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Motivation
Besides DM, the universe may also be filled in
significant number with a new form of relativis-
tic particles, dark radiation, that have escaped
detection to date. Such dark radiation is as-
sumed to be produced from dark matter decays.
Assuming dark radiation in form of neutrinos,
one way to look for such particles is by search-
ing for nuclear recoil or electron events in direct
detection experiments or in future experiments
as PTOLEMY.

Basic Concept
• new form of relativistic particles produced

by unstable dark matter (few % of total
DM abundance) → dark radiation (DR)

• number budget unknown→ large DR flux
possible

• DR may leave a detectable signal in dark
matter and neutrino experiments

Model
One simple model is to produce dark radiation
by DM decays

X → νν.

Dark radiation is described by the lifetime τX
and mass mX of the progenitor and the frac-
tion of decaying DM fX . The benefit of this
scenario is that interactions of neutrinos are al-
ready known in experiments. We consider two
possible neutrino nature:

• Standard Model neutrinos

• baryonic neutrinos which interact with
baryon number through a new vector par-
ticle
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Dark radiation from dark matter decay
The DR flux arriving at the Earth is a combination of two components, the galactic flux Φgal and
the extra-galactic flux Φegal,

Φgal = Nν
fX

τXmX
e
− t0
τX r�ρ�〈Jdec(θ)〉,

Φegal ' Nν fX Ωdmρcrit
mX

×
{

1 τX � t0
(H0τX)−1 τX � t0

,

where t0 = 13.787± 0.020 Gyr is the age of the universe, Nν = 2 is the number of neutrinos in final
state, Ein = mX/2 is the injection energy, r� = 8.33 kpc is the distance between the observer at
the Earth and the galactic center, ρ� = 0.3 GeV/cm3 is the local DM density and 〈Jdec〉 ≈ 2.19
is the angular averaged J-factor obtained from an NFW profile. We set the density parameters
Ωdmh

2 = 0.12, ΩM = 0.315, ΩΛ = 1 − ΩM consistent with the ΛCDM model of a flat Universe.
H0 = 100h km/s/Mpc and ρcrit = 3H2/(8πG) are the Hubble parameter and critical density at the
present time with h = 0.674.
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Signatures of dark radiation
Discovery limits of dark radiation with a 3σ significance in presence of neutrino backgrounds (solar,
atmospheric neutrinos and diffuse supernova neutrino background) in dark matter direct detection
experiments.
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Discovery limits of dark radiation with a 3σ significance in presence of neutrino backgrounds (beta
background T → 3He + e− + ν̄e and tritium neutrino capture from cosmic neutrino baclground) in
the future experiment PTOLEMY.
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