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ABSTRACT: We present the pointed X-ray observations of Magnetic Cataclysmic Variables
V1223 Sgr using Suzaku satellite. The intermediate polar V1223 Sgr data was extracted from
the High Energy and Astrophysical Science Archive Research Centre (HEASARC), observed by
the Suzaku team using the Suzaku satellite. The target was observed with Suzaku satellite on
18-07-2007 for 91 kiloseconds (ks). We modeled the spectrum of the system with an absorbed
thermal bremsstrahlung model plus three Gaussian lines for the iron lines. We resolved the neutral
or low-ionized (6.41 keV), He-like (6.70 keV), and H-like (7.00 keV) iron lines. The absorbing
hydrogen column density in both the full and partial covering is present in our source. We also
obtain a thermal continuum temperature of 25 keV, which supports a thermal origin of the hard
X-rays observed from the shock heated layers of gas between the white dwarf and the shock front.
Hence, we observed that the He-like and H-like lines are from the collisional plasma. On the origin
of the Fe Kα fluorescence line, we found that it could be partly from reflections of hard X-rays
from the white dwarf surface and the NH absorption columns. Thus we argued that the Fe Kα
fluorescence line in V1223 Sgr is created due to irradiation of the accretion disk by hard X-ray from
the shock region
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I. INTRODUCTION

Magnetic cataclysmic variables (mCVs) a sub-class of cataclysmic
Variables CVs are binaries systems composed of a white dwarf
(WD) primary and a main-sequence secondary star, or a red giant
that fills its Roche lobe. mCVs are of two classes basically known
as Polars Ps and Intermediate Polars IPs. The intermediate polars
IPs harbor a magnetized WD (B < 10MG) whose rotation is not
synchronized with the secondary rotation. In IPs, matter spill over
the Roche lobe of the secondary star and is funneled onto the accre-
tion columns by the strong magnetic field within the Alfven radius,
and falls toward the WD surface nearly at the freefall speed. Since
the accreting matter becomes highly supersonic as it descends the
column, a strong standing shock is formed close to the WD sur-
face, and the matter is heated up (Hoshi, 1973; Aizu, 1973). The
high-temperature plasma thus formed is cooled via optically thin
thermal plasma emission, and finally settles onto the WD surface.
Since the accretion is inhomogeneous, the X-ray intensity from the
IPs are modulated at the WD rotational period. The modulation is

