with Alexander Kusenko (UCLA),

Macro SCOpiC Yifan Lu (UCLA), and Stefano Profumo (UCSC)
dark matter: W '
Fermi balls and

black holes

Zachary S.C. Picker (UCLA)



Macroscopic dark matter
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Macroscopic dark matter
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How does macroscopic dark matter form?



How does macroscopic dark matter form?

Quarks and Gluons
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How do primordial black holes form?



The ‘classic’ scenario: inflation

e Overdense regions collapse into
black holes
e Usually requires some additional

inflationary features

o  fine-tuning issues

Escriva, Kuhnel, Tada (2023)
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Constraining Primordial Black Hole Formation from Single-Field Inflation
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Actually, there are a LOT of mechanisms
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Yukawa force formation



Dark sector model

e Two component model
e Heavy fermion ¢ and light scalar ¢
e 4 free parameters: fermion mass, scalar mass, coupling y, 4
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Nonlinear,

Yukawa structure formation Sfrftening stuff
Starts
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Yukawa structure formation

e New medium-range force allows for early structure formation

o  Up to Yukawa length scales in early universe
(need to account for

o  Halo mass completely tunable .
fermion asymmetry)

Flores, Kusenko 2021

12



What happens to the little halos?

e Stable, nontopological solitons can form — Fermi balls

o  Fermi degeneracy pressure

~dark equivalent of neutron stars/white dwarfs

(K



What happens to the little halos?

e Stable, nontopological solitons can form — Fermi balls

o  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

e Radius o< N
Mass o< N

o  (more technically...they reach ‘saturation’ almost immediately)

e 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

Black holes are
formed

(~whale to solar
mass here)

N/

<

Fermi balls
are formed

‘sub-saturated’
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(y=3e-2, A=1e-2, asymmetry = all DM)
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New primordial black
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Fermi balls are non-topol solito
dark sector with heavy fermions and an :

compute the Fermi ball mass and radius scaling relations when the potent

has a non-negligible quartic coupling Ap*. The resulting Fermi balls reach ‘satur

even when their radius is much smaller than the ive Yukawa force

therefore grow accretion of ambient dar be

that they : : radius and collapse to blac This setup, ther
provides an example of a rather natural and economical dark sector scenario for the formation of
primordial black holes

1. Introduction interaction between fermions. and there have been many
predictions of the formation of macroscopic objects in
here on the formation of

models with a small field content are ]
compact objects mions called Fermi bal

sometimes considered more natural and

appealir topological solitons roughly analogous to neutron stars

but entirely in the dark s Thes 1 be pr

from nu y is of asymmetric dark matter [9

25), s from a fir ler phase t

in the dark sector [26-29], dissipative dark matt

early matter dominated era [30, 31], or early structure
formation induced by a lona

ary and compelling: suf-
fice to mention the benchmark QCD a:
1], which encompasses new Higgs fields
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hole formation mechanism
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What next?

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

Do other well-motivated scenarios form nuggets and/or PBHS??7?

(I think so, stay tuned)
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What next?

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

Do other well-motivated scenarios form nuggets and/or PBHS??7?

(I think so, stay tuned)

Thanks!
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