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Abstract

A review on Suzaku results on mass-accreting white dwarf binaries is presented. Targets includes non-
magnetic cataclysmic variables, magnetic cataclysmic variables, and symbiotic binaries. X-ray spectral
methods to measure mass and radius of a white dwarf in these binary systems are summarized in the
view of broad-band spectral coverage of the satellite. Future prospects on mass measurements with high-
resolution spectroscopy with ASTRO-H are also described.
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1. Introduction

Mass-accreting white dwarf (WD) binary systems can be
roughly categorized into two types; one is a close-binary
system with mass transfer from a companion star to a
white dwarf star via Roche-lobe overflow, and the other
is a system with mass accretion from stellar wind from
a evolved reg-giant companion. The former, commonly
called cataclysmic variable (CV), has shorter orbital pe-
riod of several tens of minutes to a timescale of day, and
the latter, called symbiotic binary, approximately years.

Like many other X-ray sources, cataclysmic variables
and symbiotic stars emit X-rays from hot plasma heated
by liberating gravitational potential energy. In non-
magnetic systems including symbiotic stars containing
non-magnetic white dwarfs, an accretion disk is formed
around a white dwarf, and a transition region from
the innermost disk to the white dwarf surface, called
boundary layer, is thought to reach temperatures of
> several ! 107 keV enough high to emit even hard X-
rays.

A cataclysmic variable binary containing a magnetized
white dwarf (B " 105!9 G) is believed to have an accre-
tion geometry that is di!erent from the non-magnetic
ones especially near the white dwarf where magnetic
pressure dominates gas pressure and gas moves along
the magnetic field line, and falls onto the white dwarf
retaining most of its potential energy because dynamical
friction does not work e!ectively (as is the case in non-
magnetic systems). The vertical velocity of the falling
gas becomes a few to several !1000 km s!1 near the
white dwarf, and exceeds the sound velocity of the gas,
but the white dwarf has surface and the gas should be
decelerated before reaching the surface. Therefore, a sta-
tionary shock stands somewhere near the surface, and
the supersonic flow is decelerated to subsonic velocity,

and kinetic energy of the pre-shock gas is transformed
into the internal energy of the post-shock gas. The tem-
perature of the post-shock gas Ts can be approximately
calculated as (see e.g. Aizu 1073; Wu et al. 1994; ),

kBTs =
3

8

GMWD

RWD + zs
µmH, (1)

where kB, G, MWD, RWD, zs, and µmH are the Boltz-
mann constant, the Gravitational constant, the white
dwarf mass, the white dwarf radius, the shock height
measured from the white dwarf surface, and the mean
molecular mass. The temperature exceeds 10 keV for a
typical white dwarf mass of 0.6 M", and therefore, the
gas shines in X-rays via optically thin thermal emission
(in most cases, the gas is optically thin to X-rays).

Major research topics related to X-ray study of white
dwarf binaries include measurement of mass-radius rela-
tion of white dwarf star, search for massive white dwarf
star close to the Chandrasekhar mass limit, and revealing
accretion physics. Since the magnetic systems provide
simpler-to-model accretion geometry, several authors of
Suzaku papers (Terada et al. 2008, Yuasa et al. 2010,
and Hayashi et al. 2011, Yuasa et al. 2012) mainly
concentrate on them in the following mass-radius and
accretion geometry studies. In the following sections, we
review results reported in these articles.

