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Hot Big Bang Cosmology

Hot Big Bang
5 vacuum energy
= <3 5
\ § hot plasma of quarks, lep-
I
tons, gauge bosons, DM
10:303 10I_QS ; 10|5yl’ I T TTTITI I T TTTITI I T TTTI
time

early universe: DM in thermal equilibrium

Hoc T? [ o (ov)e ™/ T
expansion annihilation >.<

freeze-out: H ~T

increasing
<OoVvV>

—_— ]
— — e

——

Martin W. Winkler Dark Big Bang September 26, 2022



Dark Big Bang Cosmology

Hot Big Bang
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Dark Sector
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Energy Densities
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Strength of the Dark Big Bang

dark reheating temperature:

gefF(T*) Pvac
Ty = al/* T. o =
gd (Td,*) Prad (T*>

entropies of visible and dark sector are separately conserved, hence

T-(ED) (e

dark radiation contributes to the effictive neutrino number at CMB

=065 (5) () (%)

Planck + Hp data: ANef =0.22+0.15 — « <0.1
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Phase Transition Properties

probabllity of a point to remain in false vacuum:
t

Pty = e '® () = ¥ / dt' T 23(t) r(t, 1))

3 scale comoving radius
0 factor  of past light cone
time, duration of phase transition:
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Dark Big Bang with constant I' during radiation-domination:
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How late can the Dark Big Bang occur

typical comoving size of the true-vacuum bubbles at collision:

nucleation collision
d Y Ny ——
d d «
Dark Big Bang induces density
anisotropies peaked at scale Prot ﬁ -
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d t. z
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peak below CMB & LSS resolution requires

t, < few years
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Adiabatic Perturbations

during radiation-domination (super-horizon regime)
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after dark matter is produced by the Dark Big Bang it quickly picks up
the right adiabatic perturbations

horizon entry  decoupling
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Adiabatic Perturbations

during radiation-domination (super-horizon regime)
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Light Dark Matter

light dark matter (m,, S T4 ) typically enters thermal equilibrium after
the Dark Big Bang

case 1: only dark matter case 2: dark matter + dark radiation
X
> R X s
. .
x\ o
/ | \X X 3
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42 = (0as2v°)n Moo = (020v)ny

freeze-out from thermal equilibrium when: '3 o0 ~ H
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Dark WIMPs

Boltzmann equation:

Dark WIMP
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Dark WIMPs

Boltzmann equation: n, + 3H(T)n,
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Darkzillas (Ultra-Heavy Dark Matter)

Dark Big Bang induces “runaway bubbles”

R T4 1aMe L or  1jaMeV
Ry m, T, T,

» extremely heavy dark matter accessible My max ~ YwMmeg

dark matter energy/ area (bubble walls treated as external source)
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X
encodes detalls of
bubble collisions: X S
x s~ (elastic limit)

for perfectly elastic bubble collisions ultraheavy dark matter particles
(m, ~ 10'® GeV) can be produced efficiently.
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Gravitational Waves from the Dark Big Bang

bubble collisions induce gravity waves with energy density and peak

frequency, 2 (At)2 ) . |
b t

redshifted and expressed 109 T 0.05 'SKA LISA
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Pulsar Timing Signals

tentative observation of a stochastic gravitational wave background
by the NANOGrav, PPTA and EPTA pulsar timing array experiments
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Dark Big Bang at T, ~ 10 MeV can explain PTA signals, dark matter
density, ameliorate Hubble tension (through AN« ~ 0.3)
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@ dark matter and dark radiation could stem from a first order
phase transition in the dark sector = Dark Big Bang

e Dark Big Bang at t. < year consistent with CMB

@ correct relic density by dark freeze-out (Dark WIMPS) or
through bubble collisions (Darkzillas)

@ no signal in indirect or direct dark matter detection

@ Dark Big Bang testable through gravitational wave signal.
Tentative signal at several PTAs consistent with t. ~ ms

@ dark radiation induced by Dark Big Bang testable through AN.g
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