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Macroscopic dark matter
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How does macroscopic dark matter form?
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How does macroscopic dark matter form?
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Kasuya, Kawasaki
Baker, Breitbach, Kopp, Mittnacht (2021)Plot: Reinhardt, et al 2016



How do primordial black holes form?
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The ‘classic’ scenario: inflation
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● Overdense regions collapse into 
black holes

● Usually requires some additional 
inflationary features

○ fine-tuning issues
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Green and Kavanaugh (2020)

Escriva, Kuhnel, Tada (2023)



Actually, there are a LOT of mechanisms
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Topological 
stuff

Nuggety 
stuff

Scalar 
fragmentation 
stuff (eg SUSY)

Bubbly 
stuff

Multiverse 
stuff



Yukawa force formation
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Dark sector model

● Two component model
● Heavy fermion 𝜓 and light scalar 𝜑
● 4 free parameters: fermion mass, scalar mass, coupling y, 𝜆 
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Mediates attractive Yukawa force
⇒ ‘Yukawa length scale’ is  
     1/scalar mass



Yukawa structure formation
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Simulations: Domenech, Inman, 
Kusenko, Misao Sasaki (2023)

Nonlinear, 
screening stuff 
starts



Yukawa structure formation

● New medium-range force allows for early structure formation
○ Up to Yukawa length scales in early universe
○ Halo mass completely tunable
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H~m𝜑

(need to account for 
fermion asymmetry)

Flores, Kusenko 2021



What happens to the little halos?

● Stable, nontopological solitons can form — Fermi balls
○ Fermi degeneracy pressure 

~dark equivalent of neutron stars/white dwarfs
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What happens to the little halos?

● Stable, nontopological solitons can form — Fermi balls
○ Fermi degeneracy pressure 

~dark equivalent of neutron stars/white dwarfs

Could they collapse to a black hole?
eg chandrasekhar/Tolman-Oppenheimer-Volkoff (TOV) limits?
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Yes
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Yes

Fermi ball equations of state: 
(Gresham, Lou, Zurek 2017) + Yifan

● Radius ∝ N1/3

Mass    ∝ N
○ (more technically…they reach ‘saturation’ almost immediately)

● Adding more fermions increases mass more quickly than radius

⇒ By adding more fermions, you can cause it to collapse to a black 
hole
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~New primordial black hole formation mechanism
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Black holes are 
formed 
(~whale to solar 
mass here)

Fermi balls 
are formed

(y=5e-2, 𝜆=1e-2, asymmetry ⇒ all DM)

‘sub-saturated’ 
Fermi balls 
(non-analytic)



New primordial black hole formation mechanism

18(y=5e-2, 𝜆=1e-2, asymmetry ⇒ all DM)



What next?

● Particle setup (heavy fermion, light scalar, Yukawa force) is pretty common in BSM 
physics

Do other well-motivated scenarios form nuggets and/or PBHS???

(I think so, stay tuned)
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What next?

● Particle setup (heavy fermion, light scalar, Yukawa force) is pretty common in BSM 
physics

Do other well-motivated scenarios form nuggets and/or PBHS???

(I think so, stay tuned)

Thanks!
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