
ar
X

iv
:0

71
1.

03
06

v1
  [

as
tr

o-
ph

]  
2 

N
ov

 2
00

7

The first Suzaku observation of SGR 1806−20
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Abstract. The soft gamma-ray repeater SGR 1806−20 has been attracting a lot of attention owing to the fact that in December
2004 it emitted the most powerful giant flare ever observed. Here we present the results of the firstSuzakuobservation of
SGR 1806−20, that seems to have reached a state characterized by a flux close to the pre-flare level and by a relatively soft
spectrum. Despite this, the source remained quite active, as testified by several short bursts observed bySuzaku. We discuss
the broadband spectral properties of SGR 1806−20 in the context of the magnetar model, considering its recent theoretical
developments.
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INTRODUCTION

The Soft Gamma-ray Repeater (SGR) SGR 1806−20
was discovered in 1979 as a transient source of high-
energy photons [1]. SGRs emit sporadic and short
(∼0.1 s) bursts of (relatively) soft gamma-rays with lu-
minosity of 1040–1041 erg s−1during periods of activ-
ity, that are often broken by long intervals of quies-
cence. SGRs are thought to be magnetars: highly mag-
netized neutron stars with field strength of 1014–1015 G,
considerably larger than those of the majority of ra-
dio pulsars [2, 3]. In the magnetar framework, the ulti-
mate source of energy for the bursts and the quiescent
emission is the ultra-strong magnetic field. The persis-
tent X-ray counterpart of SGR 1806−20 was observed
for the first time with theASCAsatellite in 1993 [4]
in soft X-rays (<10 keV) and more recently also in the
hard X-ray range withINTEGRAL[5]. A RXTEobser-
vation led to the discovery of pulsations in the persistent
emission with periodP ≃ 7.47 s and period derivative
Ṗ≃ 2.6×10−3 s yr−1 [6]. Under the assumption of pure
magnetic dipole braking, these values imply a surface
magnetic field strength of 8×1014 G, strongly support-
ing the magnetar model.

Both the burst rate and the X-ray persistent emis-
sion of SGR 1806−20 started increasing during 2003 and
throughout 2004 [7], culminating with the giant flare of
2004 December 27, during which∼1047 erg were re-
leased (assuming isotropic luminosity and a distance of
15 kpc),∼100 times more than in the flares observed

from SGR 0526–66 in 1979 and from SGR 1900+14 in
1998 [8]. After the giant flare, the persistent X-ray flux
of SGR 1806−20 started to decrease, eventually recover-
ing the “historical” pre-flare level, and its X-ray spectrum
to soften [9]. A similar flux decrease have been observed
from its hard X-ray and infrared counterparts [9]. Here
we present the results of the firstSuzakuobservation of
SGR 1806−20 and we discuss the spectral properties of
its persistent emission.

OBSERVATION AND DATA ANALYSIS

TheSuzakuX-ray observatory [10] carries on board the
XIS spectrometers operating in the 0.2–12 keV energy
band, and the HXD collimated detector, which covers
the 10–70 keV energy range with PIN diodes and the
40–600 keV with GSO scintillators. The observation
of SGR 1806−20 started on 2006 September 09 at
23:13 UT, and ended on September 11 at 04:01 UT, for
a net exposure of 46.4 ks in the XIS and 48.4 ks in the
PIN, after a screening based on standard criteria [see
11, for more details]. By an inspection of theSuzaku
lightcurves we found several bursts, that were excluded
by appropriate time selections to derive the spectral
results reported below (the analysis of the bursts is
presented in [11]). Apart from the bursts, no variability
in the XIS light curves of SGR 1806−20 was detected
(the 8 s time resolution of the XIS does not allow to
detect the pulsation).
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TABLE 1. Summary of the spectral results in the
1.5–12 keV energy range. Errors are quoted at the 90% con-
fidence level for a single interesting parameter.

Parameter Value
PL PL + BB

NH (1022 cm−2) 6.4±0.2 7.1+0.6
−0.5

Γ 2.03±0.04 1.8±0.1
kBT (keV) – 0.49+0.08

−0.07
RBB

∗ (km) – 5+9
−2

Flux† (10−11erg cm−2 s−1) 1.90±0.04 2.1±0.1
χ2

r (d.o.f.) 1.16 (283) 0.98 (281)

∗ Radius at infinity assuming a distance of 15 kpc.
† Flux in the 2–10 keV range, corrected for the absorption.

