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Abstract

We applied a new comprehensive X-ray spectral model for the post-shock accretion column (PSAC) of
the intermediate polars (IPs) constructed by Hayashi & Ishida (2014) to Suzaku data of the brightest two
IPs EX Hya and V1223 Sgr. As a result of the application, the WD mass and the specific accretion rate of
EX Hya are estimated at MWD = 0.69+0.06

−0.05 M⊙ and a = 0.065+0.028
−0.022 g cm−2 s−1, respectively. Note that

for EX Hya the acrad model was customized in regard to metal abundance. Using a observational result
of the PSAC height of V1223 Sgr hV1223 < 0.07RWD, we obtained the WD mass and the specific accretion
rate to be MWD = 0.87+0.10

−0.06 M⊙ and a > 2.0 g cm−2 s−1 for V1223 Sgr. We calculated the fractional

accreting area of EX Hya and V1223 Sgr at 0.003+0.002
−0.001 and < 0.002, respectively.
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1. Introduction

Intermediate polar (IP) are belong to cataclysmic vari-
able and its WD of IP is moderately magnetized (0.1 <
B < 10 MG). X-ray spectra emitted form the post-shock
accretion column (PSAC) in IPs reflect structure of the
PSAC itself such as the temperature and density distri-
butions, which depend on the WD mass and the accre-
tion rate per unit area called ’specific accretion rate’.
We applied a new X-ray spectral model (call acrad

model) to the two brightest IPs, EX Hya and V1223 Sgr.
The acrad model was constructed by integrating opti-
cally thin thermal emission models whose temperature
and intensity trace distributions of physical quantities
in the PSAC. The acrad model parameterizes the WD
mass and the specific accretion rate. The distributions of
the physical quantities on which acrad model base are
calculated assuming the dipole for the PSAC geometry,
the non-equipartition etween ions and electrons and the
ionization non-equilibrium (T.Hayashi & M.Ishida).

2. Observation

The Suzaku observations of EX Hya and V1223 Sgr were
carried out from 2007 July 8th to April 21th and April
13th to 14th (UT), respectively. The total exposure time
of XIS after data reduction are 101 ks and 60 ks for EX
Hya and V1223 Sgr, respectively. And those of HXD are
59 ks and 46 ks for EX Hya and V1223 Sgr, respectively.

3. Application of the acrad model

We performed fitting to the Suzaku data of EX Hya and
V1223 Sgr with a spectral model including the acrad

model. Note that for EX Hya the abundances of Ar, Ca
and Fe are fixed at a value which determined by prelim-
inary fitting with a thin thermal plasma model whose
differential emission measure distributes as power law.
To represent the reflection continuum and 6.4 keV emis-
sion line we adopted a partial covering absorption model
and Gaussian model, respectively.
Fig. 1 is fitting results of EX Hya as an example.

Fig. 2 and 3 are confidence contours for the WD mass
and the specific accretion rate of EX Hya and V1223
Sgr, respectively, which show the strong correlation be-
tween them. As a result, the WD mass and specific ac-
cretion rate of EX Hya evaluated at 0.69+0.06

−0.05 M⊙ and

0.028+0.028
−0.022 g cm−2 s−1, respectively. On the other hand,

for V1223 Sgr, these parameters are poorly constrained.

4. Discussion

4.1. The WD mass and the specific accretion rate

We can more tightly constrain the WD mass and the spe-
cific accretion rate of V1223 Sgr with a observed higher
limit of the PSAC height of hV1223 < 0.07 RWD which
is measured with intensity of the X-ray continuum re-
flected by the WD surface (T.Hayashi et al. 2011). The
PSAC height can be calculated with couples of the WD
mass and the specific accretion rate. As shown in fig. 3
with dashed line, we performed calculation and obtained
a relation between the WD mass and the specific ac-
cretion rate when the height of the PSAC is 0.07 RWD.
This observational limit strongly constrain the WD mass
MWD = 0.87+0.10

−0.06 M⊙ and the specific accretion rate
a > 2.0 g cm−2 s−1.
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Fig. 1. Best-fit model overlaid on the EX Hya spectra. The spec-
trum of the BI-CCD (XIS1), the FI-CCDs (XIS0+XIS3) and the
HXD-PIN are shown in red, black, and green, respectively The
lower panel shows the fit residual in units of σ.
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Fig. 2. Allowed ranges of the WD mass and the specific accretion rate
of EX Hya from fitting our model. The black, red and green solid
lines represent 68, 90 and 99% confidences. The dotted line shows
the specific accretion rate calculated with the corresponding WD
mass and the bolometric flux when the fractional accretion area
f = 0.001.

4.2. Fractional accreting area of the PSAC

We can estimate the size of the fractional accreting area
on the WD surface with the specific accretion rate and
the flux and the distance to the objects. The accretion
rate can be estimated

Ṁ =
L0.1−100RWD

GMWD
, (1)

where L0.1−100 is the bolometric luminosity, which is in-
tegrated between 0.1 and 100 keV. The bolometric lu-
minosity of EX Hya and V1223 Sgr are estimated at
1.7×1032 erg s−1 and 1.3×1034 erg s−1, respectively, with
their fluxes and distances 64.5±1.2 pc (Beuermann et al.
2003) and 527+54

−43 pc (Beuermann et al. 2004). On the
other hand, the specific accretion rate is written by

a =
Ṁ

4πR2
WDf

, (2)
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Fig. 3. Allowed ranges of the WD mass and the specific accretion
rate from fitting our model to V1223 Sgr. Colors are common to
fig. 2. The dashed line is a relation between the WD mass and
the specific accretion rate with the PSAC height of 0.07 RWD.
The dotted lines show the specific accretion rate calculated with
the corresponding WD mass and the bolometric flux when the
fractional accretion area f = 1, 0.1, 0.01 and 0.001 from bottom.

where f is the fractional accreting area. Eq. 1 and 2
give the fractional accreting area to every WD mass at a
arbitrary specific accretion rate with the aid of the theo-
retical WD mass and radius relation (Nauenberg 1972).
The relations between the WD mass and the specific ac-
cretion rate at f = 0.001 for EX Hya and at f = 1,
0.1, 0.01 and 0.001 for V1223 Sgr are shown in each
confidence contours of fig 2 and 3, respectively. As a re-
sult, the fractional accreting area of EX Hya is estimated
at 0.003+0.002

−0.001 and that of V1223 Sgr is constrained as
< 0.007. These results agree with < 0.002 of the eclips-
ing IP XY Arietis (Hellier 1979).

5. Conclusion

We applied the new comprehensive X-ray spectral model
of the IPs (acrad model, Hayashi & Ishida 2014) to
Suzaku data of EX Hya and V1223 Sgr. (Note that the
acrad model was customized in case of EX Hya.) From
the fitting, the WD mass and the specific accretion rate
of EX Hya are evaluated at MWD = 0.69+0.06

−0.05 M⊙ and

a = 0.028+0.028
−0.022 g cm−2 s−1, respectively. For V1223

Sgr, with the aid of the observed PSAC height the WD
mass and the specific accretion rate are obtained to be
MWD = 0.87+0.10

−0.06 M⊙ and a > 2.0 g cm−2 s−1, respec-
tively. Using the bolometric luminosity, the fractional
accreting area of EX Hya and V1223 Sgr are estimated
at 0.003+0.002

−0.001 and < 0.002, respectively.
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