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ABSTRACT

We use Hubble Space Telescope UV and optical spectra of the narrow-line Seyfert 1 (NLS1) galaxy
Ark 564 to investigate its internal reddening and properties of its emission-line and intrinsic UV absorp-
tion gas. We find that the extinction curve of Ark 564, derived from a comparison of its UV/optical
continuum to that of an unreddened NLSI1, lacks a 2200 A bump and turns up toward the UV at a
longer wavelength (4000 A) than the standard Galactic, LMC, and SMC curves. However, it does not
show the extremely steep rise to 1200 A that characterizes the extinction curve of the Seyfert 1 galaxy
NGC 3227. The emission lines and continuum experience the same amount of reddening, indicating the
presence of a dust screen that is external to the narrow-line region. Echelle spectra from the Space Tele-
scope Imaging Spectrograph show intrinsic UV absorption lines due to Lya, N v, C 1v, Si 1v, and Si 1,
centered at a radial velocity of —190 km s~ (relative to the host galaxy). Photoionization models of the
UV absorber indicate that it has a sufficient column (N = 1.6 x 10*! ¢cm™?) and is at a sufficient dis-
tance from the nucleus (D > 95 pc) to be the source of the dust screen. Thus, Ark 564 contains a dusty

“lukewarm absorber ” similar to that seen in NGC 3227.
Subject headings: galaxies: individual (Arakelian 564) — galaxies: Seyfert — ultraviolet: galaxies

1. INTRODUCTION

Narrow-line Seyfert 1 (NLS1) galaxies were first intro-
duced as a class of active galactic nuclei (AGNs) by
Osterbrock & Pogge (1985). Their optical spectra show
narrow (FWHM < 2000 km s~ ') permitted and forbidden
lines, similar to Seyfert 2 galaxies, but their emission-line
ratios are more like those of Seyfert 1 galaxies. In particular,
Osterbrock & Pogge found that while the permitted lines
are only slightly broader than the forbidden lines, these
objects show strong Fe 11 emission and [O m] 45007/Hp
ratios less than 3, indicating the presence of high-density gas
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like that in the broad-line region (BLR) of Seyfert 1 galaxies.
These authors note that the HS equivalent widths of NLS1s
are smaller than typical values for normal Seyfert 1s, sug-
gesting that they are not just normal Seyfert 1s seen at a
special viewing angle.

Renewed interest in NLS1s occurred when it was dis-
covered that they have distinctive X-ray properties: they
show a steep soft X-ray excess with a photon index I" > 3
below 1-2 keV, a steep hard X-ray continuum with
I' = 1.9-2.6, and rapid large-amplitude X-ray variability on
timescales of minutes to hours (Leighly 1999 and references
therein). In addition, optical studies have established that
NLS1s lie at one end of the Boroson & Green (1992) eigen-
vector 1 for low-redshift quasars and Seyfert 1 galaxies in
that they show relatively strong Fe 1 emission and weak
[O m] emission (Boller, Brandt, & Fink 1996).

Ark 564 (z = 0.02467 and D = 99 Mpc, assuming H, =
75 km s~ ! Mpc™!) is one of the brightest NLS1s in the
X-ray band (Boller et al. 1996) and shows intrinsic UV
absorption lines in Hubble Space Telescope (HST) spectra
(Crenshaw et al. 1999). In order to explore the variability
characteristics of an NLS1 in different wave bands, we
recently conducted a multiwavelength campaign on Ark
564. The optical monitoring campaign covered the periods
1998 November-1999 November and 2000 May-2001
January, and is described by Shemmer et al. (2001). The UV
campaign with HST was carried out on 2000 May 9-2000
July 8 and is described by Collier et al. (2001). Concurrent
Rossi X-Ray Timing Explorer (RXTE) and ASCA obser-
vations are described in Pounds et al. (2001) and Turner et
al. (2001b), respectively. In this paper, we use the HST
observations to explore the internal reddening in Ark 564
and the physical conditions in the absorbing gas.

2. OBSERVATIONS

HST spectra of the nucleus of Ark 564 include those
obtained with the Faint Object Spectrograph (FOS) and the
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Space Telescope Imaging Spectrograph (STIS). The details
of these observations are summarized in Table 1. We
retrieved the flux-calibrated FOS spectra of Ark 564, as well
as those of the NLS1 galaxy Mrk 493 for comparison, from
the HST archives (see Crenshaw et al. 1999 for details on
the Mrk 493 observations). We combined these spectra in
their regions of overlap to produce UV/optical spectra for
both Seyferts in the region 1150-6800 A. The FOS UV
spectra are discussed in Crenshaw et al. (1999); Ark 564
shows strong intrinsic absorption lines in Lyo, N v
AA1238.8, 1242.8, Si v 141393.8, 1402.8, and C 1v 111548.2,
1550.8, whereas Mrk 493 shows no evidence for intrinsic
absorption. The large wavelength coverage of these spectra
is particularly useful for determining the reddening curve of
Ark 564 (§ 3) and the measured fluxes of a large number of
UV/optical emission lines (§ 4) through a fixed aperture
(0786 in diameter).

