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Abstract We analyze eight XMM-Newton observations of the bright Narrow Line Seyfert 1 galaxy
Arakelian 564 (Ark 564). These observations, separated by ∼ 6 days, allow us to look for correlations be-

tween the simultaneous ultraviolet (UV) emission (from the Optical Monitor) with not only the X-ray flux
but also with different X-ray spectral parameters. The X-ray spectra from all the observations are found to
be adequately fitted by a double Comptonization model where the soft excess and the hard X-ray power law

are represented by thermal Comptonization in a low temperature plasma and hot corona, respectively. Apart
from the fluxes of each component, the hard X-ray power law index is found to be variable. These results
suggest that the variability is associated with changes in the geometry of the inner region. The UV emission

is found to be variable and well correlated with the high energy index while the correlations with the fluxes
of each component are found to be weaker. Using viscous timescale arguments we rule out the possibility
that the UV variation is due to the fluctuating accretion rate in the outer disk. If the UV variation is driven

by X-ray reprocessing, then our results indicate that the strength of the X-ray reprocessing depends more
on the geometry of the X-ray producing inner region rather than on the X-ray luminosity alone.
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1 INTRODUCTION

Active Galactic Nuclei (AGN) emit over a wide range

of the electromagnetic spectrum and their spectra show
strong optical/ultraviolet (UV) emission lines which are
not present in the spectrum of a normal galaxy. AGN are

believed to harbor a supermassive black hole (SMBH) of
mass ∼ 106

− 109M⊙. The accretion of matter on to the
SMBH is the major source of radiation in AGN, and they

can outshine the stellar emission of the host galaxy (e.g.
Peterson 1997; Beckmann & Shrader 2012). According to
the standard model of AGN, the matter accreted from the

host galaxy forms an accretion disk surrounding the central
black hole and the spectrum emitted from the disk peaks in
the optical/UV band. Furthermore, there is a hot corona
above the disk which inverse Compton scatters the disk

photons resulting in X-ray emission. The broadband X-ray
emission is one of the fundamental characteristics defining
AGN (e.g. Beckmann & Shrader 2012).

A significant property of AGN is their continuum vari-
ability over the entire electromagnetic spectrum. AGN, in

general, show strong X-ray variability and a subset of AGN
called Narrow Line Seyfert 1 (NLS1) shows extreme vari-
ability (e.g. Boller et al. 1996). The relationship between

emission in different bands provides important insights

into the nature of AGN. A number of previous studies have
shown that X-ray and optical/UV variations in AGN are
well correlated (Nandra et al. 1998; Edelson et al. 1996;

Smith & Vaughan 2007; McHardy et al. 2014). There are
two basic models to explain the UV variability in AGN:
the UV variability could be due to accretion rate variation

in the outer disk or it could be due to X-ray reprocessing
(e.g. McHardy et al. 2014). In the first case, the UV flux
variation can provide information about accretion rate vari-
ation while in the second case, the correlation between the

soft/hard X-ray component and the UV emission can re-
veal which X-ray spectral component has the greater affect
on the outer disk.

A multiwavelength campaign undertaken by Edelson

et al. (1996) observed a strong correlation between the
X-ray, UV and optical variability in the Seyfert 1 (Sy 1)
galaxy NGC 4151, with no detectable lags. The UV ob-

servations were taken with a sampling interval of ∼0.05 d
while the X-ray observations were taken twice per day. The
obtained results suggest that UV emission in the source

is produced by the reprocessing of primary X-rays. A re-
cent study by McHardy et al. (2014) investigates the re-
lationship between the X-ray, UV and optical variability

of the Sy 1 galaxy NGC 5548. They analyzed 554 Swift
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(XRT and UVOT) observations of the source, typically

taken every two days, over a period of 750 d. The study
strengthens the short timescale correlations between X-ray
and UV/optical bands and the lag measurements of this ob-

ject also lead to the conclusion that UV/optical variability
is due to the reprocessing of X-rays. Shemmer et al. (2003)
studied the X-ray−optical correlation of the NLS1 galaxy

NGC 4051 based on the data available from 2000 May-
July observations. The optical data were retrieved from the
Wise Observatory and X-ray data from RXTE. They ob-
tained RXTE data from 251 observations with an interval

of 6 h and concluded that the observed X-ray−optical cor-
relation in the source can be explained as a combined effect
of X-ray reprocessing and the propagation of perturbations

from the outer disk to the X-ray emitting region.

