
Submillimeter Measurements Strengthen the Case for 
Supernovae as Sources of Ancient Cosmic Dust 

In the late 1990s, the
James Clerk Maxwell

Telescope, with its Sub-
millimetre Common-
User Bolometric Array
(SCUBA), gazed deep
into space. The array,
built at the Royal Ob-
servatory, Edinburgh,
in Scotland, looked for
s u b m i l l i m e t e r
(100–1000 mm) radia-
tion, and saw signifi-
cant quantities of lumi-
nous matter.1 Observers
reasoned that SCUBA
had seen high-redshift
(z) analogs of infrared
emissions from dust
heated by starlight in
low-z galaxies. 

In April of this year,
researchers nailed down
the redshifts of 10 of those SCUBA
galaxies.2 Their median z is 2.4, which
indicates that the universe was about
two billion years old when a typical
SCUBA galaxy emitted its light. The
SCUBA observations, explains Uni-
versity of British Columbia as-
tronomer Douglas Scott, mean that
star-forming dusty galaxies were far
more common in the past—by factors
of a thousand or more per unit vol-
ume—than they are today.

But what was the source of the
dust in those ancient galaxies? Much
of the dust in our galaxy is from the
winds of stars that have been around
for roughly 10 billion years. The
SCUBA galaxies had not lived long
enough to get their dust from such old
stars. They were, however, old enough
to accumulate dust from the explo-
sions of type II supernovae, the death
throes of massive stars that live for
only a few million years.

Even before SCUBA saw first light
in 1996, two satellites, the Infrared
Astronomical Satellite and the In-
frared Space Observatory, began to
measure IR spectra of dust from su-
pernova remnants in our galaxy.
Their observations, sensitive to dust
with temperatures in the 100–200 K
range, revealed 10⊗7–10⊗3 solar
masses (M	) of dust in remnants. But
that’s considerably less than the ap-
proximately one solar mass needed to
account for the quantity of dust in
each SCUBA galaxy. 

Loretta Dunne of Cardiff Univer-
sity in Wales and her colleagues from
Cardiff and Edinburgh offer an expla-
nation for why the IR satellites saw
such a small dust portion: They argue
that the overwhelming majority of
dust generated in supernova explo-
sions has now cooled to a temperature
of around 20 K. Their case is based on
recent observations they made with
SCUBA of the Cassiopeia A supernova
remnant.3 The submillimeter array’s
measurements of Cas A at 850 mm (see
figure 1) and 450 mm provided deci-
sive information that could not be ex-
tracted from the shorter-wavelength
IR spectra. 

Figure 2 summarizes the spectral
energy distribution for Cas A in a wave-
length range from the mid-IR to radio.
After subtracting the synchrotron radi-
ation, Dunne and colleagues fit the
data with a two-temperature gray-body
model that accounted for both cold and
warm dust. The temperatures, ratio of
cold to warm dust, and some of the fre-
quency dependence of the emissivity
(essentially the efficiency with which
the dust radiates) were allowed to vary.
According to the group’s best fit, the
mass of cold (18 K) dust is 700 times
greater than that of the warm (112 K)
component. The details of data fitting

are not essential to
that conclusion, but
the two submillimeter
points are. As collabo-
rator Mike Edmunds
(Cardiff) comments,
“However you try to
draw a curve account-
ing for error bars, if our
two data points are
right, there’s a signifi-
cant component of cold
dust.” Some of that
dust may be material
in the interstellar
medium that has been
swept up by Cas A, but

the interstellar density is not high
enough to account for the quantity of
observed dust.

The derived mass of the cold dust is
a function of its temperature, the
measured submillimeter flux densi-
ties, and the known distance to Cas A.
It also depends on the emissivity of the
dust. That emissivity, which in turn de-
pends on the chemical and physical
composition of the dust, is not at all
well-established for the material in
Cas A. The Dunne group’s best-fit
curve gave an estimate for the dust
emissivity at the two submillimeter

Observations of high-redshift galaxies offered a surprise six years ago
and presented a riddle that may have been solved only this past summer.

Figure 1. Supernova remnant Cas-
siopeia A, as imaged by the Submil-
limetre Common-User Bolometric
Array (SCUBA) at 850 mm. The rem-
nant is about 15 light years across and
about 11 000 light years away.
(Adapted from ref. 3.) 