mainly due to photoelectric absorption by the pre-shock accreting
matter. As a result, the modulation depth increases with decreas-
ing X-ray energy, and the pulse-intensity-minimum occurs when
one of the accretion columns becomes closest to the observer’s line
of sight (Rosen et al., 1988). The rotation period of the WD is
asynchronous with the orbital period of the system, i.e., Porb =
Prot (Chanmugam and Frank, 1987). IPs are known to emit hard
X-ray spectra, compared to the polars, which is attributed to their
high accretion rates (Aungwerojwit, 2011).
V1223 Sgr is a magnetic cataclysmic variable of the IP type. The
system manifest strong mass accretion related activity from radio
up to gamma-ray regime, on time-scales of seconds to millions of
years (Nwaffiah and Eze, 2014). It is the brightest IP so far ob-
served. The system is a bright X-ray source (4U 1849 -31) Steiner
et al., (1981), located at a distance of about 510 pc. The position
of V1223 Sgr in the equatorial coordinate system is: RA 18h 55m
02.31s; DEC -31h 09 m 49.5s (Nwaffiah and Eze, 2014). Based on
the Beuermann et al. (2004), the value of the B-field of the WD lies
in the range (0.5-8) ×106G. The proposed radius and mass of the
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WD are respectively 4.17 × 108cm and 1.17� (Beuermann et al.,
2004). Hayashi et al. (2011) also proposed a radius of 6.9 × 108cm
and a mass of 0.82�. The accretion rate is about ≈ 1017gs1. This
value was obtained from the observed X-ray luminosity, LX = 2 ×
1034ergs1 (Barlow et al., 2006; Revnivtsev et al., 2008). The WD
orbital period, Porb, is 3.37 hr. (Osborne et al. 1985; Jablonski and
Steiner 1987), while its spin or rotational period Prot = 746s (Os-
borne et al., 1985). The system is known to have prominent long
term brightness variations, i.e., outbursts with duration of about
6 hr and amplitude ≥ 1 mag (van Amerongen and van Paradijs,
1989) and episodes of deep low states (brightness decrease by sev-
eral magnitudes) (Garnavich and Szkody, 1988).
Intermediate polars have been observed to emit Fe Kα lines, which
are resolved into fluorescence (6.4 keV) and He-like (6.7 keV) and
H-like (7.0 keV) lines (Ezuka and Ishida, 1999; Mukai et al., 2003;
Hellier and Mukai, 2004; Yuasa et al., 2010). Reflection of hard X-
rays from the white dwarf surface could contribute significantly to
the observed Fe Kα fluorescence line in intermediate polars Ezuka
and Ishida, (1999). Hayashi et al., (2011) discussed the creation of
6.4 keV line emissions from V1223 Sgr as a result of reflection of
X-rays from the white dwarf surface of the system. The 6.4 keV
iron emission line is typically created by irradiation of the neutral
(or low ionized) material (iron) by a hard X-ray source Eze (2014).
The emission of the He-like and H-like line is due to photoioniza-
tion and collisional ionization in a hot plasma. On the other hand,
the intensity of the reflected continuum is useful for evaluating the
geometry of the hot plasma (Esaenwi et al., 2015). In addition to
the continuum, an iron emission line at 6.4 keV emanates from the
same reflector via fluorescence. Its equivalent width (EW) is use-
ful for evaluating the solid angle of the reflector viewed from the
plasma (Makishima 1986; George and Fabian, 1991). Since part
of the 6.4 keV line is emitted from the pre-shock accreting matter,
its central energy modulation at the WD rotational period may be
detected from some IPs.

II. OBSERVATIONS AND DATA REDUCTION

A. Observation:

The Suzaku observation of V1223 Sgr (Obsid. 402002010) was
observed with Suzaku satellite on 18-07-2007 for 91 kiloseconds
(ks). The observation log is summarized in Table 1. Suzaku is
equipped with four modules of the XIS, which are designed as XIS
0, XIS 1, XIS 2, and XIS 3. Of them all, only XIS 1 adopts a
back-illuminated (BI) CCD, while the other three employ front-
illuminated (FI) CCDs. They cover energy ranges of 0.2-10 keV
and 0.4-10 keV, respectively. Their energy resolution is 150 eV
(FI) and 160 eV (BI) in FWHM at 6 keV at the time of this obser-
vation. The energy calibration accuracy at the Mn-Kα line (5.895
keV) is ≤ 5 eV . One of the modules, XIS 2, has been out of use
since 2006 November, and hence we discuss the other three XIS
modules in this paper. Each XIS module is located in the focal
plane of an X-ray telescope XRT (Serlemitsos et al. 2007). The
XRT adopts Wolter-I type grazing-incident reflective optics which
is tightly nested, thin-foil conical mirror shells. The angular resolu-
tion ranges from 1.08 to 2.03 in half-power diameter. The effective
area is 440cm2 at 1.5 keV and 250cm2 at 8 keV per XRT module.
The energy range above 10 keV is covered in the HXD, which is a
non-imaging, collimated detector (Takahashi et al., 2007; Kokubun
et al., 2007). It is composed of two detectors, one is a PIN detector,
which adopts 2 mm-thick silicon PIN diodes, and is sensitive to X-
ray energy in 10-70 keV, while another is a GSO/BGO phoswitch
counter, which is sensitive in the 40-600 keV band. The energy
resolution is 3.0 keV (FWHM) for the PIN detector, and 7.6E1/2%
(FWHM) for the GSO detector, where E is energy in MeV. Since
no significant flux with the GSO was detected, we only use the PIN
data in this paper. Throughout the observation of V1223 Sgr, the
XIS was operated in the normal 5 x 5 and 3 x 3 editing modes

during the data rates SH/H and M/L, respectively. Spaced-row
Charge Injection (SCI) (Nakajima et al. 2008) was applied while
no window/burst options were used. The HXD PIN was operated
with a bias voltage of 500V for 8 out of 64 modules and 400V
for the others to suppress any rapid increase of noise events, pos-
sibly caused by in-orbit radiation damage. The observation was
performed at the HXD nominal position in order to collect more
photons over 10 keV where the reflection continuum stands out.

