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Main idea

Light PBHs as (feebly interacting) dark matter progenitors:

1. Hawking emission

[Khlopov, Barrau & Grain (2006); Fujita et al (2014)Allahverdi , Dent & Osinski (2018); Lennon,

March-Russell, Petrossian-Byrne & Tillim (2018); Hooper,Krnjaic & McDermott (2019); Hooper
et al (2020); E]

2. Superradiance (bosonic DM, spinning PBHS)

[see also Bernal, Perez-Gonzalez &u (2022)] \ g

Possible end state with W
self-gravitating microscopic V\d

dark matter OstarsO



Black Hole Superradiance

[see review by Brito, Cardoso & Pani (2015)]

Rotating absorber amplifies low frequency waves:
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Black Hole Superradiance

[see review by Brito, Cardoso & Pani (2015)]

Hydrogen-like superradiant clouds: | ~ g writwrt
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[Ferraz, Kephart & JGR (2022)]



Black Hole Superradiance

[see review by Brito, Cardoso & Pani (2015)]

Superradiant instabilities occur for any low-mass bosonic field,
Including massive scalarsand massive vectors:

[JGR & Dolan (2011);Pani etal. (2012);East& Pretorius (2017); Cardosocetal. (2018);
Frolov etal. (2018);Dolan (2018)]
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Note:spherical topological for spin-1 superradiant clouds

Light slowly-rotating PBHs can produce heavy bosonic dark matter
(at the expenseof the PBH massand spin)
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Hawking emission

Hawking effect [Hawking (1974-75)]
Black holes emit anearly-thermal spectrum of particles for Ty ! u
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Dark matter production by PBHSs

Both PBH superradiance and Hawking emission can produce alarge
number of DM particles:
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Tune PBH abundance to match present DM yield
(PBH never dominate before evaporating away)



Dark matter production by PBHSs

Superradiance vs Hawking emission:
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superradiance
efficiency

Hawking emission spins down a PBH, making superradiance lessefficient:
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Dark matter production by PBHSs
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Efficiency of PBH superradiance

Full growth of superradiant cloud:

Superradiant cloud reabsorption in quasi-stationary regime:
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Efficiency of PBH superradiance
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What happens to the superradiant DM clouds?

PBHs evaporate adiabaticallyn an initial stage and SR clouds simply expand:
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Can DM clouds survive as self-gravitating boson stars?
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From BH clouds to boson stars

For! | 1 we have a non-relativistic Schrodinger-Poisson problem:
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[Ruffini & Bonazzola (1969)]



From BH clouds to boson stars

Approximating the self-gravitating potential ad/r:
¥adiabatic evaporation: 'K" = #! V, + Vgy "/ 2

¥at non-adiabatic point {=1):

IE" = TK"+ IV." = (IV."#! Vgy ")/ 2

Numerical simulations of Schrodinger-Poisson systenw( evaporating BH) :
¥Mspherical symmetry
¥initial conditions:
¥stationary bound state (including self-gravity)
¥adiabatic regime

¥modified Crank-Nicolson scheme
(conserves norm & energy)

Daniel Neves



Numerical example
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Numerical example
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Numerical example
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Numerical example
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Mgn/Mc= 1.31
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Numerical example

t/Teyap= 0.9918

MBH/MC= 1.01
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Numerical example
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Numerical example
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Numerical example
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Numerical example
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Numerical example
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Numerical example

t/Tevap= 1.0001 Mgn/Mc= 0.00
1.75 - —— Numerical
—-=- Boson Star
1.50 - & 1 0.295
M
1.25 A
S
~ 1.00 -
(=
©
=
"
~ 0.75 1
0.50 A
0.25 A
0.00 T
107> 103




Numerical example

t/Tevap= 1.0004

= 0.00

Mgn/Mc

— Numerical
—-= Boson Star

1.75 -

1.50 -

1.25 -

1.00 +

0.75 -

|h|s Ceup A

0.50 A

0.25 -

0.00

103

5
=
e~

r/ap



Numerical example
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Numerical example
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Numerical example
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Numerical example
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Numerical example
t/Tevapz 1.0028

Mgy/Mc= 0.00
o — Numerical
A —-~- Boson Star
Iy
; "
1.50 - ’I “ M) a0
I \ M )
J |
25 " ‘l
> ': :
< 1.00 -
=]
(1]
£
<
~ 0.75 -
0.50 4
0.25 -
0.00 |
10~°

10°



Numerical example
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Numerical example
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Numerical example

Total Energy
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Numerical results

DM boson star (mostly) free DM
<€ >

0.00 o
o Mot = 0.466

M

0.2 0.4 0.6 0.8 1.0 1.2
Mg, IMc



Properties of DM Oboson starsO
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Mass loss in transition + rotating BS instability
[Sanchis-Gualet al.(2019/20); Dmitriev et al.(2021)]

Rgs !

We expect them to be rare in solarneighbourhood :

1 1 5" 10 4fSRfBS (10 kg/M BS) km' zyl'! 1

WORK
IN
PROGRESS

i

but with large enhancement of non-gravitational cross-sections
(e.g. coherent scattering off nuclei[Hardy et al.(2015)])



Summary

¥Gravitational DM production: PBH evaporation + superradiance
¥MSuperradiant DM clouds may survive after PBH evaporation

¥DM Oboson starsO: microscopic size but huge number of particles

Future work:

o!Numerical simulations beyond spherical symmetry

o!Phenomenology/detection of DM micro-boson stars

Thank you!



