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LIGO detected Gravitatooal Waves

GW sigoal from two mergiog 30 solar mass BHs



How did the Black Holes form?

End points of stellar evoluton

– Need bioary with two heavy stars

– Need misaligoed black hole spios

Belczynski, K



How did the Black Holes form?

Black holes from early universe 
over-density

     Primordial Black Hole Dark Matter

           Don’t test this in an accelerator



Does the Merger Rate match LIGO?

Black Holes are all the dark matter

Form halos as for CDM

Gravitational wave emission forms binaries



Cross-Sectoo

(Quiolao & Shapiro 1989)

PBH velocity ~ halo velocity dispersioo

Most mergers in smallest halos

At                               bioaries wide eoough that 
tmescale is Hubble tme



Binary formation is slow, mergers are fast

Black holes binaries form today, distributed 
as in dark matter halos

Does the Merger Rate match LIGO?



Total Merger Rate

Lioes show difereot dark mater models



Merger Rate

• Iotegrated:

• LIGO: 



Merger Rate

• Total mergers:

Very uocertaio

This oumber could have beeo 10±10

INTERESTING

Did LIGO Detect Dark Materr

Possibly.



Are PBHs ruled out?

All masses are ruled out except for 20-80 solar

Larger: ruled out by disruptoo of structures

Smaller: ruled out by micro-leosiog

LIGO detectoo io sole allowed gap



Superoovae Microleosiog

• Noo-detectoo of leosed superoovae 
(Zumalacarregui & Seljak): ‘No LIGO MACHO’ 

• PBH < 30 % of dark mater at 2-sigma



Can we test this?

Two populations → mass function bump

No hair theorem means no extra work

Kovetz 2017



Current LIGO BH Mass Function



10% of DM io 30 Solar Mass PBH
POSSIBLE

Wait for more eveots!



Cao We Test This?
Mergers happen in small halos with no stars

• No EM couoterparts
– But we doo’t expect them aoyway

• Localized away from galaxy
– But LIGO’s aogular resolutoo iso’t eoough



Cao We Test This?
Initally Eccentric 䒵inaries:

• Stellar bioary orbits are circular

• Dark mater orbits are elliptcal

• Our bioaries are ioitally ecceotric



Cao We Test This?
Initally Eccentric 䒵inaries:

• GW wave emissioo circularizes quickly:

• 1 io Advaoced LIGO, 10 for Eiosteio Telescope 
where this doeso’t happeo
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