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BOLTZMANN EQUATIONS
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GRAPHICAL REPRESENTATION
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MASSLESS DARK PHOTON LIMIT
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THE 4 BASIC WAYS TO PRODUCE DM
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STANDARD FREEZE-OUT
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STANDARD FREEZE-OUT
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STANDARD FREEZE-OUT
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FREEZE-OUT INTO DARK PHOTONS
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FREEZE-OUT INTO DARK PHOTONS
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FREEZE-OUT INTO DARK PHOTONS
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FREEZE-IN
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FREEZE-IN
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FREEZE-IN

m!!! O

phase diagram Log,,[Ypym] (mpyn=10GeV)

Il : reannihilation ©
d 11l : freeze-out
INn hidden
sector

D
o
)
S

| - freeze-in |V . standard

' freeze-out
-10- ) )
-12 -10 -8 -6 -4 -2 0
| = " e! /e Loglo["]

Chu, Hambye, M.T. 012



FREEZE-IN REVISITED
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FREEZE-IN REVISITED
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FREEZE-IN REVISITED
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FREEZE-IN FROM THERMAL DARK PHOTONS
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FREEZE-IN la & Ib




FREEZE-IN la & Ib
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SEQUENTIAL FREEZE-IN
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SEQUENTIAL FREEZE-IN
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SEQUENTIAL FREEZE-IN
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REANNIHILATION, ETC.




REANNIHILATION, ETC.

Logola’]

Logol«]

= "¢€le

Hambye, M.T., Vandecasteele, Vanderheyden 019



REANNIHILATION, ETC.
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BACK TO FREEZE-OUT REGIMES
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9 WAYS, 5 REGIMES TO PRODUCE DM

freeze-in (la & Ib)

sequential freeze-in (ll)

reannihilation (llla & l11b)
secluded freeze-out (IVa & IVb)

freeze-out (Va & Vb)
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CONCLUSIONS
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PRODUCTION THROUGH FREEZE-IN

Kk~ 10711

s-channel

>

determines relic abundance

very small cross section



FREEZE-IN CANDIDATES
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DIRECT DETECTION (Rutherford scattering)
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DIRECT DETECTION TEST OF FI
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DIRECT DETECTION TEST OF FI
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SELF-INTERACTING DM

Self-interaction may alleviate the small-scale problems of
collisionless dark matter

Corelcusp Spergel & Steinhardt (2000),E
too-big-to-fail Vogelsberger, Zavala & Loeb (2012),E
diversity Hamada, Kaplinghat, Pace & Yu (2016),E
collisions ! thermalized DM ! core instead of cusp
| cm? barn

— " l.e. seemingly hadronic
m o GeV
but more generally light mediator

See however Jo SilkOs talk !




TEST OF SELF-INTERACTING FIMP
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EFFECTIVE MIXING PARAMETER
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KINETIC MIXING BASES
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KINETIC MIXING BASES
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VIRTUAL DARK PHOTON EXCHANGE
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VIRTUAL DARK PHOTON EXCHANGE
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RADIATION OF DARK PHOTONS
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RADIATION OF DARK PHOTONS IN A MEDIUM
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DARK RADIATION PRODUCTION IS SUPPRESSED AT HIGH TEMPERATURES

—— Ann./Com.: transverse modes My = 1 GeV
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