
Mem. S.A.It. Vol. 84, 560
c© SAIt 2013 Memorie della

Wide-band spectra of magnetar burst and
persistent emission

Y.E. Nakagawa1, K. Makishima2, T. Enoto3, T. Sakamoto4, T. Mihara3, M. Sugizaki3,

K. Yamaoka5, K. Hurley6, A. Yoshida4, P. Gandhi5, M. Tashiro7, and M. Morii8

1 Research Institute for Science and Engineering, Waseda University, 17 Kikui-cho,
Shinjuku-ku, Tokyo 162-0044, Japan, e-mail: yujin@aoni.waseda.jp

2 Department of Physics, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033,
Japan

3 Institute of Physical and Chemical Research (RIKEN), 2-1 Hirosawa, Wako, Saitama
351-0198, Japan

4 Graduate School of Science and Engineering, Aoyama Gakuin University, 5-10-1
Fuchinobe, Chuo-ku, Sagamihara, Kanagawa 252-5258, Japan

5 Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency, 3-1-1
Yoshinodai, Chuo-ku, Sagamihara, Kanagawa 252-5210, Japan

6 Space Sciences Laboratory, University of California at Berkeley, 7 Gauss Way, Berkeley,
California, 94720-7450, USA

7 Department of Physics, Saitama University, 255 Shimo-Okubo, Sakura-ku, Saitama,
Saitama 338-8570, Japan

8 Department of Physics, Tokyo Institute of Technology, 2-12-1 Ookayama, Meguro-ku,
Tokyo 152-8551, Japan

Abstract. We studied wide-band spectra of magnetar bursts and persistent emission us-
ing Suzaku and HETE-2 data. Small burst spectra of SGR 0501+4516 consist of a two
blackbody function and a hard power-law which are the same components during persis-
tent emission. In addition, the bright burst spectra of SGR 1806−20 observed by HETE-2
also consist of the same components. Luminosities of two components for both bursts and
persistent emission show a correlation over five orders of magnitude. These results suggest
a common emission mechanism between burst and persistent emission, further leading to a
possibility that the persistent emission may consist of numerous micro bursts. A ToO obser-
vation of AXP 4U0142+614 with Suzaku on 7 September 2011 suggests that the persistent
emission spectrum in the active phase might be harder than that in the quiet phase.
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1. Introduction

Astrophysical interest in magnetars, strongly
magnetized neutron stars with surface fields up
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to ∼ 1015 G (Duncan, & Thompson 1992), has
been growing for the last decade. They emit X-
ray photons through magnetic field dissipation.
Magnetars are unique objects to study interac-
tions between magnetic fields and photons.

Soft gamma repeaters (SGRs) and anoma-
lous X-ray pulsars (AXPs) are phenomenologi-
cally defined to be magnetars. They exhibit X-
ray persistent emission (∼ 10−11 erg cm−2 s−1

in 2-10 keV) and super-Eddington burst activ-
ity (∼ 10−6 erg cm−2 s−1 in 2-100 keV). These
energetic phenomena are presumably related
to electron-positron plasmas in the magneto-
sphere. Since there are several common char-
acteristics between the SGRs and the AXPs
such as spectra and rotation periods of 2-12 s,
they are thought to be the same class of ob-
jects. However the emission mechanisms of the
burst and persistent emission remain unknown.
The spectra of the X-ray persistent emission
below 10 keV are well modeled by a pho-
toelectrically absorbed two blackbody func-
tion (2BB) or blackbody plus a power law
(BB+PL). Recent studies using INTEGRAL
(e.g., Kuiper, Hermsen, & Mendez 2004) and
Suzaku (e.g., Enoto et al. 2010), found a hard
X-ray component above 10 keV in the spec-
tra of the persistent emission which is well
described by PL with very hard photon in-
dices of about −1. The most acceptable spec-
tral model of SGR short bursts detected by the
High Energy Transient Explorer 2 (HETE-2;
Ricker et al. 2003) is a 2BB model (Nakagawa
et al. 2007).

Given that the bursts and persistent emis-
sion are both energized by the magnetic fields
which are thought to be a promising energy
source, there could be very similar physical
processes between them. Consequently, their
spectra could emerge alike. The spectra of
both the bursts and persistent emission show
a strong linear correlation between the lower
and higher temperatures of 2BB (Nakagawa et
al. 2009). This correlation suggests common
emission mechanisms between the bursts and
persistent emission (Nakagawa et al. 2009).
If this is the case, the burst spectra may also
display the hard X-ray component which has
only been found in the spectra of the persistent
emission so far.

2. Hard power-law component in
bursts and persistent emissions

We present spectral studies of burst emission
of SGR 0501+4516 and SGR 1806−20, and
persistent emission of AXP 4U 0142+614. All
quoted errors are 90% confidence levels.

