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ABSTRACT: We report on the X-ray spectroscopy of iron equivalent line width in Ex Hya using
Suzaku satellite. Ex Hya was observed with Suzaku satellite on 18-07-2007 for 91 kiloseconds
(ks). We resolved the spectroscopic neutral or low-ionized (6.41keV), He-like (6.70 keV), and H-like
(7.00keV) lines, and the Equivalent widths in eV (EW6.4, EW6.7, and EW7.0) at 28.00 ± 3.00 eV,
32.00 ± 1.00eV and 109 ± 4 eV. The broad Kα line found in the mCV Ex Hya are caused by a
mixture of doppler broadening due to radial compton downshifted line emission from a reflected
component and the compton scattering of the line emission in the acretion column. The light curve
shows no intrinsic variations in the system during the observation.

I. INTRODUCTION

Ex Hya is an eclipsing binary system and an intermediate
polar (IP), a subclass of magnetic cataclysmic variable
stars where a white dwarf star accretes material from a
late-type main sequence star, or the secondary. The two
stars orbit about their common centre of mass under the
influence of their mutual gravitation. EX Hya has a spin
period (∼ 67.03 min) which is about 2/3 its orbital pe-
riod of 98.26 min; (Mumford 1967) and has its accretion
curtains extending to the outer edge of the accretion disc
(hereafter the accretion ring or the ring) near the Roche
lobe radius (Belle et al. 2005). Mhlahlo et al. (2007)
showed that near the Roche lobe radius the accretion
curtains co-rotate with part of the accretion ring and
a combination of stream and ring accretion (ring over-
flow) was explained well by the observations. EX Hya is
one of the few IPs that undergo brief outbursts, nearly
once every 1.5 yr (Hellier et al. 2000). Cataclysmic vari-
able stars (CVs) are a class of interacting binary system
undergoing mass transfer, usually via a gas stream and
accretion disc, from a Roche lobe filling secondary to a
white dwarf (WD) primary. A bright spot is formed at
the intersection of the disc and gas stream, giving rise
to an ‘orbital hump’ in the light curve at phases 0.6-1.0

due to foreshortening of the bright spot. For a basic re-
view of CVs, see Warner (1995). The secular evolution of
CVs represents a long-standing problem in astrophysics,
with wide ranging implications for all close binary sys-
tems (see e.g. Kolb 1993). Close binary star evolution is
driven by angular momentum loss, sustaining mass trans-
fer which in turn results in changes in the binary’s orbital
period. Since the orbital period is easy to determine, it
is accurately known for many CVs, and the aim of CV
evolutionary theory has been to reproduce the observed
period distribution (Knigge 2006).

II. PREVIOUS STUDIES

Previous spectral studies of Ex Hya in outburst have been
characterized mainly by two events: the development of a
broad-base component of the emission lines on the night
of outburst possibly modulated at the orbital period, and
the significant decrease, or even absence, of the modula-
tion at the spin pulse. The accretion shock near the sur-
face of a white dwarf in a magnetic cataclysmic variable
(mCV) will consist of highly ionized ∼ 10 keV colisional
ionization by bremsstrahlung emission. Most elements
will be fully ionized, leaving iron as the dominant cause
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of line emission. While model fits to the X-ray spec-
tra of mCVs have traditionally included an iron Kα line
(e.g. Norton et al., 1991), it is only with the ASCA
satellite that the data have sufficient spectral resolution
to investigate the structure of the line. An analysis of
the ASCA data on AO Psc(Hellier et al. 1996) showed
that the thermal components of the iron Kα line were
broadened by ∼ 150eV . However, reports on two other
mCVs with the same detectors on BY Cam (Kallman et
al. 1996) and Ex Hya (Fujimoto and Ishida 1997) found
a Kα complex compatible with narrow emission lines.
We have therefore investigated the line widths in the Ex
Hya as a whole. In this paper we present a systematic
analysis of lines in mCV Ex Hya, and discuss the mech-
anisms responsible for line broadening of our sample, in
an asynchronous system which is non phase-locked (i.e.
intermediate polars; reviewed by Patterson 1994).

