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properties of the host galaxy for the first localized short burst,
GRB 050509B (ref. 1). One difference is that the host of
GRB 050509B was located in a moderately rich cluster of galaxies,
while the optical and X-ray observations of GRB 050724 suggest that
this host elliptical is located in a lower-density region. The spectrum
of the host shows no emission lines18 or evidence for recent star
formation, and is consistent with a population of very old stars. This
is true of most large elliptical galaxies in the present-day Universe,
including the host galaxy of GRB 050509B. The elliptical hosts of
these two short GRBs are very different from those for long bursts,
which are typically sub-luminous, blue galaxies with strong star
formation21.

Thus the properties of these two short GRB hosts suggest that the
parent populations and consequently the mechanisms for short and
long GRBs are different in significant ways. Their non-star-forming
elliptical hosts indicate that short GRBs could not have resulted from
any mechanism involving massive star core collapse22 or recent star
formation (for example, a young magnetar giant flare23,24). As we
previously noted1, large elliptical galaxies are very advantageous sites
for old, compact binary star systems, and thus good locations for
neutron star–neutron star or neutron star–black hole mergers.
Luminous elliptical galaxies are known to contain large populations
of low-mass X-ray binaries containing neutron stars or black holes,
and have large numbers of globular clusters within which compact
binary stars can be formed dynamically with a much higher efficiency
than in the field. Note, however, that mergers of compact objects are
also expected to occur with a significant rate in star-forming galaxies;
even if such mergers are the mechanism behind all short GRBs, one
would not expect them all to occur in elliptical galaxies. In fact, the
second short GRB with fine localization (GRB 050709)2–4 was in a
star-forming galaxy at z ¼ 0.16 and may be such a case.

Taking into account the host distance, we compare the energetics
of short and long GRBs. The fluence in the first 3 s of emission is
6 £ 102 7 erg cm2 2 in the 15–350 keVrange, which translates roughly
to a total 10 keV–1 MeV g-ray fluence of , 102 6 erg cm2 2. The
fluences in the 30 to 200 s soft g-ray peak and the X-ray afterglow
are comparable at 7 £ 102 7 erg cm2 2 and , 102 6 erg cm2 2, respect-
ively. These fluences are similar to those seen by BATand other g-ray
detectors for long bursts. However, at a redshift of z ¼ 0.285, the total

Figure 1 | BAT lightcurves for GRB 050724 showing the short duration of
this GRB and the long softer emission. a, The prompt emission in the
15�150 keV energy band with a short-duration main spike of 0.25 s. T90 is
3.0 ^ 1.0 s (T90 is the time during which 90% of the GRB photons are
emitted10; the �uence is (3.9 ^ 1.0) £ 102 7 erg cm2 2 and the peak �ux is
3.5 ^ 0.3 photons cm2 2 s2 1 (15�150 keV, 90% con�dence level). b, Soft
emission in the 15�25 keV energy band lasting . 100 s (peak �ux is
, 2 £ 102 9 erg cm2 2 s2 1). The error bars in both panels are one-sigma
standard deviation. The BAT energy spectrum in the prompt portion
(T 2 0.03 to T þ 0.29 s; where T equals BAT trigger time of 12:34:09.32 UT)
is well �tted with a simple power-law model of photon index 1.38 ^ 0.13
and normalization at 50 keV of 0.063 ^ 0.005 photons cm2 2 s2 1 keV2 1

(15�150 keV, 90% con�dence level). Count rate is normalized to a single
detector of the 32,768 detectors in the full array of the BAT instrument.

Figure 2 | VLT optical image17 showing the association of GRB 050724
with the galaxy. The blue cross is the position of the optical transient16,17.
The XRT (red circle) and Chandra (green circle) burst positions are
superimposed on a bright red galaxy at redshift z ¼ 0.258 (ref. 5), implying a
low-redshift elliptical galaxy as the host. The XRT position has been further
revised from the position of ref. 15 by astrometric comparison with objects
in the �eld. The projected offset from the centre of the galaxy corresponds to
, 4 kpc assuming the standard cosmology with H0 ¼ 71 km s2 1 Mpc2 1 and
(QM, QL) ¼ (0.27, 0.73).

Table 1 | Position determinations for GRB 050724

Observatory RA (J2000) Dec. (J2000) Error circle radius* Notes Ref.