2. X-ray spectral model construction

To understand accretion physics in magnetic cataclysmic
variables, Yuasa et al. (2010) have constructed an X-
ray emission model of the post-shock gas of intermediate
polars. In this paper, a cylindrical accretion geometry
was assumed, as previous studies such as Cropper et al.
(1998) and Suleimanov et al. (2005) did, and temper-
ature, density, and velocity profiles in the post-shock
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region was solved based on the mass, momentum, and
energy conservation equations. In the energy conserva-
tion equation, plasma cooling rate of Schure et al. (2009)
was incorporated to account optically thin thermal emis-
sion. As mentioned above, the gas (or plasma) tempera-
ture immediately below the shock is proportional to the
gravitational potential depth of the white dwarf, the cal-
culated model contains a MWD/RWD ratio as a free pa-
rameter, and therefore, fitting of this model to observed
data will give a constraint on MWD/RWD. Since the
mass-radius ratio of white dwarf star has been well stud-
ied theoretically, analytical expressions are available. By
combining the theoretical MWD # RWD relation to the
observationally constrainedMWD/RWD, MWD and RWD

can be independently estimated. Unlike mass estimation
based on kinematics (e.g. using radial velocity measure-
ment), this X-ray WD mass estimation method is not
susceptible to uncertainty of the inclination angle of the
binary orbital plane.

In the paper, the authors applied the calculated spec-
tral model to spectra of 17 near-by sources. Figure 1
shows an example of spectral fitting to X-ray spectra
of the intermediate polar TV Col observed with Suzaku
. A single-temperature model apparently fails to repro-
duce the observed spectrum, especially in the Fe K emis-
sion line region (1 upper panels). Our multi-temperature
model, on the other hand, successfully reproduces the
Fe K emission lines as well as over-all spectral shape.
Note that in this spectral analysis, neutral/low-ionized
Fe K emission line at 6.4 keV was modeled using a Gaus-
sian with freely varying normalization because the con-
structed spectral model does not include photons from
X-ray reflection component. The best fit parameters
gave an acceptable fit statistics, and a WD mass esti-
mate of 0.91(0.83# 1.00) M". Figure 2 summarizes the
best-fit WD masses from Yuasa et al. (2010). The reason
of the apparent di!erence seen in average WD masses of
isolated WDs and WDs in mass accreting systems is not
yet clearly understood, and could be caused by bias in
construction of samples of the accreting systems.

2.1. Recent updates

The model presented in Yuasa et al. (2010) assumed
the cylindrical accretion geometry near the white dwarf
surface, and fixed accretion rate of 1 g cm!2 s!1 in the
calculation of the profiles in the post-shock region. This
could involve a systematic lowering of shock heights, due
to artificially enhanced plasma cooling, especially in sys-
tems with very low accretion rate (as shown in Figure
11 of Yuasa et al. (2010), accretion rates higher than
1 g cm!2 s!1 does not have large e!ect in the calcu-
lation result). Hayashi and Ishida (2013) has recently
updated the intermediate polar spectral model calcula-
tion in three aspects; (i) the new model can have a dipo-
lar accretion column geometry not only the cylindrical

Fig. 2. Distribution of estimated masses of WDs in 17 nearby in-
termediate polars (Yuasa et al. 2010). Average WD masses are
shown for isolated WDs Kepler et al. (2007) and non-magnetic
CVs Ritter and Kolb (2003).

Fig. 3. Dipolar and cylindrical geometry of the post-shock accretion
region that was assumed in Hayashi and Ishida (2013). Adopted
from Hayashi and Ishida (2013).

column, (ii) conservation equations are set for ions and
electrons separately, and (iii) accretion rate can be vari-
able. Figure 3 illustrates the accretion geometry which
was considered in their paper. The two-fluid treatment
is to account for delayed increase of electron temper-
ature after the shock where ions are first heated, and
electrons are collisionaly heated relatively slowly. Broad-
band spectra calculated by Hayashi and Ishida (2013) are
shown in Figure 4 together with ratios between di!erent
specific accretion rates at the shock. Major di!erence
is expected, in particular, in lower accretion rates with
dipolar geometry. Based on this, the authors expect es-
timated WD mass could have been artificially reduced in
systems like EX Hya which has a low accretion rate.
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Fig. 1. Suzaku spectra of TV Col fitted with a single-temperature model (upper panels) and our model (Yuasa et al. 2010) with emissivity
gradient (lower panels). Crosses and red curves are observed source count rates and response-convolved model count rates. Right panels
present blow-up view of the Fe emission line region. Note that in both cases, 6.4 keV Fe K fluorescent line was modeled with a single
gaussian of which normalization was allowed to freely vary.

