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Gnedin	 &	 Ostriker	 (1997)	 also:	 Fall	 &	 Rees	 (1977)

One interpretation: preferential survival
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• Realistic number of stars

• N ~ 105 in direct N-body codes (Aarseth, Baumgardt, Hurley, Mackey, Makino, Portegies Zwart)

• N ~ 106 in Monte Carlo codes (Fregeau, Giersz, Heggie, Rasio)

• Realistic stellar mass spectrum

• 0.1 < m/M⊙ < 100

• Salpeter, Kroupa, etc.

• Primordial binary population (Hurley, Ivanova, Kroupa)

• Stellar evolution prescription (Giersz, Hurley, Portegies Zwart, Tout)

• Special treatment of binary interaction (Church, Hurley)

• Stellar collisions (Lombardi, Gaburov)

• External tidal fields

• Circular orbits

• Eccentric orbits

• Disc, bulge + halo components (Dehnen, Heggie, Vesperini)

• Triaxial potentials (Peñarrubia, Walker & Gilmore 2010)

• Chaotic time-dependent tides (Kruijssen, Renaud)

Modelling of Star Clusters anno 2011
(the “Kitchen Sink” approach)
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Modelling of Star Clusters anno 1965
(the “one-step-at-a-time” approach)

• N-body simulations

• N ~ 10-100 (Aarseth, Von Hörner) 

• all stars the same mass

• no tidal field

• Theory: evolve the distribution function (Hénon)

• Velocity distribution is isotropic

• All stars have the same mass 

• Stars do not evolve

• No binaries

• No tides, or a point-mass galaxy (circular orbit, of course)
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ADVERTISEMENT:	 The	 2	 seminal	 papers	 on	 star	 cluster	 evolution	 by	 Michel	 Hénon	 (1961,	 1965)	 are	 
now	 translated	 into	 English	 by	 Florent	 Renaud	 and	 are	 on	 arXiv:1103.3498/9,	 for	 FREE



Modelling of Star Clusters “Retro” Style

Baumgardt	 et	 al.	 (2002)

• Direct N-body integrations

• Isolated star clusters (i.e. no tides)

• No primordial binaries

• All stars the same mass

• Plummer density distribution
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Like in stars!
Eddington



Adding a stellar mass spectrum

See	 also:
Inagaki	 &	 Saslaw	 (1985)	 
Lee	 &	 Goodman	 (1995)

µ ≡ mmax

mmin

Gieles,	 Baumgardt,	 Heggie	 &	 Lamers	 (2010)
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~ embedded clusters

~ open clusters

~ globular clusters

= virtual clusters

 

(perhaps neutron star clusters)



Adding stellar evolution

• Changing stellar mass function :

• Decreasing total mass : 

• Increasing energy :                                                           
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N-body models with stellar evolution w/o tides
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Gieles,	 Baumgardt,	 Heggie	 &	 Lamers	 (2010)

There is a balance between Ė due to stellar evolution 
and the relaxation driven flux of energy 
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Evolution of most globular clusters is balanced
and their M-rh relation is unaffected by tides

t
rh ≈ 0.3 t

Hubble



Gnedin	 &	 Ostriker	 (1997)	 
also:	 Fall	 &	 Rees	 (1977)

Alignment with lines of constant trh because of expansion
not evaporation 
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Tidally affected
see Gieles, Heggie & Zhao 

(2011) + poster



Summary
• Most globular clusters evolve with a central energy source that is 

in balance with the amount of energy that is conducted 
outwards by relaxation 

• Stellar evolution is an important, perhaps dominant, energy source 
for 2-body relaxation

• Most Milky Way globular clusters are still expanding to their tidal 
boundary: alignment with lines of constant relaxation time:                            

M ∝ ρ1/2
hrh ∝M−1/3 or


