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9. Interstellar matter and star clusters 



About interstellar matter 

• Interstellar space is not completely empty: gas 
(atoms + molecules) and small dust particles. 
 

• Over 10% of the mass of the Milky Way is 
interstellar matter, i.e., gas + dust (the portion of 
dust being only 0.1%). 
 

• Gas and dust are well mixed: regions with dust 
usually contain also large amounts of gas 
(interstellar clouds – the regions for star 
formation). 



Interstellar dust 
• Weakens the light of the stars by extinction. 

– Extinction = scattering + absorption. 
 

• Extinction is most notable in the Galactic plane. Near the Solar System 
region of the Galaxy, extinction is about 2 mag/kpc. 
 

• Causes also reddening of stellar light: blue wavelengths are scattered more 
than red.  
– Similar phenomenon in the atmosphere during sunset (in the atmosphere, 

involves also scattering by molecules…). 
 

• The distribution of dust in the Galaxy was previously studied by analyzing 
the amount of reddening and extinction. Currently, it is mostly studied via 
infrared observations: dust emits IR radiation. 
– Dust seems to be settled in a thin layer in the Galactic plane, with a varying 

density. 

Dust in Andromeda galaxy is 
revealed in IR observations (by 
Spitzer Space Telescope). 



• Dark nebulas: densest dust clouds far from stars are 
observed as dark regions which obscure the stars 
behind them. 
 

• Reflection nebulas: a dust cloud with stars nearby. 
Dust particles scatter the stellar radiation. Several 
reflection nebulas for example near the Pleiades. 
 

• Dust in protoplanetary discs: accretion discs found 
surrounding young stars. 
 

• Temperature of dust varies ( observed in different 
IR wavelengths):  
– 100-600 K in protoplanetary discs and reflection 

nebulas. 
– 10-20 K in dark nebulas.  

 

• Physical properties:  
– Size about 1 µm (= 0.001 mm). 
– Composed of, e.g., silicates (”sand”), graphite 

(carbon), water ice. 
 

• Formation in the atmospheres of cool stars, ejected 
to space by stellar wind or radiation pressure. 

Top: Horsehead Nebula – an 
example of a dark nebula. Below: 
faint reflection nebulas around the 
brightest stars of the Pleiades. 



Interstellar gas 

• Gas does not cause general extinction as dust does  difficult to 
observe even though the mass of interstellar gas is 100 times the 
mass of dust. 
– Can be studied by spectroscopy: gas leaves absorption lines in spectra 

(for hydrogen, especially in UV (Lyman series) and radio wavelengths 
(21 cm absorption line)). 
 

• 70% hydrogen, nearly 30% helium, very little heavier elements. 
 

• Settled in the Galactic plane in a 200 pc thick layer; the average 
thickness of the dust layer is about 100 pc. 
 

• Located mostly in interstellar clouds: an average density in a cloud 
is 10-100 atoms / cm3 and outside the clouds 0.1-1 atoms / cm3. 

 
 



• The densest gas clouds can be seen 
as bright emission nebulas due to 
their radiation. 
– UV radiation from hot, nearby stars 

ionizes hydrogen atoms ( = electrons 
are removed from the atoms). When 
the electrons recombine with the 
protons, radiation is emitted.  

– An emission nebula is also called a H 
II region (H I regions are nebulas 
with neutral atomic hydrogen). 

– Also ionization of helium, oxygen, 
and nitrogen. Forbidden lines from 
electron transitions from excited 
metastable energy levels in O and N 
– these spectral lines cannot be 
produced in laboratories because 
their formation requires very low 
density gases. 

  

Part of the Tarantula Nebula, a giant H II 
region in the Large Magellanic Cloud (by 
Hubble). 



Molecular clouds 

• Interstellar molecules were discovered in 1930’s. 
– The existence of molecules in space was thought to be impossible due 

to radiation from stars that was believed to break the molecules apart.  
– Molecules are located in molecular clouds that are often mixed with 

dust clouds  extinction by dust weakens the stellar radiation and, 
therefore, molecules are protected by dust particles. 
 

• Over 140 different molecules observed. For example: molecular 
hydrogen H2, carbon monoxide CO, water H20, ammonia NH3, 
methylidyne radical CH, cyanogen radical CN, trans-ethyl alcohol 
CH3CH2OH. 
 

• Mostly observed in radio wavelengths because various molecular 
spectral lines occur in those wavelengths.  
 



Large molecular clouds: the Orion Molecular Cloud Complex and the Carina 
Nebula. Both span over hundreds of light years and contain regions of dark 
nebulas, emission nebulas, and reflection nebulas.  



Star formation 
• Interstellar clouds are the places for star formation. 

 
• Based on the known amount of stars in the Galaxy and the age of the 

Galaxy, we can estimate the star formation rate. 
– Mass about 100 billion solar masses and age 10 billion years  10 solar masses 

per year. 
– Star formation rate has probably been higher in the early Galaxy  by studying 

the amount of young stars, an estimate of 3 solar masses per year is obtained. 
– Stars are usually formed in groups of hundreds or thousands rather than alone. 
– Very young stars are usually located inside thick clouds  best observed in IR 

and radio wavelengths that penetrate through the clouds. 

