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Globular clusters are dense.

Globular clusters are old.

stars interact

lots of interac>ons
stars exchange energy



Energy Equipar>>on
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high mass  :  slow 
low mass  :  fast

equal kine>c energy



Energy Equipar>>on

½ m v2
equal kine>c energy

σ∝m-η
velocity dispersion stellar mass

amount of 
equipar>>on
η = 0 (none) 
η = 0.5 (full)



Tren% & van der Marel 2013
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Simulated Clusters

σ∝m-η

η depends on m 

meq → how much 
equipar>>on 

η∝1/meq



Simulated Clusters

✦ Equipar>>on and Mul>ple Stellar Popula>ons (Vesperini+ 2021) 

✦ Equipar>>on and Anisotropy (Pavlík & Vesperini 2021) 

✦ Equipar>>on and BHs/IMBHs (Aros & Vesperini 2023) 

see Francisco’s talk!



Real Clusters

✦ Omega Centauri (NGC 5139), η∼0.2 (Anderson & van der Marel 2010) 

✦ Omega Centauri (NGC 5139), η∼0.16 (Tren% & van der Marel 2013) 

✦ NGC 362, η = 0.114 ± 0.012 (Libralato+ 2022)



wide mass 
range

targets for 
kinema>cs

hard to get 
kinema>cs

very small 
mass* range

*kinema>c mass

Gaia too bright 
JWST too new

HST



✦ HST proper mo>on catalogues for 22 Milky Way globular clusters (Bellini+ 2014) 

✦ Quality cleaning (PM fit, PSF fit, PM uncertain>es)

HST Proper Mo>on Catalogues

9 clusters
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HST: kinema>cs with stellar mass
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How do the fits compare?

stellar mass
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HST: kinema>cs with stellar mass for all clusters

Watkins+ 2022



Which func>on fits best?

Watkins+ 2022

4 preferred Classic 4 preferred Bianchini

(1 could not compare)

EXTREMELY low sta>s>cal significance



Which func>on fits best?

Watkins+ 2022

4 preferred Classic 4 preferred Bianchini

(1 could not compare)

EXTREMELY low sta>s>cal significance

?
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HST: kinema>cs with stellar mass

102 104
Ncore

0.0

0.2

0.4

¥

core collapsed

100 101
Nhalf

°2.0 °1.5 °1.0
[Fe/H]

0.0

0.2

0.4

¥

102 104

Ncore

0

1

2

3

4

m
eq

Bianchini+16

100 101

Nhalf

°2.0 °1.5 °1.0

[Fe/H]

0

1

2

3

4

m
eq

pre-core-collapse

Watkins+ 2022Bianchini+ 2016

core collapsed

Bianchini+ 2018

pre-core-collapse

core collapsed



0.3 0.4 0.5 0.6 0.7 0.8 0.9

m [MØ]

0.52

0.54

0.56

0.58

0.60

0.62

0.64

s
[m

as
/y

r]

NGC 104

meq = 1.37+0.16
°0.13MØ

✦ Studied 9 clusters — first study of mul>ple clusters. 

✦ All showed some equipar>>on. 

✦ None in full equipar>>on. 

✦ Amount of equipar>>on changes with number of 

relaxa>on >mes. 

✦ Agrees with theory for pre- and post- core collapse.
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Lots more in 
the paper!

Energy equipar>>on in MW GCs with HST proper mo>ons.

Laura Watkins ⋅ ESA-AURA, STScI
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