neutron Star : Cooling
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Cross-section : Estimates

• Let's estimate the cross-section.

• It can be seen that elastic cross-section 
naively far exceeds the geometric cross-
section!!

• This feature is only possible for long-
ranged interactions such as gravity.

• We will hereby assume 100% of the CNB 
interacts with the NS.
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How much energy transfer ?

• CNB will exchange energy with the NS core 
through scattering off nucleon medium.

• Neutrons forms a degenerate fermi gas.

• Naively, we might estimate no energy transfer 
is possible for highly degenerate gas.

• But this is exactly where the finite temperature 
comes in.

• Energy exhange of order T is possible, and 
we will assume this for rest of this talk.
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How much energy transfer ?
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Neutron star cooling 

• A similar work was first ever done 
in 1983 by Dixit and Lodenquai.

• This 2.5 page paper considers full 
thermalization of CNB by NS and argues 
along the same line for energy loss in 
neutron star.

• And as expected concludes in the 
negative for the detection prospects. 
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Gravitational capture

• For slow-moving CNB neutrinos, 
the strong gravity of NS will pull them nearer. 

• As pointed earlier, the capture cross section for 
gravity can exceed the geometric cross section. 

• For mono-energetic particles, calculated simply 
by energy and angular momentum conservation.

• For a given spectrum, calculations done 
by Gould(1987) applies. 
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Gravitational boosting

• The infalling neutrino gains gravitational 
potential energy.

• Note it speeds up, but negligible change in 
energy due to tiny neutrino masses.
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Neutron Star cooling
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Neutron Star cooling
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Boosted CNB : Future SN
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Cross-section : improving calculation

• Proper way is to use dynamic 
structure functions.

• In a medium,  cross-section per 
nucleon for neutral current scattering 
of low-energy neutrinos on a gas of 
non-relativistic neutrons

• Computation of dynamic structure 
factors either require a fully time-
dependent simulation or capability to 
resolve the full excitation spectrum 
of the system.
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Cross-section : improving calculation

• For the case of non-interacting nucleons 
and usual assumption of elastic scattering, 
the cross-section can be defined in terms of 
static structure factors.

• First equality holds only if significant part of 
the response lies in the kinematically 
allowed region for q_0.

• Structure factors contains the contributions 
from coherence.
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Conclusion

• Cosmic neutrino background can thermalize with neutron stars, due to large coherent enhancement.

• We calculated this energy loss for old neutron stars and set an upper bound on CNB overdensities.

• This thermalized boosted background MIGHT potentially be discovered after a future nearby 
galactic supernova, with low-threshold highly sensitive detectors in (far-)future.

• There are various potential directions to pursue such as proper calculation of the structure functions, effect of 
Bragg-scattering with nuclear pasta phases, redshift dependence, NS evolution with CNB cooling and effect 
of BSM physics e.g. long-range forces.

• Neutron star cooling could be an excellent probe of CNB overdensities on the shortest scales in the universe.
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