Figure 2. Energy flux density from Cas-
siopeia A, in wavelengths ranging from
the mid-infrared to radio. The flux den-
sity is measured in janskys; 1 Jy ⊂10⊗26

W/m2·Hz. The radio flux is synchrotron
radiation emitted by high-energy elec-
trons spiraling about magnetic field
lines. The synchrotron data lie on a
straight line that has been extrapolated
to short wavelengths. The five data
points at the shortest wavelengths (one
of which furnishes only a lower bound)
come from infrared satellites. The two
points in green are the submillimeter
measurements made by SCUBA.
(Adapted from ref. 3.)
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frequencies they considered; nonethe-
less, the researchers turned to the lit-
erature for typical emissivities of vari-
ous kinds of dust. When they plugged
in an emissivity appropriate to the dif-
fuse interstellar medium, they esti-
mated that the cold dust in Cas A
weighs in at some 20 M	. That’s
roughly an order of magnitude higher
than the maximum value theoreticians
predict for a typical supernova.

The dust in Cas A, though, is
younger than dust in the interstellar
medium by a factor of about 10 000. So
it may well be quite different from that
material, which has endured numer-
ous cycles of collisions, cloud forma-
tion, recycling in stars, and so forth.
Emissivities appropriate to clumpy ag-
gregates of dust, or dust in planetary
nebulae, are more in line with Dunne
and colleagues’ best-fit value. Mass es-
timates based on those emissivities
yield 2 to 6 M	 of cold dust. Still, says
Edmunds, “It seems almost too much;
it’s an embarrassment of riches. Maybe
the value should come down a bit.”

In addition to Cas A, the Dunne
team has also observed Kepler’s su-
pernova remnant, and hopes to report
observations of Tycho’s remnant be-

fore long. All three remnants are
young and nearby. The group’s analy-
sis of its data from Kepler’s remnant,
to be published in Astrophysical Jour-
nal, indicates a quantity of cold dust
comparable to, if somewhat smaller
than, that of Cas A. 

SCUBA-2, where are you? 
Atmospheric water vapor is the main
culprit that makes submillimeter ob-
servations difficult. The water ab-
sorbs submillimeter radiation and al-
lows astronomers to peer only
through certain wavelength windows.
The window that  includes 850 mm is
relatively clear; observations through
the window at 450 mm are consider-
ably more challenging. To minimize
the effects of atmospheric absorption,
the SCUBA array is located at an al-
titude of 14 000 feet on Hawaii’s
Mauna Kea. It comprises more than
100 bolometers; with such a large
quantity of individual detectors, the
device can generate maps quickly.
SCUBA operates at a temperature of
80 mK and its impressive sensitivity
is a result of that low-temperature op-
eration. The next-generation SCUBA-
2 array, with its more than 10 000

bolometers, is already in the works.
Scheduled for delivery to the Maxwell
telescope (shown in figure 3) by the
end of 2005, SCUBA-2 should provide
a factor of at least 100 improvement
in speed over its predecessor, along
with increased sensitivity. 

SCUBA’s observations will soon be
supplemented by additional measure-
ments. Caltech’s SHARC II camera, for
example, views radiation at 350 and
450 mm. Graduate students crafted the
acronym to make clear that the Cal-
tech team hopes to give SCUBA a run
for its money. A number of cameras,
planned or recently launched, will take
submillimeter measurements from ob-
servatories borne above Earth’s at-
mosphere. Perhaps the most ambitious
mission is the European Space
Agency’s Herschel Space Observatory.
Slated for launch in 2007, it should re-
solve supernova remnants in the 80 to
670 mm range. 

The observatory was named for
William Herschel (1738–1822), musi-
cian, telescope builder, and discoverer
of the planet Uranus. He’s also the
discoverer of infrared radiation.

Steven K. Blau 
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Figure 3. The James Clerk Maxwell
Telescope on Hawaii’s Mauna Kea. 
The 15-meter telescope detects radia-
tion in the submillimeter band and
houses SCUBA, the Submillimetre
Common-User Bolometric Array.
(Courtesy of Nik Szymanek.)

Nanoparticles Locate and Flag the Blood Vessels That
Nourish Tumors

Cancer kills its victims when the
tumor burden in their bodies

reaches about 1013 cells. Before then,
when a tumor comprises about 1010

cells and is the size of a sugar cube, a
physician can usually find it in an x ray

or MRI scan. At that stage, if treated
promptly, a victim may survive.

Too often, however, cancer lurks
unnoticed until it’s past curing. Lack
of resolution isn’t what frustrates
early detection. Clinical MRI and x-

ray machines can resolve features a
few hundred micrometers across.
Rather, the difficulty lies in identify-
ing a small blob of cells whose com-
bined malignancy is too weak to sig-
nal where to look and whose
appearance in an MRI or x-ray image
is too similar to the surrounding,
healthy tissue.

Ligand-coated droplets of oil can travel through the bloodstream to at-
tach themselves to malignant cells.




