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English Summary:
How opaque is the disk of a spiral

galaxy?

”Not all that is hidden is lost.” (after J.R.R. Tolkien)

Galaxies are bright islands of light in the sea of darkness that is our Universe. They come
in a wild variety of shapes, sizes and colors but can be grouped into a series of families:
the reddish-yellow elliptical galaxies, the spiral galaxies with their blue sweeping arms and
yellow central bulge and the irregulars, a hodgepodge of erratic shapes and colors.

Figure I: The Hubble
Tuning Fork, a scheme
to classify galaxies by
E. Hubble. Left are the
elliptical galaxies (E)
and right are the spiral
galaxies (top) and
barred spiral galaxies
(bottom).

These families can be sorted along a classification scheme called Hubble’s “tuning fork”
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(Figure I), in much the same way biologists classify animals into species, genus and family.
Yet for some time astronomers have suspected that the appearance of spiral galaxies may be
deceptive. First atomic hydrogen was discovered by its radio emission. This gas extends
far beyond where stars were readily visible. The movement of gas and stars in the disk of
a spiral galaxy betrays the presence of much more stuff than just that of gas and stars. The
gravity of this ‘dark matter’ influences the gas and stars but it does not seem to emit much
light itself. The spiral arms appear blue due to young, bright stars and the gas heated by them.
Next to these bright stars, the majority of yellow stars do not stand out much. Moreover, the
maternity ward for young stars appears often heavily shrouded in dust. The pretty pictures of
galaxies with the sweeping spiral arms could be only showing the frosting on a hidden cake.

Figure II: The famous horse-
head nebula, a cloud of dust
backlighted by glowing gas in
Orion.

For some time it has been known that dust –or more accurately smoke, but the name dust
stuck somehow– obscures objects in our own galaxy, the Milky Way. One of the first models
of our Milky Way by J.C. Kapteyn was based on counts of stars. It turned out to be skewed
as these counts were not sufficiently corrected for the extinction by dust. Sometimes dust
is visible, where dark clouds show up as fantastic silhouettes against a glowing background
(Figure II). In addition, it seems to play host to many complex molecules, some of which are
associated with the origin of life. In the large complexes of dust and gas originate new stellar
systems with rings of dust from which their planetary systems will form in time.

But the main effect of dust is that it hides objects of interest from view by absorbing the
light they emit. Dust then reradiates the absorbed light in the infrared, the heat you feel when
close to a radiator or a fire.

Dust is important in all aspects of the life of a galaxy: the formation of stars and planets,
how it radiates its light, its interstellar matter and how many of its stars are obscured. Nev-
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Figure III: The optical and
the infrared image of the Whirl-
pool Galaxy. The light in the
left image is mostly from stars
while the light in the right im-
age is from dust molecules in
between the stars. Notice how
the dark dust bands in the left
image, show up as light in the
right one. Not all of the dust ne-
cessarily shows up in the right
picture though, a part can be
too cold and glow too faint to
pick up.

ertheless, much remains unknown about it. When and where was most of it formed? Where
is it in most galaxies? Is it where most of the gas is or where the stars are? Or somewhere in
between? Astronomy is only beginning to understand how much dust there is in an average
spiral galaxy and where.

There are two ways to find interstellar dust: first one can detect its emission in the infrared,
something best done from space as our earth’s atmosphere is very good at muddling the
measurement. Secondly, one can look for light that seems to be missing. The trouble there is
of course that one needs to know how much light was supposed to be there in the first place.

Figure IV: NGC
891, one of the best
studied perfectly
edge-on galaxies. The
dark band is the effect
of dust. Where this
dark band exactly
ends, remains open
for debate.

The new Spitzer Space Telescope, one of NASA’s flagship Great Observatories, is cur-
rently busy mapping the emission of dust in our Galaxy and in others. But for it to detect the
dust, this needs to glow in the infrared. In order to do that it needs to be heated sufficiently
by stars in the vicinity. Since it is very cold in space, there could also be cold dust out there.
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So, in addition to looking at the light radiated by dust, astronomers have been searching for
ways to characterize how much light is missing due to dust absorption. A very striking effect
of missing light is seen in a galaxy on its side (Figure IV). Most of the light from the stars in
the middle of that galaxy is blocked by the dust.

This thesis: counting galaxies
One way to measure extinction in a galaxy is counting the much more distant galaxies, seen
though it. These are seen as small smudges of light that seem to be everywhere in the sky.
They were made famous by images like the Hubble Deep Field (Figure VI). Sometimes these
galaxies bunch up in clusters or avoid each other to form voids. Some of them, however,
always seem to be there, wherever we look.

To measure the extinction by a foreground disk of a spiral galaxy, one can count the
number of distant galaxies seen through it and estimate how many are missing. Already in
1934, Hubble found that our view of distant galaxies was blocked by the dust in the disk of
our Milky Way.

