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(NASA/ACS Survey)



Globular Clusters

. 0Old (~12 billion years
. Massive (~100,000 to ~1 million stars
- Compact

M30
(NASA/ACS Survey) (NASA/HST)



Globular Clusters

- Found in almost all galaxies

Milky Way M87

NASA/Adler/U. Chicago/Wesleyan/JPL-Caltech Adam Block/Mt. Lemmon SkyCenter/U. Arizona



Globular Clusters













Dynamical Friction




Dynamical Friction

Massive particles will
“segregate’ into center
of the cluster
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Types of Interactions
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Dynamics
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~ Chaotic Interactions
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Escape speed of the cluster
determines the semi-major
axis of the ejected binaries
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Globular Cluster
Mass Function
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- MergerRates .~

Mergers Pessimistic Realistic Optimistic
O1 (Detections / 16 Days) 0.05 0.2 0.7
O1 (Detections / 50 Days) 0.2 0.5 2
O2 (Detections / Year) 4 15 60
Design Sensitivity (Detections / Year) 30 100 400

103 ! ! ! ! ! ! !

5 Gpe Pyr !

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Redshift (z)
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- Extremely Massive (10" — 108 stars)
- Compact
- Continuous star formation

e MNAntral macenn WlaAnl,r hAlA faeArmAatirmAac)
W \W1 TUEL GAL 11 IGAWVNIL VY W NIGANVWVIN 1 INJINY \UVI 1 INV UL ] IVUI

B Nuclear clusters
* MW GCs

%w Cen 4 Gl1

% NGC5128 GCs

A GC in NGC6946
3+ W3 A SSC e UCD
0 dE nuclei & M32
® dE galaxies

+ Spheroids 4 dSph

Boker 2008
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Nuclear Nuclear
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Antonini and Rasio 2016
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Z=0.25Z,,
M=0.5—5x10"M

e Multiple BH
L T Mergers

Spins ~ 0.7

Highest Mass
BHs
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Nuclear Star Clusters

(with central MBHs) T.““RI%'WREFTERN

Single-Single Capture
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Gualandris and Merritt 2011

Tsang 2013, Stone 2016, VanLandingham 2016
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~ Field vs. Clusters -

- Masses

- Mass ratios
- Eccentricity
+ Spins
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Mass ratios
Eccentricity
Spins
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Masses
Mass ratios
Eccentricity
Spins

_ N-body s
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Antonini et al. 2015
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Disrupting open clusters? 3.9 Gpe °yr~ ! Ziosiet al., 2014