As previously mentioned, the STIS spectra were obtained
in an intensive monitoring campaign in 2000 May—July.
Collier et al. (2001) give the details of the monitoring
sequence and data reduction. For the current study, we
used the low-dispersion G140L and G230L spectra aver-
aged over 46 visits to assist in the identification of emission
features and continuum regions in the UV. We note that the
UV continuum fluxes varied mildly during this period (the
ratio of maximum to minimum flux at 1360 A was 1.29) and
that the FOS UV continuum fluxes lie within this range;
they are lower than those of the average STIS values by a
factor of only 0.89 + 0.02. The FOS and STIS emission-line
fluxes are also the same to within 10%.

As part of the STIS campaign, we observed the nucleus of
Ark 564 at high spectral resolution (7 km s~ FWHM) with
the E140M grating (see Table 1). Our reduction of the
E140M spectra included a procedure to remove the back-
ground light from each order using a scattered light model
devised by Lindler (1998). The individual orders in each
echelle spectrum were spliced together in the regions of
overlap, and the four individual echelle spectra were
weighted by exposure time and averaged to produce a final
E140M spectrum. This spectrum was used in Collier et al.
(2001) to evaluate the contamination of the emission lines
by the absorption lines. In this paper, we use the echelle
observations to study the nature of the intrinsic UV absorp-
tion in this object (§ 5).

3. THE REDDENING CURVE IN ARAKELIAN 564

In Figure 1, we show the FOS UV /optical spectra of Ark
564 and Mrk 493 (the latter has been scaled and offset as
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Fic. 1.—FOS UV/optical spectra of two narrow-line Seyfert 1 galaxies.
The spectrum of Mrk 493 has been scaled by a factor of 3.0 to match the
continuum flux of Ark 564 at 5500 A and has been offset by 3.0 x 10~ '*
ergss~ ! cm~2? A~ !, The smooth curves are continuum fits.

described in the legend). The smooth curves are spline fits to
continuum regions that are free of obvious contamination
by absorption or emission lines, including the “little blue
bump ” between 2200 and 4200 A, which consists of a blend
of broad Fe nm and Balmer recombination emission (Wills,
Netzer, & Wills 1985). The continuum spectrum of Ark 564
is clearly much flatter than that of Mrk 493 in the UV. This
suggests that the spectrum of Ark 564 may experience a
significant amount of internal reddening. This is supported
by the findings of Walter & Fink (1993), who conclude that
Ark 564 is internally reddened based on the large observed
Ho/Hp ratio (=4.4) and the small ratio of ultraviolet to
X-ray continuum flux compared to most Seyfert 1 galaxies
(normal and NLSI1s) in their sample. These measurements
indicate significant internal reddening of the emission lines
and UV/optical continuum, since reddening due to our
Galaxy is small (see below). We present additional evidence
for internal reddening, based on the He 1m 11640/14686
ratio, in § 4.3.

To determine the reddening curve for Ark 564, we
used the FOS spectrum of Mrk 493 as a template. We
assume that the UV/optical continuum of Mrk 493 is (1)
unreddened, except for a small Galactic reddening of
E(B—V) = 0.03 (Schlegel, Finkbeiner, & Davis 1998), and
(2) represents the intrinsic continuum of Ark 564. The first

TABLE 1
Hubble Space Telescope SPECTRA OF ARAKELIAN 564

Aperture Coverage R.P? Exposure Date
Instrument Grating (arcsec) (A/AR) (s) (UT)
FOS....... G130H 0.86 diameter 1150-1605 1300 3550 1996 May 23
FOS....... G190H 0.86 diameter 1572-2312 1300 1500 1996 May 23
FOS....... G270H 0.86 diameter 2222-3277 1300 1200 1996 May 23
FOS....... G400H 0.86 diameter 3235-4781 1300 910 1996 May 23
FOS....... G500H 0.86 diameter 4569-6817 1300 590 1996 May 23
STIS ...... G140L 52 x 0.5 1150-1714 1200 55434® 2000 May 9-July 8
STIS ...... G230L 52 x 0.5 16003145 800 24216° 2000 May 9-July 8
STIS ...... E140M 02 x 0.2 1150-1710 46000 10310 2000 May 29

2 Resolving power (4/A4) at the central wavelength of each spectrum.
® Total exposure time for spectra averaged over 46 visits.
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assumption is based on the large rise of the Mrk 493 spec-
trum in the UV, which is typical of unreddened Seyfert 1
galaxies. In particular, the continuum shape is nearly identi-
cal to that in the STIS spectrum of the unreddened Seyfert 1
galaxy NGC 4151 (Crenshaw et al. 2001). In addition, the
emission lines (narrow plus broad) of Mrk 493 are essen-
tially unreddened after correction for Galactic reddening:
He 1 11640/14686 = 8.0 + 1.9, which is consistent with the
intrinsic ratio of 7-9 from photoionization models of the
narrow-line region (NLR; Kraemer et al. 1994) and BLR
(Rees, Netzer, & Ferland 1989). The second assumption is
based on the similarity of NLS1 galaxies in a number of
properties, including their emission-line ratios (Osterbrock
& Pogge 1985; Goodrich 1989) and X-ray characteristics
(Boller et al. 1996; Leighly 1999). Obviously, this assump-
tion needs to be explored with a larger sample of simulta-
neous UV and optical observations of NLSl1s, since there
are likely to be intrinsic differences in the spectral energy
distributions (SEDs) of these objects (the possible effects of
these differences are discussed later in this section).

