
Cluster origin and evolution in the galaxy
Open clusters form in the galactic 
disk, from giant molecular clouds. 
After stars have formed, remaining 
gas is blown out of the cluster by 
stellar winds. Clusters still interact via ti-
dal forces with their host galaxy. These 
forces stretch the star clusters as they 
move through the galaxy, stripping 
stars that exceed the tidal radius of 
the cluster. Gradually, star clusters dis-
SHUVH�DQG�LWV�VWDUV�EHFRPH�ÀHOG�VWDUV�

In hydrodynamical galaxy simulations, 
star formation is represented by con-
verting gas particles into star particles 
(each representing many solar mas-
ses). Star clusters are likely to form at 
and follow the trajectory of such star 
particles.

To investigate the tidal effects from 
a galaxy on clusters, we use a Milky 
Way-type galaxy simulation (including 
stars, gas and dark matter). From this 
simulation, we select all star particles 
at approximately solar distance from 
the galactic center (8±0.5 kpc) in the 
ÀQDO�VQDSVKRW��:H�ORFDWH�WKHVH�VWDU�
particles in each earlier snapshot of 
the simulation and calculate the tidal 
ÀHOG�H[SHULHQFHG�E\�HDFK�

simulations made easy
The Astrophysical Multipurpose Soft-
ware Environment AMUSE allows for 
the combination and interchanging 
of simulation codes. It contains vari-
ous codes for gravity, stellar evolution, 
hydrodynamics and radiative trans-
IHU��HDFK�ZLWK�WKHLU�RZQ�EHQHÀWV�DQG�
drawbacks. AMUSE uses python to in-
terface with each of these codes. 

We use AMUSE to combine a previ-
ously calculated galaxy simulation 
with smaller scale star cluster simulati-
ons. This way, the galaxy provides the 
WLGDO�ÀHOG�LQ�ZKLFK�WKH�VPDOOHU�V\VWHP�
evolves. 
Get AMUSE from http://amusecode.org

Cluster evolution
At the start of the main sequence, we 
describe the distribution of star cluster 
masses and radii with a Schechter dis-
tribution for the mass, and a LogNor-
mal distribution for the radius. We use 
a Kroupa IMF to assign masses to stars

Initially, stellar evolution will dominate 
the cluster’s mass loss as massive stars 
are removed. This reduces the clus-
ter’s bound mass and, in turn, its tidal 
radius.

LDWHU��JUDYLW\�DQG�WKH�WLGDO�ÀHOG�EH-
come the major causes for mass loss 
from the cluster. Tidal stripping remo-
ves stars in the outskirts, and three-bo-
dy encounters in the core eject stars 
from the cluster.

all star Clusters disrupted within a gyr 
From a galaxy simulation, we obtain 
WLGDO�ÀHOGV�UHSUHVHQWDWLYH�IRU�RSHQ�
clusters in the solar neighbourhood. 
We randomly sample a set of 100 star 
clusters from a representative initial 
cluster distribution. We simulate these 
FOXVWHUV�ZLWK�WKH�WLGDO�ÀHOGV��FRPELQLQJ�
the effects of gravity, stellar evolution 
DQG�WKH�WLGDO�ÀHOG�LQ�WKHVH�VLPXODWLRQV�

:H�ÀQG�WKDW�WKH�PRVW�H[WHQGHG�
(R > 10 pc) clusters are disrupted wit-
hin 100Myr. More compact clusters 
can survive up to about 1Gyr, depen-
ding on their masses. The mass loss 
rate of the clusters depends on the 
WLGDO�ÀHOG�DV�ZHOO�DV�WKH�LQLWLDO�UDGLL�RI�
the clusters.

After a few 100Myr, the half mass radii 
of the clusters show a sharp peak at 
about 2 parsec. This is independent of 
the initial parameters of the clusters. 
Stars in the outskirts of the clusters are 
stripped, whereas compact clusters 
JHW�¶SXIIHG�XS·�E\�WKH�WLGDO�ÀHOG�DQG�
gravitational interactions.

ContaCt
Steven Rieder 
rieder@strw.leidenuniv.nl
with
Rob Crain, Joop Schaye, 
Tom Theuns and Simon Portegies Zwart 

What happens to open 
clusters in the galaxy?

Simulated galaxy disk forming

A cluster with tidal streams

Half-mass radii after 400Myr

Mass evolution
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Mass loss from stellar evolution
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