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2006: DM-DE scalings 
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DM-DE scalings 
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Ωφ = const

Ωm =1−Ωφ



DM-DE scalings 
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DM-DE interaction 
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2018: DM-DE interaction 
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DM-DE interaction 
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2002

RDE attractor
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PBH after inflation 

PBH are normally assumed to form 
from spectral peaks due to features 
in slow-rolling inflation
Eg inflection in the potential 

Garcia-Bellido & Ruiz Morales 2017, 1702.03901

P ~ H
2

ε
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Growth during radiation era? 

Matter growth equations δm ''+ (1+
H '
H
)δm '− 3

2
(Ωmδm +Ωrδr ) = 0

Perturbation do not grow because 
Ωm ≈ 0
δr ≈ 0
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interacting fields 
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Interacting fields ψ (heavy) and ϕ (light)

coupling

EOM



interacting fields 

EOM
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Growth during radiation era! 

If a particle ψ strongly interacts with coupling β>>1 with a field ϕ, perhaps dark 
energy, then there are two consequences:
1)  The effective gravitational force is large ( Y = 1+β2  >> 1 )
2)  The amount of  ψ during radiation is larger (Ωr >>Ωχ >> Ωbar)

L. Amendola,  Rio, 09/2018 

δm ''+ (1+
H '
H
)δm '− 3

2
(Ωmδm +Ωrδr ) = 0

Y = 1+β2
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Growth during radiation era 

Simple relation between BH mass and
coupling parameter β

L.A., C. Wetterich and J. Rubio 1711.09915

Growth as δχ ~ a1.6  after horizon reenter
during radiation:

formation of BHs or DM-balls
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Growth during radiation era 

•  No need of special features on the 
inflationary spectrum

•  Do these objects become BHs or do 
they virialize into DM-balls?

•  Is the coupling fully screened?
•  If DM-balls, they escape the strong 

constraints on PBHs 
•  Dark matter ψ remains confined into 

these structures
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Conclusions 

there’s more darkness to discover
out there!
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