In this work, we study the source Arakelian 564

(Ark 564) which is an X-ray bright NLS1 (Brandt et al.
1994; Vaughan et al. 1999) found in the nearby universe
with redshift z = 0.0247. It is a well studied source which

is known to accrete at a super-Eddington rate (Mullaney
et al. 2009). Earlier studies have shown that the high en-
ergy spectrum of Ark 564 is characterized by a steep power

law (Vignali et al. 2004; Matsumoto et al. 2004). Vignali
et al. (2004) detected absorption corresponding to the O
VII K-edge (∼ 0.73 keV) in two different XMM-Newton

observations (2000 & 2001) of the source. They also ob-
tained evidence for significant X-ray variability of the ob-
ject both at low and high energies. The spectral variabil-
ity analysis of Ark 564 was carried out by Brinkmann

et al. (2007) with the longest exposure observation avail-
able from XMM-Newton. They found that both the soft and
hard X-ray flux are highly variable on short timescales. The

cross-correlation analysis of light curves showed some de-
lay in the observation of hard band photons with respect to
soft band photons. The high energy photon index Γ was

also variable and it was found to be leading the varia-
tions in soft and hard energy bands. A previous study us-
ing ASCA observations by Bian & Zhao (2003) determined

the relations between hard X-ray variability, photon index
Γ and Eddington ratio ṁ of a sample of AGN, including
Ark 564. They found that the X-ray variability and central
black hole mass MBH are strongly anti-correlated while

a weak correlation exists for the variability and ṁ. This
means that a small value of MBH is responsible for the
variability of NLS1s. The study also discovered a strong

correlation between Γ and ṁ.

Smith & Vaughan (2007) examined the X-ray and op-

tical variability of Ark 564 and seven other Sy 1 galax-
ies over a period of ∼1 d. The source was variable in X-
rays, but not in the optical band. However, another study

by Shemmer et al. (2001) investigated the optical−UV−X-
ray connection of Ark 564 over a longer period of time of
∼50 d. It was a two year long multiwavelength monitor-

ing program in which the X-ray observations were covered
with RXTE and ASCA while the UV observations were ob-
tained with HST. They observed a significant correlation

of the continua, where the X-ray continuum was followed

in UV with a time lag of 0.4 d which in turn was followed

in the optical band by ∼2 d. The soft X-ray flux was also
found to be well correlated with the hard band flux with
zero time lag. Rapid X-ray variations of .1 d were ob-

served in the source, but the mean flux was constant on
timescales >30 d.

A study has been carried out by Dewangan et al.
(2007) of the soft excess emission from the NLS1 galax-
ies Ark 564 and Mrk 1044. They argued that the soft ex-
cess emission from Ark 564 can be explained by consid-

ering a two-component corona in the source. According to
their model, the geometry of the corona is such that it con-
sists of two different physical regions, one being optically

thick and cool while the other is a high-temperature, opti-
cally thin region. The hot corona extends above the low-
temperature corona while the latter is coupled to the inner

part of the accretion disk. The optical/UV photons emitted
from the accretion disk are Comptonized by the optically
thick corona leading to the soft X-ray emission. The ge-

ometry suggests that a fraction of these scattered photons
again get inverse Compton scattered by the optically thin
corona giving rise to the hard X-ray spectrum.

In this work, we examine the correlation between the
X-ray and UV emission from Ark 564, by using eight
XMM-Newton observations in 2011. The data from these

observations have already been analyzed to study the ob-
served time lag between the soft and hard X-ray emissions
(Legg et al. 2012) and the frequency-dependent Fe K lags

(Kara et al. 2013). Legg et al. (2012) detected a delayed
(∼ 1000 s) hard X-ray emission in the 4−7.5 keV with re-
spect to a flaring in the soft X-ray band (0.4−1 keV). In
view of these results, Giustini et al. (2015) reported on the

X-ray spectral properties using XMM-Newton and Suzaku

observations of Ark 564 by analyzing the time-averaged,
flux-selected and time-resolved spectra. They interpreted

the delayed hard excess component as the reprocessing of
soft photon flares Compton upscattered in a medium sit-
uated at 10−100 gravitational radii. However these stud-

ies have been limited to the variations in the X-ray band
only. Moreover, most of the previous UV/X-ray correlation
studies of the source have concentrated on the variation of

total X-ray counts or flux with that of the UV band. The
high quality X-ray spectral data available by XMM-Newton

provide us with the opportunity to study the variation of
different X-ray spectral components with the UV flux. In

the present work, we fit the spectra utilizing some physical
models to obtain the spectral parameters and then study the
correlation between these parameters and the UV flux.