III. DATA ANALYSIS AND RESULTS

Ex Hya was observed by Suzaku for 91 kilo sec on July
18, 2007 (obsid 402001010). We downloaded Ex Hya
data from suzaku archive. Furthermore, we generated
response matrices File and Ancillary Response File for
the XIS detectors using version 2007-05-14 of xisrmfgen
and xissmarfgen respectively. Suzaku XIS 0, 2, and 3
have front-illuminated (FI) chips with similar features,
so we merged the spectra of XIS 0 and 3, which we
hereafter refer to as XIS FI (XIS 2 has been out of
service since November 9, 2006 due to an anomaly). XIS
1 is back illuminated (BI) and we hereafter refer to it as
XIS BI. The HXD PIN detector analysis were done by
first downloading the non-X-ray turned PIN background
files and response matrixes suitable for each observation
as generated by the Suzaku team to make the PIN
non-X-ray background (NXB) spectrum. We computed
calibration matrices appropriate for each observation
using FTOOLS v4.0. We then analyzed the spectra
using XSPEC v12.70. However, since the 6.41, 6.70 and
6.95keV lines are themselves blends of Ex Hya, we first
needed to find the expected natural width, as seen by
our instrument. To do this we used XSPEC’s CEMEKL
model (Mewe, Kaastra and Liedahl 1995) to predict the
spectrum for multi temperature plasma having emission
measures distributed with a power-law index of 1, up to
a maximum temperature of 20keV.

We then used the FAKEIT utility to create model spec-
tra with the same photon noise and spectral resolution
as our datasets. We found that the resulting 6.41, 6.70
and 6.95keV lines could be adequately fit with Gaus-
sians. The Gaussians had a best-fitting width of zero,
and mean energies of 6.41, 6.66 and 6.95keV respec-
tively. Since intermediate polars often have highly ab-
sorbed spectra, we have repeated the above procedure
with thermal Bremsstrahlung model. This made essen-
tially no difference to the measured line widths. Turning

to the observations, we fitted the spectra well. To model
the continuum we first fitted the energy ranges 6.41,
6.66 and 6.95keV with a bremsstrahlung. We then fixed
the continuum parameters, extended the fitted range to
40.0keV, and added Gaussians to model the iron lines.
We found that the iron lines of observations could be
modeled satisfactorily by 3 Gaussians, corresponding to
cold helium-like and hydrogen-like iron lines. The result-
ing line widths and equivalent widths are given in Table
1. To illustrate the findings, Fig. 1 shows the data and
fitted model the systems with narrow lines and that with
broad lines. The interesting case is that the fluorescent
line is narrower than the thermal lines (Table 1).

TABLE I: Ex Hya observable parameter/errors

SPECTRAL

PARAMETER VALUE UNIT

KT 10.00± 1.00 keV

Fcounts 20.80 ± 0.10 ×10−3Photons−1cm−2

E6.4 6.41 ± 0.01 KeV

E6.7 6.66 ± 0.02 KeV

E7.0 6.95 ± 0.01 KeV

F6.4 3.30 ± 0.20 ×10−5Photons−1cm−1

F6.7 2.90 ± 0.30 ×10−5Photons−1cm−1

F7.0 1.10 ± 0.30 ×10−5Photons−1cm−1

EW6.4 28.00 ± 0.30 eV

EW6.7 32.00 ± 1.00 eV

EW7.0 109.00 ± 4.00 eV

The parameters shown in table 1 are the continuum
temperature in (KT) KeV, The continuum flux in
10−3Photons−1cm−2 (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 col-
umn density of full and partial covering matter (NHf and
NHp) with the covering fraction of the partial covering
matter (C).

Suzaku spectra of Ex Hya fitted with a simple absorber
bremsstralung 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 from the boundary layers, reprocessing in a dense
absorber plus partial covering absorber of the system.
The insert shows an expanded version of the resolved
iron line complex.

IV. DISCUSSION AND CONCLUSION

The temperature of the highly-ionized plasma in an
accretion shock ranges from 0.1-30keV. At the hottest
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FIG. 1: Suzaku spectrum of Ex Hya.

 

FIG. 2: Light curve of Ex Hya showing no flare,
signifying no intrinsic variation in the source during the

observation.

temperatures iron is completely ionized hydrogen-like
(Fe xxvii or xxvi), and give rise to a Kα line at 6.95keV.
At temperatures of a few keV, iron will be helium-like
(xxv), producing a Kα line at 6.70keV. Cold iron can
produce a fluorescent line at 6.41keV. The gap between
6.41 and 6.70keV could be filled by fluorescence from
iron in intermediate states, but no iron species emits
between 6.70 and 6.97keV. For comparison we expect
an accretion column to have a dense, optically-thick
base at a temperature < 1keV . It decreases in density
and optical depth while increasing in temperature as
one moves up the column to an optically thin ∼ 20keV
accretion shock (e.g. Aizu 1973; Frank et al. 1992). We
can therefore envisage several regimes in the column:
the optically thick base produces no line emission at
continuum optical depths of ∼ 0.1, the line photons
emerge with a singly-scattered profile characteristic
of the local temperature; higher up the column the
Compton-scattered component drops once the column
becomes optically thin in the line core, and from here

