Dynamical formation: an example

e.g., Rodriguez et al. 2016

Types of Interactions
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What are star clusters?

Star clusters in galaxies




Stellar-Mass Candidate BHs

are Observed in GCs
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Physical Processes
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Iwo-body relaxation
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Physical Processes

Two-body relaxation

® Cumulative effect of a sequence of weak pair-wise gravitational
interactions is a slow diffusion of energy
® Natural consequence Is mass segregation




Physical Processes

Two-body relaxation

® Cumulative effect of a sequence of weak pair-wise gravitational
interactions is a slow diffusion of energy
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Physical Processes

Two-body relaxation

Casel: [¢' C,,0' C,] BN —[¢' C,.0' C,] BN

t = 0.01 year
. 100 |
Strong Scattering &
50 |k
2 0
-50 |
—100 |

—-100 -50 0 50 100



Physical Processes

Stellar Evolution

Two-body relaxation

Strong Scattering & Binary Burning

Single & Binary Stellar Evolution




Physical Processes

Two-body relax

Globular clusters
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Results are Directly Comparable to

Observations

" MS - Turn-off : H

Chatterjee et al. 2013
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Numerical Simulation Setup

Hénon-type Monte Carlo simulations using CMC
Coverage of a large parameter space

e N ~2x105to 2x106

Z ~ 0.0005, 0.001

e King profile with wp = 5
* |Initial fpb =510 10%
 Kroupa (2001) IMF between 0.08 to 150 M

BH formation kick distribution

* Momentum conserving, dependent on progenitor mass and £
(Belczynsky 2012)

Wind mass loss prescription: weak winds (e.g., Vink 2001)
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CRoRa-16, ApJ (in press)



Typical Evolution

.....
v"‘

Repeated BH-driven
collapse

Ve, I'h (pC)

Overall cluster expansion

10° — — r—— e
: ° ¢ collapsed
4 | ® e - _ .

107 ¢ __“ . * non-collapsed 1) jttle observable
el ﬂf%" __:.'MWW | difference in surface
ISR . | brightness profile in and
oF o | @ _

107 ¢ . ‘ 1 out of collapse
<IN L
101 B Iﬂm |
A t
@
10° |k @ |
o3
1 s
10 | | ol | ] e
107 10 10° 10* 102

rop (PC) CRoRa-16, ApJ (in press)



Ve, I'h (pC)

Typical Evolution

& collapsed

o
D - @ ¢ non-collapsed
® e ° ]
ﬂf it _.:-:'u"'mm-.‘\ ]
L
@@ o _
: \
T v
o
° 5
)
T R

Repeated BH-driven
collapse

Overall cluster expansion

iLittle observable
| difference in surface
| brightness profile in and
| out of collapse

CRoRa-16, ApJ (in press)



Ve, I'h (pC)

Typical Evolution

*

¢ non-collapsed { | itt]e observable
| difference in surface
| brightness profile in and

| out of collapse

collapsed

Repeated BH-driven
collapse

Overall cluster expansion

CRoRa-16, ApJ (in press)



Typical Evolution

Fe, T (PC)
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Ask me later how to infer BHs
in a star cluster from
observable cluster properties

=6, ApJ (in press)
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What Really Happenes to the BHs in Clusters!?
Lagrange Radii: BHs and non-BHs
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Morscher et al. (2015)
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Really Happenes to the BHs in Clusters!?
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What Really Happenes to the BHs in Clusters!?
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What Really Happenes to the BHs in Clusters!?
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