Swift/BAT 16 h 24 min 43 s 2 278310 30 00 30 10 from Chandra position 6
Swift/XRT 16 h 24 min 44.41 s 2 278320 28.400 6 00 Corrected astrometry relative to position in GCN Circular 3678 15
VLT 16 h 24 min 44.37 s 2 278320 2700 0.500

VLA 16 h 24 min 44.37 s 2 278320 27.500 0.200 One-sigma error 7
Chandra/ACIS 16 h 24 min 44.36 s 2 278320 27.500 0.500 8

All the positions are consistent with each other to within the errors quoted for each. See Fig. 2. *90% con�dence limit except for VLA. VLT, Very Large Telescope. VLA, Very Large Array. RA,
right ascension; Dec., declination.
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energy output of the prompt plus soft peak is , 3 £ 1050 erg, which is
significantly less than the 1052–1054 erg isotropic-equivalent energy
output of the long GRB class25.

The early XRT lightcurve initially shows a steep decay with a slope
of 2 2. This component is connected to the soft g-ray component
around , 80 s identified in the extrapolated BAT lightcurve, which
clearly overlaps and joins the early XRT measurements (Fig. 3). This
flare-like event is followed by a very rapid decay after , 100 s (with
index ,2 7), interrupted by a second, less-energetic flare around
200–300 s. The curve flattens at 700 s and has a roughly constant
decay index all the way through the Chandra points to 2 £ 105 s. A
third significant flare starting at , 2 £ 104 s is superposed on this
decay component, with the total energy even smaller (by a factor of
, 3) than the second one. The steep decays following all three flares
are too steep to be interpreted as the afterglow emission from a
forward shock, but could be consistent with the high latitude
emission (v .. 1/G) from a fireball that suddenly stops radiating
or goes off in an extremely low-density medium (naked GRBs)26.
This is pertinent for the late internal shock scenario as invoked to
interpret the X-ray flares in long GRBs27. This interpretation requires
that the central engine remains active up to at least , 200 s (which is
supported by the flaring event in the BAT-extrapolated X-ray light-
curve and the wiggles in the initial XRT lightcurve).

The current neutron star–neutron star merger models28,29 predict
energy injection times much shorter than the . 200 s time seen for
GRB 050724. Black hole–neutron star mergers are more promising30,
because they allow for partial disruption of the neutron star and
gradual accretion as the higher angular momentum material decays

through gravitational radiation, but even these models cannot extend
the emission beyond a few tens of seconds. With the current Swift
detection rate of one short burst per 2–3 months, the sample will
quickly increase and will provide answers about how typical
extended emission is for short burst.
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Figure 3 | The smooth transition of the GRB phase into the X-ray phase.
This shows the total X-ray afterglow lightcurve for GRB 050724 by
combining data from BAT, XRT and Chandra. The prompt hard phase
detected by BAT decays into the soft g emission, and is followed by
�aring (, T þ 80 s) and then gradual fall-off into the X-ray afterglow
measured by XRT. The BAT points are binned with variable time intervals
such that the signal-to-noise ratio is . 5 and DT , 10 s. Using the Band
model to simultaneously �t the BAT spectra in the 15�150 keV band in the
T þ (50�150) s time interval with the XRT spectra in the 0.2�10 keV band in
the T þ (79�150) s interval (yielding Ebreak ¼ 30 keV, where Ebreak is the
boundary energy between the two functional domains of the Band model),
the BAT �ux points (15�25 keV band) were scaled down into the X-ray band
(unabsorbed 0.2�10 keV). The Band model was required because power-law
�ts to the BAT and XRT separately yielded Gvalues of 2.5 and 1.7,
respectively: that is, there was a spectral break between the two instruments.
The XRT �uxes are unabsorbed values derived using best-�t XRT photon
indices of G¼ 1.9 (for the �window timing� mode data before 341 s) and
G¼ 1.5 (for the �photon counting� mode data after 342.9 s) and using the
best-�t absorbing column density of NH ¼ 5.9 £ 1021 cm2 2. All error bars
are one-sigma standard deviation. The Chandra points are unabsorbed
�uxes using the XRT-measured value for NH and the Chandra-measured
best-�t photon index of G¼ 1.8.
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