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Primordial BH

* PBHs are BHs formed in the early Universe
* Through the gravitational collapse of overdensities in the cosmic plasma

* Masses can be several orders of magnitude below the solar mass

So what? Why?
O M, a=J/M? X
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Primordial Black Holes
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Hawking evaporation

S-T before/after formation of an horizon

[Hawking 1975]
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Hawking evaporation

[Page 70’s, Chambers, Hiscock & Taylor (1997)]
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The String Axiverse

[Arvanitaki et al. (2010)]

* Scalar field with a shift symmetry in 4D
* No mass terms by perturbative effects
* Mass is generated by non-perturbative effects

(Assuming one QCD axion)

String theory: El->SM + G 10D (4 s-t + 6 compactified)
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i Compactified extra dimensions is the key ingredient!
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The String Axiverse

In the extra-D there are new states, called p-form.

Basically, tensor fields in the extra-D

Neaveu-Schwarz & Ramond-Ramond fields
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6 extra-D + many ways to compactify

Torus

(N, ~[100-10°])



Axiverse + PBHs Evaporation




Axiverse fingerprint in PBH evaporation

SM particles + graviton + N axions
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Hot Dark Radiation

Integrated flux of ALPs from a single PBH in the relevant PBH spin
range ~3%10%N (10"/M)s™

* Reasonable N_ - Hawking luminosity is ALPs dominated
*Hot (10kg » T,~ 1 GeV)
* Dark to the SM

* Not red-shifted (It is now evaporating)

* Usual constraints (BBN, CMB...) do not apply = potentially the
present ALPs hot ‘dark-radiation’ p > p,,..

Detection of background energetic dark axions is a striking
signal for both axiverse physics and the existence of Hawking
evaporating PBHs.



Potential

BHs Superradiance

[Zeldovich (1966)]

< U

__ w < mf)
- \f

; LY ,j\\
Bk
/ e 21l :
Ergo-region Barrier Potential Well
: region i :
i  Exponential

{ growth region |

— Black Hole Horizon r

[Arvanitaki et al. (2009)]




4

Superradiance + ALPs
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Superradiance + ALPs
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a(M) [g’s™]

ng h E Ilel"g' y B S M [Baker & Thamm (2022-23)]
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Determining mass and spin of light PBHs
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Maximum emission rates I, ,
independent of the PBH mass.

The ratios between these
quantities for v and y depend
only on a
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Primary photon (red) and single neutrino (blue)
Hawking emission spectra for a PBH with M = 10° kg and
a = 0 (dotted), @ = 0.2 (dashed) and a = 0.5 (solid).
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