The Infrared Background: Sometimes It’s
What You Don’t See That Counts

It probably comes as no surprise that as powerful as our telescopes are, there are
limits to what they can see. As we look farther out into the universe, objects
appear smaller and dimmer to us, until at some point, we can’t see them as
discrete objects any more. But limits are always tantalizing. After all, the most
distant objects in the universe are also the youngest (due to the finite speed of
light), and therefore desperately interesting to astronomers. Of course, the more
distant an object, the fainter it is likely to be. Will we ever be able to see faint
enough to find the very first starlight emitted by the first stars and galaxies? For
the time being, we have no telescope with the resolving power and sensitivity to
see galaxies that far away. But astronomers have never been good at leaving good
enough alone and accepting limitations. Lately, a group of astronomers using the
Spitzer Space Telescope have found a method of observing distant galaxies that
are, in fact, too faint for Spitzer too see.

How could that possibly work? How can a telescope observe something beyond its
limits of sensitivity? How can you even be sure there’s something out there to
observe, if, by the very definition, you can’t see it? In fact, we are sure that there
are stars and galaxies so far away from us that we can’t see them. What we can
see is a background glow, all around the sky, created by the combined light of all
these distant, invisible sources.

Is there a universal background glow in visible light? Amazingly, the answer is
“not any more.” Until about ten years ago, there were indeed visible light photons
detected by our telescopes that astronomers could not identify sources for. But
that changed when the Hubble Space Telescope released its “Deep Field.” After
staring at a relatively “empty” part of the sky for over a week, Hubble found
thousands of tiny, distant galaxies that had never been seen before. When these
objects were finally resolved, it was a quick calculation to confirm that they had
been responsible for the leftover visible light. In a real way, Hubble had seen as
much of the universe as it was possible to see —in visible light. Every photon could
now be identified with a specific source.

But this isn’t the case for the infrared universe; there is still a faint, long-
wavelength infrared glow coming from the entire sky. What might be causing this
infrared background? At this point, we’re looking back to the time when the very
first stars and galaxies began to form. This radiation is likely the heavily red-
shifted remnant signal of young, giant stars bursting into existence, or super-
heated gases falling into giant black holes at the cores of young galaxies. But
some of the background is probably from nearer, less dramatic sources such as
dim galaxies. What's up to astronomers now is to resolve as much of the
background as they can, slowly whittling away the extra light. What’s left over
may, after the next generation of space telescopes comes along, give us a view of
the first galaxies to ever exist.



Amazingly, a team of astronomers using NASA’s Spitzer Space Telescope has
recently been able to resolve about 80% of the far infrared background by using a
clever trick to see the unseeable. The idea is this: first, identify a population of
distant galaxies that you can see at shorter infrared wavelengths. Then, set your
telescope to observe these galaxies at longer wavelengths where the infrared
background is detected. The “target” galaxies may no longer be visible, but you
can measure how much infrared background is coming from that part of the sky.
Next, make lots and lots of observations of these galaxies and add them all
together. Even if you can’t see the individual galaxies at the longer wavelength,
maybe by adding the data from many galaxies together, you’ll begin to see some
sort of fluctuation signal produced by your combined target galaxies.

“Dr Hervé Dole, from the Institut d’Astrophysique Spatiale in Orsay, France
(Université de Paris Sud 11 and Centre National de la Recherche Scientifique) the
leader of this team went as far as to say that “the idea behind this technique is so
simple, I'm amazed that a simple addition can lead a major discovery!”

Dole and his team undertook an ambitious program. First, they needed to find
near and far infrared observations of several thousand galaxies. Luckily, the
Multiband Imaging Photometer for Spitzer (MIPS) had just completed a deep
survey of parts of the infrared sky, creating matching data sets at 24, 70, and 160
microns. The astronomer and his colleagues at the Institut d’Astrophysique
Spatiale and the University of Arizona identified over 20,000 faint galaxies that
were just barely visible at 24 microns. Then, they added the collected light from
more and more galaxies together, hoping to coax out a faint signal at longer
wavelengths. All in all, Dole’s team combined infrared images of over 20,000
galaxies. And as more and more images were stacked up, Dole and his team did
indeed see signals at 70 and 160 microns begin to emerge. In a real way, they
found a way to observe galaxies that were too faint for Spitzer to see, at least in
individual observations. The team also went as far as to conduct an opposite
experiment: when Spitzer surveyed the sky where no galaxies were visible at 24
microns, no far infrared background showed up either.

