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The discovery of gravitational waves has renewed interest in the production rate and location of stellar mass black holes. One important aspect of this problem is the stellar initial mass 
function (IMF), which sets the mass of the progenitor stars in star clusters and hence the number of compact remnants. We use multi-epoch Hubble Space Telescope (HST) observations 
to measure the IMF of the Arches and Quintuplet clusters, two young clusters at the Galactic Center. Attaining depths of 1-2 M!, we forward model these observations to simultaneously 
constrain the cluster IMF and other properties (such as age and total mass) while accounting for observational uncertainties, completeness, mass segregation, and stellar multiplicity. We 
find that the IMFs of both clusters are top-heavy (an overabundance of high-mass stars) relative to the standard IMF observed in local star forming regions, consistent with past IMF 
measurements of the Young Nuclear Cluster. As a result, the predicted number of neutron stars and black holes to be produced by these clusters increases be a factor of 2.1 and 3.3, 
respectively. For the Nuclear Star Cluster (which dominates the inner 0.5 pc of the Milky Way), a top-heavy IMF results in a BH-BH merger rate up to ~7x higher than a standard IMF.  
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With high gas temperatures, molecular cloud densities, turbulence, and radiation fields, the Galactic 
Center is thought to be more similar to high-redshift starburst regions than typical star formations 
regions in the Milky Way Disk (Kruijssen+13, Ginsburg+16). How the initial mass function (IMF) 
might behave in such environments is not yet understood. We conduct a Hubble Space Telescope 
(HST) study of the IMF of the Arches and Quintuplet clusters, two young (<~5 Myr) and massive 
(~104 M!) clusters in the inner 200 pc of the Galaxy. Combined with past studies of the Young 
Nuclear Cluster (YNC), we examine the IMF in the Galactic Center environment and the resulting 
consequences for the production of compact objects.
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HST near-infrared color images of the Arches (left) and Quintuplet (right) clusters. blue 
= F127M, green = F139M, red = F153M. With multiple epoch of observations from 2010 
– 2016, we us proper motions to identify cluster members. 
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Bio 

•  Cluster stars have a common proper motion, forming a 
clump in velocity space that is easily distinguished from 
the field stars

•  Cluster membership probabilities (Pcl) calculated using a 
5-Gaussian Mixture Model

•  Final cluster samples (sum of Pcl):
•  Arches: 638 “members” down to 1.8 M!, 0.25 pc < r < 3.0 pc
•  Quintuplet: 1340 “members” down to 1.2 M!, r < 3.2 pc
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Advantages of this Study
•  Cluster  Membership  via  proper  motion:  Accurate  membership  despite  severe 

differential extinction 
•  Large spatial coverage: First proper-motion study beyond the cluster core regions
•  End-to-End Stellar Evolution, IMF, and Compact Object Formation: Updated stellar 

evolution (MIST: Choi+16) and Initial-Final Mass Relation (Raithel+18) models
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Through forward modeling, we account for observational uncertainties, completeness, and 
multiplicity and mass segregation while measuring the IMF. 

Measurements (dotted lines) and associated 
uncertainties (shaded regions) of the high-mass 
IMF slope α, assuming a single power-law IMF. 
The Arches (Hosek+19) and Quintuplet 
(preliminary: Hosek+ in prep) IMFs are 
shallower than the standard value (Kroupa+02) 
and are discrepant with young clusters in M31 
(Weisz+15) by >~6.5σ. The Arches and 
Quintuplet are consistent with the IMF 
measured for the YNC (Lu+13), indicating that 
young clusters at the Galactic Center have a 
systematically top-heavy IMF (i.e. an 
overabundance of high-mass stars).
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Forward Modeling the IMF

Proper-Motion Cluster Membership Probabilities

Top-Heavy IMF: BH-BH Merger Rate
Increases by up to ~7x 

The predicted number of compact objects 
produced by the NSC (black holes = BH, 
neutron stars = NS, and white dwarfs = WD) 
after 10 Gyr for a top-heavy (α = 1.7) and 
standard IMF. The top-heavy IMF produces 
~3.3x more BH and ~2.1x more NS.       

The predicted BH-BH merger rates in the NSC 
for r < 0.5 pc. We adopt a range BH radial profiles 
(Alexander+09) and the BH-BH binary formation 
and merger fractions from Petrovich+17. A top-
heavy IMF can produce merger rates up to ~7x 
higher than a standard IMF. Assuming all galaxies 
have a similar central cluster yields rates of 
0.7 – 4.2 and 0.2 – 0.7 Gpc-3yr-1. For comparison, 
the predicted BH-BH merger rate from globular 
clusters is 2 – 20 Gpc-3yr-1 (Rodriguez+16).   

•  The Nuclear Star Cluster (NSC) is an old (>~5 Gyr) star cluster that dominates the inner 
0.5 pc of the Milky Way (M = 2.5x107 M!; Schoedel+14) 

Top: A vector-point diagram of 
the proper motions measured for 
the Arches Cluster. The 2σ cluster 
distribution is shown in red.

Right: The Arches cluster sample, 
where stars with 
Pcl > 0.3 are shown in red. 
Artificial star recovery tests show 
that we obtain at least 30% 
completeness to 1.8 M!, setting 
the faint limit of the sample.
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Young Clusters at the Galactic Center Have 
a Top-Heavy IMF 


