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Sources of high-energy (>20keV) bursts fall into two distinct
types: the non-repeating y-ray bursters', several thousand of
which have been detected but whose origin remains unknown,
and the soft y-ray repeaters (SGRs), of which there are only
three’. The SGRs are known to be associated with supernova
remnants, suggesting that the burst events most probably origi-
nate from young neutron stars”. Here we report the detection of a
third type of transient high-energy source. On 2 December 1995,
we observed the onset of a sequence of hard X-ray bursts from a
direction close to that of the Galactic Centre'. The interval
between bursts was initially several minutes, but after two days,
the burst rate had dropped to about one per hour and has been
largely unchanged since then. More than 1,000 bursts have now
been detected, with remarkably similar light curves and inten-
sities; this behaviour is unprecendented among transient X-ray
and y-ray sources. We suggest that the origin of these bursts
might be related to the spasmodic accretion of material onto a
neutron star.

Visual inspection of the X-ray intensity records of the cight
Large Area Detectors (LADs) of BATSE® showed that bursts of

hard X-rays were emitted in rapid succession from a source in the
general direction of the Galactic Centre beginning 1995 Decem-
ber 2 12:17 ut (Fig. 1). The bursts came at intervals of about 5
minutes; they lasted for typically 30 seconds and reached a peak
intensity of ~ 300countss ' in the 25-60keV ecnergy band.
Spectral analysis of the events showed significant emission to
~ 60 keV in virtually all bursts; in ~ 17% of them, emission was
detected to about 75 keV. The outbursts were also registered by
the Spectroscopy Detectors® which look into the same sky direc-
tions as the LADs and are sensitive down to ~ 10keV. The bursts
usually show a clear single peak; in many cases a tail of extended
cmission can be seen. The burst which we could unambiguously
identify as the first in this sequence of rapid hard X-ray bursts
occurred on December 2 08:22 ut. Between December 2 17:00
and 20:00 ur, the burst intervals clustered around (172 + 15)s.
After 20:00 ur the intervals became more erratic and longer.
Figure 2 shows the behaviour of the burst interval evolution during
the first 4 days of emission. Between 4 and 16 December the burst
detection rate remained remarkably constant at an average of 18
events per day (about one-third of the bursts were missed because
of data gaps).

We determined the location of the individual events from the
relative strengths of the signals detected in different BATSE
detectors, using an algorithm that includes a detailed description
of the energy/angular detector response and the contribution from
X-rays scattered off the Earth atmosphere®. Initially, the bursts
were seen in two detectors only; to improve the constraints on the
location, the Compton Gamma Ray Observatory (CGRO) was
reoriented on December 8 00:57 uT, after which the events were
registered by four detectors. The BATSE locations combined with
(1) Earth occultation constraints of the source, (2) a galactic
longitude constraint from observations with the Oriented Scintil-
lation Spectroscopy Experiment (OSSE) on CGRO’, and (3)
Interplanetary Network (IPN) triangulation results™, produced
an ~ 24’ x &' error box centred on right ascension 17 h 44 min 28 s,
declination —28"45.0" (equinox 200¢).0). A 3-arcmin error box
recently' obtained with the X-Ray Timing Explorer (XTE) lics
entirely within the IPN location. This error box does not contain
known bright X-ray sources'.

As part of a current project” we made a comprehensive search
for events in the 20-60 ke V energy range in archival BATSE data,
covering the period 13 January 1993 to 24 December 1993 (345
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days). No activity which is unambiguously associated with the new
transient was found.

In the following description of the properties of the hard X-ray
bursts we limit ourselves to the 143 events detected during the first
4 days of burst activity, 134 of which have complete data. The
durations of the bursts have been estimated from visual inspection
of the X-ray intensity curves (25-60keV, with 2-s time resolu-
tion). They range between ~ 6 and ~ 100s (estimated accuracy
+45), with the majority of the events between 10 and 30s. Based
on the count rates (and upper limits to them) in the CONT data’
energy channels, we have made spectral fits, using several spectral
models. Because of the limited statistics of the signals of individual
events, we cannot make a significant distinction between a power-
law fit (describing non-thermal emission) and thermal models,
such as a black-body and thermal bremsstrahlung. The spectral
parameters for the different bursts are rather similar; photon
indices x range between —4.6 and —5.5 with an average value of
—5.0 (average reduced 77 value is 1.73 (7 d.o.f.)). The typical kT
values are ~ SkeV for black-body fits and ~ 9keV for thermal
bremsstrahlung fits.

Using the power-law spectral fits we determined for cach burst
the (25-60keV) peak flux, F,, and the fluence S. The fits were
made in order to convert count rates to fluxes and fluences.
No particular physical meaning should be attached to the fit
results, except as an indication of the hardness of the burst
spectra. With few exceptions, the peak fluxes (25-60keV) are
confined to a fairly narrow interval. The average F[‘: (2.8 +0.7)x
10 Sergem s ' (1a). This may suggest that some limiting process
is involved in the burst production. For a distance of 7.5kpe
(suggested by the small angular distance of the burst source to the
Galactic Centre) the average (25-60keV) peak luminosity is
2 % 10%ergs . Although the bolometric luminosity depends on
an uncertain extrapolation of the spectrum to lower energies, it is
of interest to note that this value is of the same order as the
Eddington luminosity of an object of one solar mass (assuming
solar composition for the accreted material).

