
Suzaku X-Ray Study of γ Cas

Kumiko Morihana1, Masahiro Tsujimoto2, and Manabu Ishida2

1 Nishiharima Astronomical Observatory, University of Hyogo
2 Japan Aerospace Exploration Agency, Institute of Space and Astronautical Science

E-mail(KM): morihana@nhao.jp

Abstract

We present the result of a Suzaku X-ray observation of γ Cas. We obtained an X-ray spectrum for
∼55 ks using the X-ray Imaging Spectrometer (XIS) below ∼10 keV and the Hard X-ray Detector (HXD)
above∼10 keV. In the wide-band spectrum, we found signatures of Fe fluorescence and Compton scattering,
which indicate the reprocessed X-ray emission. We modeled the spectrum self-consistently to account for
both the direct and the reprocessed emission. Using the equivalent width of the Fe fluorescence line, we
constrained the emission geometry, in which the the height of the emitting region above the stellar surface
is lessthan 8% of the radius of the central object (a white dwarf or a Be star).
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1. Introduction

γ Cas, which is at (R.A., Decl.)=(00:56:42.52,
+60:43:00.3) in the equinox J2000.0, is a Be star
(B0.5IVe) in the middle of W in the constellation Cas-
siopea. The X-ray luminosity is ∼1032−33 ergs s−1 with
hard thermal emission above 10 keV with three Fe lines;
highly ionized 6.7 and 7.0 keV as well as neutral Fe I
(6.4 keV) line (e.g., Horaguchi et al., 1994, Kubo et al.,
1998). These features are common with several other
sources identified later (Motch et al., 1997, 2007), which
are called γ Cas analogues.

Two competing ideas have been proposed to explain
the X-ray emission mechanism, (1) the magnetic single
Be star model (e.g., Smith et al., 2006) and (2) the bi-
nary system model containing a white dwarf (WD ; e.g.,
Horaguchi et al., 1994, Murakami et al., 1986, Kubo et
al., 1998). In the model (1), magnetic activities at the
Be star surface produce hard X-ray emission, and the
6.4 keV line arises in the Be star disk. In the model
(2), matters from Be star accretes onto the WD. Hard
X-ray emission is attributed to the plasma in the bound-
ary layer between the accretion disk and the WD surface
(non-magnetic CVs) and to the shock at the base of the
accretion funnel close to the magnetic pole of the surface
(magnetic CVs).

The 6.4 keV line indicates the presence of the cold
matter in the vicinity of X-ray source. The Compton
scattering features above 10 keV should appear with 6.4
keV line. Both of these features give constrains to the
geometry. Therefore, wide-band spectral fitting are use-
ful to elucidate the X-ray production mechanisms. Here,

we present the result of Suzaku X-ray spectroscopy of γ
Cas.

2. Analysis & Results

We retrieved the archive data of γ Cas with Suzaku (Ob-
servation date= 2011/07/13-14, exposure time=55 ks).
To mitigate the pile-up effects of γ Cas, we extracted the
spectrum from annulus region.
The XIS spectrum is represented by a thin-thermal

plasma model (apec) convolved with an interstellar ex-
tinction (phabs) with two Gaussians to account for the
6.4 keV and H-like Ne line at 1.02 keV (Table 1, Fig. 1).

Table 1. Best-fit parameters of XIS spectrum of γ Cas

Model Parameters Value

Phabs NH (1021cm2) 0.49±0.02
apec kBT (keV) 12.04±0.19

Z 0.26±0.01
Gaussian E (keV) 6.40±0.02

EW (eV) 56±6

FX (ergs cm−2 s−1)1 1.01±0.03

χ2
red. (d.o.f) 1.47 (1220)

1The absorption-corrected flux at 0.7–10 keV.

In the wide-band spectral fittings, we assumed a slab
geometry as shown in Fig. 2. Here, the subtended angle
(Ω/2π)=1–cos θmax. The following steps were taken.

1. The subtended angle (Ω/2π)ref = 1 at the begin-
ning.

2. Using the best-fit parameters of step 1, we simu-
lated the 4–10 keV spectrum and fitted phenomeno-
logically with a power-law plus two gaussians. The
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Table 2. Best-fit parameters of γ Cas for wide-band spectra

Model Par. Assumed inclination (i)1

0◦ 20◦ 40◦ 60◦ 80◦

cemekl kBT (keV) 39+10
−6 38+7

−2
39+10

−5
40+8

−5
42+9

−5

α 0.08+0.10
−0.06

0.08+0.08
−0.06

0.09+0.08
−0.07

0.05+0.10
−0.06

0.07+0.10
−0.06

Z 0.16+0.10
−0.08

0.16+0.10
−0.08

0.15+0.07
−0.08

0.16+0.03
−0.04

0.20+0.04
−0.04

(dΩ/2π)ref 0.61 0.60 0.58 0.71 1.21

gaussian EW (eV) 48+8
−6

47+6
−8

48+6
−10

49+10
−5

43+9
−6

(dΩ/2π)gau 0.57+0.06
−0.04

0.56+0.03
−0.04

0.60+0.03
−0.09

0.75+0.09
−0.04

1.28+0.11
−0.09

χ2
red 1.03 1.03 1.06 1.05 1.07

(d.o.f) (104) (104) (104) (104) (104)
1The inclination angle i, which is unknown, was fixed at 0, 20, 40, 60, and 80◦.
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Fig. 1. Background-subtracted XIS spectrum of γ Cas in 0.7–10 keV.
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Fig. 2. Systematic view of the X-ray emission geometry. The viewing
angle is i. a point-like X-ray source is by a circular slab of cold
matter by an angle dΩ/2π at a height of h.

power-law index represents the spectral hardness for
the continuum source for the reprocessed emission.

3. We estimated the equivalent width (EW) of 6.4 keV
based on Fig. 14 in George & Fabian (1991). The
EW assumes ∆Ω = 2π. We derived (Ω/2π)gau using
Fig. 15 in George & Fabian (1991).

4. The procedure was repeated from step 1 until the
two (Ω/2π) estimates converge for the 6.4 keV and
the Compton scattering.

3. Discussion

We needed to assume the inclination angle, but regard-
less of the assumed value, the Ω/2π value is rougly 0.6
expect for an axtreme case of i = 80◦. We assumed a
geometry as shown in Fig2, in which a point-like plasma
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Fig. 3. Background-subtracted spectra and the best-fit model at
3–60 keV (i=60◦). The spectrum is represented with multi-tem-
perature model with Gaussian and a convolution with a Compton
scattering.

is at the scale height (h) of the central object. The value
h was derived as 0.03R+0.05

−0.01, in which R is the stellar
(WD or Be star) radius. Using the value, we estimate
the X-ray emission region is ≤8% of the radius of the
central object.
In the WD model, the scale height (0.03RWD

+0.05
−0.01)

is consistent with that of the X-rays in the boundary
layer of dwarf nova (e.g., HT Cas α<0.15). In the Be
star model, the highest point of magnetic loop of mag-
netic Be star is ≥(0.1/π)RSby Smith et al.(1998), which
is consistent with our study. We thus successfully con-
strained the X-ray emitting geometry, but it is still not
sufficient to distinguish the two models.
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