The paper is organized as follows. In Section 2, we de-
scribe the observations and data reduction. We discuss the

variability of the source and spectral analysis in Section 3
and Section 4, respectively. Then we present the correla-
tions in Section 5. Finally, we summarize and discuss our

results in Section 6.
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2 OBSERVATIONS AND DATA REDUCTION

We used eight observations of Ark 564 taken by XMM-

Newton between May and July 2011. The details of these
pointed observations are given in Table 1. XMM-Newton

has simultaneous X-ray and UV exposures for all these ob-
servations. X-ray data from the European Photon Imaging
Camera (EPIC) pn and MOS and UV data from the Optical

Monitor (OM) were retrieved from the HEASARC archive.
The EPIC-pn camera (Strüder et al. 2001) is positioned
such that incoming radiation from the source enters the

primary focus unobstructed, but the EPIC-MOS cameras
(Turner et al. 2001) can receive only half of the radiation.
The EPIC-pn has a large effective area at high energies as

well as high quantum efficiency. The pn CCDs are also
less susceptible to pile-up during the observations of bright
sources. We therefore focus our analysis on the pn data,
where the camera was operated in small window mode us-

ing a thin filter. OM observations were performed with the
UVW2 filter in imaging mode. The data reduction is done
with SAS version 14.0 using the updated calibration files

available in July 2015.

The event lists for EPIC-pn are filtered for single and
double (PATTERN=4) best quality (FLAG=0) events in the

energy range 0.2−10 keV. To examine the flaring particle
background, light curves are extracted in the 10−12 keV
band for single events. The intervals of flaring background

are then removed from the event list using the threshold
rate of 0.1 counts s−1 obtained from the light curve. The
source spectra were extracted from circular regions of ra-

dius 36′′ around the center of the source. The background
spectra were also extracted from two circular regions of
30′′ radii on the same chip, but were devoid of source pho-
tons. We checked whether any of the observations were

affected by pile-up using the SAS task epatplot, but no sig-
nificant deviation in the pattern distribution was observed
in any of them. Then we rebinned the data with the tool

specgroup. While binning we ensured that each bin had a
minimum number of 20 counts. Also the oversampling fac-
tor was set to 5 such that there were no more than five bins

to cover the energy resolution.

All the OM observations were made with a UVW2 fil-
ter in imaging mode. The SAS task ‘omichain’ is used

to reprocess the OM data, which automatically produces
the combined source list of all the filters. However, there
is a chance that the detection algorithm (‘omdetect’)

may misidentify the source as an extended one, yield-
ing incorrect values of the count rate. In order to avoid
this, omichain is run with the option ‘omdetectdetectex-
tended=no’ for the detection and photometry to be per-

formed as on a point source. Then the count rate of the
source is obtained from the combined source list of each
observation.

3 UV − X-RAY VARIABILITY

We calculated the UV flux FUV of the source from each

observation by multiplying the count rate, obtained from
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Fig. 1 The variation in UV flux FUV obtained from the UVW2

filter of OM (upper panel) and X-ray count rate from EPIC-pn in
the range 0.3−10 keV (lower panel). The horizontal dashed line
in each panel corresponds to the constant best-fit value obtained
using χ2 analysis. The vertical error bars correspond to 1σ errors
and in the case of the X-ray count rate these are very small.
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Fig. 2 The variation in X-ray count rate from EPIC-pn in the
range 0.3−10 keV. Here, the horizontal error bars (1σ) are very
small. The horizontal solid line corresponds to the constant best-
fit value obtained using χ2 analysis.

the combined source list, with the conversion factor 5.71×
10−15 erg cm−2 s−1 Å−1 for the UVW2 filter1. Both EPIC-
pn and UVW2 count rates and UVW2 flux values are given

in Table 2. We checked the variability of the source by χ2

analysis, which measures the deviation of the data points
from the best-fit constant. The analysis yielded large χ2

values for FUV and pn count rate (0.3−10 keV), demon-

strating that the source is highly variable in X-ray and UV
bands. This is clear from Figures 1 and 2.

In order to confirm that the observed variability is
not an artifact of the instrument, we checked the vari-

1 See XMM-Newton Optical and UV Monitor (OM) Calibration Status
document, Talavera 2011 (http://xmm2.esac.esa.int/docs/documents/

CAL-TN-0019.pdf)
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Table 1 List of XMM-Newton Observations of Ark 564

Observation Observation ID Start Date Duration PN Exposure Time1 Number of OM
Number (s) (s) Exposures

1 0670130201 2011 May 24 59520 41180 39
2 0670130301 2011 May 30 55919 36510 40
3 0670130401 2011 June 05 63582 31250 45

4 0670130501 2011 June 11 67312 43850 45
5 0670130601 2011 June 17 60919 35570 45
6 0670130701 2011 June 25 64439 29470 43
7 0670130801 2011 June 29 58216 40500 40
8 0670130901 2011 July 01 55915 38400 40

Notes: 1Net exposure time for the EPIC-pn camera.