”Pillars of Creation” – a star 
formation region of interstellar 
gas and dust in the Eagle Nebula  



Planetary nebulas 
• Seen as a greenish, spherical object 

(resembling Uranus or Neptune) with small 
telescopes. 
– Green color from emission by oxygen, reddish 

color from emission by hydrogen and nitrogen. 

 
• In the final phases of the life cycle of a 0.26 – 3 

M
 star, the outer parts of the star are blown 

into space and become a spherical planetary 
nebula. 
 

•  The core remnant is very hot and radiates in 
UV  ionization of the atoms in the nebula 
cause emission of radiation, as in emission 
nebulas. 
– Differ from ordinary emission nebulas due to 

relatively rapid expansion and symmetric 
structure (planetary nebulas are spherical or 
elliptical, and may have several concentric rings 
if several gas ejections have occurred). 

 

Planetary nebulas Abell 39 and 
the Helix Nebula. The blue-green 
glow in the centre comes from 
oxygen atoms and, further out 
from the star, the red colour 
originates from hydrogen and 
nitrogen. The Helix Nebula is 
estimated to be over 10 600 
years old. 



Supernova remnants (SNR) 

• About 120 remnants known in the Galaxy.  
– Rarely seen in visible wavelengths; mainly 

observations in radio wavelengths. 
 

• Resemble emission or planetary nebulas 
but the distribution of radiation on 
different wavelengths reveals that the 
origin of radiation is different: synchrotron 
radiation. 
– Synchrotron radiation is caused by electrons 

traveling near light speed in interstellar 
magnetic fields. The large velocities of the 
electrons originate from the supernova 
explosion. 



• Two types of SNR: 
– Shell-like: A symmetric, round ring 

formed in the explosion and 
expanding as a spherical shell in 
interstellar space. For this type of 
SNR, the star has exploded entirely, 
not leaving a compact, collapsing 
core. 

– Composite: Radiation coming also 
from the internal parts of the SNR, 
caused by a pulsar in the centre. 
The pulsar emits energetic 
radiation and very fast particles  
synchrotron radiation  ionization 
of hydrogen in the cloud. 
 

• Approximately 2-3 supernova 
explosions per century observed 
in galaxies similar to ours.  
– Latest supernovas in the Milky Way 

in 1572 and 1604.  

The remnant of SN1572. A shell of 
gas is still expanding from its center 
at about 9000 km/s. 



SN 1987A was a 
supernova in the 
outskirts of the 
Tarantula Nebula in 
the Large 
Magellanic Cloud, a 
nearby irregular 
galaxy. The distance 
of the supernova is 
about 168 000 ly.  



Star clusters 

• Smaller than galaxies but may contain up to several million stars. 
 

• Systematically observed by Charles Messier in the end of 18th century.  
– The Messier Catalogue: a list of 110 astronomical objects of which about 60 

are clusters. The original motivation of the catalogue was that Messier was a 
comet hunter, and was frustrated by objects which resembled but were not 
comets. 

 
• Three categories: 

– Stellar associations 
– Open clusters 
– Globular clusters 

An example of a globular 
cluster: Messier 69. 



• Stellar associations (also called moving groups): 
– A very loose star cluster of usually few tens of stars. The stars share a common 

origin but have become gravitationally unbound and are still moving together 
through space.  

– Located mainly in the Galactic plane, especially in the spiral arms. 
– Are primarily identified by their common movement and ages. Identification by 

chemical composition is also used. 
– Divided into two categories: OB and T Tauri associations. OB associations are 

composed of O and B class stars while T Tauri associations consist of solar-type 
stars. 

– The Sun formed as a part of a stellar association about 5 billion years ago? Other 
members of this possible association will be looked for by Gaia (launch planned 
in October 2013).  

An example of a stellar 
association: the Ursa Major 
Moving Group which includes 
five of the stars of the Big Dipper. 
The two stars at the ends, Dubhe 
and Alkaid, are not part of the 
Group, and are moving in the 
opposite direction. 



• Open clusters: 
– Typically contain up to a few hundred young stars that share a common origin: 

formed from the fragments of a collapsing, large interstellar cloud at the same time 
(approximately). 

– Usually up to a few tens of millions of years old, with a few rare exceptions as old as 
a few billion years. 

– Common movement and age. 
– Confined to the Galactic plane; almost always found within the spiral arms. 
– Not very tightly gravitationally bound. 
– Important in estimating distances, for example, by measuring the radial velocities 

and proper motions of the members of the cluster.  

The most prominent open 
clusters visible to the naked eye: 
the Pleiades and the Hyades.  



• Globular clusters: 
– Symmetric, roughly spherical 

groupings of from 10 000 to several 
million stars. 

– Typically consist of very old stars – 
some of them only a few hundred 
million years younger than the 
universe itself. In the Milky Way, the 
globular clusters are 10-13 billion 
years old and are distributed roughly 
spherically in the galactic halo, 
orbiting the galactic centre in highly 
elliptical orbits. 

– Stellar density much larger than, e.g., 
in the neighbourhood of the Solar 
System. 

– Due to the large mass of the cluster, 
the group remains gravitationally 
bound for a very long time.  

– According to recent observations, the 
chemical composition of the stars 
within a cluster may vary, indicating 
that their ages are different.  This 
kind of globular clusters are 
considered to be the innermost 
remnants of ancient dwarf elliptical 
galaxies.  

The best known 
globular cluster 
in the northern 
hemisphere is 
the Great 
Globular Cluster 
in Hercules 
(M13). 
 