Most of the continuum and emission-line reddening of
Ark 564 must be intrinsic, since the Galactic reddening is
small. The maps of Galactic dust IR emission from Schlegel
et al. (1998) give E(B— V) = 0.06, whereas a power-law plus
Galactic extinction fit to the UV spectrum yields
E(B—V)=0.03 (S. Collier 2001, private communication).
We adopt the latter value (0.03), since correction of the
observed spectrum for E(B— V) = 0.06 places the 2200 A
continuum region well above a smooth continuum fit (Fig.
1). The Galactic reddening is small compared to the internal
reddening (see below), so this choice has little effect on our
results.

To determine the reddening curve for Ark 564, we follow
the technique used by Crenshaw et al. (2001) in a study of
the reddening and absorption in NGC 3227. The contin-
uum fits in Figure 1 were each corrected for Galactic
reddening, using E(B— V) = 0.03 and the standard Galactic
curve (Savage & Mathis 1979). We can immediately deter-
mine the value of E(B—V) for the internal reddening:
E(B—V) = 25[log (X5) — log (Xy)], where X is the ratio of
the Mrk 493 continuum fit to that of Ark 564 as a function
of wavelength and is evaluated at the effective wavelengths
of the B (4400 A) and V (5500 A) filters. From this relation,
we find that E(B— V) = 0.14 mag for the internal reddening
in Ark 564.

We can also determine the reddening curve at any wave-
length, relative to V' and as per convention normalized to
E(B— V) (Savage & Mathis 1979):

EA—V)_A,— Ay _
EB—-V) Az—A,

log (X;) — log (Xy)
log (Xp) — log (Xy) ’

(1)

where Ag, Ay, and A, are the extinctions in magnitudes at
B, V, and an arbitrary A.

To determine the absolute extinction at any wavelength,
we need to calibrate the above reddening curve,

A, EG-V)
EB—-V) EB-YV)

+ Ry, 2

by determining the offset R, = 4, /E(B— V). We make use
of the result that the standard Galactic, LMC, and SMC
extinction laws have essentially the same values at 4 > 4500
A (Crenshaw et al. 2001 and references therein) and assume
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F1G. 2.—Reddening curve for Ark 564 as a function of wavelength (solid
line). Reddening curves for the Galaxy (the standard curve of Savage &
Mathis 1979), LMC (Koornneef & Code 1981), and SMC (Hutchings 1982)
are given for comparison.

that this is the case for Ark 564.!* Thus, Ry, is the constant
we need to add to E(A— V)/E(B—V) to match these laws at
long wavelengths. This yields R, = 3.1, which is also the
standard Galactic value (Savage & Sembach 1979).

Figure 2 shows the extinction laws for the Galaxy, LMC,
and SMC, along with the extinction law for Ark 564 deter-
mined in the fashion described above. The extinction curve
for Ark 564 is unusual in that it diverges from the others at
4000 A. At shorter wavelengths, the curve climbs steadily
with no evidence for the sharp curvature seen in other laws
in the far-UV; there is also no evidence for a 2200 A bump,
similar to the SMC curve (see § 8). By comparison, the
extinction curve for NGC 3227 also beglns to diverge from
the other curves at 3500-4000 A but rises even more sharply
in the UV than the SMC curve (Crenshaw et al. 2001).

The principal uncertainty in the reddening curve of Ark
564 is likely the assumption that its intrinsic SED is identi-
cal to that of Mrk 493 (which, as noted earlier in this
section, is essentially the same as that of NGC 4151 in an
average state). Unfortunately, HST observations of other
unreddened Seyfert 1 galaxies covering the full UV/optical
range are not available to explore this issue. Therefore, we
use the extreme variations of NGC 4151 itself, which was
monitored extensively with IUE. Clavel et al. (1990) find
that the ratio of UV to optical continuum F,(1450)/
F,(5000) varies by a factor of 3.1, with high ratios corre-
sponding to high UV fluxes. However, Kaspi et al. (1996)
find that a portion of this effect is due to a substantial
galaxy contribution in the apertures used for optical obser-
vations; subtracting the stellar flux at 5000 A leads to a
ratio that varies by a factor of 2.1. Assuming this extreme
variation for this ratio, the reddening value and uncertainty
at 1450 A is therefore A,/E(B—V) = 11.1 + 2.5. With this
assumption, the reddening curve for Ark 564 could possibly
be as shallow as the Galactic curve in the UV or somewhat
steeper than the LMC curve, but not as steep as the curves
for the SMC or NGC 3227. On the other hand, the extinc-

14 It would be preferable to match the continuum curves at A > 7000 A
(Cardelli, Clayton, & Mathis 1989), but the FOS wavelength coverage for
Ark 564 does not extend this far.
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tion determined from the observed He 1 11640/14686 ratio
is nearly identical to that derived for the continuum (§ 4.3),
and the error in this ratio is only ~ 30%, suggesting that the
uncertainty in the reddening curve is much smaller than the
conservative estimate quoted above.