Table 2 X-ray Count Rate from EPIC-pn in the 0.3−10 keV Band (Col. (2)), the UV
Count Rate from OM UVW2 Filter (Col. (3)) and the Corresponding UV Flux (Col. (4))

Observation EPIC-pn Count Rate UVW2 Count Rate FUV

Number (counts s−1) (counts s−1) (10−15 erg cm−2 s−1 Å−1)
(1) (2) (3) (4)

1 55.37 ±0.04 1.29 ±0.01 7.39 ±0.04

2 36.33 ±0.03 1.31 ±0.01 7.49 ±0.04

3 37.11 ±0.03 1.22 ±0.01 6.99 ±0.04

4 43.52 ±0.03 1.29 ±0.01 7.37 ±0.04

5 39.78 ±0.03 1.25 ±0.01 7.13 ±0.04

6 24.20 ±0.03 1.18 ±0.01 6.71 ±0.04

7 38.28 ±0.03 1.28 ±0.01 7.30 ±0.04

8 50.91 ±0.04 1.33 ±0.01 7.57 ±0.04

ability in FUV of other sources which happened to be in
the same field of view of all UVW2 observations. Among

these 23 sources, five were found to be varying in flux
while other sources did not show any sign of variabil-
ity. Some of the non-variable sources observed in the

same field of view are NVSS J224244+293856, NVSS
J224252+294533, 2MASX J22425351+2943125, etc.

We have also calculated the fractional rms variability
amplitude of both FUV and the pn count rate of Ark 564
and the respective values are ∼0.039 and ∼0.245. This

shows that the observed variance in the X-ray count rate
is large compared to the UV flux variance.

4 SPECTRAL ANALYSIS

The spectral analysis of EPIC-pn and UVW2 data was done

with the XSPEC package (version 12.8.2). The χ2 statistic
was applied for the spectral fitting and the errors calcu-
lated for each parameter correspond to the 90% confidence

range, unless otherwise stated.

The template spectral file and response files for the

OM data were obtained from the XMM-Newton website2.
We used the template file and the measured count rate to
create the spectral file for the analysis of UVW2 data.

As an example of how we have systematically done
the spectral analysis, we report here the analysis of

Observation Number 2 (Observation ID: 0670130301).
The same analysis scheme was applied to the other ob-
servations. We started the spectral analysis by fitting the

EPIC-pn data, in the energy range 3 to 10 keV, using pow-

erlaw together with TBabs, the Tuebingen-Boulder ISM

2 http://xmm2.esac.esa.int/external/xmm sw cal/calib/om files.shtml

absorption model (Wilms et al. 2000). This model with
photon index Γ ∼ 2.3 − 2.5 and the Galactic column den-

sity NH fixed to 5.41 × 1020 cm−2 (Kalberla et al. 2005)
provides a reasonable fit for all observations. It gave a χ2

of 239.66 for 162 degrees of freedom (dof) for the sec-

ond observation. Some excess emission features were de-
tected in the range 6.4−7 keV which might be attributed
to the fluorescent Fe emission line. An improvement in fit,

∆χ2 = −24.29, was observed in the second observation,
when a redshifted Gaussian profile (zgauss) at ∼ 6.6 keV
was included. The line appeared to be broad, having a
width of σ=0.25+0.61

−0.11 keV. However, this broad Gaussian

did not properly fit the spectrum of any of the other obser-
vations. When we fixed σ of the line to 0.5 keV, all obser-
vations could achieve a good statistical fit.

Extrapolation of the model down to 0.3 keV provided

a poor fit indicating the presence of soft excess in the spec-
trum. We attempted to describe this soft excess with the
thermal Comptonization XSPEC model Nthcomp. In this

model, the temperature kTbb of seed photons from the ac-
cretion disk (blackbody or disk blackbody) parameterizes
the low energy cut-off, while the high energy roll over is
given by the electron temperature kTe (∼ 160 eV). We as-

sume that the photons from this component are the seed
photons to the second thermal component giving rise to the
high energy power law emission. Hence, we re-analyzed

the data replacing the powerlaw by introducing the con-
volution XSPEC model (Simpl) which transfers a fraction
of the seed photons in the input spectrum into a power

law (Steiner et al. 2009). The model yielded an unaccept-
able fit statistic of χ2/dof=547.48/253. Inspection of the
residuals revealed that the soft part of the spectrum was

affected by an absorption feature around 0.7 keV. A bet-
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Table 3 Best-fit Parameters for the Model uvred×zedge×zedge×TBabs (ezdiskbb+Simpl⊗Nthcomp+zgauss) Fitted to the UVW2 and
EPIC-pn Spectral Data

