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FREEZE-IN AND ITS 
PROBLEMS

J. McDonald, hep-ph/0106249
 L. J. Hall, K. Jedamzik, J. March-Russell, S. M. West, 0911.1120

F. Elahi, C. Kolda, J. Unwin, 1410.6157

Production peaks at the relevant mass

Production peaks at TR

IR freeze-in:

UV freeze-in:

Out-of-equilibrium  
Very low couplings
Dependence on the initial conditions 
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GRAVITATIONAL
PRODUCTION

The s "condensate" is ~ H or larger

 Inflaton quadratic potential 

Long wavelenght:

Dilution

Example:
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DURING INFLATION

INFLATON OSCILLATION

QUANTUM GRAVITY
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BOLTZMANN SUPPRESSION
Boltzmann equationScalar potential

Freeze-in rate
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THREE REGIMES 
Boltzmann suppressed freeze-in

Annihilation becomes relevant

Dark Matter thermalises
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SPIN 3/2 DM: A
NATURAL UV FIMP

Spin sum 

Rarita Schwinger Lagrangian 

with the conditions
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RELIC DENSITY (HIGH TR)

Boltzmann equation
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DIRECT DETECTION (LOW TR)

Work in Progress
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BACK-UP Relativistic effect

Non-instantaneous
reheating