4. THE EMISSION LINES

4.1. Measurements

We have measured the emission-line fluxes in the FOS
spectrum of Ark 564 to determine the reddening from the
He 1 lines and for a future investigation into the physical
conditions in the emission-line regions and the SED of the
ionizing continuum flux (P. Romano et al. 2002, in
preparation). As is typical for Seyfert 1 galaxies, there are
strong contributions to the spectrum from a high-density
region responsible for lines such as Fe 11 (the classic BLR in
normal Seyfert 1s) and a lower density region responsible
for forbidden lines such as [O m1] (the NLR). Since Ark 564
is an NLSI1, these contributions are strongly blended
together. Although the permitted lines tend to show
broader wings than the forbidden lines, which is typical in
these objects (Osterbrock & Pogge 1985; Goodrich 1989),
they are not sufficiently broad to deconvolve the broad and
narrow components, particularly at this spectral resolution.
We therefore measured the total emission from each line.

We measured the emission-line fluxes of most of the lines
by direct integration of their fluxes over the continuum fit.
For severe blends (e.g., Ho, [N 1] 116548, 6584), we used the
[O m] 45007 and Hp profiles as templates for the forbidden
and permitted lines, respectively, to deblend the emission
features. For the UV lines affected by absorption, we used
the emission-line fits from the STIS echelle spectra (see § 5).
We determined the line ratios relative to Hf and corrected
these ratios for reddening using the Ark 564 curve in Figure
2, with E(B—V) = 0.14 + 0.04, and the standard Galactic
curve, with E(B— V) = 0.03 (our justification for using the
Ark 564 continuum reddening curve is given in § 4.3). We
determined errors in the dereddened ratios from the sum in
quadrature of the errors from photon noise, different rea-
sonable continuum placements, and reddening.

We show the observed and dereddened line ratios in
Table 2. The C m 11334 emission is undetectable in this
object, whereas it is clearly seen in the UV spectra of most
Seyfert galaxies (Crenshaw et al. 1999). There are no Galac-
tic or intrinsic absorption features that could mask the C it
emission. [O m] 42321 and C 1] 42326 are not evident as
well, but their absence could be explained by the presence of
Galactic Fe m 112374, 2382 absorption at the redshifted
positions of these emission lines.

4.2. Spatial Extent of the NLR

To place a limit on the size of the NLR in Ark 564, we
examined the two-dimensional STIS spectral images (there
are no narrowband HST images). We find that the spatial
profiles of the continuum and strong emission lines (Lya,
Mg 1) along the slit are identical and indistinguishable from
a point source (the spatial resolution is 0705-0"1 FWHM in
the UV). From the Lya spatial profile, we find that at least
85% of the emission-line flux must come from a region that
is <0'2 (95 pc) from the nucleus (assuming circular
symmetry). Thus, the NLR is compact (at least along this
direction), which is often the case for Seyfert 1 galaxies
(Schmitt & Kinney 1996).
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TABLE 2
ARAKELIAN 564 EMISSION-LINE RATIOS (RELATIVE TO Hp?)

Observed Reddening
Line Ratio Corrected®
Lyoa 21216 ..cooonveineennnn.... 421 + 047 15.77 + 4.80
NvAI240 ..o, 1.18 + 0.16 434 +1.32
O1A1302. i 0.27 + 0.06 0.95 + 0.29
O]+ Sitv 11400 ............ 0.35 + 0.07 1.16 + 0.34
Ni1v] 21486 ...covvvvennnennnnn 0.25 + 0.05 0.78 + 0.22
CvAlS50.....coiiiiiinnnnnn... 1.13 + 0.16 339 + 091
HemA1640 ...........cceeennnn 0.55 + 0.08 1.59 + 041
Om] 21663 .....c.cevveennnnnn. 0.21 + 0.03 0.60 + 0.15
Nm] A1750 c.oeieiniiininns 0.23 + 0.04 0.63 + 0.16
Sim] 21890 ....coevviiiiinanl 0.10 + 0.02 0.25 + 0.06
Cor] A1909 ....ooviiiiiiinn 0.40 + 0.05 1.07 +£ 0.24
[Ne1v] 22423 .......ccovvennt. 0.09 + 0.02 0.19 + 0.04
[Fe x1] A2649 ........cc........ 0.04 + 0.01 0.07 + 0.02
Mg 42800 ...coevvvvnnniennnnn 0.58 + 0.08 1.04 + 0.16
OmA3133 ..o 0.18 + 0.06 0.29 + 0.06
[Ne v] 23346......cccccnnnnnn. 0.06 + 0.01 0.08 + 0.01
[Nev]A3424........cccennnn.. 0.16 + 0.02 0.23 + 0.03
[Fe vir] A3588 ......ccccvvvnttn 0.02 + 0.01 0.03 + 0.01
[OnO] A3727 e 0.12 + 0.02 0.15 + 0.02
[Fe vir] A3760 .................. 0.05 + 0.01 0.06 + 0.01
[Nem] 23869 ......ccccvnnnnn... 0.11 + 0.01 0.13 + 0.02
H8+ Her113889............... 0.05 + 0.01 0.06 + 0.01
[Ne m] + He 43967 ............ 0.11 + 0.02 0.13 + 0.02
[Su] 24072 ..ooveiiiiiinn.n 0.03 + 0.01 0.03 + 0.01
HO6 24100 .....cccovvvviinannnt 0.17 + 0.03 0.20 + 0.03
Hy 4340 ....ooovviiiiiiiin. 0.32 + 0.05 0.35 + 0.06
[Om] 44363 ......cccvvennnnn.. 0.06 + 0.02 0.06 + 0.02
Henm A4686 ..........cccvveent 0.21 + 0.05 0.22 + 0.05
HB 24861 ......cccvvveinnennn 1.00 1.00
[Om] 44959 ...ovvviiiiiinnt 0.30 + 0.04 0.30 + 0.04
[O m] A5007 .....covvvennnnnn.. 098 + 0.12 0.96 + 0.12
[Fe vir] A5721 .................. 0.04 + 0.01 0.03 + 0.01
He1A5876.....ccccvvvennvnnnnn. 0.08 + 0.02 0.07 + 0.02
[Fe vir] 26087 .........c.c.e... 0.05 + 0.02 0.04 + 0.02
[O1] 46300 .......ccevvennnnnnn. 0.07 + 0.01 0.06 + 0.01
[Fe x] 46374 + [O 1] 46364... 0.14 + 0.03 0.12 + 0.03
Ho 46563 ...vviiiiiiiiienn 4.57 + 0.50 3.78 + 0.53
[NIo] A6584......cccccnnnnnnnn. 0.15 + 0.05 0.12 + 0.05