Model Observation Number

Component Parameter (1) (2) (3) (4) (5) (6) (7) (8)

zedge 1 Eedge (keV) 0.72 ±0.01 0.69 ±0.01 0.71 ±0.01 0.71 ±0.01 0.71 ±0.01 0.7 ±0.01 0.71 ±0.01 0.71 ±0.01

τ
(1)
max 0.11 ±0.01 0.12 +0.01

−0.02 0.12 ±0.02 0.15 ±0.02 0.11 ±0.02 0.18 ±0.03 0.15 ±0.02 0.12 ±0.02

zedge 2 Eedge (keV) 0.5 ±0.01 0.51 ±0.02 0.53 ±0.02 0.54 ±0.01 0.52 ±0.01 0.54 +0.01
−0.02 0.536 +0.008

−0.003 0.52 ±0.01

τ
(1)
max 0.1 ±0.02 0.05 ±0.02 0.05 ±0.03 0.09 +0.03

−0.02 0.07 +0.03
−0.02 0.11 ±0.04 0.12 ±0.03 0.06 ±0.02

Simpl ΓSimpl 2.60 ±0.01 2.56 ±0.02 2.50 ±0.02 2.55 ±0.01 2.53 ±0.02 2.50 ±0.02 2.53 ±0.01 2.60 ±0.01

fsc 0.232 +0.010
−0.005 0.20 ±0.01 0.20 ±0.01 0.24 ±0.01 0.22 +0.02

−0.01 0.22 ±0.02 0.23 ±0.01 0.23 ±0.01

L
(2)
Simpl/LEdd 0.302 ±0.004 0.184 ±0.003 0.201 ±0.003 0.241 ±0.005 0.220 ±0.004 0.126 ±0.004 0.207 ±0.004 0.277 ±0.005

Nthcomp ΓNthcomp 1.89 +0.06
−0.04 1.88 +0.08

−0.1 1.96 ±0.08 1.71 +0.11
−0.13 1.91 +0.11

−0.15 1.59 +0.17
−0.19 1.55 +0.13

−0.15 1.88 +0.08
−0.11

kTe (eV) 158.07 +4.04
−4.25 160.77 +5.41

−5.40 164.07 +5.80
−5.32 151.15 +5.27

−5.21 155.81 +6.41
−7.49 150.31 +8.01

−7.19 143.50 +5.02
−4.70 155.69 +4.80

−5.55

kTbb (eV) < 30.03 < 29.81 < 188.56 33.12 +1.91
−2.52 32.46 +2.03

−2.26 33.08 +1.86
−2.55 34.97 +1.58

−1.93 < 31.91

L
(3)
Nthcomp/LEdd 0.284 +0.005

−0.006 0.195 +0.004
−0.005 0.186 ±0.005 0.236 ±0.004 0.200 ±0.004 0.135 ±0.003 0.216 ±0.004 0.261 ±0.005

zgauss ELine (keV) 6.80 +0.25
−0.24 6.61 ±0.15 6.69 +0.20

−0.21 6.77 +0.15
−0.14 6.66 +0.19

−0.18 6.67 ±0.16 6.55 ±0.13 6.41 +0.22
−0.23

F
(4)
Line (10−5) 2.58 +0.66

−0.68 2.90 ±0.62 2.69 ±0.71 3.33 +0.63
−0.62 2.88 +0.68

−0.66 2.7 ±0.6 3.36 ±0.62 2.86 +0.71
−0.69

χ2/dof 307.78/251 375.10/248 358.36/247 357.22/250 324.17/248 277.84/238 359.74/249 349.05/248

χ2
ν 1.24 1.51 1.45 1.43 1.31 1.17 1.44 1.41

Notes: (1) Maximum optical depth for absorption at the threshold energy; (2) Normalized hard X-ray luminosity; (3) Normalized soft X-ray luminosity;
(4) Line flux or the normalization of the redshifted Gaussian line in units of photons cm−2 s−1.
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Fig. 3 Top panel: The unfolded EPIC-pn spectral
data and the best-fitting model zedge×zedge×TBabs

