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Beyond the WIMP paradigm

During the conterence lot of discussion about several dark matter
candidates (from axions to MACHOs...)

Time to discuss the possible background to the detection of
these candidates
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Sterile neutrino dark matter

Gives mass to neutrinos ournal of €osmology and Astroparticle Physics

With mass above 0.4 I
keV no Tremaine-Gunn

bound A White Paper on keV sterile neutrino
Solves the cusp-core Dark Matter
problem

Editors: M. Drewes, T. Lasserre, A. Merle and S. Mertens

arxXiv:1602.04816

A very good candidate



T'he neutrino spectrum at all energies
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T'he neutrino spectrum at all energies
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T'he neutrino spectrum at all energies
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T'he neutrino spectrum at all energies
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|s there a source for keV neutrinos?



Yes! Directly from our domestic star...

...keV neutrinos



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

—
-
-
-

Thermal processes:
less analysed
Drocesses
iInvolving mostly
photons and/or
electrons




How - neutrino Solar production

Nuclear processes: E

- well known
- beta decay like
processes

Thermal processes:

- less analysed

- Processes
iInvolving mostly
photons and/or
electrons
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What-Why-How

We have a ° ’, computing (and detecting...) the neutrino
flux produced in the Sun at keV energies. But and ?



What-Why-How

We have a * ', computing (and detecting...) the neutrino
flux produced in the Sun at keV energies. But zlgle "/

: these neutrinos will be
background to experiments
searching for keV sterile neutrino

http://icecube.wisc.edu



What-Why-How

We have a ° ’, computing (and detecting...) the neutrino
flux produced in the Sun at keV energies. But and ?

. these neutrinos will be
background to experiments
searching for keV sterile neutrino

. If detected, these
neutrinos would give information
about the Sun (abundances, T
profile etc.)

b wisc.edu




What-Why-How

We have a * ', computing (and detecting...) the neutrino
flux produced in the Sun at keV energies. But zlgle "/

. these neutrinos will be
background to experiments
searching for keV sterile neutrino

. If detected, these
neutrinos would give information
about the Sun (abundances, T
profile etc.)
aka the signal of today is the _ .
background of tomorrow (or vice RN &4 L wise. edu
versa) TN




How - the ABCD processes
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Photoproduction (Compton) Bremsstrahlung (electron—ion) Recombination (free—bound)

€ €

Plasmon decay Bremsstrahlung (electron—electron) Deexcitation (bound—bound)

- Atomic recombination (fb) and deexcitation (bb)
- Bremsstrahlung (ff)

- Lompton process
- Decay of a plasmon



Previous attempts
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The very low energy solar flux of electron and heavy-flavor
neutrinos and antineutrinos
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Abstract

We calculate the thermal flux of low-energy solar neutrinos and antineutrinos of all flavors arising from a variety of
neutrino pair processes: Compton production (including plasmon-pole diagrams), neutral current decay of thermally
populated nuclear states, plasmon decay, and electron transitions from free to atomic bound states. The resulting flux density
per flavor is significant (108-10° /cm? /sec/MeV) below ~ 5 keV, and the distributions fill much of the valley between
the high-energy edge of the cosmic background neutrino spectrum and the low energy tails of the pp-chain electron neutrino
and terrestrial electron antineutrino spectra. Thermal neutrinos carry information on the solar core temperature distribution
and on heavy flavor neutrino masses for m, or m, > 1 keV. The detection of these neutrinos is a daunting but interesting
challenge. © 2000 Elsevier Science B.V. All rights reserved.




From arXiv:nucl-th/0006055
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Fig.1. Representative diagrams for the various thermal neutrino
pair processes considered here: a) Compton process; b) plasmon

pole contribution to the Compton process; c¢) transverse plasmon

decay; d) nuclear Z° emission; and e) pair production in free-bound
atomic transitions.




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
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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 0(10%) effects, not today
Do it for the BCD processes
Example: bremsstrahlung

| / d3p; d3py d3k; d3ks D erss IM|?
Ny = Ny

(2m)3 (27)3 (27)3 (27)3 f1(1 = f2) m 210 (FE1 — FEo — w)



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)

Particle physics  Long wavelength
approximation
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Bremsstranlung

Structure function (encoding medium properties)

00 2
v flux / ddS (W)=
Wy W
x [C% (8w? — 2wty +2wE) +2CF (30 — buww, + 5uw?) |
2,2
photon Hux 82%” a QW)

2(w —wy)?

X [C’% (3w2 — 2wwy + 2w3) +2C% (3cu2 — owwy + 5w3)]

v flux in terms of the photon flux



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
oroduction calculation (axial current and vector current)

The names Opacity Project (OP) and Iron Project (OP) refer to an international collaboration

that was formed in 1984 to calculate the extensive atomic data required to estimate stellar
envelope opacities and to compute Rosseland mean opacities and other related quantities. It

Neutrino emission rate as a see also arXiv:1310.0823,

function of photon same approach but for
absorption rate axions



ABCD processes

Vector Axial-Vector Notal
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Compton Compton
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Total flux on Earth - with oscillation

Flux of mass eigenstates, no matter effect for keV neutrinos
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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
orocesses (ABCD)
This flux will be the background of sterile
neutrinos direct detection experiments
Moreover, we can gain information about
the temperature and electrons density
orofiles in the Sun, as well as about
metallicity of outskirts and core
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Temperature protfile
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—lectron density and plasma frequency protile
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Degeneracy
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Atomic vs Bremsstrahlung (free-free)
transitions
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Bremsstrahlung process flux
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Compton process flux
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Plasmon decay process flux
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Total flux on Earth - no oscillation

10’

Electron 10
anti(neutrinos)

10*

103
produced by
Vector current et

107"

: 10‘14_51_41—31-21_1101112

electron neutrinos 0° 107 107 107 107 10° 10" 10
igelggle]e

L
>
)
'
N
»
“
S
O,
X
=
T

107
10
All flavor produced 102
by axial current 107
Neutrino Energy w, [keV]