 Reddening-corrected flux (HpB) = (3.13 + 0.34) x 10713 ergs cm™?
s~
® Lines corrected using Ez_, = 0.14 + 0.04 and Ark 564 reddening
curve from Fig. 2 plus E;_,;, = 0.03 and Galactic curve.

4.3. Reddening of the Emission Lines

We can investigate the reddening of the emission lines in
a manner independent of our continuum reddening
analysis, since the ratios of the He 11 lines vary only slightly
with temperature and density (Seaton 1978). The intrinsic
He 1 11640/14686 ratio is ~7 for the NLR (Kraemer et al.
1994) and ~9 for the BLR (Rees et al. 1989). From this
range and the observed ratio of 2.92 (corrected for Galactic
reddening), the differential extinction is A4,(1640)
— A,(4686) = 0.95-1.22 mag. By comparison, the contin-
uum extinction curve yields A,;(1640) — A,(4686) = 0.95
mag. These values are in good agreement, although it is
possible that the emission lines experience a slight amount
of additional extinction (see Kraemer et al. 2000a). The
similar extinctions for continuum and emission lines jus-
tifies our use of the continuum reddening curve in § 4.1. The
simplest explanation is a dust screen that lies outside of and
covers both the continuum source and emission-line regions
(including the NLR), similar to the situation for NGC 3227
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(Crenshaw et al. 2001). One might expect that the intrinsic
UV absorption lines could arise from gas associated with
the dust; this possibility is explored in § 7.

5. THE INTRINSIC ULTRAVIOLET ABSORPTION

As noted in § 2, the FOS spectra of Ark 564 show intrinsic
absorption from Lya, N v, Si 1v, and C 1v; these lines are
also seen in the low-dispersion STIS spectra (Collier et al.
2001). The STIS echelle spectra resolve these lines, as shown
in Figure 3, which plots the absorption as a function of
radial velocity (for the stronger member of the doublets)
relative to the systemic redshift of z = 0.02467, determined
from the H 1 21 cm line (de Vaucouleurs et al. 1991). We
have also discovered the presence of intrinsic Si m 41206.5
absorption at the same approximate radial velocity as the
Si v absorption. However, there is no evidence for the
presence of lower ionization lines, such as C 1 41334.5 or
Si m A1260.4. 1t is clear from Figure 3 that the Lya, N v, and
C 1v absorption lines are completely saturated, and there
is no hope for separating individual kinematic components.
Si v and Si m appear not to be saturated, and common
narrow kinematic components can be seen in these lines.
Because of the noise and inherent difficulty in deblending
these components, we treat the absorption as a single

|
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F1G. 3.—Portions of the STIS echelle spectra of Ark 564, showing the
intrinsic UV absorption lines detected. Fluxes are plotted as a function of
radial velocity (of the strongest line for the N v, C 1v, and Si 1v doublets),
relative to a systemic redshift of z = 0.02467. The weaker members of the
doublets at longer wavelengths are also visible.
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large kinematic component in our analysis. This treatment
is appropriate if there are no large variations in the physical
conditions as a function of radial velocity.

