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3. DarkMatter (contd.)
/

3.3 WIMPs

Assume DM particle X with weak

but
non-negligible internations with

the SM. At early times:chemical
equilibrium:
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Later: Idrops below my
=>

Weg exponentially suppressed
eventually, hey

becomes so small

that XY -SMSM becomes

inefficientand "Geezes out"

Boltzmann Eq:
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Detailed balance:

req (snar - xx) =re9(x =SSM)

As F(SMSM -XE) is determined by
the thermal distributions of SM

particles (which remaininthermal

equilibrium), we can replace
r(sn sm -xx) =req(snsm -xx)



Moreover express ratein
terms of

xsection:

cross section =to(beam flexi
↳ o(xx +srsm) =(0(xx =Sasil

· InxU (nxYa,
VG) thermal average

=>ANx= dxY =(5(xx-SMS).vaL
· Ineg -5). V

(3Hry=-8xxesmani



Oftenused definition:

Yx =My entropy density
SE (s.RY(t) = const
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Turn diagram around
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3.4 Primordial BlackHoles

Production
-

· Must have happened very early
to satisfy CMB observations

(BH, from stellar collapse not an option

· upward fluctuation of plasma

density collapses into BH

· Criterian:"collapse should be faster
than rebound "

-> collapse timescale: jatovendensity
(based on Be Gt

-> rebound timescall-
e.0.1. param
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-> set1 -i (Hubble radius or

↑ Hubble horizon
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-> use Gover
- Leads tow

~radiation

density

Conclusion: an o(e) overdensity is

requiredto form PBHs.

Mechanisms:

· Inflation

· Phase transitions