(Simpl⊗Nthcomp+zgauss) for Observation Number 2. Bottom

panel: The deviation of the observed data from the model.

ter χ2 = 385.74 for 251 dof was obtained for the same
observation, when we fitted the region with a redshifted

absorption edge model, zedge. Another absorption feature
was also found at ∼0.5 keV and it was modeled using
one more zedge. Correspondingly, the χ2 was improved
by ∆χ2 = −9.92 which clearly shows the significance

of including the new absorption feature. We also tried to
model these features using more complex models such as
zxipcf and grid22soft and obtained fit statistics compara-

ble to the phenomenological two edge model. Moreover,
the relevant spectral parameters such as the hard and soft
X-ray fluxes and high energy spectral index are not sensi-

tive to the absorption model used. Thus, we proceed with
the simple phenomenological model of two edges in this
work. For this model, we show the unfolded spectrum and

residuals in Figure 3.

In order to study the relationship between X-ray and

UV emission, we need to fit the spectra simultaneously.
For this we loaded the UVW2 data along with the pn data
and then added the model ezdiskbb which describes the

accretion disk spectrum consisting of multiple blackbody
components (Zimmerman et al. 2005). The model is de-
fined by two parameters, the inner disk temperature kTin

and the norm Ndisk, where Ndisk is determined by the in-
ner disk radius and the inclination of the disk. Furthermore,
the effect of interstellar extinction on the source spectrum

is taken into account using the model uvred, based on
Seaton’s law (Seaton 1979). This UV reddening model is
only valid in the range 1000−3074 Å, and can be used
in combination with photoelectric absorption models. The

parameter E(B − V ) was determined from the redden-
ing law RV = AV /E(B − V ) (Fitzpatrick 1999) and the
AV magnitude of 0.198 was obtained from original SFD98

values assuming RV = 3.1. So, the value of E(B − V )
was fixed to 0.064 for all observations. Then we fitted the
UVW2 data simultaneously with the EPIC-pn data by ty-

ing the parameter kTin to the kTbb of Nthcomp. This only
left the normalization of the ezdiskbb model as a free pa-
rameter to fit the single UV data point. To ensure that only
the outer disk emission is used to fit the UV data point, we

fixed the normalization of the Comptonization component
at a negligible value for the UV part of the spectrum. The
best fit parameters of this model for all the observations are

given in Table 3.

We have also calculated the X-ray flux for each model
component in the range 0.3−10 keV using the XSPEC
convolution model cflux. The flux corresponding to the

model component Simpl was calculated from the unab-
sorbed X-ray flux and the Nthcomp flux. It was obtained
by subtracting (1 − fsc) times the Nthcomp flux from

the unabsorbed flux. Using the luminosity distance of
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D = 98.5 Mpc, by assuming the cosmological parame-

ters H0 = 73 km s−1 Mpc−1, Ωm = 0.27 and ΩΛ = 0.73,
we obtained the luminosities of each component.

The normalization of the ezdiskbb model Ndisk is re-
lated to the inner disk radius Rin by

Rin(km) = f2

(

Ndisk

cos i

)1/2

D10 kpc, (1)

where D10 kpc is the luminosity distance to the source in
units of 10 kpc. i is the inclination angle assumed here to

be 30◦ and f stands for the color correction factor which
we assume to be the generally accepted value of 1.7. The
mass accretion rate can be obtained using (Zimmerman
et al. 2005)

Ṁ =
8πσ

3GM

(

T∗

f

)4

R3
in, (2)

where T∗ = Tin/0.488. Several previous studies have es-

timated the black hole mass of Ark 564 to be in the range
(1.15− 10)×106M⊙ (e.g. Pounds et al. 2001; Wang & Lu
2001; Bian & Zhao 2003; Botte et al. 2004; Zhou & Wang
2005; Zhang & Wang 2006). In this study, we adopt the

value 2.61×106M⊙ (Botte et al. 2004) obtained from stel-
lar velocity dispersions. This allows us to express the lu-
minosities in terms of the Eddington luminosity LEdd and

the accretion rate in terms of the Eddington accretion rate,
ṀEdd = LEdd

ηc2 , where η is the efficiency factor taken as

0.1. The normalized luminosities for the different observa-
tions are listed in Table 3.

5 UV AND X-RAY CORRELATIONS

We investigate the correlation between varying X-ray spec-

tral parameters, luminosities and FUV . We identify the
variable parameters by fitting a constant to the best-fit val-
ues obtained from different observations using χ2 analysis.
The reduced χ2 values are listed in Table 4, with the larger

reduced χ2 values corresponding to highly variable param-
eters. Apart from the luminosities of the X-ray components
and the UV flux, the high energy photon index ΓSimpl is

also found to be variable. Hence we restrict our correlation
analysis to these parameters.

