
Hyades

log t = 8.90
d = 45 pc
[Fe/H] = +0.17 dex

Width of Main Sequence
about 1.8 mag in MV

NO 
Observational error

What are the reasons?



Haffner & Heckmann, 1937, VeGeo, 55, 77

M
V

B-V

Absolute magnitude: 

MV = -2.5 log (L1 + L2) 

Maximum at L1 = L2 => 

MV = -0.753 mag

The maximal width of the main 
sequence due to binary systems is 
0.753 mag

x = a(CAB – CA) + VA – VAB

q

Vertical distance from the main 
sequence 



Metallicity => different opacity

Isochrones for 10 Myr



Praesepe: Fossati et al., 2008, A&A, 483, 891

Fe: -4.28 to -4.62dex; 0.34 dex







Von Zeipel Theorem (1924)

Energy generation rate

From the rotational velocity => e => Teff and L (log g)

Slettebak et al., 1980, ApJ, 242, 171 Rotation



Collins & Smith, 1985, MNRAS, 213, 519

p … Degree of differential rotation



Collins & Smith, 1985, MNRAS, 213, 519



Conclusions – Width of the Main 
Sequence

• Differential reddening: k.DE(B-V)

• Spectroscopic Binaries: 0.753 mag

• Metallicity: up to 1.2 mag for MV, but 
only 0.2 mag for (U – B) versus (B – V)

• Rotation: 1 mag for MV, 0.2 (?) mag for 
(U – B) versus (B – V)



Stellar Associations

• Stellar associations have different 
characteristics than star cluster, two 
different types

1. OB Associations: Stars of spectral types 
O and B, but also T Tauris

2. T (Tauri) Associations : PMS objects with 
masses lower than two solar masses

• Stellar associations are also found in 
other Galaxies (IC 1613, NGC 330)



Characteristics

• The stars are born together from 
GMC

• Not gravitational bound

• No common kinematics 

• Very young, log t < 7.5

• Diameters up to 200 pc 



Blaauw, 1964, AR&A, 2, 213

z

103

In the same space volume we find about 350 star clusters
Probability of formation is very low



Blaauw, 1964, AR&A, 2, 213

Subgroups

106 106 106 yr



Blaauw, 1964, AR&A, 2, 213

The numbers are the distance
from the Galactic disk in [pc]



Calvet et al., 2005, AJ, 129, 935

T Tauri stars in Orion OB1b, be aware of the gas- and  dust distribution



Formation

• Giant Molecular Cloud 

• Supernova explosion(s)

• Gravitation too weak to bound stars 
together

• Formation in a gravitational unbound 
association

• Low probability

• Simulations by Clark et al., 2005, 
MNRAS, 359, 809



Clark et al., 2005, MNRAS, 359, 809

High masses

Low
Crossing time



Clark et al., 2005, MNRAS, 359, 809

Disintegration in small                   „Gravitational  spheres“
subgroups

Expansion within 4 Myr



Moving Groups

• Group of stars which have identical 
kinematical characteristics. This is not
depending on the galactic rotation.

• First detection by Richard A. Proctor 
(1869 !). He was also the first who 
discovered the common proper motions 
of the Hyades.

• Main researcher: Olin Eggen



Proctor, 1869, Proc. R. Soc. London, 18, 169



1964: Petrie, Hoyle, Sahade, Brownlee, Schwarzschild, McCrea, Herbig, Walker (2), Woolley, 
Sandage, van den Bergh, King, Eggen, Stromgren, Haffner 



Observations of 243 O to B5
stars

After the correction
of the Apex motion

Uemura et al., 2000, PASJ, 52, 143



Observations I

• Be aware: normally, there is no
correction for the Apex Motion of the 
Sun!

• Apex Motion: (U,V,W) = (-10, +5, +7) 

• If comparing values from the 
literature, always check for the 
correction

• For finding moving groups, the galactic 
rotation has to be accounted for



Observations II

• We need the proper motion [ma:md] and 
the radial velocity for each object 

• Moving groups can only be detected 
1. The solar vicinity (ma and md significant) 

2. Far distances for very peculiar 
kinematical groups

• GAIA: 2011/2, Kinematical data for 
107 stars with V = 15 mag



v(rad)

30

44

31

Soderblom & Mayor, 1993, AJ, 105, 226

88

75

106

107

304

Star density: 10-4 to 10-3 stars per pc3 (Sun: about 0.1)
„Age“ widely different, if possible to determine



„Theory“

• Moving groups are dissipating star 
clusters which explains the widely 
different ages

• There is a continuous transition with 
star clusters

• Punch line from Olin Eggen:

Each star cluster is a moving group, but 
not all moving groups are star clusters



King et al., 2003, AJ, 125, 1980

Ursa Major
„Siriusgroup“

Diameter
about 150 pc

Isochrone for
600 Myr

Any difference
to an open 
cluster?



