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Glueball Dark Matter
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Confinement in QCD
H. D. Politzer, Phys. Rev. Lett. 30 (1973), 1346-1349

D. J. Gross and F. Wilczek, Phys. Rev. D 8 (1973), 3633-3652
The coupling g runs with the energy scale

Jg
Ol B(g)
determined by the 8 function
In QCD
B(g) <0

We observe confined states: hadrons
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One step back to focus the problem

» Do we need to describe the cosmological evolution of the dark
gluon gas?

» How do glueball form from dark gluons?
» |s there any constraint on glueball self-interactions?

» Is there a reliable estimate of the glueball relic density?



The Polyakov loop model

R. D. Pisarski, Phys. Rev. D 62 (2000), 111501
At temperature T, for SU(N), we define

) 1/T
Ig/o Ao(T, x)dT”

with Ag time component vector potential
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l(x) = NTr[L] = NTr P exp
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P. M. Lo et al., Phys. Rev. D 88 (2013), 074502



Effective potential

The behaviour of £ is described as a field in an effective potential

bo(T
V[ =T* ( — "‘(2)y£|2 + by|l|* — b3 (E’V - e*’V) + bg|?)® + b8|£18>

determined by symmetry arguments
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The glueball potential
J. Schechter, Phys. Rev. D 21 (1980), 3393-3400
The scalar glueball field is defined as
H=1trG" G,
and it corresponds to the dilatation anomaly

ile),,

0 = 0uD" = =

The following Lagrangian encodes this property
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The dark gluon-glueball Lagrangian

Putting the pieces together
1
£ = 50,60"6 — V[o.]
Vig,l] = ¢—4 21In ¢ —4In2—1Inc +7473[€] + T[]
’ 28¢2 A 28¢2
Pl = al)?

where H = 278c72¢%



Equations of motion for the Polyakov loop

Being a non-dynamical field, the EoM is

E;Z b/[¢% E] =0

which allows us to integrate out £ = £(¢, T)

V[d,T]
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Cosmological evolution of the glueball field

Glueballs evolve in a FLRW metric as

¢+ 3Hd +0,V[p, T] =0
and the relic density is proportional to

1

Very similar to the misalignment mechanism!!



Results
Weak dependence on the gauge group and on initial conditions
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Glueball CDM today
Glueballs behaving like CDM, Qgh2 = 0.124;3/\%
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Temperature of the dark sector

There is an important unkown:

T

71_7
Gt

which is determined by the thermalization of the dark sector

Do we need to know the visible-dark sector interaction? No
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Thermal history of dark gluons

> Freeze-out: feeble interactions with SM particles bring dark
gluons in equilibrium until T4, then

8, S(T’Y))l/3 -1
I = [ 222 77 —0.26 < <0.71
=7 = <g*s(r ) SO R

for decoupling soon after inflation or together with neutrinos.

» Parent particle decay: inflaton decaying into dark gluons with
a BR f leads to

T e (gm)/ <f)”“ <ot <
T, T gs(Ta) 1—f ~oTo
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Glueball parameter space

This discussion can be summarized in the C}l vs A\ plane
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Al concept of dark matter glueball

https://creator.nightcafe.studio

Thanks for your attention!!
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