To measure the absorption lines, we fitted cubic splines to
the continuum and emission lines, using the high signal-to-
noise low-dispersion spectra as a guide. We then divided the
echelle spectrum by the spline fit to normalize the absorp-
tion profiles. For the heavily saturated lines, we obtained a
lower limit to Cpqg, the covering of the continuum plus
emission by the absorber in the line of sight, from the
residual flux (I,) in the troughs: C; o5 = 1.0 — I,. For Si 1v,
we determined the covering factor in the deepest portion of
the lines with the doublet method of Hamann et al. (1997):

c -2, +1
s, —2I, +1°

where I, and I, are the residual fluxes in the cores of the
weaker line (Si v 11402.8) and stronger line (Si 1v 11393.8),
respectively.

The derived covering factors are given in Table 3. The
values are very close to 1, which indicates that all of the
emission-line gas in this velocity range is occulted by the
absorber. Since the NLR gas occupies this velocity range
(£500 km s~ !, based on the optical [O mI] lines), the
absorber must occult the NLR as well. For example, based
on the strengths of the forbidden [Ne v] lines (Table 2), we
know that the NLR gas in this object is highly ionized, with
an ionization parameter similar to that of the compact NLR
in NGC 5548 (Kraemer et al. 1998). If we use the narrow
C 1v/[O m1] ratio from NGC 5548 to estimate the narrow
C 1v flux in Ark 564 and assume the NLR is not covered,
the C 1v troughs reach an intensity of ~0.5, instead of the
observed value of zero seen in Figure 3.

The radial velocity centroids of the absorption lines are
given in Table 3; these values are relative to the systemic
redshift. The discrepant values can be attributed to the
effects of saturation. The total column of gas is apparently
smaller at more positive radial velocities, as indicated by the
Si lines (assuming constant ionization parameter across the
profiles). However, saturation will tend to fill in the red
portions of the other absorption lines and shift the velocity
centroids to less negative numbers. The best values for
velocity centroid and FWHM weighted by column density
are therefore obtained from the unsaturated Si 1v and Si m
lines: v, = —194 + 5km s~ !, FWHM = 180 + 20 km s~ 1.
On the other hand, the total velocity coverage of the
absorber is best obtained from the heavily saturated Lyo
line: —420 to + 180 km s~ 1, relative to systemic. We note

G

TABLE 3

INTRINSIC ABSORPTION: MEASUREMENTS AND MODELS

v,? N(Observed)  N(Model®)
Ton Cios (km s~ 1) (cm™?) (cm™?)

Hr....... 1.00 + 0.03 —106 >14 x 103 5.0 x 107
Nv..... 1.00 + 0.03 —152 >3.1 x 10*3 4.7 x 10'¢
Crv...... 1.00 £+ 0.02 —130 >2.5 x 10%3 1.4 x 10
Sitv...... 0.99 + 0.01 —197 1.6 x 104 1.5 x 10t
Sim...... —190 2.6 x 1013 4.8 x 1013
Co....... <54 x 10*3 5.5 x 103
Sim...... <74 x 10*2 1.7 x 10*2

2 Velocity centroid relative to the systemic redshift of 0.02467.
b U =0.032, Ny = 1.62 x 10> cm 2.
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that the low-dispersion STIS and FOS spectra show no
evidence for changes in radial velocity coverage (>80 km

s~ 1) or equivalent width (>0.2 A) of the absorbers over the
4 yr interval between the observations.

Since the dust screen and UV absorber both cover the
NLR, it is important to ascertain if they arise from the same
region, and if they do, to determine the physical conditions
in this region. For this purpose, we have derived the ionic
column densities (or limits) for the absorption. For the
unsaturated lines, we determined the optical depth (1) as a
function of radial velocity (v,) for a covering factor of 1:
t = In(1/I,). For the saturated lines, we assumed the
minimum possible covering factor (0.97) to derive an abso-
lute lower limit to the optical depth using the equation from
Hamann et al. (1997):

C
=In|—25 ) 4
‘ <I r + CLOS - 1 ( )
We then obtained the ionic column density (or lower
limit) by integrating the optical depth across the profile:

= f o(v,)de, 5

(Savage & Sembach 1991), where f'is the oscillator strength
and 21 is the laboratory wavelength (Morton, York, &
Jenkins 1988). We have also estimated upper limits to the
two low ionization lines that we would expect to be strong-
est: C m 413345 and Si m 11260.4. The measured ionic
column densities or limits are given in Table 3, along with
model values discussed in the next section.

6. PHOTOIONIZATION MODELS OF THE ABSORPTION

6.1. Model Parameters

Photoionization models for this study were generated
using the code CLOUDY90 (Ferland et al. 1998). We have
modeled the absorber as a matter-bounded slab of atomic
gas, irradiated by the ionizing continuum radiation emitted
by the central source. As per convention, the model is
parameterized in terms of the ionization parameter, U, the
ratio of the density of photons with energies >13.6 eV to
the number density of hydrogen atoms (ny) at the illumi-
nated face of the slab. By matching the observed ionic
column densities, we can constrain the total hydrogen
column density (Ng) and ionization parameter for the
absorber. Of course, the value of Ny that we obtain depends
on our assumed elemental abundances (see below). The
model is deemed successful when the predicted ionic
columns match those observed to better than a factor of 2.
As noted in § 5, the strongest UV absorption lines (Lyo,
C 1v, and N v) are completely saturated; hence, we only
have lower limits to these ionic column densities. However,
we can constrain the physical conditions in the absorber
based on these limits, the columns of Si m1 and Si 1v, and the
upper limits for Simand C 1.