Globular Clusters of the Milky 
Way

• Data base und links: 

http://venus.mporzio.astro.it/~marco/gc/

• Literature:
1. Ashman & Zepf, Globular Cluster Systems, 1998, 

Cambridge Astrophysics, ISBN-10: 0521550572  

2. Piotto et al., New Horizons in Globular Cluster 
Astronomy, 2003, PASP Vol. 296

• In ADS there are 10934 hits for the 
key words „globular cluster“

http://venus.mporzio.astro.it/~marco/gc/


From the Pre-Main Sequence to
Globulars



NGC 104: d = 4500 pc, D = 31„,
[Fe/H] = -0.76 dex, t = 12 Gyr, 



M4

Mass: 104 to 106 M(Sun)

[Fe/H]: -2.5 to +0.5 dex

Age: 10 to 15 Gyr

Diameter: 5 to 100pc

Members: 104 to 108

Density: 104 Stars pc-3

150 known in the Milky 
Way with a total mass of 
108 M(Sun)



Classification of Globular Clusters: Shapley H. & Sawyer H.B., 
1927, Harvard College Observatory Bulletin No. 849, pp.11-14





Definition - Radii

• Core Radius: Distance at which the apparent 
surface luminosity has dropped by half

• Half-Light Radius: Distance from the core 
within which half the total luminosity from the 
cluster is received 

• Half-Mass Radius: The radius from the 
core that contains half the total mass

• Tidal Radius: Distance from the center at 
which the external gravitation of the galaxy has 
more influence over the stars in the cluster than 
does the cluster itself



Density – Profile (King Profile)

• Heuristic description of the density law of star 
clusters (open and globular) by Ivan King (1962, 
AJ, 67, 471):

• General formula:

f = f1[(1/r – 1/rt)
2]

f … Stars per square unit; f1 … Constant; rt … Radius f(r) = 0

k … Constant; rc … core radius



Density – Profile (King Profile)

• Typical Globular Cluster: 
1. rt/rc ~ 30

2. Unit for k is V = 10 mag per square arc minute

• The parameters rt and rc can be treated within 
numerical simulations and can be converted 
into an „astrophysical quantity“, for example:

R … Distance from the galactic center; M … Mass of the Globular Cluster; 
Mg … Mass of the Milky Way



Calibration of the Parameters

King, 1962, AJ, 67, 471



Ellipticity
Goodwin, 1997, MNRAS, 286, L39





Two „external Populations“

• Halopopulation:
– Spherical around the center of the Milky Way

– Very much extended (Halo)

– -2.5 < [Fe/H] < -1 dex

– 10 < Age < 15 Gyr  

• Diskpopulation:
– More concentrated around the center of the Milky 

Way

– -0.7 < [Fe/H] < +0.5 dex

– Age about 10 Gyr  

• Continuous transitions!



Bica et al., 2006, A&A, 450, 105

153 Globulars, no age listed

Two Populations

Reddening

Although the large distance, no
Reddening, Halo

New Globulars with large reddening 
And large distance detected 



Bica et al., 2006, A&A, 450, 105

Dimensions: 
• ~12 kpc × 11 kpc × 5 kpc (Disk)
• ~35 kpc × 36 kpc × 30 kpc (Halo)



Multiple „ internal Populations“

• Multiple Main, AGB and HB 
Sequences within one Globular were 
found

• Not for all Globulars although same 
observational quality

• No clear morphology detected yet

• Also indications for the oldest OCLs

• HST data



Piotto et al., 2007, ApJ,
661, L53

NGC 2808

Different He content
can explain the 
Multiple MS 



Piotto et al., 2007, ApJ, 661, L53



Milone et al., 2009, A&A, 503, 755

Double sub-giant branch but no double Main Sequence



Milone et al., 2009, A&A, 503, 755

No “location”
effect


