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Dynamic universe

Dancing is creating a sculpture that is visible only for a moment.”

-Erol Ozan



Growth of Knowledge
Gilmore, 2018
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Astrometry: 
The past, present 

& future

l Precise measurements of the 
positions and movements of 
stars and other celestial bodies. 

l Provides information on the 
kinematics and physical origin of 
the Solar System and our 
galaxy, the Milky Way.
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What are small angles?
One second of arc: size of a rupee/euro coin viewed from a 

distance of 5 km.

One thousandth of one second of arc (1mas):  

size of an astronaut on the Moon, viewed from Earth, a golf ball 
in New York viewed from Europe (~6400 km), the diameter of 
human hair seen from 10 km, or the (angular) growth rate of 
human hair in one second when viewed from a distance of 1 m. 

Gaia: few microseconds of arc: corresponding to one Bohr radius 
viewed from a distance of 1 m. 

Such accuracies naturally pose extreme engineering 
challenges for optical quality, detector performance, and 
gravitational and thermal instrumental flexure.
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Astrometry

6Hogg, 2011, Perryman, 2012
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Parallax
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Space Astrometry 

All-sky coverage
Relatively stable
Temperature and gravity invariant
Precision, accuracy and sample volume several 
orders of magnitude greater than ground-based 
results. 

Absolute astrometry!



Hipparcos (1989-1993)
High precision parallax 

collecting satellite

l Accurate determination of proper 
motions and parallaxes of stars,  
radial velocity 

l Hipparcos Catalogue, a high-
precision catalogue of more than 
118,200 stars, was published in 
1997. 

l The lower-precision Tycho 
Catalogue > million stars 

l Tycho-2 Catalogue of 2.5 million 
stars was published in 2000. 
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Stellar Motions
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Space Velocity

Radial velocity is 
determined from the 
Doppler effect in the 
spectra of the stars. 
... Proper motion is the 
rate of angular drift 
across the sky 
(measured in arc 
seconds per year) and is 
found from the star's 
change of position on the 
sky
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GAIA
Why Space?
Bending and twinkling effects of the 
atmosphere, 

Tiny variations in telescope alignment as 
the mountain-top observatories went 
through their endless day and night cycles 
of warming and cooling. 

The variable flexing of telescopes under 
their own weight as the huge supporting 
structures were steered to observe 
different parts of the sky added other 
unpredictable distortions..

Any telescope on Earth can observe only 
part of the sky at any one time:
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GAIA: 6D revolution 
RA, Dec, parallax, RV, pmra, pmdec

Galactic Archealogy!!! Imagine!!!

Two identical, three-
mirror anastigmatic
(TMA) telescopes, 
with apertures of 
1.45 m × 0.50 m 
pointing in directions 
separated by the 
basic angle 
(Γ = 106 ◦ .5)
Accuracy of 24 
microarcsec= 42 kpc, 
0.06arcsec pixels



Gaia Data Releases
Launch 2013, Science 

Operation 2014
DR1, 2016,  1X 10^9 positions and magnitudes

TGAS: 2 X 10^6 parallaxes and proper motions

DR2: 2018, 1.6 X 10^9 positions and 
magnitudes

1.3 X 10^9, parallaxes and proper motions

EDR3: 2020, similar to DR2 but better precision 
(30% parallax, factor of 2 for pm)

DR3: 2022, 33 X 10^6  radial velocities

DR4

DR5





Part 2: TopCat 
Tutorial
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Some important questions?

• Are stars born?
• Do stars evolve?
• Do stars die?

Short answer:

Yes stars are born, since they are radiating, hence they 
should evolve and they end-up (die) in different forms 
depending their initial mass and chemical composition.



Stars are born in clouds as these:

Giant Molecular clouds

Low-density cloud
(10,000 atoms per cm3)

Very cold:
T~10-20 K

Made mostly of:
H (75%) and He (23-25%)        

and a bit of 
heavier   elements (<2%). 

Orion nebula



gravity

pressure

Gravity “wins”,
cloud contracts

High-mass cloud

If the molecular cloud has sufficient mass and low temperature it 
collapses under its own gravity. 
Two forces act on the system:
(1) Gravity which tries to collapse the cloud
(2) Pressure (thermal) which tries to expand the cloud  

gravity

pressure

Pressure “wins”,
cloud expands

Low-mass cloud



Cluster Formation

►Gravitational Vs Thermal 
energy 

►Mcloud~103 Msun

►Rcloud~ Lt yrs
►Fragmentation 
►fragments lead to the 

formation of a star cluster 

Stars are not born in 
isolation!

They are always born in 
groups

All field stars are from 
clusters



A star cluster is a sample of stars formed from
the same molecular cloud, where all the stars
have the same age, chemical composition and
are at the same distance, differ only in mass!!

Star clusters



Types of Clusters

Stars formed at the same 
time,distance, chemical 

composition…..differ only in 
mass.

l Open Clusters
l Globular clusters 
l Associations



Globular Clusters

• appearance compact
• number of stars 50,000 – 1,000,000
• Mass 105 Msun 
• colors mostly red
•  age very old, ~1010 yrs 
• distribution more broadly distributed, are 
gravitationally bound, are spherical in shape
• population Pop  II
• orbits highly eccentric, elliptical



Open Clusters
• appearance Loose
•  number of stars 20 – 1000
• Mass 105 Msun 
• colors mostly blue
•  age young ~106-108 yrs
• distribution close to the plane of the 
Milky Way, may not be bound by their own 
gravity, spiral arm tracers
• population  Pop I
• orbits  Regular, planar 



Star 
Associations

•  OB associations: 10–100 
massive stars of spectral 
class O and B   

•   T associations R 
associations



Known 
associations

• The Hipparcos satellite: ~10 OB associations 
within 650 parsecs of the Sun

• The nearest OB association:Scorpius–
Centaurus Association ~ 120 pc

• The Ursa Major Moving Group (Except for α 
Ursae Majoris and η Ursae Majoris, all the 
stars in the Plough/Big Dipper are part of that 
group.)

• Other young moving groups include:

•   Local Association (Pleiades moving group), 
Hyades Stream, IC 2391 supercluster, Beta 
Pictoris moving group, Castor moving group, 
AB Doradus moving group,  Zeta Herculis 
moving group, Alpha Persei moving cluster



Pleiades distance problem (M45)

Ground-based methods had 
consistently shown that the Pleiades 
lie about 435 light-years (133 
parsecs) away.

According to Hipparcos, the cluster has a distance of just 392 light-years (120.2 parsecs), 
supposedly with an error of less than 1%
Courtsey: Mark Taylor, TOPCAT and how to use it for Gaia,
Gaia DR1 Workshop, ESAC, Madrid.



Pleadis 
Distance



















So now we can find a cluster...



Part 3: Jupyter Notebook