Owing to the high interstellar absorption, very few
counts were detected from SGR 1806−20 at low en-
ergies and thus we limited the spectral analysis to the
1.5–12 keV energy range. We fit simultaneously the
four XIS spectra adopting a power-law and a power-law
plus blackbody model. The reducedχ2 of the former
fit, χ2

r = 1.16 for 283 degrees of freedom (d.o.f.), cor-
responding to a null hypothesis probability (n.h.p.) of
0.03, is not completely satisfactory. The power-law plus
blackbody model provided a better fit, withχ2

r = 0.98
for 281 d.o.f. (n.h.p. = 0.6). The best fit parameters are
reported in Table 1 for both models. The presence of the
blackbody component is consistent with the findings of
severalXMM-Newtonobservations [7, 9].

The advantages of HXD over previous non imaging
instruments are its small field of view (34′×34′ FWHM
below∼100 keV) and a low instrumental background.
The images obtained fromINTEGRALvery deep expo-
sures do not show contaminating point sources within
the HXD field of view [see 5, Fig. 1] and no bright
and hard X-ray point sources below 10 keV have been
found in the SIMBAD database. However, given that
SGR 1806−20 lies at low Galactic latitude and longitude
(b ≃ 0◦ and l ≃ 10◦), the study of its emission in the
hard X / soft gamma-ray band is complicated by the
presence of the diffuse emission from the Galactic
Ridge [GR; e.g., 12]. A flux possibly associated with
SGR 1806−20 is detected in the HXD-PIN data up to
∼40 keV (no significant emission is detected in the GSO
data). The instrumental background counts obtained
by simulations based on the present knowledge of PIN
in-orbit performances (instrumental background events
were provided by the HXD Team), are about 70% of
the ∼26,400 total counts in the 12–40 keV band. We
note that to account for the whole signal detected in the
HXD-PIN instrument, the GR emission in the HXD field
of view should be∼7 times higher than that reported
by [12]. This seems very unlikely and therefore we
consider significant the detection of SGR 1806−20.
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FIGURE 1. Broad-bandSuzakuspectrum of SGR 1806−20.
The SuzakuXIS and HXD-PIN data are fit with the bro-
ken power-law (dashed line) plus blackbody (dot-dashed line)
model. The XIS 1 data are not shown for clarity.

However, both its spectral shape and flux are subject to
the uncertainty reflecting the coarse knowledge of the
GR contribution to the background. Including the cosmic
diffuse and GR emission as fixed components [see 11,
for details], we fitted the PIN spectrum to a power-law
model. The best-fit parameters (χ2

r = 0.90 for 10 d.o.f.)
are Γ = 2.0± 0.2 and flux in the 20–60 keV range of
(3.0±0.5)×10−11 erg cm−2 s−1. Fitting together the
PIN and XIS spectra (for the broadband analysis we
added the spectra of the three front-illuminated CCDs:
XIS 0, 2, and 3), we find that the PIN data must be
scaled downward by a factor of∼2 to be consistent
with the parameters derived in the 1.5–12 keV energy
range. This scaling factor is unacceptably large, since
the uncertainty in the relative calibration of the two in-
struments in the energy band considered here is less than
20% [13]. To better reproduce the broadband spectrum
we tried a broken power-law plus blackbody model,
with a normalization factor between the instruments
kept at<1.2. We find an acceptable fit (χ2

r = 1.09 for
354 d.o.f.; n.h.p. = 0.13) with the photon index changing
from 1.0±0.1 below the break at 16±2 keV to 2.2+0.4

−0.2

above it, kBT = 0.8± 0.1 keV, RBB = 2.5+0.4
−0.3 km (at

15 kpc), and NH = 5.6+0.3
−0.4×1022 cm−2 (see Fig. 1).

The corresponding 2–10 keV and 20–60 keV un-
absorbed fluxes are∼2×10−11 erg cm−2 s−1 and
∼3×10−11 erg cm−2 s−1, respectively.

DISCUSSION

Although theSuzaku/HXD does not have imaging capa-
bilities, we know thanks toINTEGRALobservations that
no other bright hard X-ray point sources are present in its
field of view. The uncertainties in the instrumental back-
ground (currently at the∼5% level, [13]) and in the mod-



elling of the GR emission are a more concern. Future im-
provements in the knowledge of these components may
eventually allow us to obtain more robust conclusions.
With all these caveats in mind we proceed now to dis-
cuss the broadband spectrum of SGR 1806−20.

