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Abstract

Hard X-ray emission of the non-magnetic cataclysmic variables originates from a boundary layer
which is an optically thin thermal region formed due to frictional heating between the inner edge of the
accretion disk and the surface of the white dwarf. In order to understand the physical condition of the
boundary layer as a function of the mass-accretion rate, we analyze Chandra High Energy Transmission
Grating data of SS Cyg both in quiescence and outburst. He-like and H-like Kα emission lines from
oxygen to Si are detected from both states. All the emission lines are narrow and H-like lines are
dominant in quiescence. In outburst, on the other hand, He-like Kα lines are as strong as H-like lines.
The ionization temperatures calculated from the He-like to H-like lines indicate that there exists a
significant temperature distribution in both states. In outburst, the H-like Kα lines are broad with a
velocity of 1600 km s−1 for Si as an example, and have a flat-top line profile rather than a Gaussian
profile. The profile leads us to interpret that the line emanates from an azimuthally rotating ring
which is being decelerated in the boundary layer in the course of accreting onto the white dwarf.

1 Introduction

SS Cyg is a cataclysmic variable belonging to the subclass U Gem-type dwarf nova, and repeats optical
outburst approximately every 50 days due to the disk instability (Osaki 1996). Non-magnetic cataclysmic
variable stars are close binary systems consisting of a weak magnetized white dwarf and a Roche-lobe-
filling companion star in the main sequence phase in general. The hard X-ray is emitted from the
boundary layer, where half of the gravitational potential energy of the accreted material is released. In
quiescence, the cool accretion disk (∼ 105 K) is heated up to ∼108 K and becomes an optically thin
thermal plasma, whereas in outburst, the density in the boundary layer is so high that even innermost
part of the disk is kept optically thick owing to high enough cooling efficiency. However, geometrical
structure of the boundary layer and a temperature distribution in the plasma have not been understood
very well yet.

2 Observations

Chandra observation of SS Cyg in quiescence was carried out from 10:28 UT of 2000 August 24 to 00:19
UT on August 25, with a good time interval of 47.3 ks. The observation in outburst, on the other hand, is
started at 21:09 UT on 2000 September 14 and terminated at 14:15 UT on the following day, with a total
good exposure time of 59.5 ks. Both observations adopted High Energy Transmission Grating (HETG,
Canizares et al 2005) which enables us to carry out fine spectroscopy with energy resolution better than
CCD by 1-2 orders of magnitude. The HETG consists of two instruments. One is Medium Energy
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Grating (MEG) which covers the 0.4 - 5.0 keV band, and the other is High Energy Grating (HEG) which
covers the 0.8 - 10.0 keV band. Count rate of MEG was 1.251 ± 0.045 c s−1 and 0.434 ± 0.001 c s−1 in
quiescence and outburst, respectively. That of HEG was, on the other hand, 2.812 ± 0.212 c s−1 and
0.985 ± 0.003 c s−1 in quiescence and outburst. The intensity of SS Cyg in outburst is less than that in
quiescence by a factor of two on average, and is less variable.

3 HETG spectra in quiescence and outburst

Figure 1 shows comparison of spectra of MEG in quiescence and outburst. We can resolve Kα emission
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Figure 1: (a) MEG spectra in quiescence and outburst with all energy range. (b) MEG spectra expanded
around Si line. Obviously the line width of Si Kα emission in outburst is broader than that in quiescence.

lines from O, Ne, Mg and Si in H-like and He-like ionization states. In quiescence, the spectra are
dominated by narrow H-like lines, whereas in outburst, the He-like lines are as strong as the H-like lines,
and they both are significantly broad. The shape of the H-like lines in outburst seems more like flat-top
rather than a simple Gaussian (Fig. 1b). This probably implies that the gas in the boundary layer has a
high velocity due to either Keplerian motion in the disk or radial inflow approaching the white dwarf.

3.1 Ionization temperature

First we evaluate ionization temperatures of O, Ne, Mg, and Si by means of their H-like to He-like Kα

line intensity ratios. The results are shown in Fig. 2. It is clear that the obtained ionization temperatures
in quiescence are systematically higher than those in outburst. The temperature shows a wide variety
depending upon elements, from 0.3 keV to 2.0 keV in quiescence whereas 0.2 keV to 1.2 keV in outburst.
The significant difference of the ionization temperature among the elements indicates that the boundary
layer plasma has a significant temperature distribution both in quiescence and outburst.

3.2 H-like line profile in outburst

Since the H-like emission lines can be regarded as consisting of a single component with the energy
resolution of the HETG, their profile reflects the accretion geometry in the boundary layer. In this
paper we demonstrate this with the H-like Si Kα line, as an example. More comprehensive study will be
presented elsewhere.
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Figure 2: Ionization Temperature for each ion. Obviously the ionization temperatures in quiescence are
higher than those of in outburst.

Although a single Gaussian fit to the H-like Kα line of Si is acceptable as shown in Fig. 3, some wiggly
structure remains in the fit residuals. Accordingly, we have tried two more models which represent the
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Figure 3: (a) Single Gaussian fitting for the H-like Kα emission line of Si. (b) Trapezium fitting. (c)
Double Gaussian fitting. χ2 for each model are 42.2 (d.o.f=46), 31.6 (45) and 35.0 (45), respectively.

following accretion geometries; one is that the line emanates from a geometrically thin spherical shell
inflowing radially (trapezium model) and the other is that the line is emitted from a geometrically thin
ring which moves azimuthally (double gaussian model). The results of the fits with these models are
shown in Fig. 3. The fits are improved significantly from the single Gaussian fit. In the trapezium fitting,
however, the radial velocity v of Si is 3500+800

−400 km s−1. Gas with such a high radial velocity cannot exist,
because it would have resulted in a plasma with a temperature of as high as ≈ 15 keV after the impact
onto the white dwarf surface; no such plasma is observed. The double gaussian model, on the other
hands, provides a reasonable velocity of 1600+200

−200 km s−1, which is smaller than the Keplerian velocity
on the surface of the white dwarf.
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4 Conclusion

In this work, we have compared X-ray behavior of SS Cyg in quiescence and outburst in terms of the
emission line spectra. The plasma temperature evaluated from the H-like to He-like Kα line intensity
ratio of O, Mg, Ne and Si distributes over 0.2-1.2 keV in outburst, and 0.3-2.0 keV in quiescence,
which indicates there exists significant temperature distribution both in quiescence and outburst. We
have demonstrated that the H-like Si Kα line can be interpreted from its profile as originating from an
azimuthally moving thin ring which is being decelerated in the boundary layer.
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