
25.5 STELLAR POPULATIONS IN THE GALAXY

Learning Objectives

By the end of this section, you will be able to:

Distinguish between population I and population II stars according to their locations, motions, heavy-
element abundances, and ages
Explain why the oldest stars in the Galaxy are poor in elements heavier than hydrogen and helium, while
stars like the Sun and even younger stars are typically richer in these heavy elements

In the first section of his chapter, we described the thin disk, thick disk, and stellar halo. Look back at Table
25.1 and note some of the patterns. Young stars lie in the thin disk, are rich in metals, and orbit the Galaxy’s
center at high speed. The stars in the halo are old, have low abundances of elements heavier than hydrogen
and helium, and have highly elliptical orbits randomly oriented in direction (see Figure 25.19). Halo stars can
plunge through the disk and central bulge, but they spend most of their time far above or below the plane of
the Galaxy. The stars in the thick disk are intermediate between these two extremes. Let’s first see why age and
heavier-element abundance are correlated and then see what these correlations tell us about the origin of our
Galaxy.

Figure 25.19 How Objects Orbit the Galaxy. (a) In this image, you see stars in the thin disk of our Galaxy in nearly circular orbits. (b) In this
image, you see the motion of stars in the Galaxy’s halo in randomly oriented and elliptical orbits.

occupied by our solar system. Ghez’s achievements have been recognized with one of the “genius”
awards given by the MacArthur Foundation. More recently, her team discovered glowing clouds of warm
ionized gas that co-orbit with the stars but may be more vulnerable to the disruptive effects of the central
black hole. By monitoring these clouds, the team hopes to better understand the evolution of
supermassive black holes and their immediate environs. They also hope to test Einstein’s theory of
general relativity by carefully scrutinizing the orbits of stars that careen closest to the intensely
gravitating black hole.

Besides her pioneering work as an astronomer, Ghez competes as a master swimmer, enjoys family life
as a mother of two children, and actively encourages other women to pursue scientific careers.
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Two Kinds of Stars
The discovery that there are two different kinds of stars was first made by Walter Baade during World War II. As
a German national, Baade was not allowed to do war research as many other U.S.-based scientists were doing,
so he was able to make regular use of the Mount Wilson telescopes in southern California. His observations
were aided by the darker skies that resulted from the wartime blackout of Los Angeles.

Among the things a large telescope and dark skies enabled Baade to examine carefully were other
galaxies—neighbors of our Milky Way Galaxy. We will discuss other galaxies in the next chapter (Galaxies), but
for now we will just mention that the nearest Galaxy that resembles our own (with a similar disk and spiral
structure) is often called the Andromeda galaxy, after the constellation in which we find it.

Baade was impressed by the similarity of the mainly reddish stars in the Andromeda galaxy’s nuclear bulge to
those in our Galaxy’s globular clusters and the halo. He also noted the difference in color between all these and
the bluer stars found in the spiral arms near the Sun (Figure 25.20). On this basis, he called the bright blue stars
in the spiral arms population I and all the stars in the halo and globular clusters population II.

Figure 25.20 Andromeda Galaxy (M31). This neighboring spiral looks similar to our own Galaxy in that it is a disk galaxy with a central bulge.
Note the bulge of older, yellowish stars in the center, the bluer and younger stars in the outer regions, and the dust in the disk that blocks some
of the light from the bulge. (credit: Adam Evans)

We now know that the populations differ not only in their locations in the Galaxy, but also in their chemical
composition, age, and orbital motions around the center of the Galaxy. Population I stars are found only in the
disk and follow nearly circular orbits around the galactic center. Examples are bright supergiant stars, main-
sequence stars of high luminosity (spectral classes O and B), which are concentrated in the spiral arms, and
members of young open star clusters. Interstellar matter and molecular clouds are found in the same places as
population I stars.

Population II stars show no correlation with the location of the spiral arms. These objects are found throughout
the Galaxy. Some are in the disk, but many others follow eccentric elliptical orbits that carry them high above
the galactic disk into the halo. Examples include stars surrounded by planetary nebulae and RR Lyrae variable
stars. The stars in globular clusters, found almost entirely in the Galaxy’s halo, are also classified as population
II.

Today, we know much more about stellar evolution than astronomers did in the 1940s, and we can determine
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modest gravitational force, and the high-speed gas ejected by supernovae can easily escape from them.

Which elements a star is endowed with thus depends not only on when the star formed in the history of its
galaxy, but also on how many stars in its part of the galaxy had already completed their lives by the time the
star is ready to form.

25.6 THE FORMATION OF THE GALAXY

Learning Objectives

By the end of this section, you will be able to:

Describe the roles played by the collapse of a single cloud and mergers with other galaxies in building the
Milky Way Galaxy we see today
Provide examples of globular clusters and satellite galaxies affected by the Milky Way’s strong gravity.