2.1. Suzaku observations of small bursts
from SGR 0501+4516

SGR 0501+4516 was discovered by Swift on
22 August 2008. Since it was undergoing in-
tense burst activity, a Suzaku ToO observa-
tion was performed on 26 August 2008 with
the Suzaku narrow field instruments; the X-ray
imaging spectrometer (XIS; 0.2-12 keV energy
band; Koyama et al. 2007), and the hard X-
ray detector (HXD; 10-700 keV energy band;
Takahashi et al. 2007). Suzaku detected the X–
ray persistent emission, and 32 bursts during
a ∼20 ks observation (Enoto et al. 2009). An
analysis of a large burst was reported in Enoto
et al. (2009). Then we analyzed 31 short bursts
with low fluences which were not affected by
pile-up. Since there was not enough statistics
in each short burst, we summed their spec-
tra. The photoelectric absorption was fixed to
8.9 × 1021 cm−2 (Enoto et al. 2009).

The summed spectrum of the 31 short
bursts cannot be reproduced by a 2BB model,
despite the fact that this model is known as
the most acceptable model for the SGR short
bursts (Nakagawa et al. 2007). There is an ex-
cess above ∼20 keV. The excess is well repro-
duced by PL with an index of −1.0+0.4

−0.3 which
is comparable to the indices of the hard X-ray
component in the persistent emission spectra.
Therefore we have discovered hard X-ray com-
ponent in a burst spectrum which was found
only in the persistent emission spectra so far.

2.2. HETE-2 observations of bright
bursts from SGR 1806−20

The hard X-ray component was not seen in
bright bursts (∼10−7–10−6 erg cm−2 s−1). In or-
der to examine effects of the hard X-ray com-
ponent on bright bursts spectra, we re-analyzed
50 bright bursts from SGR 1806−20 detected
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Fig. 1. Spectra of the bright bursts in the group
with fluxes of (2.82-7.98)×10−6 erg cm−2 s−1 from
SGR 1806−20 observed by HETE-2. Panel (a) is
spectra, panels (b)-(c) are residuals using 2BB and
2BB+PL, while panel (d) is the same as panel (a),
but in the νFν form.

by the Wide-Field X-ray Monitor (WXM; 2-
25 keV energy band; Shirasaki et al. 2003)
and French Gamma Telescope (FREGATE; 6-
400 keV energy band; Atteia et al. 2003) on-
board HETE-2 (Nakagawa et al. 2007). Since
temperatures of the 2BB models show almost
constant values with ∼4 keV and ∼11 keV,
we divided 50 bursts into 6 groups based on
fluxes; 0.32-0.75, 0.75-1.03, 1.03-1.32, 1.32-
1.58, 1.68-2.53, and 2.82-7.98 in unist of
10−6 erg cm−2 s−1. The spectra in all groups are
well fitted by a 2BB+PL model.

2.3. Suzaku observations of persistent
emissions of AXP 4U 0142+614

The Swift team reported that
AXP 4U 0142+614 exhibited burst activi-
ties on 29 July 2011 and presented more than
10 bursts (Oates et al. 2011). We performed
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Fig. 2. A hardness ratio between a spectrum in the
active phase and that in the quiet phase.

monitoring observations of AXP 4U 0142+614
using the X-ray Telescope (XRT; Burrows
et al. 2005) on-board Swift (Gehrels et al.
2004). These observations show that the object
maintained 20-30% increase in luminosities
for more than a month. In the past decade, a
variability of the luminosity is less than ±10%
(Gonzalez et al. 2010). Then we performed a
ToO observation of AXP 4U 0142+614 with
Suzaku on 7 September 2011 because we
expected that the object was in a rare active
phase. There are no significant bursts during
the ∼41 ks observation.

To compare a spectrum of this ToO obser-
vation in an active phase with a spectrum of
the observation in a quiet phase (Enoto et al.
2011) in a model-independent manner, we di-
rectly divided the former spectrum by the latter
spectrum using the data of the XIS and HXD
instruments. A hardness ratio is shown in fig-
ure 2. The spectra are clearly hard in about 1-
10 keV in the active phase.

Spectral analyses of persistent emission
with a 2BB+PL model imply a 2BB luminos-
ity of (4.52±0.12)×1035 erg s−1 and a PL lumi-
nosity in 2-70 keV of (10.2±0.7)×1034 erg s−1.
These luminosities are 5% and 19% higher
than the luminosities in the quiet phase (Enoto
et al. 2011) of (4.31±0.01)×1035 erg s−1 and
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Fig. 3. Wide-band spectra of the persistent emission
of AXP 4U 0142+614 observed by Suzaku. Panel
(a) is spectra, panels (b) is residuals using 2BB+PL,
while panel (c) is the same as panel (a), but in the
νFν form.

(8.6±0.9)×1034 erg s−1, respectively. This re-
sult implies that the persistent emission spec-
trum in the active phase might be harder than
that in the quiet phase.

3. Conclusions

The bursts and persistent emission are simi-
lar, comprising not only the soft 2BB compo-
nent, but also the hard PL component. Figure
4 presents a correlation between bolometric lu-
minosities of the 2BB component and the lumi-
nosities of PL component which were derived
from the Suzaku and HETE-2 data. The lumi-
nosities for AXP 1E 1547.0−5408 (Enoto et al.
2012) are also presented. There is a clear corre-
lation over five orders of magnitude. These re-
sults suggest a common emission mechanisms
between bursts and persistent emission. The
persistent emission could be formed as a result
of numerous micro bursts. The spectra of the
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Fig. 4. A correlation between bolometric luminosi-
ties of 2BB and luminosities of PL.

persistent emission in the active phase might
be harder than those in the quiet phase.
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