The idea to use distant galaxies seen through another has been tried several times but is
fraught with problems. The foreground galaxy is a mass of stars, glowing nebulae and clusters
of stars. To disentangle the background galaxies requires very crisp images, preferably in
color. The Hubble Space Telescope has spent quite a bit of its time looking at other galaxies,
some of them spirals seen from above (this is called face-on), taking some of the crispest
images of spiral galaxies to date. By counting the number of distant galaxies in these images,
the extinction by dust in the foreground galaxy can be estimated.

The number of distant galaxies in a Hubble image does not tell you the dust extinction
immediately. This number also depends on how crowded the image is with stars from the
foreground galaxy. To see how the number of distant galaxies depends purely on the amount
of dust present, I run simulations. In such a simulation, a field with the average number of
galaxies one would expect looking anywhere in the sky, is added into the original image.
Then I determine how many of these added galaxies can be detected in this synthetic field. In
the next simulation, the average number of galaxies is added again into the original image.
But this time the added field is made less bright, to simulate the effect of dust on the added
galaxies. Once more, I determine how many can be retrieved. In the next simulation, the
added field is dimmed even more. And so on and so on. From this series of simulations
emerges the relation between the number of the added galaxies retrieved and the dimming
applied to them. For each original Hubble picture, this series of simulations has to be made,
since the relation is unique for each original picture.

In the original image, I have found distant galaxies as well, none of which were added.
To get the same number of added galaxies in a simulation a certain amount of dimming needs
to be applied. This dimming indicates the dust extinction in the original Hubble image. See
Figure 2.1 for a schematic of this “Synthetic Field Method”.

Results

The comparison of the number of real and added galaxies can be made for whole images or
sections of an image. An average value for a spiral galaxy can be found by combining a whole
set of images. By automating the method, I succeeded in obtaining extinction measurements
for 29 foreground galaxies.
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The Synthetic Field Method
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Figure V: A schematic of the method to find the relation between dust dimming and the
number of distant galaxies, the Synthetic Field Method.
The Hubble Space Telescope takes an image of a spiral galaxy.
Step 1: The number of distant galaxies in this image is counted.
Step 2: Simulations are made. An image with a typical number of distant galaxies is added
to the original image with a certain dimming applied to it. This step is repeated several times
with incremental dimming.
Step 3: The numbers of added distant galaxies are counted in each simulation.
Step 4: The number of distant galaxies found in step 1 (the horizontal line) is compared with
the numbers found in step 3 (the curve).
Step 5: The intersection between the decreasing curve of simulated distant galaxies and the
number of real distant galaxies gives the amount of dust extinction.
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Figure VI: The
Hubble Deep Field
North. A very deep
image of a patch
of sky near the Big
Dipper constellation.
All the objects in
this image are distant
galaxies. The number
of these distant galax-
ies is pretty average
for any given part of
the night’s sky.

Several general properties of the dust in a spiral galaxy were discovered or verified. First,
there is dust dimming in most of a spiral galaxy’s disk. Dust seems to extend somewhat
beyond the stars in the disk. There is even more dust in the spiral arms and the brighter parts
of the disk, such as the center.

One might expect the galaxies to appear redder in the regions with more extinction, some-
thing already known from measurements of individual stars in our own Milky Way 4. But this
turns turns out to be not the case. This indicates that dust resides in dense clouds. If such a
cloud is in front of a distant galaxy, it blocks the light from it completely. What we see of
distant galaxies, we see in between these clouds (Figure VII). Therefore we see them with
their ‘normal’ color.

There does not seem to be a correlation between the gas, as found by radio telescopes,
and dust. A more accurate answer to the relation between these two will be found with new
counts in the near future.

The method of galaxy counts is best applied on face-on spiral galaxies, which are at
intermediate distances so the background galaxies are easier to identify.

My results also raise new questions. The values for the dimming found are pretty high,
especially when compared to results from earlier studies. There are several implications from
this result. The fact that the brighter parts -spiral arms and the center- also show more dust,
means that dust follows the stars somewhat. However, there is dimming beyond where we
see most of the stars from the foreground galaxy. This might mean that dust does not follow
stars completely.

4Think even of a sunset. You see the sun through more atmosphere ands so it appears redder.
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Figure VII: Sev-
eral dark dust clouds
in our Milky Way.
If several of those
clouds are in front of
a distant galaxy, most
of the light observed
from that galaxy is
from the uncovered
parts. The distant
galaxy is dimmed but
not reddened.

The dust in the disk extends to somewhere beyond the disk of stars. How did it get there?
Dust is made in stars so it could have been made there earlier or blown out. There are a lot of
spiral galaxies; do all these disks together affect our view of the distant Universe?

So if we see a little distant galaxy through the disk of a foreground galaxy, this does not
immediately tell us how much dust there is in that foreground spiral galaxy. The absence of
some of the other distant galaxies tells us how much extinction there is in that disk. Since
this technique is now well understood and the Hubble Space Telescope has taken many more
images in the meantime, counts of distant galaxies promise to continue to shed light on the
subject of dust in galaxies.
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