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Beyond the WIMP paradigm
During the conference lot of discussion about several dark matter 
candidates (from axions to MACHOs…) 

Time to discuss the possible background to the detection of 
these candidates



Sterile neutrino dark matter

- Gives mass to neutrinos 
- With mass above 0.4 

keV no Tremaine-Gunn 
bound 

- Solves the cusp-core 
problem

arXiv:1602.04816

A very good candidate



The neutrino spectrum at all energies

From arXiv:1207.4952v1 
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The neutrino spectrum at all energies

From arXiv:1207.4952v1 

Is there a source for keV neutrinos?



Yes! Directly from our domestic star…

…keV neutrinos



Neutrino Solar production
Nuclear processes: 
- well known 
- beta decay like 

processes

Thermal processes: 
- less analysed 
- processes 

involving mostly 
photons and/or 
electrons
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How - neutrino Solar production
Nuclear processes: 
- well known 
- beta decay like 

processes

e(p2)

ν̄(k2)

ν(k1)
e(p1)

γ(k)

From arXiv:1207.4952v1 

!!!

Thermal processes: 
- less analysed 
- processes 

involving mostly 
photons and/or 
electrons



What-Why-How

- Why 1: these neutrinos will be 
background experiment searching 
for *keV sterile neutrino dark 
matter  

- Why 2: if detected, these 
neutrinos would give information 
about the sun 

- aka the signal of today is the 
background of tomorrow (or vice 
versa) 

We have a “What”, computing (and detecting…) the neutrino 
flux produced in the Sun at keV energies. But why and how?
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How - the ABCD processes
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- Atomic recombination (fb) and deexcitation (bb) 
- Bremsstrahlung (ff) 
- Compton process 
- Decay of a plasmon



Previous attempts

arXiv:nucl-th/0006055



From arXiv:nucl-th/0006055
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How - the ABCD processes
- Write down the term in the Boltzmann equation due to the 

specific process 
- Account for correlation effects 
- Do it for the BCD processes 
- Example: bremsstrahlung

Statistical physics: solar model 
(Saclay+GS98)
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Particle physics Long wavelength 
approximation



Bremsstrahlung

⌫ flux

photon flux

⌫ flux in terms of the photon flux

Structure function (encoding medium properties)



Atomic processes
- A-processes are difficult (lot of atomic physics) 
- But thanks to long wavelength approximation+detailed 

balance principle (relating absorption and emission) we 
can use photon opacities! 

- We can take advantage from stars’ axion and photon 
production calculation (axial current and vector current)

see also arXiv:1310.0823, 
same approach but for 

axions

Neutrino emission rate as a 
function of photon 

absorption rate



ABCD processes

to be multiplied by C2
V and C2

A



Total flux on Earth - with oscillation
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to be seen in a detector



Summary
- For energies smaller than few keV, the 

dominant source is the Sun via thermal 
processes (ABCD) 

- This flux will be the background of sterile 
neutrinos direct detection experiments 

- Moreover, we can gain information about 
the temperature and electrons density 
profiles in the Sun, as well as about 
metallicity of outskirts and core



Backup slides



Temperature profile



Electron density and plasma frequency profile



Degeneracy



Atomic vs Bremsstrahlung (free-free) 
transitions
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Bremsstrahlung process flux



Compton process flux



Plasmon decay process flux



Total flux on Earth - no oscillation
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- Electron 
anti(neutrinos) 
produced by 
vector current 

- All flavor produced 
by axial current 

- electron neutrinos 
from pp


