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PBH: a mini overview

® PBHs could have been formed in early Universe Hawking 1971, carr 1074]
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4 1\3 t
MBH:ip.(f) :1015(10_235) g

3 H
eg. t=10""s = Mgn ~ O(107%)g; t = 107*s = Mpn ~ O(10) M
® Horizon temperature [Hawking 1975]
2

Mp 13 ( lg )
TgH = ~1 =
BH MBH 07 GeV MBH

= particles m < Tgy can be produced

® Lifetime [Hawking 1974]

o~ hct N1064(MBH)3
Y Ve Mo ) ¥

Mgy $ 10%°g = sy $ 10" = fully evaporated and disappeared



Phenomenology with PBHs

® Massive My > 1015g = long live and CDM candidate [review 2006.02838]

® Phenomenology with Light PBHs:

® Particle DM [1401.1909, 2009.02424, .. ]
Baryogenesis [nep-th/0703250, 1610.02586, ..]
Neutrinos [1910.07864, ..]

Dark radiation [1s0s.01301, ..]

ALPs [2107.03420]

Axions (this talk)



Cosmological History with an early PBHs Epoch
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® Implications for Axion DM Phenomenology?



Misalignment and QCD Axion DM in Standard Cosmo

Axion potential: V(0) = m2(T)f2 (1 - cos#)
EoM: 6 +3H(T)6 + m>(T)f20 =0

Energy density:
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Zero Tem mass: m, ~5.7 x 1078 (wufﬂ) eV
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Q,h? = 0.12 with 6; ~ O(1) = m, ~ O(107°) eV or f, ~ 10'? GeV!




QCD Axion DM with PBHs

Te
Entropy Injection

T > Toy : S(T) < S(Tey)

® Diluted the energy density:
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* For Towe > Toy with 5= < 1 = larger £, (smaller m,) is allowed!



Misalignment with PBHs: Q,h% = f(0;, m,, 5, M)
T, (GeV]
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e % = abundance of PBHs
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* upper: f,=10'% GeV (m, ~ 107 eV)
lower: £, = 10'* GeV (m, ~ 1077 eV)
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Full Parameter Space
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Summary

PBHSs could have been copiously produced in the early Universe

An early PBHs dominated era is possible (and phenomenologically
interesting)

In standard cosmology: f, ~ O(10'?) GeV = Q,h? ~ 0.12 with
0; ~O(1)

With an early PBHs epoch, f, ~ O(10'*) GeV is allowed even
without fine tuning 6;

Thank you for your attention!



