Introduction — Star Clusters ||
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Gaia — and after
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Location of Star Clusters

Globular clusters
Galactic halo /

S

3

&
O, B stars
Galactic disk

Gas and dust
Emission nebula

Open cluster

Credit:
Pearson
Education Inc.




Galactic Distribution
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Location of Globular Clusters

e Globular Clusters are found in
1. Galactic Halo — formed there

2. Galactic Bulge —
formed there

3. Galactic Disc — path




Star Clusters — tricky to analyze




Diameters of open clusters

e How could we determine the diameter of a star
cluster?

1. The determination, for example inspection by eye,

should be no problem. Be careful, most open clusters
show no real concentration

2. Count the number of stars (members) in concentric
rings around the cluster center

3. If the derived distribution is not symmetric => go to 1.
and shift the coordinates of the center

e This procedure could be easily done via a computer
program
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Diameters of open clusters

Pre - Gaia
Kharchenko et al., 2013, A&A, 558, A53
L) I L) I L] I L] I L) I L}

100

(©))
o
|

Diameter [pc]

N
(@)

20

6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0



Number of Open Clusters
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Janes et al.,
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Why do Star Clusters dissipate?
Differential Galactic Rotation

Total Mass of the Milky Way: Muw = 2+ 10" Mg

Gravitational acceleration of the complete star
cluster g and the individual member g, :

R;c ... Distance of the

G * MMW G . MOCL star cluster’s centre to the
JocL = . = Galactic centre
RéC (RGC — 7")2 r ... Distance from star to

the star cluster’s centre

The difference of these two values, is the
force, of which “the Milky Way” tries to pull away
a star from the cluster



Iuw « = for r & Rgc

On the other side we have the gravitational force of
the star cluster. The stability radius 7 is defined as:

1
2-GMyw -1 _ G Mo ) Mo \ /3
3 — 2 = 75 = Rge -
R3, T. 2Myw
Mot /3
r. = 10.9 - (1000) for R;c = 8 kpc in units of [M, pc}

For 1000 M => Diameter 20 pc



Common proper motion
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Kinematical membership criteria

e Members follow the motion of the cluster
center of gravity

e |[nternal velocity distribution

e From bestto..
1. Radial velocity and proper motion
2. Radial velocity

3. Proper motion
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Determination of the kinematical
membership

e Three possibilities:

1. Observation of the position at two
difference times (= epochs), with a very
large time basis. First photographic plates
around 1860, largest time scale about 160
years

2. Proper motions of stars in the direction of
the Declination o and Right Ascension o

3. Radial velocity measurements



Y - Coordinate

| Ideal case: constant
_vector for all members

O

Members at epoch t
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X - Coordinate




Y - Coordinate

" The relative position (rp)
~ of the members does not
- change. The sum of all

| Ips 1S Zero.
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Y - Coordinate
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e Calculate the absolute distance in X and Y for both
epochs and each star individually

N N
5% = ) (xj— X)), Z(u, -y} (4)
i= -1
N N
’ Y H’ (r Y '’
) T R i Se =) W -4 (5)
=1 j=1

e Plot the histograms of the differences of the
absolute distances

e The distributions are fitted with Gaussian functions
Ay —2(=L Ay Ty

f(y) = =———e — %, (6)

_e A " . %
Wy Vr/2 wy Nr|2

flx)=

-



e The probability p, if a star is member of the star
cluster is defined as

(&3 -2(ZHy .
Px =e = Py =¢ T (7)
P = Px* Py (8)
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