Amazingly, Dole’s observations can account for 80% of the infrared background,
knocking a huge chunk out of the unresolved background. And what’s more,
astronomers now know what sort of galaxies contribute the most to the infrared
background: starburst galaxies about 7 billions light-years away from us. This
population of galaxies is extremely bright in the infrared, as entire galaxies are lit
up with the glow of new stars still embedded in the clouds of dust and gas they
were born in.

The remaining 20% is now the big mystery. This light must come from objects
even more distant, maybe even from the very first starlight that led the universe
out of its dark age. At this point, that much is still beyond our grasp.

Still, few people realized just how powerful a tool for probing the very early
universe Spitzer could be. As Dole observes, “Just 10 years after the discovery of
the infrared background in the COBE data, we can now give more accurate
measurements of it with Spitzer and, more importantly, describe what the galaxies
responsible for this infrared background are.” "This illustrates the great role of the



infrared in cosmology, and more importantly, why we need high quality data in the
whole electromagnetic spectrum.”

Illustrations and Animation can be downloaded at:
http://www.ias.u-psud.fr/irgalaxies/SpitzerPR2006/

http://lully.as.arizona.edu/SpitzerPR2006

Link to the Spitzer News Feature:
http://www.spitzer.caltech.edu/Media/happenings/20060420

Link to the CNRS Press Release (in French):
http://www?2.cnrs.fr/presse/communique/846.htm

Spitzer Resolves the Cosmic Infrared Background
Emploonauummmmmmud (2006)

Results of the stacking analysis on the cosmic infrared background by Dole et al
(2006).

Stacking ~1800 faint galaxies seen at 24um (left, blue) allows Dole and his team to
securely detect “invisible” galaxies at 70um (middle, green) and 160um (right red)
which are not detected individually. This strong signal (center of the two right
panels) is the signature of galaxies accounting for most of the cosmic infrared
background.
Credit: H. Dole/IAS/Arizona/NASA/JPL-Caltech
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Stacking Analysis Technique Check

Exampie of 300 stacked images at random sky positions. Dole ol al. (2006)

24um
Stacking the sky and random positions gives no signal in the center, as expected.
This method is used to check the robustness of the stacking analysis technique.
The color scale is the same as the previous figure.
Credit: H. Dole/IAS/Arizona/NASA/JPL-Caltech

MIPS Stacking Analysis

Dole et al., 2006
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Illustration of the stacking technique used by Dole and his team.
They first select galaxies at 24 microns (left column). Then, they select the same
sky areas at 70 and 160 microns (center and right column), where no galaxy is
visible. When they stack all the images (bottom line), they detect the signal of all
the unresolved galaxies.
Credit: H. Dole/IAS/Arizona/NASA/JPL-Caltech
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The main background radiations in the Universe.

From right to left (increasing frequency): the Cosmic Microwave Background
(CMB), or 3K blackbody radiation. The Cosmic Infrared Background (CIB), and the
Cosmic Optical Background (COB). The CMB has its origin very early in the
Universe's history, and the CIB and COB (also called Extragalactic Background
Light, or EBL) are due to the light emitted by all the galaxies. These backgrounds
fill-up the entire Universe. The numbers written correspond to the brightness of
each background. Notice that the EBL represent only about 5% of the brightness
of the CMB. Finally, the EBL has about 115 infrared photons for 1 visible photon.
Credit: H. Dole et al./IAS

The Jet Propulsion Laboratory manages the Spitzer Space Telescope mission for
NASA's Science Mission Directorate, Washington. Science operations are
conducted at the Spitzer Science Center at Caltech. JPL is a division of Caltech.