3. Spectral decomposition of the Galactic Ridge X-ray

Emission

The Galactic Ridge X-ray Emission (GRXE) has been
one of the long-standing mysteries in X-ray astrophysics
for more than 30 years (see e.g. Revnivtsev et al. 2006).
From very early years of its discovery, unresolved numer-
ous point sources have been suggested as the origin of the
emission, and magnetic CVs are thought as one candi-
date particularly in the hard X-ray energy band (e.g.
> 10 keV). Revnivtsev et al. (2009) reported, using the
1-Ms deep Chandra observation in the Galactic ridge re-
gion, that more than 80% of the GRXE can be resolved
into point sources. To complement this type of stud-
ies trying to spatially resolve the emission, Yuasa et al.
(2012) analyzed SuzakuGRXE data obtained by combin-
ing 18 observations in the Galactic center region (0# <
l < #3#, #2# < b < 1#; total exposure 1.01 Ms). High-
photon-statistics broad-band spectra were extracted as
shown in Figure 5. The 2 # 50 keV spectra were fitted
with a model consisting of the magnetic CV emission
(§2.) and a single-temperature optically-thin thermal
emission with no significant residual. Together with the
imaging study by Revnivtsev et al. (2009), the authors
concluded that the GRXE is mostly emitted from dim
point sources.

4. Spin modulation of centroid energy of fluorescent Fe

K! emission line

Apart from the global spectral fitting, Hayashi et al.
(2011) analyzed Suzaku data of V1223 Sgr and found
spin modulation of centroid energy of fluorescent Fe K!
emission line as shown in Figure 6. When the fluores-
cent line is fitted with two gaussians, one at 6400 eV and
the other having freely varying centroid energy, the min-

Fig. 5. Broad-band spectral fitting of the GRXE using the interme-
diate polar spectral model (Yuasa et al. 2012).

imum of the centroid energy of the second component
is 6.29+0.10

0.11 keV. The authors attributed this red-ward
shift to the kinematic Doppler shift caused by reflection
from rapidly falling pre-shock accretion matter (v! " a
few!1000 km s!1). Although the detection of the sec-
ond (redshifted) component is marginal in Suzaku data,
the near future ASTRO-H observatory will definitively
detect this with splendid energy resolution of " 5 eV
(FWHM), and will provide new technique to estimate
the gravitational potential depth of a WD from the mag-
nitude of energy shift.

5. Prospects for ASTRO-H

Recurrent novae found in symbiotic systems are though
to contain massive WD of which mass is close to the
Chandrasekhar limit (e.g. Kato and Hachisu 2006). In
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Fig. 4. Upper panels: Model spectra calculated for MWD = 0.7 M! with various specific accretion rates a and (a) cylindrical and (b) dipolar
accretion geometry. Lower panels: Ratio spectra normalized by that for a = 100 g cm"2 s"1. Adopted from Hayashi and Ishida (2013).

some systems, high-resolution capability of ASTRO-H
will allow us to measure gravitational redshift of 6.4-keV
Fe fluorescent line although its absolute energy shift may
be several eV (e.g. 5 eV for 1.35#M" WD correspond-
ing to an equivalent velocity of " 200 km s!1). This will
give an independent validation to the mass estimation
method based on the optical nova light curve fitting.
Since the radial velocity of the WD, the spin motion,
and ASTRO-H’s orbiting speed a!ect the precise mea-
surement of the gravitational redshift, careful treatment
is required in target selection (slow rotator is preferred),
observation scheduling (zero radial velocity), and data
analysis (barycentric correction of detected photon en-
ergy) are necessary, and the team is now preparing for
detection of the redshift.
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