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History of the Universe a la 2406.10345

Slow-roll inflationary phase Standard
(exponential expansion of radiation
the Universe) domination
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Glueball dark matter

[Boddy et al.;:1402.3629] [Soni, Zhang: 1602.00714] [Forestell, Morrissey, Sigurdson: 1605.08048, 1710.06447]
[Carenza, Pasechnik, Wang et al.: 2207.13716, 2306.09510] [Gross, Karamitos, Landini, Strumia: 2012.12087]...
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The lightest C-odd glueball is protected
by the discrete symmetry and can be
sufficiently stable even if the C-even

glueballs decay fast into SM fields!
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Berghaus, Graham, Kaplan: 1910.07525]
Laine, Procacci: 2102.09913]

: Klose, Laine, Procacci: 2201.02317]
\ Klose, Laine, Procacci: 2210.11710]

S M= My, or mass of

portal particles
(e.g. heavy fermions)

[Juknevich: 0911.5616]
[Forestell, Morrissey,
Sigurdson: 1605.08048,
1710.06447]

Credit: quantamagazine.org



Evolution equations

Y o~ 2003 342N
Inflaton decay rate: Y ~ a“m,/(32x°f,) if Ipg < m,,
lattice input available for SU(3)

[Moore, Tassler: 1011.1167] [Laine, Niemi, Procacci,
Rummukainen: 2209.13804] 8
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Dark matter relic abundance?

Aps ~ 1.5 x10°GeV, M ~ 8.5 x 10" GeV
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Boltzmann equations for the number densities of the
lightest C-even and lightest C-odd glueballs:
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Inspired by [Forestell,
Morrissey, Sigurdson:
1605.08048, 1710.06447]
NB: The second lightest

glueball 21T included as well
In order to capture better the
thermodynamic quantities,
but the full equations
wouldn’t fit this slide :)



Results: parameter space
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NB: Inflaton parameters fixed
based on CMB constraints
[Klose, Laine, Procacci:
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Conclusions & Outlook

A general scenario linking dark matter production with inflation and SM reheating
provided

Dark matter relic abundance independent of the details of the inflationary
scenario = generalisations beyond axion-like inflation possible

If SU(3) dark sector chosen, portal to SM at energies M ~ 103 GeV
needed. Connection to other puzzles in high-energy physics?

Larger open parameter space can be obtained for theories where the
“protected” glueballs are more long-lived. E.g., for SO(N) with N > 8:

[om o Ay /M=~

Concrete indirect detection signal to be predicted!
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Thermodynamics of a YM theory below confinement scale
might be indeed described as an ensemble of glueballs!

Entropy of the confined phase (N_.=3, N~0)
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