upwards the line emission is narrow. The temperatures
at which these transitions occur are poorly known,
but could account for the difference in line widths for
different systems. If the bremsstrahlung occurs where
the plasma is sufficiently hot to emit Kα photons
(≥ 3keV ) we would expect the broadened lines from this
region to dominate the Fe Kα profile. If in contrast,
the transition from optical thickness occurs at a lower
temperature (≤ 3keV ), so that regions hot enough to
emit Kα are all optically thin in the continuum, we
would expect to see narrow lines. In principle one could
use the measured line widths to deduce the temperatures
of these transitions in each object. However, apart from
the limitations of the data, this requires simulations of
Compton-scattered profiles summing over the range of
temperatures, densities and optical depths in an accre-
tion column model (e.g. Aizu 1973), rather than the
current single-temperature simulations (e.g. Pozdnyakov
et al. 1983).

Further, published simulations concentrate the source
photons into a point, rather than distributing them
through the column, a difference shown to be substantial
by Sunyaev and Titarchuk (1980). The addition of
optically thinner regions in the outer parts and higher
up the column would help to reduce the theoretical
broadening of ∆E/E ∼ 0.1 at 5keV (e.g. Sunyaev
1980) to the observed ∆E/E ∼ 0.038 in our data. A
last complication is the shape of the accretion column,
expected to have an arc-shaped footprint and to extend
vertically, and its varying projection onto the line of
sight. The line photons will escape preferentially in
the direction of least scattering depth (e.g. Swank,
Fabian and Ross 1984) causing line flux changes as
the white dwarf spins. Furthermore, changes in the
line-of-sight optical depth round the spin cycle could
cause the temperature which corresponds to an optical
depth of ∼ 1 to vary, and so produce phase dependent
changes in the observed line widths. These would be
undetectable in current data, through lack of photons,
but are worth looking for with future missions. From
the above discussion we conclude that the broad Fe
Kα iron lines found in the mCV Ex Hya are caused by
a mixture of Doppler broadening due to radial infall,
Compton down-shifted line emission from a reflected
component and the Compton scattering of line emission
in the accretion column. A significant optical depth to
scattering in the column may also be required to explain
the line fluxes (e.g. Swank et al. 1984; Done et al. 1995).

We have argued that the broadening originates in the
transition region between optical thickness and optical
thinness. The system in which this transition occurs
at a temperature too low for significant Kα emission
have narrow lines; while the system with broad lines
comprise regions of column which are still optically thick
at a higher temperature (≥ 3keV ). We can test this by
comparison with other work, taking our studied star EX
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Hya, as an example of a system with line broadening,
and AO Psc, the system with the clearest narrow lines.
In EX Hya the presence of lines of elements with lower
ionization energy than iron implies a transition to optical
thickness at 1keV (Fujimoto and Ishida 1997). In AO
Psc the line ratios imply a higher temperature transition
[Fujimoto and Ishida (1995) quote ≤ 3keV , although
this estimate is less certain due to the weaker lines]
in agreement with the above reasoning. Further, we
can detect optical thickness in the accretion column by
looking at changes in the X-ray continuum as the white
dwarf spins. From spin-resolved ASCA spectroscopy of
AO Psc, Hellier et al. (1996) found that the column
contained several phases of absorption. The densest,
affecting regions of the column emitting at energies of at
least 8keV, requires an electron scattering column which
changes by 6 × 1023cm2 over the spin cycle, suggesting
an actual column of ∼ 2 × 1024cm−2, and thus an
optical depth of ∼ 1. This column is compatible with
an accretion rate of 1017 g s−1 and an accretion area
covering 103 of the white dwarf surface (Hellier et al.
1996), values which are in line with current estimates for
intermediate polars (e.g. Patterson 1994; Hellier 1997).
In contrast, EX Hya shows much less absorption, and in
ASCA data has no spin modulation above 6keV (Ishida,
Mukai and Osborne 1994; Allan, Hellier and Beardmore
1998), implying that it is optically thin throughout the
hard X-ray emitting regions.

