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The growth of dark matter perturbations
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At sub-horizon scales, during the linear regime:

··δc + ℋ ·δc + k2c2
s δc = − k2Φ++S[Φ−]

·x = dx/dτ
Φ+ = ϕ + ψ
Φ− = ϕ − ψ

Growing modes solutions:
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The spectrum of matter fluctuations
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∝ ln2(k)
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Background evolution of the primordial plasma
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~ 10% change



Effective equation of state of the primordial plasma
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e+e- annhi.

QCD

w =
1
3 (1 − 2

d ln(a2H)
d ln a )



The underlying growth of dark matter perturbations 
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x′￼ = dx/da
Φ− = 0
dc = δc − 3ψ

Background evolution modify the evolution of DM fluctuations:
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1
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(a2H)2

x′￼ = dx/da
Φ− = 0
dc = δc − 3ψ

Extra damping Modified evolution 
of the potential

Background evolution modify the evolution of DM fluctuations:
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Cross the horizon earlier

+ Extra damping

Boosted source term



The gravitational potential
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Induced clustering suppression
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Further effects from weak neutrino decoupling
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Modes entering the horizon
Tight coupled regime

Begin of free streaming

Well after self-decoupling 

Γν/aH ≫ 1 , ktc
h

Γν/aH ≈ 1 , kfs
h

Γν/aH ≪ 1 , kh

Larger scales

Less clustering

d′￼′￼c + ( 1
a

+
d(a2H)

da ) d′￼c = −
1
2

k2(Φ+ − Φ−)
(a2H)2

kfs
h
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ktc
h

Geff ∼ 𝒪(10−11) MeV−2 → k ≳ 104 1/Mpc



Overall net effect 
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Overall net effect 
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[Work in  
progress]



Takeaways

• SM processes will break the scaling solution, introducing features in the matter PS. 

• In general, we expect clustering suppression at scales entering the horizon at e-e+ annhi. 

• Weak neutrino decoupling will impact scales  1/Mpc. 

• Stay tuned for the net effect!

k ≳ 104
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