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Primordial Black Holes (PBH)

Why PBH?

e Dark matter

e WIMPs
* Super massive
black holes \
e Initial conditions 01 1T 10 10 1000 1o*
Mpon/M
57; Y ]_ —> PBH Ali-Haimoud & Kamionkowski (2017)
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Simulation Setup

Sppm(a) = Tad(a)dng + 30 0o frEHOPEH

dppu(a) = dppy + dppM(a)

Agom(k)

PBHs are separate set of
particles coevolved with
generic “particle dark matter” SoTme,

Modified initial conditions:
3 Q. a

If no PBHs:
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Halo Profiles: Npgy iy =1

—2.25
Bertschinger (1985)

Theory: poxr
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Halo Profiles: 13 < Npgy/ < 17
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Halo Mass Function
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PBH Velocities

CMB constraints: 3 —— Npgrm =1 8 < Npsryme < 51
. ] —— 1<Npgy=3 —— 2=NpgymL =51
e (@Gas accretion onto PBH 10° ] —— 3 < Npgp < 8 Halo Model (2 < N)
depends on Bondi radius: |
c
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Relevant velocity scales
(at z=1000):

I—1 ' ' R I0
* Sound Speed: 5km/s o PBH Pro;lac;r Velocity (km/s)
* Relative Velocity Effect: 30 km/s
Halo virial velocities: ?
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PBH Velocities

CDM-Baryon Relative Velocity
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PBH To-do |i

St:

*Super Massive B

ack Hole seeds — can we

improve CMB constraints by modelling PDM

halo?

*Primordial PBH Binaries — are they disrupted

by clustering?

*Star Formation — halos form early, do stars?

*Hydrodynamics — include gas for more
precise simulations?



Conclusions

*Small scale dark matter perturbations can be
nonlinear at very early times

*Used N-body simulations to study halo profiles,

halo mass functions and typical velocity scales in
mixtures of PBH and PDM

*More details in arXiv:1907.08129

*Many interesting problems still to study!

THANK YOU FOR YOUR TIME!
D



Additional slides




PDM Clustering
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Super Massive Black Hole Seeds

In collaboration with Vivian

Poulin, Pasquale Serpico
* PBHs around 10% solar

masses with fpgy < 1077 1
could act as seeds for |
SMBH

 Modelled as Bondi
accretion, but Bondi radius
will be affected by the o oo
PDM halo: e PBH .. (v2)/(G Mppn)
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