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the distribution function of

● What we know: neutrinos. 
Neutrinos in the Early Universe reach thermal equilibrium before decoupling. Thereafter, they 
retain a thermal Fermi-Dirac distribution with Tν  ≃(4/11)1/3Tγ ≃  2 K today.
However, small deviations from a Fermi-Dirac distribution do not leave such strong 
signatures on CMB spectra (Alvey et al 2111.12726).
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● Exercise: do we know any way to produce a spectrum of dark matter/radiation that is very 
much non thermal? 
Yes. An example is a particle radiated from a network of topological defects. 
Let’s investigate Axion-like particles produced from a network of cosmic strings. 

the distribution function of
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ALPS from string network

Before SSB: 
no strings

After SSB: 
Strings and radiated axions

in the scaling regime

After the tilt of the potential: 
Strings + domain walls

POT 1 POT 2 POT 3

time
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Full distribution function of ALPS radiated in the scaling regime 

UV bound: q fa
IR bound: q ma

f(q) at redshift of production z
f(q) today
ma =  1.0e-20 eV, fa =  3.2e+23, z = 5.6e+07
ma =  1.0e-19 eV, fa =  1.8e+23, z = 1.8e+08
ma =  1.0e-18 eV, fa =  1.0e+23, z = 5.6e+08
ma =  1.0e-17 eV, fa =  5.6e+22, z = 1.8e+09
ma =  1.0e-16 eV, fa =  3.2e+22, z = 5.6e+09
ma =  1.0e-15 eV, fa =  1.8e+22, z = 1.8e+10

ALPS from strings: spectrum
 Gorghetto et al 

2101.11007
+

Some 
simplifying 

assumptions
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Effects + CLASS Implementation
background perturbations
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background perturbations
Effects + CLASS Implementation
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Effects + CLASS ImplementationEffects + CLASS Implementation

Just once 
in the code

Over and 
over again 

background.c perturbations.c
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Effects + CLASS Implementation

Just once 
in the code

Over and 
over again 

Very accurate 
quadrature strategy

Fast and accurate 
enough quadrature 

background.c perturbations.c
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Results

14

Cℓ : ALPS are almost indistinguishable w.r.t CDM
P(k) : ALPS damp the power at small scales!
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Aim So far bounds are driven by DM overabundance alone
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Running an MCMC over various masses with CMB+LSS data could 
significantly improve the bound on fa  in the mass region ma > 10−20 eV 

Figure from 
Gorghetto et al 
2101.11007



  

Sum Up + Conclusions

Theory: 
There are models to 
produce non thermal 
Dark Matter, e.g. from 
cosmic string networks

Phenomenology: 
There are codes and 
tools to precisely 
characterize a non 
cold Dark Matter

Data: 
There are many 
CMB experiments 
giving more 
constraining data 
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There is good chance to put strong bounds on 
ALPS from string networks using CMB+LSS

The matter power spectrum is the best 
observable to do so
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Backup
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ALPS from strings: spectrum

μ⋆ = strings tension
 ξ⋆ =  number of strings per Hubble volume

log⋆ =  log of separation of scales
H⋆ = Hubble parameter at network destruction
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Full distribution function of ALPS radiated in the scaling regime 

UV bound: k fa
IR bound: k ma

f(k) at redshift of production z
f(k) today
ma =  1.0e-20 eV, fa =  3.2e+23, z = 5.6e+07
ma =  1.0e-19 eV, fa =  1.8e+23, z = 1.8e+08
ma =  1.0e-18 eV, fa =  1.0e+23, z = 5.6e+08
ma =  1.0e-17 eV, fa =  5.6e+22, z = 1.8e+09
ma =  1.0e-16 eV, fa =  3.2e+22, z = 5.6e+09
ma =  1.0e-15 eV, fa =  1.8e+22, z = 1.8e+10

Spectrum from Gorghetto et al 
2101.11007
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Fuzzy DM 
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