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G
amma ray bursts (GRBs) were first
discovered in 1967 by American
military satellites. The discovery

was declassified in 1973; within months,
more ideas were published about the origin
of these cosmic explosions than there were
detected bursts. Since then, observations of
thousands of these objects have yielded a
deeper understanding of GRBs, but ques-
tions remain. For example, it is known that
supernovae underlie some GRBs, but how
some supernovae produce GRBs remains
unclear.

On page 1284 of this issue, Mazzali et
al. (1) shed some light on the link between
GRBs and supernovae. They report that
supernova 2003jd (see the figure) appears
to have been disrupted by a highly asym-
metric process, similar to the jets that pro-
duce GRBs. Thus, supernova 2003jd may
itself be a GRB, with its jets pointed away
from Earth when it exploded. This is the
f irst time that researchers have found a
supernova that might be a GRB, rather than
a GRB that might be a supernova.

The data revolution for GRBs started in
1991 with the launch of NASA’s Compton
Gamma Ray Observatory. This satellite and
its dedicated GRB instrument, BATSE
(Burst and Transient Source Experiment),
detected more than 8000 bursts until it was
sent into the Pacific Ocean in 2000. Before
BATSE, models for GRBs ranged from col-
lisions of objects in our solar system to
mergers of black holes on the other side of
the universe. BATSE observations showed
that GRBs are distributed uniformly across
the sky, providing strong evidence that they
must be occurring in the distant universe
(2), because it is only at great distances that
the sky begins to look uniform. 

However, although BATSE was very
sensitive to high-energy photons, it could
not discern the location of a burst to better
than a few degrees uncertainty—an area of
sky too large to pinpoint the location of
individual explosions. Without a smoking

gun, theorists could still bend their models
of nearby bursts to fit the observations.

In 1996, the Italian-Dutch BeppoSAX
satellite was launched. This satellite was
not as sensitive as BATSE to gamma rays,
but—inspired by predictions that lower-
energy x-rays would persist long after the
burst of gamma rays—it was able to point
an x-ray detector onto a GRB within a few
hours of the burst. Beppo-SAX’s x-ray
detectors could localize these x-ray emis-
sions to much less than 1° uncertainty. This
precision was suff icient for optical and
radio telescopes to follow up individual
objects and look for these explosions.

This strategy paid off when a GRB
detected on 28 February 1997 was localized
in x-rays; astronomers using the William
Herschel Telescope in the Canary Islands
then found a fading optical afterglow in a
distant galaxy at this location (3). This dis-
covery confirmed the cosmological origin
of GRBs. Another event detected on 8 May
1997 was determined to be more than 7 bil-
lion light years away—halfway across the
visible universe (4). The huge distance
implied an enormous energy. GRBs were
thus proclaimed to be the largest bangs in
the universe since the big one.

On 25 April 1998, BeppoSAX yielded
another surprise. Optical observations of an
apparently normal GRB showed a young,
very energetic exploding star—a type Ic
supernova—at a distance of 80 million light
years, one-hundredth the distance of typical
GRBs (5). The optical brightness of the super-
nova, named 1998bw, was high for an object

at this distance, but its gamma ray,
x-ray, optical, and radio bright-
nesses are several orders of magni-
tude fainter than for any other GRB
observed to date.

Type Ic supernovae are thought
to occur when stars 10 to 100
times the mass of the Sun, which
have been stripped of their outer
layers of hydrogen and helium,
run out of nuclear fuel in their
center and collapse into neutron
stars or black holes. If the dying
star that formed supernova
1998bw had lost its outer layers
as a result of a merger with
another star, it should have been
spinning rapidly at the time of its
death. Theorists therefore pro-
posed that a jet, produced by the
collapse of a rapidly rotating
massive star into a black hole,
created supernova 1998bw and
could produce typical GRBs (6).

The jet produces observable gamma rays if
it points toward the observer; the resulting
expanding debris looks like a very ener-
getic type Ic supernova—a so-called hyper-
nova. This model could explain supernova
1998bw, but its relevance to the rest of the
GRB population was unclear because of the
very different energies of supernova
1998bw and other more distant GRBs.

Since the discovery of 1998bw, much
effort has been put into studying the connec-
tion between GRBs and hypernovae. The
HETE-2 (High Energy Transient Explorer
Mission) satellite, launched in 2000, and the
Swift Gamma Ray Burst Explorer, launched
in 2004, are providing accurate GRB posi-
tions for astronomers to chase on an almost
daily basis. The light associated with a GRB
jet fades quickly, whereas the brightness of a
supernova tends to brighten for 1 to 3 weeks.
Therefore, 2 weeks past an explosion, a
supernova should in most cases outshine a
GRB’s jet. Observations of nearby GRBs
have shown that some objects exhibit super-
nova-like features as their brightness evolves
over time.

The GRB-hypernova connection was
conf irmed directly on 29 March 2003,
when HETE-2 discovered an object one-
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The Link Between Supernovae
and Gamma Ray Bursts

Brian Schmidt

SN 2003jd

A cosmic explosion 250 million light years away. Observa-
tions of supernova (SN) 2003jd show it to be a highly ener-
getic explosion, similar to the hypernovae associated with
GRBs. Mazzali et al. (1) argue that this object was ripped apart
by something like a jet, suggesting that SN 2003jd might have
been a GRB with its jets directed away from Earth.
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