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and the related tale of the GCMF



rt = King tidal/truncation radius (where density goes to zero)

rJ = Jacobi radius (of the zero velocity surface)

Roche-lobe under-filling = ????? (rh/rJ < 0.1)

Definitions



Escape time = 0 (but see Fukushige & Heggie 2000; Baumgardt 2001)

trh ∝ M1/2rh
3/2, i.e. Coulomb logarithm is constant

I personally do not care what the initial mass function of the 
globular clusters was ....

Assumptions



Ṁ = ξe
M

trh

ξe = escape fraction
Ambartsumian (1938); Spitzer (1940); Henon (1961); Spitzer (1987)
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Ṁ

∝Mρ−1/2
J

∝MRG

∝Mω−1
King (1966)
Lee & Ostriker (1987)
Alguilar, Hut & Ostriker (1988)
Chernoff & Weinberg (1990)
Vesperini & Heggie (1997)
Baumgardt (1998)
Takahashi & Portegies Zwart (2000)
Fall & Zhang (2001)
Baumgardt & Makino (2003)

cluster galaxy



Baumgardt & Makino (2003)

Eccentric orbits: tdis (ε)=tdis (0)×(1+ε)
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McLaughlin & Fall (2008)



ρh

MTO

McLaughlin & Fall (2008)

Density dependency of GCMF: MTO ∝ ρ1/2
h



ξe = constant?



ξe = constant?
or, do clusters with smaller radii live shorter?



M = 2× 105 M!

rh = 5pc
RG = 10 kpc

trh ! 3 Gyr
rJ ! 100 pc

rh/rJ = 0.05

Parameters for a“typical”globular cluster:

Do we need to consider 
small rh/rJ values?



Do we need to consider 
small rh/rJ values?

Mackey & Gilmore (2003)



Scheepmaker et al. (2007)

M51



Scheepmaker et al. (2007)

M51 tidal radius: rJ ∝ RG
2/3



rh/rJ=0.15 rh/rJ=0.075
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Gieles & Baumgardt (2008)



isolated regime   tidal regime

ξe ∝
(
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rJ

)3/2

See also: 
Spitzer & Chevalier (1973)
Aguilar, Hut & Ostriker (1988)
Wielen (1988)

McMillan & Hut (1994)
Baumgardt (1998)
Gnedin, Lee & Ostriker (1999)Gieles & Baumgardt (2008)



Ṁ = ξe
M

trh

ξe = escape fraction
Ambartsumian (1938); Spitzer (1940); Henon (1961); Spitzer (1987)



Ṁ = ξe
M

trh

∝
(

rh

rJ

)3/2

ρ1/2
h

Gieles & Baumgardt (2008)
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Tada!

Gieles & Baumgardt (2008)



Gieles & Baumgardt (2008)
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Density dependency of GCMF



GCs: Harris (2003)



GCs: Harris (2003)
M51: Scheepmaker et al. (2007)





M87

Vesperini et al. (2003)
see also Jordán et al. (2007)

MTO



dN/dM dN/dlogM

Jordán et al. (2007)
Gieles (2009)

MTO ∝ ∆ = t/t0

∝ t ρ1/2
J

∝ t R−1
G

∝ t ω

For Fred:
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How to get a constant MTO



MTO ∝ ∆ = t/t0
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= constant

How to get a constant MTO

To get the turn-over at the same place everywhere, all 
clusters in the Universe need to pass through a universal 
phase of tidal evolution with the product tω constant



Mass loss rate scales with ρJ
1/2 , not with ρh

1/2

In the tidal regime (rh/rJ > 0.05) the moss loss rate is 

independent of how the stars are distributed within the Jacobi 
surface
To evolve a power-law initial cluster mass function to a peaked 
GCMF with constant MTO by only 2-body relaxation in a tidal 
field you need a constant Δfor all clusters

The similarity of between young and old clusters in the rh vs. 
M plane suggests that rh is (largely) imprinted by formation, 
not evolution

Conclusions