The X-ray continuum of Ark 564 is characterized by a
strong excess below 1 keV, which has been variously
modeled as thermal bremsstrahlung, a blackbody, a broad
Gaussian, or an absorption edge (Brandt et al. 1994;
Turner, George, & Netzer 1999). There is evidence for a
steep underlying power-law continuum, with a photon
index I' &~ 2.5 (Vaughan et al. 1999). As noted by Brandt et
al. (1994), an extension of such a power-law greatly over-
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predicts the UV flux; hence, the spectrum must flatten at
energies below 0.1 keV. We based our derived model SED
on the observed fluxes at 1150 A and 0.5 keV, assuming that
the continuum consists of power laws of the form L, oc v™4%,
where o = 1.0 at hv < 13.6 eV, o = 1.07 between 13.6 eV
and 0.5 keV, and a = 1.6 at hv > 0.5 keV (consistent with
the 0.7-3 keV fluxes measured by Turner et al. 2001b). To
account for the soft X-ray excess, we also included a black-
body of temperature kT = 0.157 keV, similar to that
derived for the luminous NLS1 Ton S180 (Turner et al.
2001a). The blackbody was scaled to contribute one-third of
the flux at 0.5 keV, as suggested by Turner et al. (2001b),
and is the simplest representation of the SED, given the lack
of evidence for a turnover (Turner et al. 2001b). Based on
this SED, we estimate that the central source luminosity in
ionizing photons is ~2.0 x 10°# s~ !, Note that this is ~ 13
times the luminosity of the Seyfert 1 galaxy NGC 3227
(Kraemer et al. 2000b) and most likely a conservative lower
limit, since we have assumed that the continuum does not
peak below 0.1 keV. Figure 4 shows the incident and trans-
mitted continua for the models (see § 6.2).

We have also assumed roughly solar abundances (see
Grevesse & Anders 1989) by number relative to H, as
follows: He=0.1, C=34x10"% N=12x 1074 O =
68 x107% Ne=11x10"% Mg=33x1075 Al=
296 x 107°%, Si=31x10"°, P=373x10"7, S=15
x 1075, Fe =4 x 107>, and Ni = 1.78 x 10~°. Given the
evidence for a large column of dusty gas and the absence of
C 1 in absorption, we have used a standard depletion of
85% of the carbon onto grains (Draine & Lee 1984).
However, the presence of Si 1 in absorption argues against
the presence of silicate grains, and we have therefore
assumed no depletions of other elements.*>

6.2. Model Results

We modeled the UV absorber as a single zone and
arrived at the following best-fit parameters: U = 0.033 and
Ny = 1.62 x 10*'cm 2. The predicted ionic columns are
listed in Table 3 and, generally, provide a good fit to the
observed column densities. The predictions for Lya, C 1v,
and N v exceed the lower limits, while those for Cmand Sint
are consistent with their upper limits. The predicted column
for Si 1v is close to the observed value and, although the
predicted Si m column is somewhat high, it is within a
factor of 2 of that observed. In Table 4, we list predicted
column densities for the ions C 1, N 11, and O vi, which can
produce absorption lines observable in the FUSE bandpass
(910-1185 A), and O vi and O v, from which strong
bound-free edges and absorption lines associated with
“warm” absorbers arise (Reynolds 1997; George et al.
1998). Based on the most recent ASCA spectra (Turner et al.
2001b), we determined upper limits for the bound-free
optical depths and column densities of O vII (74, < 0.054,

15 The presence of carbon grains without silicate grains is an empirical
assumption that provides a good match to the observed ionic column
densities (§ 6.2). To our knowledge, this situation has not been seen in other
types of objects and may reflect the unusual environment around a Seyfert
nucleus. Interestingly, the C 1 11334.5 emission line is not detected, and the
C1v 21550 and C m1] 21909 emission lines appear to be relatively weak in
Ark 564 compared to lines such as N v 11240, N m] 41750, and Si 1]
A1890 (Table 2). Although this could result from a combination of high
densities (Kuraszkiewicz et al. 2000) and unusual abundance ratios (Wills
et al. 1999; Mathur 2000), another explanation is that the carbon has been
removed from gas phase by depletion onto dust grains.
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Noyp <22 x 107 ecm™2) and O vII (7, < 0.001,
Novm < 1.1 x 101® cm™2), which are consistent with our
model predictions.

7. THE CONNECTION BETWEEN ULTRAVIOLET
ABSORPTION AND REDDENING

The total hydrogen column in our model would yield a
reddening value of E(B— V) = 0.31 for a Galactic dust-to-
gas ratio, from the relation given by Shull & Van Steenberg
(1985). Our derived internal reddening for this object is
E(B—V) = 0.14, which is consistent with the lower than
Galactic dust-to-gas ratio in our model, because of the
absence of silicate grains. In any case, the UV absorber has
enough column to produce the observed reddening. Given
that the UV absorber covers the NLR in Ark 564, the dusty
gas must lie further than 95 pc from the active nucleus (see
§ 4.2) and have a density of ny < 10® cm ™3 based on our
model parameters.

