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If you’ve ever looked up at the sky on a clear, dark summer night, you have probably seen the 
Milky Way arcing overhead. When we look at the pale band of the Milky Way we are looking 
through the disk of our own galaxy, seeing the combined light from many thousands of stars. 
Scientists estimate that there are 300 billion stars in our galaxy, but most of them are too faint for 
us to see without powerful telescopes like the one that took this image. 
 
Many of these stars are just like our Sun, and could even have planets that might support life. 
However, despite what this image may suggest, the Milky Way is not made up of only stars with 
voids of empty space between them. 
 
Looking back at the full Milky Way, we see a dark, cloudlike band between many of the stars and 
us, blocking their light. This dark band is made up of clouds of dust and gas and is part of what 
astronomers call the interstellar medium, or the ISM. The ISM is the formal name for everything 
that fills the spaces between the stars in a galaxy. It contains mainly hydrogen gas in various 
forms, along with some helium and small amounts of other elements. In the densest regions, 
hydrogen atoms pair up to form molecules, which mix together with other gases and tiny grains of 
dust to form giant molecular clouds. These clouds are often surrounded by regions of neutral 
atomic hydrogen and are embedded in very diffuse ionized hydrogen that fills the entire galaxy. 
 
When we use special telescopes to look at kinds of light that our eyes can’t see, we gain 
fascinating new windows on the galaxy. For example, if we look at infrared light, the dust in the 
ISM glows and the entire plane of the galaxy is a brilliant white. Most of this dust is very cold – 
only about 17-20K, or 17-20 degrees above absolute zero. This is still significantly warmer than 
the background temperature of the Universe, which is only about 3K. This extra heating comes 
from starlight and other sources of energy. 
 
One nearby giant molecular cloud is located in the constellation of Orion. Inside this region is the 
famous Orion Nebula, which can be seen with the naked eye as the second “star” in Orion’s sword. 
Zooming in on this visible-light image, we see dark lanes of dust lit by many young stars. This 
dust is mixed with cold molecular hydrogen gas. We also see two roughly circular regions full 
of glowing pink ionized hydrogen gas.  
 
When we look at slightly longer wavelengths, which correspond to lower energies, the pink glow 
disappears and the cooler gas and dust steal the spotlight. This beautiful infrared image shows the 
complex swirls of the dust surrounding the ionized regions. Zooming in on the cluster of bright 
stars at the center of the nebula, we can better understand how these stars are shaping the 
structures that we see. 
 
This image from the Chandra X-Ray Observatory shows the busts of intense high-energy X-Ray 
emission from the youngest and hottest stars. All of these stars are less than 10 million years old – 
mere babies compared to our Sun, which is 500 times older. The bright stars at the center of the 
image are the most massive. They shine so brightly because they are burning through their mass 
faster than all of the other stars and will consequently be the first to die, in fiery explosions called 
supernovae. Supernovae return dust and gas to the interstellar medium, where they will 
eventually collapse into new stars. 
 
 
As they burn, the stars in the cluster release high-energy X-ray and ultraviolet light and winds of 
charged particles that stream into the surrounding ISM. The huge release of energy from the most 
massive stars sweeps the dust away and creates the huge cavity of ionized gas. The removal of all 
of the dust from this region allows us to peer directly into the center of the activity, and catch 
tantalizing glimpses of how stars are formed. 
 
As we zoom back in on this region near the star cluster, we focus on a dusty tendril extending into 
the cleared space. Among the swirling clouds of glowing gas and dust, we see tiny dense clumps, 



floating in space. Inside each of these clumps is a new protostar, which will pull in more and more 
material until the core becomes so hot and dense that nuclear fusion can begin and the star begins 
to shine brightly.  
 
As the dust and gas fall onto the protostar they flatten into a disk. Within this disk, small solid 
fragments may start to stick together, eventually forming large clumps that may grow into 
planets. One of these protoplanetary disks is seen here as a tiny dark ring, with the protostar 
glowing at the center. As the protostar matures, the remaining dust and gas around the star will 
be blown away, leaving behind a star and planets that may look very much like our own Solar 
System. 
 
With all of these young stars forming, the Orion Nebula is far from the tranquil environment that 
surrounds our own Solar System. This visible light image highlights the turbulence that is 
constantly shaping the gas and dust, powered by stellar winds and supernovae. 
 
These winds interact with other stars in interesting ways. For example, near this star we see a 
bow shock, created by the interaction of the star’s own wind with the dominant energy flow of 
the region. Understanding the effects of shocks on the ISM is an ongoing area of research. 
 
The Orion nebula is just one part of a larger region of star formation that extends throughout the 
entire constellation of Orion. This map shows Hydrogen alpha emission, which comes from 
regions of ionized gas. The large curved region is thought to be a remnant from an ancient 
supernova, which sent out a shock wave through the entire region. 
 
Fading to the dust map that we saw before, we again notice the pattern of cooler dust surrounding 
bubbles of ionized gas. Our familiar view of Orion in visible light looks tame by comparison. 
 
As we move back along the Milky Way, again looking at Hydrogen-alpha emission, we see that the 
entire galaxy is filled with ionized hydrogen gas. Much of this gas was ionized by energetic young 
stars like the ones in Orion, or by shocks from supernova explosions.  
 
One particularly prominent bubble of ionized gas surrounds the star zeta-ophiuchi, in the 
constellation of Ophiuchus. This star is unusual because it is moving very quickly away from the 
disk of the galaxy, which is why we see the bubble well above the plane of the Milky Way. If there 
weren’t so much dust between us and zeta-ophiuchi, blocking its light, it would be one of the 
brightest stars in the sky. 
 
As we fade back to visible light, the prominence of this bubble wanes and we again see the 
familiar Milky Way. By just looking at visible light, we miss important pieces of the puzzle as we 
try to reconstruct the history of our galaxy and how stars are born, live, and die. Studying the ISM 
provides key insights into these big questions, and promises many more exciting discoveries in 
the years to come.  	  


