Reproducing the X-Ray Soft Step @ 0.9 keV
Observed in the Spectrum of Ark 564 Using
Reflection Models

José M. Ramirez and Snell Rojas

Abstract Using reliable atomic data, we attempt to reproduce the global 100 ks
X-ray spectrum of the narrow-line Seyfert 1 Galaxy Ark 564, observed with the Low
Energy Transmission Grating Spectrometer (LETGS) on board Chandra. In order to
do this, we use accretion disk and reflection flow models.

1 Introduction

Narrow-line Seyfert 1 galaxies (NLS1s) are a subclass of the “normal” Seyfert 1
galaxies, which exhibit in their optical spectra Hg lines with full width at half max-
imum FWHM < 2000 km s~ 'and strong Fe II emission (Osterbrock and Pogge
1985; Boroson and Green 1992). X-ray observations of these objects reveal extreme
spectral and temporal properties, with Ark 564 being perhaps the more representative
and the most observed Seyfert of this category. NLS1s show a “soft X-ray excess
emission”, which has been the subject of an intense debate for at least two decades.
In particular, Pounds et al. (1995) proposed that this soft excess might be produced
by an optically thick emission from the accretion disk. However, the temperature of
this optically thick region (kT ~ 0.1-0.15 keV) is to high to support a disk around
a supermassive black hole (SMBH).

On the other hand, the soft excess is well fitted with a blackbody, which has a
roughly constant temperature of ~ 0.1-0.2 keV over a wide range of SBH masses
(Gierlifiski and Done 2004). However, if it is thermal, this temperature could be
explained by a slim disk in which the temperature is raised by photon trapping
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(Czerny et al. 2003; Gierlifiski and Done 2004; Crummy et al. 2006). A further
explanation for the soft X-ray step is related to the atomic physics and considers that
the detected X-ray emission could be dominated by reflection off the walls of ring-
like structures formed by clumping of cold and dense material owing to instabilities
of the accretion disk (Fabian et al. 2002).

2 Observation of Ark 564

After having properly extracted both the source and the background spectra from
each arm of the dispersed spectrum as received by the arrange HRC + LETG (i.e.,
High Resolution Camera plus Low Energy Transmission Grating on board Chandra),
we have merged them to increase the signal-to-noise ratio (S/N) of the final spectrum.
The analysis presented here is entirely based on this merged spectrum. The effective
areas (EA) for the dispersion orders 2—10 employed in the fitting procedures were
built up using the standard CIAO task mkgarf and fullgar£. For the first order
we used the corrected EA of Beuermann et al. (2006), while EA order 1-10 (positive
and negative orders) were added together for use with the corresponding merged
spectrum. A log of the observation is shown in Table 1.

Figure 1 shows the best-fit single power-law model to the data, where an emission
excess is clearly seen. We note that this is qualitatively similar to the soft excess
reported in Comastri et al. (2001); Vignali et al. (2004) and Papadakis et al. (2007).
In order to investigate the nature of this soft excess (or soft step), which is still
subject to debate (Done and Nayakshin 2007; Ramirez 2013), we also fit several
other components to describe the soft band. The extra components are: the single
blackbody model [TBabs* (zpowerlw + bb)]and the single accretion disk re-
flection model model [TBabs* (zpowerlw + xillver)](Garciaand Kallman

2010). All models account for the galactic absorption in the line-of-sight towards
Ark 564, of Ny = 6.4 x 109cm=—2 , using the TBabs model included in xspec
(Wilms et al. 2000).

Table 1 We merge the dispersion orders +1 and —1 to increase the signal-to-noise (S/N)
Log of the LETGS observation of Ark 564

Telescope Chandra
Instrument HRC + LETG
Channel type PHA

Source exposure time 199 ks
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Fig. 1 Single absorbed power-law best-fit to the LETGS X-ray spectrum of Ark 564 (points with
error bars). With this model we are able to observe significant residuals around 0.9 keV and at high
energies (5-8 keV), which are believed to be an “excess” in emission
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Fig. 2 The solid line is an absorbed power-law plus a black body model plotted over the LETGS
X-ray spectrum of Ark 564 (points with error bars). There is only a slight improvement over the
power-law. See the text for details
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3 Results

We have measured in quantitative terms the quality of the fit using y>-statistics. This
gives a measure of the quadratic deviation between the data and the model. In the
case of the single power-law, we obtain x?/dof = 1.89, where dof is the degree of
freedom, defined as the number of data channels minus the number of parameters
in the model. When a blackbody model is added to the absorbed power-law, in an
attempt to characterize the residual at soft energies (~0.9 keV), the power-law fit
improves only slightly with x?/dof = 1.87. The results are shown in Fig. 2.

Given that the temperature of the optically thick region (kT ~ 0.1-0.15 keV)
is to high for supporting a disk around a SMBH, it is necessary to use a more
sophisticated model. Accretion disks around SMBHs reflect the emission from
the central region, re-processing high-energy photons, and producing emission
and absorption features. These features form complexes, which actually improve
the description of the data around 0.9 keV, with y? /dor = 1.86. Tables2 and 3
show a comparison between TBabs * zpowerlw, TBabs* (zpowerlw + bb),
and TBabs* (zpowerlw + xillver) with their respective parameter values.
Figure 3 shows the best-fit physical model, where the solid line was obtained using
the partially ionized accretion disk model TBabs* (zpowerlw + xillver).

Table 2 Parameter values of the model TBabs*zpowerlw
Model: TBabs*zpowerlw

Component Parameter Unit Value
TBabs nH 10?2 0.064
powerlaw Pholndex 2.886
powerlaw norm 0.012
Table 3 Parameter values of the models TBabs* (zpowerlw + bb) and TBabs*

(zpowerlw + xillver)
Model: TBabs*(zpowerlw + bb)

TBabs*(zpowerlw + xillver)

Component  Parameter  Unit  Value Component  Parameter ~ Unit  Value
TBabs nH 1022 0.064 TBabs nH 1022 0.064
powerlaw Pholndex 2.894 zpowerlw Pholndex 2.861
powerlaw norm 0.0121 zpowerlw Redshift 0.024
bbody kT keV  0.137 zpowerlw norm 0.088
bbody norm 2.804x10~%

xillver log(xi) 1.931

xillver Fe/solar 1.000

xillver Redshift 0.024
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Fig. 3 The solid line is an absorbed TBabs* (zpowerlw + xillver) model (Garcia and
Kallman 2010), plotted over the LETGS X-ray spectrum of Ark 564 (points with error bars). This
is the best-fit physical model. See the text for details

4 Conclusions

The main conclusions from this work are:

e We have studied in detail the global (0.1-10 keV) LETGS spectrum of Ark 564.
Reproducing this spectrum will certainly require more sophisticated and complex
models than just semi-empirical models, like the power-law plus blackbody model,
or put-by-hands absorption edges (Matsumoto et al. 2004; Ramirez et al. 2008;
Ramirez 2013).

e The best-global-fit in this work corresponded to the partially ionized accretion
disk model Tbabs* (zpowerlw + xillver) (Garcia and Kallman 2010),
which uses a self-consistent photoionization model with reliable atomic data. This
fit includes a more comprehensive set of absorption and emission lines than it has
previously been tried for this kind of object.

e Future work must focus on the use of more complex models, which combined with
high-resolution/quality observations are expected to improve the statistics.
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