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Abstract: <p><br>

Freeze-in is a general and calculable mechanism for dark matter production in the early universe. Assuming a standard cosmological history, such a
framework predicts metastable particles with a lifetime generically too long to observe their decays in a collider environment. In this talk | will
report work in progress where we consider alternative cosmologies, where entropy dumped in the primordial Standard Model plasma leads to
shorter lifetime for the metastable particles in order to reproduce the observed dark matter density. Famous examples are moduli decays in SUSY
theories and inflationary reheating. Remarkably, for a large region of the parameter space the decay lengths are in the displaced vertex range and
they can be observable at present and future colliders.</p>

Pirsa: 15050042 Page 1/43



Pirsa: 15050042 Page 2/43



Pirsa: 15050042 Page 3/43



Pirsa: 15050042

temperature T ~ mg ’

nF] Mp;

= I—f;r—_'

‘)
2 M
B

Final abundance: combination of initial thermal
Jsses/couplings (2 freeze-out)

distributions and m

Page 4/43



Pirsa: 15050042 Page 5/43




Pirsa: 15050042 Page 6/43



Pirsa: 15050042 Page 7/43



Pirsa: 15050042 Page 8/43



Pirsa: 15050042 Page 9/43



Radiation Era?

Freeze-out and Freeze-in active when T ~ Mweak
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Radiation Era?

Freeze-out and Freeze-in active when T ~ Mweak

Assuming standard cosmology
this happens during a
radiation dominated era
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Reheating

Particle production during inflationary reheating

WIMPs Neutrinos Chung, Kolk, Riotte, PRD 60 (1999)
AXIO'I"I.S BErYOECﬂCSi: Giudice, Kolk, Riotto, PRD 64 (2001)
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Reheating

Particle production during inflationary reheating

VWIMPs Neutrinos Chung, Kolk, Rictzs, PRD 60 (1959)
Axions Baryogenesis  Giudice, Kolk, Riocta, PRD 64 (2001)
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Decay length may be in the
displaced verteX region!
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Plan for Today’s Talk

Freeze-in: general analysis

Freeze-in and inflationary reheating

Freeze-in and “moduli”

A motivated candidate

Outlook
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Relic Calculation
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Relic Calculation
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Hubble Parameter Thermal Distributions

Radiation temperature T(c)
depends on the
cosmological history

p(t) depends on the
cosmological history
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General Cosmology

Scale factor a

Comoving Density
as “time” Variable
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Inflationary Cosmology

OSCILLATIONS
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INFLATION
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Inflationary Cosmology

INFLATION

p == pg = const >~ Ey

Prad = 0

—_—

REHEATING

INFLATON OSCILLATIONS

f) ~ /‘;,‘ X

Pirsa: 15050042 Page 22/43



Pirsa: 15050042 Page 23/43



B

Inflationary Cosmology
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Freeze-in

Freeze-in density depends on the reheat temperature

FIMP more coupled to the visible sector for low TrH
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The (Tru,D) plane

LogygTalcm): mg = 300 GeV my = 100 GeV g,
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Axino FIMP

Axino Problem

Cosmological LSF
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