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Freeze-in DM
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Freeze-In of Composite DM
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Phenomenology: 25xx - abcde
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Dynamics of (IR) Freeze-in
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Extremal anomalous dimension vy
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1 Becomes more UV than before
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UV Freeze-in
JAssuming the UV d.o.f. are produced instead
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The First Hadronization o/ Ap \?
Thad ~ 10 (GeV)

Only when the horizon size is large
enough, the color string can form

(and break)
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Necessary Condition of Quark-
Gluon Plasma (non-) Formation

Inelastic cross section reaches

geometric ones (o0) O( 1 )
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(dMean free path greater than the horizon
size, otherwise thin+hot hadron gas

instead of QGP
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Need to reach critical abundance to make it happen



Necessary Condition of Quark-
Gluon Plasma (non-) Formation

Jd(Very) high energy confined d.o.f.
Instead of elementary ones during
radiation dominance
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Hot, thin hadron “gas” instead of quark gluon “plasma”
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Sufficient Condition of Quark-
Gluon Plasma (non-) Formation
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JFor QGP to be formed, the mean free path
for UV d.o.f. scattering with radiation shall
be less than the horizon size
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Dark Sector Population
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Dark Sector Self-Population ‘ - ’

J At late times, sparce dark hadrons
with high energy scatter with each

other and reproduce J. March-Russell. H. Tillim and
S. M. West, 2007.14L88
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[ Geometric inelastic cross section

1 Moderate hadron yield
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Dark Sector Self-Population ‘ - ’
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Potential Observable Effects

DM self-heating

‘ Q“kicked out”

dHigher DM components (vector mesons,
heavy flavor, excited glueballs...) annihilate
and heats the DS

Other Possibilities

JGravitational waves?

JSmall-scale structure?

See morein
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JdPhenomenology?
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Summary (I) First hadronization

Make freeze-in more LV .
with strong dynamics y o . Self-population
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Summary (ll)

**We study the case of generic dark sector with strong dynamics

**Both type of freeze-in scenario work as expected, but more
feature granted by the DM self-interactions

**The IR case becomes more UV and produces more DM

**The UV case can be of gravitational interaction only (depending
on the reheating temperature)

**Hadronization and self-population of DM possible

19



	Slide 1: Freeze-in of composite DM
	Slide 2
	Slide 3: Motivation
	Slide 4
	Slide 5: Freeze-in DM 
	Slide 6: Freeze-In of Composite DM
	Slide 7: Dark Hadron Production
	Slide 8: Dynamics of (IR) Freeze-in
	Slide 9: UV Freeze-in
	Slide 10: The First Hadronization
	Slide 11: Necessary Condition of Quark-Gluon Plasma (non-) Formation
	Slide 12: Necessary Condition of Quark-Gluon Plasma (non-) Formation
	Slide 13: Sufficient Condition of Quark-Gluon Plasma (non-) Formation
	Slide 14: Dark Sector Population
	Slide 15: Dark Sector Self-Population
	Slide 16: Dark Sector Self-Population
	Slide 17: Potential Observable Effects
	Slide 18: Summary (I)
	Slide 19: Summary (II)