Since the nature of the relations between the parame-
ters is unknown, we need a non-parametric method to cal-

culate the correlation. So, we use Spearman’s rank-order
correlation (Press et al. 1992) to reveal any correlations.
The rank and significance of correlations for different pa-
rameters are listed in Table 5. Figures 4 and 5 show the

plots of different parameters for which we find significant
correlations.

In the X-ray domain, the soft excess luminosity
LNthcomp is well correlated to the high energy power law

luminosity LSimpl. In fact, it seems that ΓSimpl is better
correlated with LNthcomp than it is with the high energy lu-
minosity LSimpl, in the sense that the null hypothesis prob-

ability p is significantly smaller. As we discuss in the next

Table 4 Reduced χ2 Values for Constant Model Fits to Spectral
Parameters Derived from Eight Observations

Model Parameter χ2
ν

zedge (at ∼0.7 keV) Eedge 0.76
τmax 1.16

zedge (at ∼0.5 keV) Eedge 2.69
τmax 1.18

ezdiskbb Ndisk 0.12
Simpl ΓSimpl 6.13

fsc 1.53

Nthcomp ΓNthcomp 1.58
kTe 1.56
kTbb 0.23
NNthcomp 26.07

zgauss ELine 0.42
FLine 0.21

Flux FUV 61.79
Luminosity LNthcomp 129.15

LSimpl 200.41

Table 5 Spearman’s Correlation between Different Parameters

Parameter 1 Parameter 2 r p

(1) (2) (3) (4)

FUV Count Rate X−ray 0.69 0.06
FUV LNthcomp/LEdd 0.71 0.05
FUV LSimpl/LEdd 0.57 0.14
FUV ΓSimpl 0.93 0.0009
LNthcomp/LEdd LSimpl/LEdd 0.95 0.0003
LNthcomp/LEdd ΓSimpl 0.78 0.02
LSimpl/LEdd ΓSimpl 0.69 0.06

Column (3): Spearman’s rank-order correlation coefficient.
Col. (4): p-value.

section, these correlations are consistent with the double
Comptonization model used for the spectral fitting.

For the UV−X-ray correlations, we note that there is

not much evidence for any correlation between FUV and
the X-ray luminosities in the two Comptonization compo-
nents LNthcomp and LSimpl with probabilities of p = 0.05
and 0.14 respectively. However, a strong correlation is seen

for FUV and ΓSimpl with p = 0.0009.

6 SUMMARY AND DISCUSSION

We have analyzed the simultaneous X-ray (EPIC-pn) and

UV (OM UVW2) data from eight XMM-Newton obser-
vations of Ark 564 taken in 2011. We used the ther-
mal Comptonization models favored by Dewangan et al.

(2007) for the spectral fitting of the X-ray data. The soft
X-ray spectrum (0.3−3 keV) was modeled by Nthcomp

assuming that the UV photons emitted from the accre-
tion disk are Comptonized by the optically thick corona

leading to the soft excess emission. The accretion disk
emitting the seed photons is described by the multicolor
blackbody model ezdiskbb. Furthermore, the hard X-ray

power law emission (3−10 keV) is taken into account by
the second Comptonization model Simpl which incorpo-
rates the physics of Compton upscattering of soft pho-

tons by hot coronal electrons. We report that this double
Comptonization model fits all the eight spectra well.

In the X-ray band, we find that the luminosity of the

soft Comptonization component LNthcomp correlates well
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Fig. 4 The variation of different parameters with UV flux FUV . The left and right panels respectively show the soft and the hard X-ray
luminosities as a function of FUV . The middle panel depicts the dependence of ΓSimpl on FUV . The luminosities are expressed relative
to the Eddington value.
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Fig. 5 The correlation of different parameters. The luminosities are denoted in units of Eddington luminosity. Left and Middle panels:
The variation of hard X-ray luminosity and hard X-ray photon index with soft X-ray luminosity. Right Panel: The dependence of hard
X-ray photon index on the hard X-ray luminosity.

with the hard component LSimpl. While there is some ev-
idence that the high energy index ΓSimpl correlates well
with both luminosities, there is a seemingly stronger corre-
lation between ΓSimpl and LNthcomp in the sense that null

hypothesis probability is smaller. There have been several
studies which have shown that the high energy index is cor-
related with the X-ray flux (e.g.Dewangan 2002; Vaughan

& Edelson 2001; Perola et al. 1986). Recently, Sarma et al.
(2015) studied the index versus flux variation for Mrk 335
and Ark 564 and reported that while the correlation ex-

ists for both sources, there is significantly more scatter for
Ark 564. Our results are broadly consistent with their find-
ing and perhaps give an explanation for the difference be-

tween the two sources. Also, the correlations obtained here
are consistent with the double Comptonization model used.

