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Abstract: <p>Since the first detection two years ago, gravitational waves have promised to revolutionize the physics and astrophysics of compact
objects. But to understand what these gravitational waves are telling us, we need to understand how these relativistic binary systems form in the first
place. &nbsp;In this talk, | will describe the various astrophysical pathways for forming the binary mergers detected by LIGO/Virgo, and how
specific features of the gravitational waves (such as the eccentricities and spins) can illuminate the formation histories of these exotic objects.
& nbsp;In particular, 1 will discuss how black holes can undergo multiple mergers in dense star clusters, creating a second generation of black holes
more massive (and with potentially greater spins) than those formed through the collapse of isolated stars.</p>
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PRL 115, 051101 (2015) PHYSICAL REVIEW LETTERS 31 JULY 2015

Binary Black Hole Mergers from Globular Clusters: Implications for Advanced LIGO

Carl L. Rudri;_:u(:;c.l Meagan Morscher,' Bharath Pattabiraman,'* Sourav Chullcrjce_]
Carl-Johan Haster,'” and Frederic A. Rasio'
'c ‘enter for Interdisciplinary Exploration and Research in Astrophysics (CIERA) and Department of Physics and Astronomy,
Northwestern University, 2145 Sheridan Rd, Evanston, Illinois 60208, USA
"D(f;un'rmwn of Electrical Engineering and Computer Science, Northwestern University, Evanston, Illinois 60208, USA
*School of Physics and Astronomy, University of Birmingham, Birmingham B15 2TT, United Kingdom
(Received 2 May 2015; published 30 July 2015)

The predicted rate of binary black hole mergers from galactic fields can vary over several orders of
magnitude and is extremely sensitive to the assumptions of stellar evolution. But in dense stellar
environments such as globular clusters, binary black holes form by well-understood gravitational
interactions. In this Letter, we study the formation of black hole binaries in an extensive collection of
realistic globular cluster models. By comparing these models to observed Milky Way and extragalactic
globular clusters, we find that the mergers of dynamically formed binaries could be detected at a rate of
~100 per year, potentially dominating the binary black hole merger rate. We also find that a majority of
cluster-formed binaries are more massive than their field-formed counterparts, suggesting that Advanced
LIGO could identify certain binaries as originating from dense stellar environments.

DOI: 10.1103/PhysRevLett.115.051101 PACS numbers: 04.30.Db, 98.20.-d
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Conclusions

Masses, eccentricities, and spins.can all discriminate between
different formation channels ' :

If black hole birth spins are high, then we will eventually detect
an anti-aligned binary black hole merger

If the black hole spins are low, then clusters can build up multiple
generations of black holes with large masses and spins
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