There are two additional considerations that must be
addressed: First, although the models show that the UV
absorption is consistent with carbon depletion, the spec-
trum of Ark 564 shows no evidence for a 2200 A extinction
feature. However, this feature is typically absent in
reddened AGNs (Pittman, Clayton, & Gordon 2000), and,
in any event, its origin is not well understood. Second, since
emission lines will arise in the absorber, its covering factor
is constrained by the observed emission-line fluxes. For
example, the absorber that we have modeled at a radial
distance of 95 pc would require a global covering factor of

TABLE 4

ADDITIONAL PREDICTED IONIC
COLUMN DENSITIES

Ton cm™?
Cm .......... 5.2 x 1013
NII.......... 1.5 x 1016
OVI.......... 2.4 x 107
ovo......... 1.5 x 107
Ovm......... 5.3 x 1015
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0.05 to account for all of the observed [Ne v] 13426 and
80% of [O m] A5007. Since there may be significant [O 1]
A5007 emission from the gas in which low ionization lines
such as [N 1] 16584 and [O 1] 13227 form (see Kraemer et
al. 2000a), the covering factor of the absorber may be some-
what less than this value.

To summarize, the absorber is of sufficiently high ioniza-
tion state to produce saturated N v and C 1v absorption
lines. We predict O v and O vii column densities much
lower than that associated with the “warm™ absorbers
detected in ASCA spectra of Seyfert 1 galaxies (Reynolds
1997; George et al 1998). Hence, we arrive at the same
conclusion as that for the Seyfert 1 galaxy NGC 3227
(Kraemer et al. 2000b; Crenshaw et al. 2001): the dust is
embedded in a “lukewarm absorber ” that lies outside of the
NLR.

8. DISCUSSION

Our motivations for this study were to investigate the
intrinsic UV absorption revealed in the FOS archive
spectra of Ark 564 and observed at high resolution with
STIS during the recent monitoring campaign and to evalu-
ate the reddening of the UV continuum fluxes for a study of
the intrinsic SED (P. Romano et al. 2002, in preparation). In
doing so, we have discovered that the intrinsic absorption
and reddening are linked in this object, in that the absorb-
ing gas has a sufficient column (N = 1.6 x 10?! cm™?) and
distance from the continuum source (D > 95 pc) to contain
the dust that reddens the continuum source, BLR, and
compact NLR. The properties of the absorbing gas in Ark
564 are very similar to those in the dusty lukewarm
absorber in NGC 3227 (N = 2.0 x 10* cm ™%, D > 92 pc;
Crenshaw et al. 2001), suggesting a common origin. One
interesting difference, however, is the derived reddening
curve: in NGC 3227, it is much steeper in the UV, suggest-
ing a preponderance of small dust grains (Crenshaw et al.
2001). Simultaneous UV/optical spectra of additional
reddened Seyfert galaxies, covering a broad wavelength
range (e.g., 1150-10000 A) at high spatial resolution (~0"1,
to minimize contamination by the host galaxy), would
be helpful in exploring the range of reddening curves in
Seyferts.

The ionization state of the gas is relatively high in both
NGC 3227 (U =0.13) and Ark 564 (U = 0.032), but not
high enough (given the Ny columns) to produce observable
O vi and O v edges detectable by ASCA (although possi-
bly detectable through absorption lines in Chandra spectra).
Thus, these absorbers do not qualify as “dusty warm
absorbers,” which have been claimed in several AGN:s,
including NGC 3227 (Komossa & Fink 1997). As noted in
Kraemer et al. (2000b) and Crenshaw et al. (2001), the dusty
lukewarm absorber provides a more natural explanation,
since it can be placed at large distances (> 100 pc) from the
nucleus and account for not only the reddening of the con-
tinuum source and BLR but the observed reddening of the
NLR as well. As in the case of NGC 3227 and Ark 564, the
dusty lukewarm absorber can be identified in reddened
sources through the detection of strong UV absorption lines
near the systemic redshift.

Dusty lukewarm absorbers likely originate from a differ-
ent location than the majority of known intrinsic absorp-
tion systems in Seyfert 1 galaxies. The latter tend to be
variable and, in many cases, exhibit high outflow velocities
(up to 2100 km s~ !; Crenshaw et al. 1999), indicating an
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origin close to the nucleus. On the other hand, the dusty
lukewarm absorbers in the two objects that we have studied
are located outside of the majority of the NLR emission.
Interestingly, the galactic disks of both Seyferts are inclined
to our line of sight (i = 63° for NGC 3227, i = 59° for Ark
564; De Zotti & Gaskell 1985), yielding a line of sight with a
larger optical depth that intercepts more of the host
galaxy’s disk compared to face-on (i ~ 0) Seyfert galaxies.
There is ample morphological and kinematic evidence that
the extended narrow-line region (ENLR) in a Seyfert galaxy
is ionized gas in the galactic disk (see Unger et al. 1987).
Thus, it is likely that the dusty lukewarm absorber is a
highly ionized component in the ENLR that we see when
looking through the host galaxy’s disk.
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