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Today’s topic: ~neutrinos



Today’s topic: ~neutrinos

Wait, wasn’t it stars? 



Introduction to the GUNS 
• What is the grand unified neutrino spectrum? 
• What’s missing in the GUNS?

Outline: three tracks

Physics in a nonzero temperature environment 
• What is the thermal flux from the Sun? 
• How do we calculate it?

Conclusions
Featuring concepts useful for early universe 
cosmology, dark matter etc.

Star cooling 
• How does a star cool? 
• How can stars be particle physics laboratories?



A LESSON ON STAR COOLING
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Weakly interactive, low mass particles (like neutrinos or axions) contribute to the 
energy loss (or transfer) in stars
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energy loss (or transfer) in stars

Quite intuitive: inside a star, you have many interactions that produce particles. 
Either they interact strongly enough (affecting energy transport) or they don’t 

(energy loss)
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Weakly interactive, low mass particles (like neutrinos or axions) contribute to the 
energy loss (or transfer) in stars

Quite intuitive: inside a star, you have many interactions that produce particles. 
Either they interact strongly enough (affecting energy transport) or they don’t 

(energy loss)

!!!

Fun fact: first papers (e.g. by Bethe) on stars evolution didn’t mention neutrinos at 
all



A LESSON ON STAR COOLING
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• Frieman et al. 1987, 
nice quantitative 
analysis of what we 
have said  

• Assuming that a new 
energy loss induce a 
homology 
transformation from a 
configuration to the 
other 

• Long story short: the 
star contracts, surface 
luminosity increases, as 
well as central 
temperature



WHY IS IT INTERESTING?
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While in other branches of physics (say, solid state 
physics) we are used to media, particle physics is 

usually studied in vacuum. 

BUT 
many particle backgrounds—> fundamental physics! 

Example? MSW effect and neutrino masses. 

Particles in stars and in the Early Universe propagate 
as light in crystals, and their interactions are with a 

complicated environment.



WHEN IS IT INTERESTING?

10

A (quasi) crystal, our domestic star and a map 
of the universe. Enough said.
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A fascinating example for astro 
people: GUNS



THE GRAND UNIFIED PHOTON SPECTRUM
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M.T.Ressell, M.S.Turner, Comments Astrophys. 14 (1990) 323

(The diffuse extragalactic background spectrum at all energies)



THE GRAND UNIFIED PHOTON SPECTRUM
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M.T.Ressell, M.S.Turner, Comments Astrophys. 14 (1990) 323

(The diffuse extragalactic background spectrum at all energies)

in the multi-messenger 
astronomy era…



From arXiv:1207.4952v1 

THE GRAND UNIFIED NEUTRINO SPECTRUM (guns)
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https://en.wikipedia.org/

wiki/Colt

%27s_Manufacturing_Com

pany



From arXiv:1207.4952v1 

THE GRAND UNIFIED NEUTRINO SPECTRUM (guns)

15



???

From arXiv:1207.4952v1 

THE GRAND UNIFIED NEUTRINO SPECTRUM (guns)
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From arXiv:1207.4952v1 

THE GRAND UNIFIED NEUTRINO SPECTRUM (guns)
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Is there a source for keV neutrinos?



Yes! Directly from our domestic star…

…keV neutrinos

⌫

⌫ ⌫
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image: NASA



Neutrino Solar production

Nuclear processes 
(MeV): 
• well known 
• beta decay like 

processes

Thermal processes 
(keV): 
• less analysed 
• processes 

involving mostly 
photons and/or 
electrons

e(p2)

ν̄(k2)

ν(k1)
e(p1)

γ(k)
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Neutrino Solar production

e(p2)

ν̄(k2)

ν(k1)
e(p1)

γ(k)

From arXiv:1207.4952v1 

!!!
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Nuclear processes 
(MeV): 
• well known 
• beta decay like 

processes

Thermal processes 
(keV): 
• less analysed 
• processes 

involving mostly 
photons and/or 
electrons



How - the ABCD processes

• Atomic recombination (fb) and deexcitation (bb) 
• Bremsstrahlung (ff) 
• Compton process 
• Decay of a plasmon
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We’ll see this

• Atomic recombination (fb) and deexcitation (bb) 
• Bremsstrahlung (ff) 
• Compton process 
• Decay of a plasmon



Good old weak interaction in the non 
relativistic limit

All processes are mediated by the interaction

(different flavors, different vector couplings)
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Plasmon decay

�

l+

l�
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• It’s different from Compton 
scattering! It’s the photon 
gaining mass from the 
scattering 

• The photon in the medium has 
nontrivial dispersion relation



Plasmon decay
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• It’s different from Compton 
scattering! It’s the photon 
gaining mass from the 
scattering 

• The photon in the medium has 
nontrivial dispersion relation



Plasmon decay
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• In this way, you produce e.g. 
mini charged particles in stars 

• Also, effective masses can arise 
in the early universe 

• Plasmon decay bounds on new 
Weakly Interactive Slim Particles 
(WISPs) is just an example (see 
also Primakoff for axions) 

Vinyoles and Vogel, arXiv:1511.01122v2
More generally: Raffelt, Phys.Rept. 198 (1990) 1-113

�

l+
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• It’s different from Compton 
scattering! It’s the photon 
gaining mass from the 
scattering 

• The photon in the medium has 
nontrivial dispersion relation



Plasmon decay with neutrinos
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l+• With neutrinos it’s the same, 
but we need a thermal loop 
(the medium as spectator)

• In the end  —->

Statistical physics: solar model 
(Saclay+GS98)

Renormalizing the coupling…



Plasmon decay with neutrinos
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l+

It seems relevant! 



ABCD processes

to be multiplied by C2
V and C2

A
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Total flux on Earth - with oscillation
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Flux of mass eigenstates, no matter effect for keV neutrinos

to be seen in a detector30
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Summary
• Stars are laboratories of particle physics! 
• Effective masses, WISPs astrophysical bounds and 

much more: lot of Physics in thermal environment 
• Example: thermal processes (ABCD) in the Sun, 

plasmon decay 
• We can gain information about the temperature 

and electrons density profiles in the Sun, as well as 
about metallicity of outskirts and core, and 
calculate the background to sterile neutrinos 
searches

Thank you!



Backup slides

32



The ABCD processes in general
• Write down the term in the Boltzmann equation due to the 

specific process 
• Account for correlation effects 
• Do it for the all processes 
• Example: bremsstrahlung
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• Write down the term in the Boltzmann equation due to the 
specific process 

• Account for correlation effects 
• Do it for the all processes 
• Example: bremsstrahlung

o(10%) effects, not today
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The ABCD processes in general



• Write down the term in the Boltzmann equation due to the 
specific process 

• Account for correlation effects 
• Do it for the all processes 
• Example: bremsstrahlung ν̄(k2)
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The ABCD processes in general

o(10%) effects, not today
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• Write down the term in the Boltzmann equation due to the 
specific process 

• Account for correlation effects 
• Do it for the all processes 
• Example: bremsstrahlung

Statistical physics: solar model 
(Saclay+GS98)

ν̄(k2)

ν(k1)
e(p1)

e(p2)

Ze

q

Particle physics Long wavelength 
approximation

The ABCD processes in general
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Bremsstrahlung

⌫ flux

photon flux

⌫ flux in terms of the photon flux

Structure function (encoding medium properties)
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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 J.Redondo, 
arXiv:1310.0823, same 
approach but for axions

Neutrino emission rate as a 
function of photon 

absorption rate
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Temperature profile
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Electron density and plasma frequency profile

40



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
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