B. Data Reduction

Datasets produced by the Suzaku pipe-line processing version
2.0.6.13 with the calibration files of xrt20070622, hxd20070710 and
xis20070731, for the XRT, HXD, XIS, respectively was used for
this analysis. We processed the data with the analytical software
packages: HEASOFT version 6.3.1 and XSPEC version 12.5.1. For
the XIS analysis, we introduced photons with the ASCA grades
of 0, 2, 3, 4, 6 events. We carefully discarded the data while the
satellite telemetry was saturated and the telemetry data rate was
L in which the telemetry usually saturates. Furthermore we ex-
cluded the data taken while the Earth elevation angle was less
than 50 (ELV < 5), the day-Earth elevation angle was less than
200 (DYE ELV < 20), and the spacecraft passed in the South At-
lantic Anomaly as a result, the total exposure time of the XIS was
about 60 ks. We created a circular region of 250 pixels (4.34¨)
in radius and centered it on the V1223 Sgr image as the integra-
tion region of the source photons, which included more than 96%,
flux from the source. We collected the background photons from
an annulus between radii of 250 pixels and 500 pixels centered on
V1223 Sgr. The source and the background regions are drawn on
the observed X-ray image in Figure 2. The background subtracted
mean intensity of the XIS was 10.54+0.03

−0.02 counts s−1 in 0.1-11.5
keV with the three XIS modules. Nearly the same data-selection
criterion was applied to the HXD. However, we did not apply the
day-Earth elevation criterion (DYE ELV < 20), but instead we dis-
carded the data when the cutoff rigidity was less than 6GeVc−1.
In all, we obtained about 96 ks exposure time for the HXD PIN.

III. RESULTS AND DISCUSSION

Table 1: Best fitting parameters of V1223 Sgr by the thermal Bremsstrahlung Model 

 

 

The parameters shown in table 1 above are the continuum temper-
ature in (KT) KeV, The continuum flux in 10−3Photons−1cm−2
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(Fcounts), The centre energy 6.4, 6.7, and 7.0 lines (E6.4, E6.7,
and E7.0) in KeV, Line fluxes in 10−5Photons−1cm−1 (F6.4, F6.7,
and F7.0) and the Equivalent widths in eV (EW6.4, EW6.7, and
EW7.0). Ex Hya do not have both absorptions of Hydrogen column

density of full and partial covering matter (Nf
H and Np

H) in units of
1022cm2 with the covering fraction of the partial covering matter
(C).

 

FIG. 1: Light curve of V1223 Sgr, showing no sign of
stellar flaring activity in the source at the time of

observation.

 

FIG. 2: Spectrum of V1223 Sgr.

Suzaku spectra of V1223 Sgr fitted with a simple absorber thermal
bremsstrahlung model (suited to highly ionized disks) showing a
pointed X-ray spectral observations of Fe Kα due to irradiation
of the accretion disk by the hard X-rays and colisional ionization
at the shock front, reprocessing in a dense absorber plus partial
covering absorber of the system. The insert shows an expanded
version of the resolved iron line complex. In our search for the
origin of the Fe Kα fluorescence line in V1223 Sgr, we added an
XSPEC reflection model to the absorbed thermal bremsstrahlung
model. The spectral parameters are presented in Table 1. We
generated an XIS light curve of the source after background
subtraction. Both the BI (XIS 0) and the FI (XIS 1 and 3) data
were combined. The energy range used is 0.1-12.0 keV; while
the bin size is 512.0s. The light curve of V1223 Sgr shows no
flaring activity at the time of observation as shown in Figure 1.

