The first visible-light echoes from super-
nova 1987a—in facr, the first ever ob-
served from a supernova—have been
detecred. The echoes, visible in rhis photo
as arcs of rings surrounding the cenfral srar,
are the lighr of the exploding srar reflecred
from dusty clouds in the Large Magellanic
Cloud. Although the clouds lie almosr
directly in our line of sighr ro the super-
nova, they are quire disranr from rhe srar.
Arlin Crotts (University of Texas, Austin)
reporred finding a double echo on 4
March using the 40-inch Swope relescope
af the Carnegie Institurion’s Las Carmmpanas
Observatory in Chile. Confirmation of
Cromns's report came a weels larer from
Michael Rosa (European Southern Obser-
varory). who examined dara he had rak-
en in February wirh ESO's 3.6-meter rele-
scope

First echoes from SN1987a...87a...87a

Crotts blocked our most of the direct
lighr of the supernova with a disk, al-
though some of thar light is visible as a
cloverleaf structure in the phoro. The rings
were 32 arcseconds and 47 arcseconds
from the supernova in March, and rhey
have been exponding ar a rare of 2-3
arcseconds a monrh since then (or ar an
apporent linear expansion rare of 2-0
light years @ month). According ro Crorts,
the light is echoed from dusr clouds lying
440 lighr years and 950 lighr years away
from the supernova, and may be visible
for decades.

Three groups have independently com-
pared the specira of the rings with the
chonging spectrum of the supernova:
Crotts; a group ar the Cerro Tololo Inrer-
American Observarory, Chile, headed by
Nicholas B. Sunrzeff; and a collaborarion

of ESO investigarors ar La Silla, Chile, and
ar Garching. As expecred, the spectrum of
the brightesr light from the echoes is con-
sisrenr with that of the supernova ar irs
peak. Crorms nofes thar one expecred
feature of the echoes has nor been ob-
served. Each ring should have rwo com-
ponents: a narrow oufer ring brighr in rhe
uv, comesponding to rhe inifial burst of
light associared with the shock wave
breaking rhrough the surface of the pro-
geniror star, and a broad inner ring, corre-
sponding fo the larer brighrening caused
by the expansion of the supernova’s ourer
layers. Croffs suggests thar if the nearby
dust clouds are thick, such finer sfrucrures
may have been smeared oOul.

The echoes offer a unique opportunity
to map the inferstellar medium in fhis
region. Roger Chevalier (Universiry of Vir-
ginia) had predicred thar supernova light
echoes would appear as rings if the re-
flecting clouds occurred in sheers, and rhis
may be the case with SN1987a. In addi-
tion, the rings are brighrer in the region o
the north of the srar (rop of photo), pre-
sumably because rhe inrerstellar medium
is denser or rhicker rhere.

The rings also represent a remporal
record of rthe explosion, because light
from rthe ourer edges of the rings was
emitred earlier in the explosion than light
from the inner region. With sufficienr reso-
lution (nor easily achieved), one could
rhus rrace the evolurion of the supernova
across the widrh of the rings. "The rings
give us a rime sequence of phorographs in
the sky,” Sran Woosley (Universiry of Cali-
fornia, Sanra Cruz) rold us

Roberro Gilmozzi (European Space
Agency IUE Observarory) reported in lare
June thar a collaboration of IUE invesriga-
rors has derecred whar may be an ulfra-
violet echo, some 40 arcseconds from the
supernova. Such a signal would have
originared in the first few hours of rhe
explosion, during the shock breakout
Confirmarion thar the fearure is indeed a
uv echo awairs the observation of ifs
expansion

—MARGARET MARYNOWSKI

direction), as expected from the
Doppler principle. The large magni-
tude of the dipole vector seems to
require a large-scale perturbation
from smooth expansion of the uni-
verse (see PHYSICS TODAY, October
1987, page 17). An anticipated small-
angle anisotropy of the CBR is poten-
tially even more interesting to galaxy
formation theorists. Observations so
far have only placed limits on this,
but we should now be near the thresh-
old of its detectability, according to
David Wilkinson (Princeton).

As yet CBR photons are the only
means of directly studying the uni-
verse beyond redshifts of about 5, a
value that bounds the highest-red-
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shift quasars known. The fossil pho-
tons from the CBR give the most
stringent constraints on conditions in
the early universe, and so act as a
damper on speculative scenarios of
the formation of the inhomogeneous
structure we see in the universe now.*

Finding fossil photons

From ground-based measurements of
a relatively transparent part of the
radio window at a wavelength near 7
cm, Arno Penzias and Robert Wilson
(AT&T Bell Labs) in 1965 assigned a
blackbody temperature of about 3 K
to the CBR. Measurement of a black-
body’s spectral intensity at only one
wavelength defines its spectrum and

hence its temperature: Simply put,
one blackbody curve cannot cross
another. A 3-K blackbody spectrum
has its peak intensity at about 1-mm
wavelength, according to the Wien
displacement law.

At longer wavelengths a blackbody
(Planck) curve can be represented by
the simple Rayleigh—Jeans power law
approximation. Background contam-
inants must be subtracted from the
measured sky brightness to yield reli-
able measurements of the CBR. Ob-
servers can easily avoid Galactic neu-
tral hydrogen line emission at 21 cm,
but continuum emission from brems-
strahlung in ionized hydrogen regions
is more serious. There is also contam-