Information about stellar populations holds vital clues to how our Galaxy was built up over time. The flattened
disk shape of the Galaxy suggests that it formed through a process similar to the one that leads to the formation
of a protostar (see The Birth of Stars and the Discovery of Planets outside the Solar System). Building on
this idea, astronomers first developed models that assumed the Galaxy formed from a single rotating cloud.
But, as we shall see, this turns out to be only part of the story.

The Protogalactic Cloud and the Monolithic Collapse Model
Because the oldest stars—those in the halo and in globular clusters—are distributed in a sphere centered on
the nucleus of the Galaxy, it makes sense to assume that the protogalactic cloud that gave birth to our Galaxy
was roughly spherical. The oldest stars in the halo have ages of 12 to 13 billion years, so we estimate that
the formation of the Galaxy began about that long ago. (See the chapter on The Big Bang for other evidence
that galaxies in general began forming a little more than 13 billion years ago.) Then, just as in the case of
star formation, the protogalactic cloud collapsed and formed a thin rotating disk. Stars born before the cloud
collapsed did not participate in the collapse, but have continued to orbit in the halo to the present day (Figure
25.21).
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the ages of stars. Population I includes stars with a wide range of ages. While some are as old as 10 billion years,
others are still forming today. For example, the Sun, which is about 5 billion years old, is a population I star. But
so are the massive young stars in the Orion Nebula that have formed in the last few million years. Population II,
on the other hand, consists entirely of old stars that formed very early in the history of the Galaxy; typical ages
are 11 to 13 billion years.

We also now have good determinations of the compositions of stars. These are based on analyses of the stars’
detailed spectra. Nearly all stars appear to be composed mostly of hydrogen and helium, but their abundances
of the heavier elements differ. In the Sun and other population I stars, the heavy elements (those heavier than
hydrogen and helium) account for 1–4% of the total stellar mass. Population II stars in the outer galactic halo
and in globular clusters have much lower abundances of the heavy elements—often less than one-hundredth
the concentrations found in the Sun and in rare cases even lower. The oldest population II star discovered to
date has less than one ten-millionth as much iron as the Sun, for example.

As we discussed in earlier chapters, heavy elements are created deep within the interiors of stars. They
are added to the Galaxy’s reserves of raw material when stars die, and their material is recycled into new
generations of stars. Thus, as time goes on, stars are born with larger and larger supplies of heavy elements.
Population II stars formed when the abundance of elements heavier than hydrogen and helium was low.
Population I stars formed later, after mass lost by dying members of the first generations of stars had seeded
the interstellar medium with elements heavier than hydrogen and helium. Some are still forming now, when
further generations have added to the supply of heavier elements available to new stars.

The Real World
With rare exceptions, we should never trust any theory that divides the world into just two categories. While
they can provide a starting point for hypotheses and experiments, they are often oversimplifications that
need refinement a research continue. The idea of two populations helped organize our initial thoughts about
the Galaxy, but we now know it cannot explain everything we observe. Even the different structures of the
Galaxy—disk, halo, central bulge—are not so cleanly separated in terms of their locations, ages, and the heavy
element content of the stars within them.

The exact definition of the Galaxy’s disk depends on what objects we use to define it, and it has no sharp
boundary. The hottest young stars and their associated gas and dust clouds are mostly in a region about 300
light-years thick. Older stars define a thicker disk that is about 3000 light-years thick. Halo stars spend most of
their time high above or below the disk but pass through it on their highly elliptical orbits and so are sometimes
found relatively near the Sun.

The highest density of stars is found in the central bulge, that bar-shaped inner region of the Galaxy. There are
a few hot, young stars in the bulge, but most of the bulge stars are more than 10 billion years old. Yet unlike the
halo stars of similar age, the abundance of heavy elements in the bulge stars is about the same as in the Sun.
Why would that be?

Astronomers think that star formation in the crowded nuclear bulge occurred very rapidly just after the Milky
Way Galaxy formed. After a few million years, the first generation of massive and short-lived stars then expelled
heavy elements in supernova explosions and thereby enriched subsequent generations of stars. Thus, even
stars that formed in the bulge more than 10 billion years ago started with a good supply of heavy elements.

Exactly the opposite occurred in the Small Magellanic Cloud, a small galaxy near the Milky Way, visible from
Earth’s Southern Hemisphere. Even the youngest stars in this galaxy are deficient in heavy elements. We think
this is because the little galaxy is not especially crowded, and star formation has occurred quite slowly. As a
result there have been, so far, relatively few supernova explosions. Smaller galaxies also have more trouble
holding onto the gas expelled by supernova explosions in order to recycle it. Low-mass galaxies exert only a
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