The best fitting parameters of V1223 Sgr for a partial-covering
matter and full-covering matter are shown in Table 1. We also
resolve the values at a post-shock region temperature, (kT of
about 20-25 keV). Regarding the harder component, the HXD
PIN data were also fitted well by the model, although the data
points are fewer compared to that of the XIS FI and BI detectors.
We obtained a strong bremsstrahlung continuum at 25 keV,
coupled with the strong Fe Kα line consisting of neutral or low-
ionized (6.41keV), He-like (6.70keV), and H-like (7.00keV). This
signifies that the hard X-rays from V1223 Sgr are thermal in origin.

Origin of the energy shift of the line width: As clearly shown in
figure 2 and table 1, we detected a shift of the Equivalent line width
of the fluorescent Fe Kα line of EW6.4. at 6.38 0.91 to EW6.7 at
6.67 0.01 and EW7.0 at 102+54

−36. This behavior can be understood
within the framework of the accretion curtain model (Rosen et al.
1988) in which the X-ray intensity modulation is caused mainly
by photoelectric absorption in the pre-shock accretion column.
The energy shift in equivalent line width occurs when the upper
accretion column points to the observer. At the peak phase, on
the other hand, the absorption effect is minimum, and the second
pole may appear depending on the inclination angle. (Esaenwi
and Eze 2015) pointed out based on Suzaku observations of Ex
hydrae that the fluorescent iron line mainly originates from the
WD surface, which indicated a significant contribution from the
pre-shock accretion. Consequently, the energy shift of the iron line
is most likely attributed to the contribution from the pre-shock
accretion column. We first fitted the same model as shown in
Figure 2, with the iron line central energy and its width being
fixed at 6.4 keV and 7.0 keV, respectively. We fixed all of the
continuum parameters at their best-fit values (Table 1), while only
the normalization is set free to vary.

Hard X-rays from V1223 Sgr: The production of hard X-rays in
IPs such as V1223 Sgr is by the magnetically channeled accretion
column, whose impact on the WD poles is followed by thermal
bremsstrahlung cooling due to free electrons with kT of the order
of 10 keV and above (Cropper 1990;Warner 2003). The emission
is assumed to be through the post-shock region, which is below
the shock front created from the impacting accretion column. The
observed soft X-rays on the other hand are emitted through the
absorption and reprocessing of the hard X-rays in the plasma close
to the surface of the WD. The absorbed thermal bremsstrahlung
model produced a statistically acceptable spectral fit, which agrees
with the results of Galis et al. (2008), in which the broad-band
spectra (3-100 keV) of V1223 Sgr were well fitted by a thermal
bremsstrahlung model, with a post-shock region temperature, kT
of about (20-25 keV).

IV. CONCLUSION

We have reported results of the Suzaku observation of the typical
IP V1223 Sgr. The iron Kα emission lines from the WD surface
and the pre-shock accreting matter suffer photoelectric absorption
represented by a single hydrogen column density. The WD spin
period was measured to be 745.7 1.1s, and the amplitude of the
X-ray modulation is deeper in higher energy bands. This modu-
lation is mainly caused by rotational modulation of the hydrogen
column density of order NH ≈ 1022cm−2, which is very large in
the spin-minimum phase as in the spin-maximum phase. This fact
is consistent with the accretion curtain model in which the observer
looks down the upper accretion pole in the spin-minimum phase.
We have observed a spin modulation in the central energy of the flu-
orescent iron Kα emission line in magnetic CVs V1223 Sgr, which
varies between 6.38 keV and 6.95 keV with the maximum red-shift
at the spin-minimum phase. Detailed analysis revealed that the
iron line can be decomposed into a stable 6.4 keV component and
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another red-shifted component which manifests itself around the
spin-minimum phase at an energy of ∼ 6.3 keV. The equivalent
Doppler velocity of the latter component, ∼ 4.7+2.3

−3.3 × 103km s−1,

and its observed EW of 89+17
−8 eV are both consistent with an in-

terpretation that it originates from the pre-shock accreting matter
via fluorescence due to irradiation of the post-shock hot plasma
emission. The observed EW of the former stable component, on
the other hand, is ∼ 80 eV. Considering the ionizing power of the
irradiating thermal spectrum and the observed iron abundance, we
have confirmed that the iron Kα line with this amount of EW can
be emitted from the WD surface via fluorescence. The shock height
is evaluated to be small enough compared to the radius of the WD.
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