We have computed the integral hardness ratio per event, that is,
the ratio of total ccunts in the 33-60keV and 25-33 keV bands.
The event hardness remains remarkably constant, with an average
of 1.20 4 0.24. Unlike classical y-ray bursters (GRBs), there is no
dependence of hardness on duration'’. Preliminary comparisons
of the hardness ratios as measured for the first half of the counts in
a burst (integrated over all energies) with that of the second half,
find no evidence for spectral evolution during the bursts, similar to
the bursts from soft ;-ray repeaters (SGRs).
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FIG. 2 Evolution of the intervals between bursts, from 14:00 ur on 2
December 1995 onwards. Note the very regular spacing of 172 s between
bursts between 4 and 6 hours after the start of this sequence, and the
subsequent increase and loss of regularity of the intervals.
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FIG. 3 Relation between the burst fluence and the time interval since the
previous burst (crosses) and the time interval till the next burst (circles).

The burst fluences range between 1.7 x 107 and 6.8 x
10 "ergem 7; the average fluence S = (2.7 £0.9) x 10 "ergem °.
In Fig 3 we show the relation between the burst flucnce and the
time interval before (Ar ) and the interval after (Ar') the burst.
The burst fluences do not show an obvious correlation with cither
time interval; for long intervals they appear to be almost constant.

The bursts we have detected are unlike those from any known
source. They are very different from GRBs, which show no
evidence of fast repetition and whose spectra are much harder
(the bulk of their energy is above 100keV; ref. 14). Their rapid
recurrence is reminiscent of the rapidly repetitive type 11 bursts
from the Rapid Burster'’’, whose nature still remains a mystery.
However, the error box of the new burst source excludes the Rapid
Burster.

With respect to their repetition and their spectra, the bursts we
detected are similar to the events that have been obscrved from
the three SGRs>*'"*, However, they are very different in that they
last several hundred times longer than SGR events (with the
exception of two bursts from SGR0525 — 26 which lasted 3.5 and
8.5's, respectively'’). We can exclude the possibility that the hard
X-ray bursts originate from the position" of SGR1806 — 20
because one of them was observed when this source was occulted
by the Earth.

To explain high-energy transients, three types of energy source
have been proposed: (1) thermonuclear flashes in matter accreted
on the surface of a neutron star; (2) unstable accretion onto a
compact star; (3) internal cnergy sources of a neutron star
(rotational and magnetic energy).

We can exclude the possibility that these bursts are caused by
thermonuclear flashes on accreting neutron stars with low mag-
netic fields, as these sources produce the relatively well under-
stood type 1 X-ray bursts'® whose spectra are described by black-
body radiation, with temperature kT generally below 2 keV, and
which show distinct cooling during burst decay. Thermonuclear
flashes on the surface of a strongly magnetized neutron star (if
they occur at all) have been proposed as a model for GRBs" and
may have much harder spectra than type I bursts. However, such
flashes should have very long recurrence times.

Independent of detailed thermonuclear flash models, during
the period of rapid burst repetition the required replenishment of
burnt fuel (through accretion onto the neutron star) would lead to
an accretion flux of the order of several times 10 “ergem *s !,
that is, one would expect a very bright X-ray source. On the basis
of the BATSE occultation data, which provides an upper limit of
~10Yergem *s ' to the persistent flux, we can exclude the
possibility that this persistent accretion power is emitted as X-rays
with energies in excess of ~ 10 ke V. For the ratio of persistent flux
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to time-averaged burst flux (=, ref. 15), as measured in the BATSE
energy range, we find a 30 upper limit of <4. These results
virtually rule out the possibility that the bursts are caused by
thermonuclear flashes on neutron stars.

We consider accretion instabilities a viable model for the bursts
from the Galactic Centre region. If this model is correct, it implies
that the source of hard X-ray bursts is part of a binary system. In
that case, it is likely that the matter is accreted onto the compact
object in spasmodic fashion after storage in an accretion disk. Disk
storage has been suggested as a model for the type Il bursts from
the Rapid Burster”; however, the hard X-ray bursts that we
observed differ from the type II bursts of the Rapid Burster by
their much harder spectra, and by not following the relaxation
oscillator recurrence pattern shown by that source. This does not,
however, exclude the possibility that the bursts reported here are
caused by some accretion instability. In particular, the almost
regular intervals between the bursts are much more reminiscent of
the Rapid Burster than of the SGR sources, pointing to a
triggering mechanism similar to the one for type II bursts rather
than to SGR bursts.

According to the SGR model of Thomson and Duncan?, hard
X-ray events may originate from strongly magnetized neutron
stars (magnetars) through the release of magnetic field energy,
which leads to the formation of a pair plasma confined by the
magnetosphere. The duration of the events is determined by the
diffusion time of the plasma, which is proportional to the inverse
square of the magnetic field strength. Although we favour an
accretion instability origin for the bursts, we believe that magnetar
models cannot be excluded.

If the bursts reported here are due to accretion instabilities,
which is likely, they are by definition" type I1 bursts. The question
then remains why are they so different from those of the Rapid
Burster. The answer could lie with the compact object which may
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be a neutron star with a much higher magnetic field than the Rapid
Burster.

Note added in proof: Since this Letter was submitted, a persistent
source, GROJ1744—28, has been found” and later identified as a
binary X-ray pulsar™*. The burster and the pulsar are the same
object®. O
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