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Abstract

Soft Gamma Repeaters (SGRs) are candidates for an exotic type of neutron star with a super-
strong magnetic field (B ∼ 1015 G), called a “magnetar” They exhibit repeated, sporadic bursting
behavior. Four are known to exist, and the existence of 3 more is suspected. Three of them have
produced giant flares, which are extremely intense outbursts consisting of an intense, short spike and
a weaker long-lived tail. These giant flares have been suggested as an explanation for some short
GRBs. One SGR, 1806−20, became active in 2004, and HETE-2 detected 32 events from it in that
year. This was just a prologue to the giant flare of 27 December 2004, which was brighter than any
previously observed one by two orders of magnitude. Despite the large number of observations by
many experiments, the spectra of its short bursts (the duration is less than a few hundred milliseconds)
remains unclear. Thanks to HETE-2’s wide energy range, 2-400 keV, its data are ideally suited to
the study of these spectra. Our analysis shows that two component models are preferred, such as two
blackbody function, due to the shapes of the 2-10 and 30-100 keV spectrum, and the possible time
lag between them. This result gives strong constraints on models for the SGR mechanism.

1 Introduction

One of the most exotic object is a neutron star with
a super-strong magnetic field (B ∼ 1015 G), called
a “magnetar” [1, 2, 3, 4]. It is thought to be driven

by the dissipation of the magnetic field. For its
candidates, the soft gamma repeaters (SGRs) and
the anomalous X-ray pulsars (AXPs) are known.
The historical difference of these objects is a spo-
radic repeating bursting activity of the SGRs. Since
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some of the AXPs presented a bursting activity,
the SGRs and the AXPs were thought to be the
same type objects. Recent some studies proposed
that the other candidates might be a possible iso-
lated neutron star 1E 1207−5209 [5] and the radio
pulsars with a strong magnetic field (B ∼ 1013 G)
(e.g., [6]). However, their emission emchanism is
still unclear.

The spectra of bursts from SGRs were histor-
ically thought to be well described by an opti-
cally thin thermal bremsstrahlung model (OTTB)
(e.g., [7]). However, recent some studies sug-
gested that the two blackbody function (2BB) was
suitable for them. The specra of bursts from
SGR1806−20 detected by International Cometary
Explorer (ICE) were not reproduced by OTTB and
other simple models [8, 9]. Olive et al. (2004) re-
ported that the spectrum of an intermidiate burst
from SGR 1900+14 detected by High Energy Tran-
sient Explorer 2 (HETE-2) [10] was not described
by OTTB below 15 keV, but it was well repro-
duced by 2BB [11]. Similar results were reported
for short bursts (the duration is less than a few
hundred milliseconds) from SGR 1900+14 [12] and
SGR1806−20 [13, 14].

Some authors reported that there was weak or no
spectral evolution for the bursts from SGRs [15, 8].
The softening trends were reported for the short
bursts from SGR 1806−20 [16], a ∼3.5 s long burst
from SGR1900+14 [17] and a ∼9 s long burst from
SGR0526−66 [18]. Furthermore, the significant
spectral evolution was reported for the short bursts
from SGR 1806−20 [19, 14].

Here, we report a comprehensive studiy of tem-
poral and spectral analyses for the short bursts
from two SGRs 1806−20 and 1900+14 detected by
HETE-2. In this study, we use the data derived by
the Wide-Field X-Ray Monitor (WXM; 2-25 keV)
[20] and French Gamma Telescope (FREGATE; 6-
400 keV) [21] instruments on-board HETE-2.

2 Observations and Analyses

2.1 Number of Short Bursts

HETE-2 triggered 181 events in the summer peri-
ods from June 18, 2001 through August 7, 2005.
We localized these events using the data derived
by the WXM, and found the 62 events from
SGR1806−20 and the 6 events from SGR1900+14,
while the 113 events were out of the WXM field

of view (> 35 degrees off axis) or too weak to
be localized (< 10−7 ergs cm−2). These localized
events included two intermidiate bursts, and some
events were unsuitable for our study (see [22] for
details). As a result, we retain the 50 short
bursts from SGR1806−20, and 5 short bursts from
SGR1900+14.

2.2 Spectral Analyses

We tried the following spectral models: 1) a power
law model (PL), 2) a power law with an expo-
nential cutoff (PLE), 3) a single blackbody (BB),
4) a two blackbody function (2BB), 5) a disk-
blackbody model (disk-BB), 6) an optically thin
thermal bremsstrahlung model (OTTB), 7) OTTB
with BB model (BB+OTTB), and 8) PL with BB
model (BB+PL). All models are adopted an in-
terstellar absorption model. Among these models,
the single component models (PL, BB and OTTB)
are clearly rejected. The five multiple compo-
nent models give acceptable results especially 2BB
(kTLT ∼ 4 keV and kTHT ∼ 11 keV).