With respect to the XIS, the HXD data show an “ex-
cess” (see Fig. 1) that cannot be completely ascribed to
calibration uncertainties between the instruments. Given
the lack of a direct measure of the GR emission around
SGR 1806−20, we cannot exclude that this excess is
due an underestimation of such contribution to the back-
ground. If instead it is a real feature of the source spec-
trum, its broadband spectrum could be empirically mod-
eled adopting a power-law with the photon-index chang-
ing from∼1 to∼2 at∼16 keV, and a blackbody compo-
nent withkBT ∼ 0.8 keV. This would agree with the re-
sults reported by [14], who point out that the hard tails of
the SGRs are softer than the power-law components mea-
sured below 10 keV. If confirmed, the presence of down-
break in the 10–20 keV spectrum of SGR 1806−20 has
remarkable physical implications. The HXD data sug-
gests that the soft power-law can extend well above the
XMM-NewtonandChandraspectral band, potentially up
to ∼15–20 keV, before it turns downwards to match the
steeper power-law spectrum measured at higher energy.
Up to now, it is still unclear wether a single physical
mechanism is responsible for the observed spectrum in
the 1–200 keV band, or the soft (∼1–10 keV) and the
hard (>20 keV) emission are produced in different ways.
In the latter case, the overall spectral shape changes in
time and the difference between the sources may be pro-
duced by the different relative strength of the soft and
hard components.

Recently, theoretical computations of the magnetars
broadband spectra have been presented, in the attempt
to identify a common physical mechanism which could
explain both the hard and soft X-ray emission. As sug-
gested by [15], within the twisted magnetosphere model
a substantial non-thermal (power-law) component ap-
pears as the result of resonant cyclotron up-scattering
of soft surface-emitted photons onto charges flowing
into the magnetosphere. A simple one-dimensional treat-
ment of resonant compton scattering (RCS) has been pre-
sented by [16] and more detailed, 3-dimensional com-
putations have been performed by [17]. Since all these
treatments are based on the use of the non-relativistic
(Thompson) magnetic cross section, spectral predictions
are supposedly accurate only up to∼30–50 keV. This
is, however, well above the spectral break detected by
Suzaku. Interestingly, some of the model spectra pre-
sented by [17] exhibit a downward break in the tens of
keV range and have an overall shape quite reminiscent
of the XIS/HXD spectrum of SGR 1806−20. In particu-
lar (see their Fig. 6 and Fig. 11), when assuming a (non-
thermal) top-hat velocity distribution or a broadband ve-

locity distribution for the magnetospheric charges, mul-
tiple peaks can appear in the spectrum. Due to the com-
plexity of the model, it is difficult to predict the relative
position of the peaks, but it may well be that the down-
turn detected in our data witnesses the presence of a sec-
ond “hump” (in addition to the main thermal one) in the
range 10–20 keV. Nobili, Turolla, & Zane (in prepara-
tion), assuming a 1-dimensional thermal electron distri-
bution superimposed to a (constant) bulk velocity, found
also double humped spectra. In this case the second (and
only) hump occurs when resonant scattering is efficient
enough to fill the Wien peak at the temperature of the
comptonizing particles. A spectral break at∼15 keV
would translate then in a temperature of∼5 keV for the
magnetospheric electrons. Therefore, if confirmed, the
spectral break in the X-ray data of SGR 1806−20 may
lend further support to the RCS model and prove useful
in constraining the physical parameters of the model.

ACKNOWLEDGMENTS

PE thanks the McGill University and in particular
V. M. Kaspi, A. Cumming, M. Zamfir, R. P. Breton, and
J. Gardner, for the warm hospitality.

REFERENCES

1. J. G. Laros, E. E. Fenimore, M. M. Fikani, et al., Nature
322, 152 (1986).

2. C. Thompson, and R. C. Duncan, MNRAS275, 255
(1995).

3. C. Thompson, and R. C. Duncan, ApJ473, 322 (1996).
4. T. Murakami, Y. Tanaka, S. R. Kulkarni, et al., Nature

368, 127 (1994).
5. S. Mereghetti, D. Götz, I. F. Mirabel, and K. Hurley,

A&A 433, L9 (2005).
6. C. Kouveliotou, S. Dieters, T. Strohmayer, et al., Nature

393, 235 (1998).
7. S. Mereghetti, A. Tiengo, P. Esposito, et al., ApJ628, 938

(2005).
8. K. Hurley, S. E. Boggs, D. M. Smith, et al., Nature434,

1098 (2005).
9. S. Mereghetti, P. Esposito, and A. Tiengo, Ap&SS308,

13 (2007).
10. K. Mitsuda, M. Bautz, H. Inoue, et al., PASJ59, 1 (2007).
11. P. Esposito, S. Mereghetti, A. Tiengo, et al., A&A, in

press [arXiv: astro-ph/0710.2789] (2007).
12. A. Valinia, and F. E. Marshall, ApJ505, 134 (1998).
13. M. Kokubun, K. Makishima, T. Takahashi, et al., PASJ

59, 53 (2007).
14. D. Götz, S. Mereghetti, A. Tiengo, and P. Esposito, A&A

449, L31 (2006).
15. C. Thompson, M. Lyutikov, and S. R. Kulkarni, ApJ574,

332 (2002).
16. M. Lyutikov, and F. P. Gavriil, MNRAS368, 690 (2006).
17. R. Fernández, and C. Thompson, ApJ660, 615 (2007).


