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Mass segregation in Globular Clusters

Different studies have used mass segregation as 
tracer for the presence of an IMBH or BHS (see 
e.g Pasquato+ 2009,2016; Alessandrini+2016; 
Weatherford+2018,2020; Wu+2021)

See e.g. Spitzer. (1969,1987); Heggie & Hut(2003)
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Mass segregation in Globular Clusters + Binaries
See e.g. Spitzer. (1969,1987); Heggie & Hut(2003)

Different studies have used mass segregation as 
tracer for the presence of an IMBH or BHS (see 
e.g Pasquato+ 2009,2016; Alessandrini+2016; 
Weatherford+2018,2020; Wu+2021)



Mass segregation in Globular Clusters + Binaries

Giesers et al (2019)

Fig. 8 - Giesers et al (2019)

An observational binary fraction of ~17%
within NGC 3201’s core radius

Binary probability based on radial velocities curves 
(variations)



Brief parenthesis: MOCCA-SURVEY Database I (Askar et al.2017)

MOCCA-Survey, a collection of ~2000 simulated GCs with different initial conditions that include the 
formation of IMBHs and the retention of stellar mass BHs (see Askar et al., 2017 ; Giersz et al. 2015)

- 95 simulated clusters

- Initial binary fraction of 10%

- Can have an IMBH, multiple 
stellar-mass BHs or neither of 
them at 12Gyr



Binaries fall in towards 
the centre of the GC
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Mass segregation through binary fractions



Less efficient segregation of 
binaries and disruption of the 
segregated ones.
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Mass segregation through binary fractions



GCs that host an IMBH have fewer binaries and flatter binary fraction 
distributions 

Figures from Aros et al. (2021)



Binary fractions of candidate Galactic GCs to host a stellar mass black 
hole subsystem.

Data from Milone+ (2012)

Aros et al. (2021)



We can quantify the velocity dispersion excess due to binary stars as an 
indication of the presence of an IMBH

(w/o binaries)(with binaries)

Aros et al. (2021)

Simulated GCs with total 
binary fraction~8% at 12 Gyr

Aros et al. (2021)



GCs that host an IMBH have fewer binaries and flatter binary fraction distributions. 

We can quantify the velocity dispersion excess due to binary stars as another indication 
of the presence of an IMBH

The binary fraction profile traces the effects of a GC’s dynamical evolution (mass-
segregation) and is susceptible to any additional source of energy: an IMBH or stellar-
mass black holes.

Summary

For more details see the full article:



Additional slides



Binary detection and properties
Aros et al. (2021)



Kinematic effects of binaries and proper motions

Aros et al. (2021)



Initial central densities and binary retention



Binary fractions of candidate Galactic GCs to host a stellar mass black 
hole subsystem.
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