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Binary BHs

~30-30Mo
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Dark Matter

Cold Dark Matter

Self-Interacting!
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Dark Matter

Primordial Black Holes ?
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Did LIGO detect DM?

Did LIGO detect dark matter?

Simeon Bird,* Tlias Cholis. Julian B. Munoz, Yacine Ali-Haimoud, Marc
Kamionkowski, Ely D. Kovetz, Alvise Raccanelli, and Adam (. Riess'

! Department of Physics and Astronomy, Johns Hopkins University,
3400 N. Charles St., Ballimore, MD 21218, USA

We consider the possibility that the black-hole (BH) binary detected by LIGO may be a signature
of dark matter. Interestingly enough, there remains a window for masses 10 Mg < My, < 100 M5
where primordial black holes (PBHs) may constitute the dark matter, if constraints from CMDB
spectral distortions can be avoided. If two BHs in a galaclic halo pass sulliciently close, they radiate
enough energy in gravitational waves to become gravitationally bound. The bound BHs will rapidly
spiral inward due to emission of gravitational radiation and ultimately merge. Uncertainties in the
rate for such events arise [rom our imprecise knowledge of the phase-space structure of galactic halos
on the smallest scales. Still. reasonable estimates span a range that overlaps the 2 — 53 Gp(:_g yr_1
rate estimated from GWI150914, thus raising the possibility that LIGO has detected PBH dark
matter. PBH mergers are likely to be distributed spatially more like dark matter than luminous
malter and have no optical nor neutrino counterparts. 'I'hey may be distinguished {rom mergers of
BHs from more traditional astrophysical sources through the observed mass spectrum, their high
ellipticities, or their stochastic gravitational wave background. Next generation experiments will be
invaluable in performing these tests.

Physical Review Letters, 116, 20
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Constraints
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FIG. 14, Approximate CMB-anisotropy constraints on the fraction of dark matter made of PBHs derived in this work (thick
black curves). The “collisional ionization™ case assumes that the radiation from the PBII does not ionize the local gas, which
eventually gets collisionally ionized. The “photoionization™ case assumes that the local gas is ionized due to the PBH radiation,
up to a radius larger than the collisional ionization region, yet smaller than the Bondi radius. The former case is the most
conservalive, ss collisional ionization leads to a smaller temperature pear the black hole horizon, henee a smaller luminosity, and
weaker hounds. The correct result lics somewhere between these two limiting eases. Tar comparison, we also show the CMB
bound previously derived by ROM ({hin dushed curve), as well as various dynamical copslraints: micro-lensing constraints
from the ERQOS [15] (purple ewrwe) and MACHO [14] (bliz: cwirwe) collabarations (but see Refl |h3 for caveats), limits from
Galactic wide binaries 17], and ultra-faint dwarf galaxies (54 (in all cases we show the most conservative limits provided in
the referenced papers).

Ali-Haimoud & Kamionkowski 2017
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Constraints
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Constraints
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Progenitors !
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BBH merger
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Big halos
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Small halos

How small?

999% of events
in M<10° Mg
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Progenitors ?

Determining the progenitors of merging black hole binaries

Alvise Raccanelli, Simecon Bird, llias Cholis, Elv D. Kovetz, and Julian B. Muhoz
Department of Physics & Astronomy,
Johns Hopkins University, 3400 N. Charles St.,
Baltimore, MD 21218, USA

We propose a method for determining the progenitors of black hole (BH) mergers observed via
their gravitational wave (GW) signal. We argue that measurements of the cross-correlation of the
GW events with overlapping galaxy catalogs can determine if BH mergers trace the stellar mass
of the Universe, as would be expected from mergers of the endpoints of stellar evolution. If on
the other hand the BHs are of primordial origin, as has been recently suggested, their merging
wolld be preferentially hosted by lower biased objects, and thus have a lower cross-correlation with
star-forming galaxies. Here we forecast the expected precision of the cross-correlation measurement
for current and future GW delectors such as LIGO and the Einstein Telescope. We then predict
how well these instruments can distingnish the model that identifies high-mass BH-BH mergers as
the merger of primordial black holes that constitute the dark matter in the Universe from more
traditional astrophysical sources.
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Cross-correlations

GW ma
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Cross-correlations

Stars
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Cross-correlations

Alvise Raccanelli ¢ 1CCUB &8 Neutrino Telescopes, Venezia 14/03/2017

Institute of Cosmos Sclences



PBH, Rate =1-10 Gpcoyr’!

AR, 2016
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PBH - Other probes

Eccentricity (Cholis et al., 2016)

FRB lensing (Munoz et al., 2016)

BHME (Kovetz et al., 2016)
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Gravitational lensing of FRBs
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PBH - FRB lensing

Munoz et al., PRL 2016
If you do not see any lensed FRBs:

. At =0.3ms
— At=1ms
. At =3 ms
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PBH - BH mass function

Kovetz et al., 2016

Binned Mass distribution of BBHs: Astrophysical

=g LIGO BBH: ~ 2700
alLIGO PBI: ~ 250
AlLIGO TOT: ~ 3000
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Conclusions

‘At the moment our idea is just an idea,' Dr Bird told MailOnline. 'It's possible, but we
don't know whether or not it is really true...it's an exciting possibility!'

'It's a plausibility argument which at the moment you cannot disprove,' Professor
Peter Meszaros, an astronomer at Pennsylvania State University told New Scientist.
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Conclusions

PBHs as DM are not ruled out

[t is worth investigating more

In any case we will learn
something
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Conclusions

[ am working on constraints on
neutrino mass (and something else)
from cosmology, come see me if
interested

(with L. Verde, R. Jimenez, C. Pena-Garay, F.

Simpson, F. Villaescusa Navarro)
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