There is little evidence for any correlation between the

UV flux and the hard component luminosity with null hy-
pothesis probability of p = 0.14. There is a hint of a cor-
relation between the UV flux and the soft X-ray compo-

nent luminosity with p = 0.05. However, the UV flux is
strongly correlated to the photon index ΓSimpl.

We can interpret the correlation between UV and X-

ray emissions in two different ways. One interpretation is
that the variation in UV emission could be due to the ac-
cretion rate fluctuation. So as the UV flux varies, it pro-

vides a way to measure the accretion rate ṁ as a fraction
of the Eddington rate and it is found to vary from ∼3.7 to
∼4.4. However, one can estimate from the accretion rate

that the measured UV emission should mostly arise from
the outer disk at a distance of ∼ 770Rg, where Rg is the
Schwarzschild radius. At this radius the viscous timescale

is tvisc ∼ 9 years, which is much longer than the 6 day vari-

ability seen; more importantly, the variation in accretion
rate could not have propagated to the inner regions on such
short timescales. We can further estimate that less than 2%
of the UV flux would arise from radii ∼30Rg. If the flux

variation at those radii is very large, it may give rise to the
∼1% variation seen in the UV. However, even at ∼ 30Rg

the viscous timescale is too long at ∼ 61 days. Moreover,

the accretion rate inferred from this interpretation is signif-
icantly higher than the Eddington rate and hence unlikely.
Thus, it seems that the UV emission, or at least its variabil-

ity, cannot arise due to accretion rate fluctuations.

The second possibility is that the UV flux variation is
due to the reprocessing of X-rays. In such a case our results

indicate that the soft X-ray emitting region and ΓSimpl are
more important in determining the X-ray irradiation than
the X-ray luminosity itself. We note that recently Pal et al.

(2016) studied the UV-X-ray correlation on much shorter
20 ks timescales and came to a similar conclusion that the
geometry of the inner X-ray producing region may be play-

ing an important role in determining the UV emission.

Though we have not used the blurred reflection model
(e.g., Fabian et al. 2002) to describe the soft X-ray ex-

cess and the broad iron line observed from Ark 564, the
model can be tested against the observed correlations.
In the blurred reflection model, the soft excess and the

broad iron line are physically the same spectral compo-
nent, and hence these two features must be strongly cor-
related. The presence of the broad iron line strongly sug-

gests some contribution of the blurred reflection to the soft
X-ray excess. Indeed, the observation of reverberation soft
lags of ∼ 100 s in Ark 564 by Kara et al. (2013) clearly

demonstrate the presence of blurred reflection in the soft
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(0.3 − 1 keV) band. However, the findings of soft leads in

Ark 564 (Dewangan 2002; Kara et al. 2013) suggest con-
tribution of an additional spectral component in the soft
band. In our analysis, the broad iron line does not ap-

pear to follow the strongly variable soft X-ray excess emis-
sion. Illumination of the hard X-ray power law component
should not only result in the blurred reflection (the soft ex-

cess, broad iron line and the hump in the ∼ 20 − 40 keV)
but also in the reprocessed emission in the UV band. The
correlation between FUV and LSimpl may result from the
reprocessing of the coronal X-ray emission in the disk.

However, the similar variability amplitudes of the soft ex-
cess and the hard X-ray emission are difficult to explain
in the reflection model in which a compact corona along

the symmetrical axis illuminates the disk. In such a model,
due to the bending of light, the reflected emission that in-
cludes the soft excess and the iron line is much less vari-

able than the illuminating power law (Miniutti & Fabian
2004). Thus, the entire observed strong soft X-ray excess
is unlikely to be the reflected emission.

Our results are based on eight observations separated

by ∼6 days and clearly there is a need for a larger number
of such observations to verify these interpretations. Further
long term simultaneous monitoring of UV and X-ray emis-

sions over different timescales can give us more insight
into the variability of the source. Also the results can be
compared with correlations obtained for other AGN. This

may be possible with ASTROSAT which has the Ultra
Violet Imaging Telescope (UVIT) for monitoring the UV
emission and the Soft X-ray imaging Telescope (SXT) and

the Large Area X-ray Proportional Counters (LAXPC) for
X-ray studies.
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