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Why PBHs are interesting



-if they are Oll) of the dark matter

e No need for a new fundamental particle’?
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e Dark matter ie made of.... (collapsed) radiation!

e Maybe a mixture of both?



-if they are a fraction << [ of dark matter
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A plea regarding constraints to PBHs

o  95%-confidence exclugion requireg contidence
beyond reagonable doubt

= Constrainte should quality the level of confidence
in the congtraint plot

e Recent revival implies more gerutiny, hence large
changeg to old congtraint.

o However, let’e not digmiege congtraintg without
gpending at leagt ag much effort ag the authors...
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CMB limite to accreting PBHa

Pregalactic black hole accretion and the thermal
history of the Universe mon ot R astr. soc. (1981) 194, 639668

B. J. Carr Astronomy Department, University of California, Berkeley,

for a wide range of values for the

mass and density of the holes, the matter would be completely re-ionized. In
some circumstances, the Universe would never pass through a neutral phase at
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Bagic getup



- Acceretion rate
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- Acceretion rate

- Ageume gpherical aceretion. Digk accretion typically more luminoug

=> congervative hypothesie (confirmed by Poulin et al. 2017)

- Agcume cteady-gtate aceretion (modified Bondi-Hoyle)
Self-consistent for M = 3 xI0O4 Mgn.

+ Account for Compton drag and (finite) Compton cooling by CMB
photong

- Account for relative velocity e of PBHe wrt baryong: Gauggian
random field with supersonic rmg ~30km/s at recombination

(Teeliakhovich & Hirata 2010)



- Acceretion rate

MBondi ™ IObMQ/C?
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2~ Radiative efficiency



2~ Radiative efficiency

- At minimum, ionized gag near the horizon emite
free-free radiation

- Egtimate the dengity and temperature profile around
accreting BH uging modified Shapiro (I973) model

- Congider two limiting cageg: collicional ionization and (local)
photoionization by BH radiation (neither ig gelf-conaictent)
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2~ Radiative efficiency
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Luminogity per BH
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5. Energy deposition efficiency
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Solve an approximate Boltzmann equation, assuming energy mostly depogited
through Compton scattering of ~O.1-[O MeV photong



4. CMB gpectral digtortiong?
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Undetectable by FIRAS (y, y ~1O-5),
or even by PIXIE (p, y ~1O-8)



5-CMB anigotropieg
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Last-seattering “surface” where most photons
scatter for the last time
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Planck sensitive to ~ O.1 % changes to this function
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Ettect on CMB anigotropieg
with modified CLASS (Blag, Leggourqueg & Tram 2011)
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e Very gimplitied treatment but bounds ought to be congervative

e Concrete suggestiong on what might loogen the bounds are
welcome. e.g. ideal fluid ageumption may not hold (A Gruzinov)

o Mogt likely, can be made tighter:

* accretion geometry and efficiency: digk e gpherical?
e.0. Poulin et al. 20[7

*if £ <1, other-dark matter halo may enhance accretion
rate (Ricotti, Ogtriker & Mack 2008)

* non-gauggianity from inhomogeneoug recombination
(in prep, with PhD gtudent Trey Jengen)



Did LIGO detect dark matter?



Doeg LIGO rule out OBH dark matter?

o’ @ ) Bagic idea:; Nakamura et al. 1997, Sagaki et al. 2016
. (ef Teruaki Suyama’e talk)

Additions in paper with Kovetz & Kamionkouwgki:

+ more accurate deseription of probability distribution of 4, e at binary
formation (cf. Raidal et al. 2018 for even more accurate degcription)

- analytically checked whether PBH binaries get ignificantly torqued by
firat non-linear etructures (ef Kavanagh et al. 2019 for numerical check
of effect of particle-dark matter halo).




Characteristic formation redshift

Characterigtic initial properties for binarieg merging today;
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Do binarieg that form at z ~10% - {05 evolve
only through GW radiation until the pregent time?



Characterigtic properties of early haloes
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We ageume that most of the magg lieg in haloeg currently collapging.



E atimated analytically and found to be negligible:

- Torques by the gmooth halo tidal field

- Digtant encountere with other PBHg
- Cloge encountere with other PBHg

* Dynamical friction by dark matter particles with m << M
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Structure formation in NPBH coemology

with Derek [nman (in preparation)

e Use N-body code CUBED2M (Merz et al. 2004, Harnoig-Dérape et al. 2012,
Embergon et al. 2016)

e fraction fun in OBHg and (I-fipn) made of low-masg colligionless particles “COM”

o DOM given adiabatic initial conditiong consigtent with (extrapolated) Planck
o PD force for r < 3 grid celle
e oftening: /10 grid cell (unphysical for PBHs)

e box size: L = 45 kpe
e PDOM: 2x2563 “particles”, with mass 0.09 (I-fppn) Meun
e PBH mass: 30 Msun- prh =10> \cpbh



snapghote at z = 99, dlice width = 3 kpe

fpgn = 107




snapghote at z = 99, dlice width = 3 kpe




snapghote at z = 99, dlice width = 3 kpe
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Program with N-body sims

o .

: 4— 30 kpc/h ———>

Inman ‘A Halmoud in prep

o OBH binary survival

e More generally, impact on current boundg
e Formation of firet etarg (ef Kaghlingky)

e [mpact on reionization, 2| em?