2.3 Spectral Evolution

To study the burst durations, we computed the T90

durations in 6-30 keV and 30-100 keV for all short
bursts from SGRs 1806−20 and 1900+14. Some
bursts do not have the same durations between the
T90 durations in 6-30 keV and that in 30-100 keV.

We calculated the hardness ratios for the out-
lier bursts. The definition of a hardness ratio is
HR = (H −S)/(H +S), where S is a count rate in
6-30 keV and H is a count rate in 30-100 keV. We
find that three bursts have a clear softening trend,
and three bursts have a hard component later in
the burst.

2.4 Time Lag

There seems to be a time lag in the light curves
of the bursts. The methods to investigate the time
lag are as follows: 1) the statistically significant
bursts were selected (16 bursts in total), 2) the
light curves in 2-10 keV and 30-100 keV were gen-
erated, 3) the cross-correlation coefficients for each
burst were calculated, 4) the ensemble average was
calculated using the cross-correlation coefficients of
all 16 bursts, 5) The moving average was applied
to smooth the histogram of cross-correlation coef-
ficients, and 6) The histogram was fitted using the
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lorentzain model. As a result, we found a time lag
Tlag = 2.2 ± 0.5 ms, where the quoted error was
considered both statistical and systematic uncer-
tainties.

3 Discussions and Conclusions

3.1 Cumulative Number-Intensity Dis-
tribution for SGR 1806−20

The cumulative number-intensity distribution for
2-100 keV fluences (the fluences were calculated
using 2BB spectra) was calculated for the short
bursts from SGR 1806−20. After the correction
of the observational efficiency, the distribution was
well fitted by a power law model with a slope of
−1.4 ± 0.4. This slope was inconsistent with pre-
vious studies (−0.43 ∼ −0.91). We consider two
possibility of this inconsistency: 1) the difference
of the energy bands in the calculation of the flu-
ences, or 2) the difference of the intrinsic activity
of SGR 1806−20. The former case could not explain
the difference, because the slope using the fluences
in 2-10 keV was −1.6 ± 0.5 and the slope using the
fluences in 10-100 keV was −1.4 ± 0.4. The dis-
tribution using the data in 2004 gave a slope of
−1.1± 0.6, which was consistent with the previous
studies. In addition, the fluence of an intermedi-
ate burst (1.9×10−5 ergs cm−2) from SGR 1900+14
[11] is consistent with the slope using the data
in 2004. These results imply that more energetic
bursts should occur relatively more frequently in
preriods of greater activity.

3.2 Temporal Properties

The spectral softening is not common for the sam-
ples of HETE-2. One of the origin of time lag is
the spectral softening, however it is seen in just
3 out of 55 bursts and is not effective. The very
rapid energy reinjection and cooling are required.
A nonzero time lag and 2BB spectrum strongly im-
ply that the two components of 2BB come from
different regions and/or different radiation mech-
anisms even though the 2BB model may only be
empirical.

3.3 Spectral Properties

The spectral shape of five models (i.e., PLE, 2BB,
disk-BB, BB+OTTB and BB+PL), have the dif-
ferent shapes below 5 keV and above 80 keV. The

2BB model reproduces all the spectra in our sam-
ples quite well, while there are signatures of slight
excesses in the ranges below 5 keV and/or above
80 keV in the case of other models. The high qual-
ity data would be required to distinguish the mod-
els in these energy bands. The apparent constant
temperatures of 2BB may imply an unified view
of burst mechanisms and/or radiative transfer, for
both SGR 1806−20 and SGR 1900+14.

3.4 Origin of 2BB Emissions

The dominant emission process should be syn-
chrotron if a magnetar is the origin (the syn-
chrotron cooling time scale is τs = 3 × 10−15 s).
The “blackbody spectra” in 2BB could simply be
apparent shape, and 2BB would only be an em-
pirical formula to represent spectra of the short
bursts. Considering the time lag (∼ 2.2ms) and
the 2BB spectra, one of the possibility is as fol-
lows: The kTHT ∼ 11 keV component is emitted
near the SGR site (e.g. in the magnetosphere), and
kTLT ∼ 4 keV component is reprocessed emissions
in the hot plasma or the disk. Other possibilities
are summarized in our recent paper [22].
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[19] Götz, D., Mereghetti, S., Mirabel, I. F., & Hur-
ley, K. 2004, A&A, 417, L45

[20] Shirasaki, Y., et al. 2003, PASJ, 55, 1033

[21] Atteia, J. -L., et al. 2003, in Gamma-
Ray Bursts and Afterglow Astronomy, ed.
G. R. Ricker & R. Vanderspek (Melville: AIP),
662, 17

[22] Nakagawa, Y. E., et al. 2007, accepted for pub-
lication in PASJ, arXiv: astro-ph/0701701

4


