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Abstract

We calculated RMS intensity variations of persistent X-ray emissions of 11 magnetars using 8 s light
curves in 0.2–12 keV observed by Suzaku. Their net exposures are 11–107 ks. The RMS intensity varia-
tions are estimated to be 1.3–18.8% which are significantly greater than zero expected from the Poisson
distribution. In addition, we found the RMS intensity variations increase toward higher energy bands at
least for two magnetars.
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1. Introductions

Magnetars are highly magnetized neutron stars with
field strengths greater than the quantum critical value
4.4×1013 G (Duncan & Thompson 1992). They emit
X-ray photons through magnetic field dissipation, and
therefore they are unique objects to study physical phe-
nomena under high magnetic field strength.

Soft gamma repeaters (SGRs) and anomalous X-ray
pulsars (AXP) are phenomenologically defined as X-ray
counterparts of the magnetrs. They exhibit persistent X-
ray emission and sporadic bursts. The persistent X-ray
energy spectra have been known to consist of thermal
(<10 keV) and hard X-ray (>10 keV) components (e.g.,
Enoto et al. 2010). We discovered that the burst spec-
tra also consist of the same components using Suzaku
data (Nakagawa et al. 2011; Enoto et al. 2012). Lu-
minosities of those two components are found to show
a correlation over five orders of magnitude (Nakagawa
et al. 2011). These results suggest a common emission
mechanism between the persistent X-ray emissions and
the bursts. Furthermore, these results lead a possibility
that the persistent X-ray emission consists of numerous
micro bursts of various sizes.

If the persistent X-ray emission consists of numer-
ous micro bursts of various sizes, a dispersion of micro
burst intensities exceeds that of the Poisson distribution.
Therefore RMS intensity variations in the persistent X-
ray emission is estimated to be larger than zero expected
from the Poisson distribution. In order to calculate the
variations, Suzaku observations are suitable because of
a high sensitivity and a wide energy band. Suzaku has
narrow field instruments of X-ray imaging spectrometer
(XIS; 0.2–12 keV; Koyama et al. 2007), and the hard X-

ray detector (HXD; 10–700 keV; Takahashi et al. 2007).

2. Observations and Data Analysis

We analyzed 21 observational data set for 11 magne-
tars observed by Suzaku summarized in table 1. The
source and background data of the XIS were both ex-
tracted from box regions. Using 0.2–12 keV light curves
obtained by the XIS, bursts with 5 sigma significance are
removed from source light curves. Then we subtracted
background counts from the source light curves. Figure
1 shows a 0.2–12 keV light curve of SGR0501+4516.
First, we calculated RMS intensity variations using

0.2-12 keV XIS light curves. The RMS intensity varia-
tions RV are defined to be
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where i is bin number, xi is photons per bin, x is an
average of xi, δxi

is an error of xi and N is a num-
ber of bins. Based on Monte Carlo simulations, we
confirmed that variations due to rotations and flux de-
creasing/increasing both do not affect the RMS intensity
variations. We calculated the RMS intensity variations
for each observation using background-subtracted light
curves in the 0.2–12 keV energy band. The RMS inten-
sity variations are found to be 1.3–18.8% summarized in
table 1, whcih are significantly greater than zero.
Next, We investigated an energy dependency of the

RMS intensity variations using the data of XIS and
HXD-PIN. Figure 2 shows an energy dependency of the
RMS intensity variations for SGR0501+4516. The RMS
intensity variations increase in higher energy bands. The
similar result is also obtained by AXP1E1547.0−5408.
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Fig. 1. A 0.2–12 keV XIS light curve of SGR 0501+4516. The time resolution is 8 s. The background are subtracted. Bursts with 5σ

significance are removed.
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Fig. 2. An energy dependency of the RMS intensity variations of SGR 0501+4516. Circles indicate the variations of the XIS, and a square

indicates those of the HXD-PIN.

3. Conclusions

We discovered RMS intensity variations 1.3–18.8% for
11 magnetars over those expected from the Poisson
distribution. This result supports our idea that the
persistent X-ray emission consists of numerous micro
bursts. We also discovered an energy dependency of
the RMS intensity variations for SGR0501+4516 and
AXP1E1547.0−5408, that the RMS intensity variations
increase in higher energy band. The energy dependencies
for remaining 9 magnetars are under investigation, be-
cause careful estimations are required due to low statis-
tics of light curves obtained by the HXD-PIN. The RMS
intensity variations are highly increased at ∼8 keV and
∼4 keV for SGR0501+4516 and AXP1E1547.0−5408,
respectively. These energies are crossing points of the
soft thermal components and the hard X-ray compo-
nents. The positive energy dependency of the RMS in-
tensity variations implies that the hard X-ray compo-
nents vary much stronger than the soft thermal compo-
nent (e.g., 2BB).
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Table 1. A summary of magnetars used in this study with their RMS
intensity variations.

Object(a) OBSID(b) RV
(c)

(%)
SGR0501+4516 404078010 9.2±1.1

405075010 7.2±2.5
903002010 7.37±0.07

SGR1833−0832 904006010 18.8±1.1
SGR1900+14 401022010 6.8±2.7

404077010 9.6±3.5
SGR1806−20 401021010 6.4±4.8

401092010 6.5±0.8
402094010 4.2±0.5
406069010 16.4±0.4

AXP1E1547.0−5408 405024010 8.4±0.6
903006010 14.7±0.2

AXP4U0142+614 402013010 2.0±0.1
404079010 1.3±0.3
406031010 1.8±0.3

AXPSwift J1822.3−1606 906002010 6.0±0.3
AXPCXOUJ164710.2−455216 901002010 3.3±0.7
AXP1E1048.1−5937 403005010 3.0±1.0
AXP1E2259+586 404076010 4.1±0.1
AXP1RXSJ170849.0−400910 404080010 7.85±0.07

405076010 9.25±0.06
(a) Object name of the SGRs and AXPs.
(b) Suzaku observation ID.
(c) The RMS intensity variations in 0.2–12 keV.
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