Equivalent Width: For the three strongest emission lines
obtained as shown in the spectrum, the equivalent widths
(EW) are measured on the PDS microdensitometer trac-
ings. No correlation between the EW and orbital phase
was found. However a significant correlation with the
phase σ67 of the 67 min cycle seems to be present for all
three line complex (Fig. 1 and Table 1). The statistical
significance of the least square fitted sine curve as com-
pared to the hypothesis of constant EW was investigated
by applying the F-Test to the corresponding variances.
The resulting statistical probabilities for the reality of
the Equivalent width is resolved from our Spectrum as
EW7.0 in eV = 109 ± 4 for the strongest line to EW6.7

in eV = 32.00 ± 1.00 and EW6.4 in eV = 28.00 ± 3.00
(Table 1). Additional evidence for the EW variation is
the fact that the EW curve of three lines coincides in
phase, locating maximal EW near phase E6.4 (KeV) =
6.41 ± 0.01, E6.7 (KeV) = 6.66 ± 0.02 and E7.0 (KeV)
= 6.95 ± 0.01. We observed a 67-min cycle in the blue
and white light due to flux variation in the continuum.
It can be easily estimated that the above derived EW
variations will affect broad band spectrometry by higher
than a few hundredths of magnitude while the observed
magnitude of the 67-min cycle is about 10 times larger.
All other observed quantities especially the continuum

flux at visual wavelength and the emission line intensity
are strongly modulated by the 67-min period.

REFERENCES
Aizu K., 1973, X-Ray Emission Region of a White Dwarf with
Accretion. Prog. Theor. Phys., 49, 1184
Allan A., Hellier C., Beardmore A. P., 1998, ASCA X-ray ob-
servations of EX Hya - Spin-resolved spectroscopy. MNRAS,
Belle, K. E., Howell, S. B., Mukai, et al. 2005, AJ, 129, 1985
Done C., Osborne J. P., Beardmore A.P., 1995, Hard X-ray
Spectra of Cataclysmic Variables. MNRAS, 276, 483
Frank J., King A. R., Raine D. J., 1992, Accretion power in
astrophysics, Cambridge University Press, Cambridge.
Fujimoto R., Ishida M., 1995, in Buckley D.A.H., Warner B.,
eds, ASP Conf. Ser. Vol. 85, Cape workshop on magnetic
cataclysmic variables. Astron. Soc. Psc., San Francisco, p.
136
Fujimoto R., Ishida M., 1997, X-ray spectroscopy observa-
tions of Ex Hya and mass determination of the white dwarf.
ApJ, 474, 774
Hellier C., Cropper M., Mason K.O., 1991, Optical and X-ray
observations of AO PISCIUM and the origin of the spin pulse
in intermediate polars. STI. 248, 233
Hellier C., 1989, Spectroscopy of the intermediate BG Canis
minoris and pq geminorum. MNRAS, 291, 71
Hellier C., Mukai K., Ishida M., Fujimoto R., 1996, The X-
ray spectrum of the intermediate polar AO Piscium. MNRAS,
280, 877 Ishida M., Mukai K., Osborne J. P., 1994, Observa-
tion of EX Hydrae with ASCA. PASJ, 46, L81
Hellier, C., Kemp, J., Naylor, T., et al. 2000, MNRAS, 313,
703
Kallman T. R., Mukai K., Schlegel E.M., Paerels F.B., 1996,
Stellar Evolution, Stellar Explosions, and Galactic ridge.
ApJ, 466, 973
Knigge C., 2006, MNRAS, 373, 484
Kolb U., 1993, A&A, 271, 149
Matt G., Brandt W.N., Fabian A.C., 1996, A reflection-
dominated X-ray spectrum discovered by ASCA in the Circi-
nus galaxy. MNRAS, 280, 823
Mhlahlo, N., Buckley, D. A. H., Dhillon, V. S., et al. 2007,
MNRAS, 378, 211
Mumford, G. S. 1967, ApJS, 15, 1
Norton A. J., Watson M.G., King A. R., 1991, in Treves A.,
Perola G.C., Stella L., eds, Iron Line Diagnostics in X-ray
Sources. Springer-Verlag, Berlin, p. 155
Patterson J., 1994, The sound of a sinusoid: Time interval
model. PASP, 106, 209
Pozdnyakov L.A., Sobol I.M., Sunyaev R.A., 1983, Beaming
Due to Comptonisation in X-ray Pulsars Astrophys. Space
Phys. Rev., 2, 189
Sunyaev R.A., 1980, The Interaction of Matter and Radiation
in a Hot-Model Universe. Soviet Astronomy Letters, 6, 214
Sunyaev R.A., Titarchuk L. G., 1980, Spectral properties of
two component advective flows. A and A, 86, 121
Swank J.H., Fabian A. C., Ross R.R., 1984, High Resolution
X-ray Spectroscopy of Cosmic Plasmas. ApJ, 280, 734

Warner B., 1995, Cataclysmic Variable Stars. Cambridge

Univ. Press, Cambridge


	dkgreenSPECTROSCOPY OF IRON EQUIVALENT LINE WIDTH IN MAGNETIC CATACLYSMIC VARIABLES EX HYA USING SUZAKU.
	Abstract
	Introduction
	Previous Studies
	Data analysis and Results
	Discussion and Conclusion


