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ABSTRACT

We report on the first simultaneous optical, UV, and X-ray spectroscopy of the low-redshift (z = 0.297),
high-luminosity QSO H1821 + 643. This multiwavelength campaign was complemented by optical imaging
and radio mapping with the VLA. Although there was no significant variability during the 40 day monitoring
period in either the UV or X-ray bands, a number of new results were obtained. There is significant variability
in the optical, UV, and X-ray bands on time scales of years, both in flux level and spectral shape. In the
co-added ultraviolet spectrum we detected a Lyman-a absorption line at z = 0.225. In the radio map the QSO
is extended in the north-south direction at 20 cm, and can be resolved into two separate components at 6 cm.
In the ROSAT data we separated (both spatially and spectroscopically) the emission originating in
H1821+ 643 from the nearby hot white dwarf K1—16, and thus we isolated the intrinsic soft X-ray excess in
the QSO. The IUE and ROSAT data were combined with new optical spectroscopy and hard X-ray data
from Ginga, to reveal a strong optical/UV bump with a flat slope (x ~ —0.96, f, oc v*) in the UV, a steep soft
X-ray excess (x ~ —4) between ~0.15 keV and ~0.5 keV, and a typical hard X-ray slope of « ~ —0.8 extend-
ing up to 10 keV. While the optical/UV bump and the soft X-ray excess can each be fit satisfactorily with
standard accretion disk models, a joint fit to the optical/UV/X-ray bump cannot be achieved. This suggests
that either the optical/UV or the soft X-ray emission do not arise in an accretion disk, or that the standard
bare disk model should be modified (possibly by inclusion of electron scattering) to account for both the
strong, flat UV emission and the steep, soft X-ray excess.

Subject headings: quasars: individual (H1821 + 643) — radio continuum: galaxies — ultraviolet: galaxies —

X-rays: galaxies

1. INTRODUCTION

Knowledge about emission mechanisms in QSOs can be
advanced by studies across the electromagnetic spectrum.
H1821 + 643, which distinguishes itself from other radio-quiet
QSOs by its brightness (V' = 14.2 mag), has been studied from
the radio to the X-ray bands by Kolman et al. (1991, hereafter
KHSF). They found that H1821+643 displayed a strong
optical/UV bump and, possibly, a similarly strong, variable
soft X-ray excess, although the nonsimultaneity of the observa-
tions hampered a study of the connection between the UV and
soft X-ray emission.

When H1821 + 643 was first detected in 1977 by HEAO A-2
(in the 0.5-20 keV range), it displayed a very strong soft X-ray
excess below 2 keV (Pravdo & Marshall 1984). Einstein IPC
observations taken 3 years later in the 0.1-3.5 keV range
did not show evidence for a soft X-ray excess (KHSF), indicat-
ing that the soft X-ray flux had decreased by a factor of 4
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(Pravdo & Marshall 1984). Subsequent EXOSAT observa-
tions in 1985 showed evidence in the combined LE-ME fits for
a soft X-ray excess, but with a flux a factor of ~ 10 below the
soft component from the HEAO A-2 observations (Warwick,
Barstow, & Yaqoob 1989). The poor energy resolution of the
low energy (LE) telescope on EXOSAT did not allow for
further study of the soft X-ray excess.

As the field of view of the HEAO A-2 low energy detector
(LED) is quite large, it is possible that the detected soft X-ray
emission was in part due to nearby stars, such as SAO 17828
and SAO 17878, in addition to K1—16, a planetary nebula
only 90” from the QSO (KHSF). KHSF estimated the contri-
bution from the SAO stars to the LED flux based on the IPC
observations, and concluded that these stars could not have
accounted for the strong LED flux, although considering the
poor energy resolution of the IPC below ~ 1 keV, it could not
be ruled out that K1— 16 contaminated the HEAO A-2 LED
detection.

The ROSAT observations presented here, obtained with the
position-sensitive proportional counter (PSPC) over a period
of 40 days, provide the best X-ray spectra of H1821 + 643 in the
0.1-2.4 keV range. The PSPC is therefore the ideal instrument
to study the soft X-ray excess in H1821+ 643 and to address
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the issue of possible contamination of the HEAO A-2 spectrum
by nearby sources such as K1 —16.

While there are alternative models such as that of Barvainis
(1990), who suggested that the optical/UV emission is optically
thin free-free radiation, the optical/UV bump is generally
attributed to an accretion disk around the central black hole
(e.g., Malkan & Sargent 1982). In this picture the soft X-ray
excess can be interpreted as the high-energy tail of the XUV
bump. If both the soft X-ray and UV emissions arise in an
accretion disk, then this should be reflected in the continuum
energy distribution and the correlated variability of the UV
and X-ray flux. However, this interpretation has not been well
tested in the past due to the lack of simultaneous coverage in
the UV and soft X-ray bands and the poor sensitivity to soft
X-rays. The simultaneous observations of H1821+ 643 with
IUE and ROSAT provide the first test of the common origin of
the UV bump and soft X-ray excess in any QSO. Due to its
location in the sky, which allowed for extensive coverage
during the ROSAT All Sky Survey, and its strong and variable
emission detected in the UV and at soft X-ray energies,
H1821+ 643 has become the prime object for such a study.
Although the main thrust of this paper is observational, we will
also briefly discuss the interpretation of the continuum energy
distribution in the framework of accretion disk models.

2. OBSERVATIONS

2.1. X-Ray Observations

X-ray observations of H1821+ 643 in 0.07-2.4 keV band
were obtained by the ROSAT PSPC during the All Sky Survey
(RASS). During the survey the ecliptic poles received full cover-
age and objects close to the poles were observed for long
periods. H1821 + 643, located only 3° from the north ecliptic
pole, was in the field of view of ROSAT from 1990 October 14
to 1990 November 24. The details of these observations are
given in Table 1. The PSPC image centered on H1821 + 643 is
shown in Figure 1. In the northeast corner, the previously
known X-ray source SAO 17878 is visible. The photons from
the QSO are extracted within a 6’ radius around the centroid
of H1821+643, while the background is obtained from an
annulus with an inner and outer radius of 11’ and 30/, respec-
tively. About 35’ south of H1821+ 643 there is evidence for
several weak sources, which are excluded in the calculation of

TABLE 1
ROSAT PSPC OBSERVATIONS OF H1821 + 643

Parameter Value.

Observation period (Julian day —2448000) ............ 178.9-219.6
Total exposure time(s) ..........coeeeeveiniininninnannn. 9049
Source counts:

Total counts (within 6' from QSO) ................ 7525

Count rate (counts s ™) ............coeevinininnnn. 0.83
Background counts:

Total counts (in 11'-30" annulus) .................. 15727

Surface brightness (counts s ™! arcmin~?)......... 7.7 x 107*

Counts within 6' from QSO ........................ . 788
Fy(0.1-24KkeV) oo 1.56 x 107!
Ly(0.1-24KeV)® oot 2.82 x 10*®

2 Flux (ergs cm~2 s™') in observed energy band, using the spectral

model described in § 3.3.

® Luminosity (ergs s~ !) in intrinsic energy band, corrected for absorp-
tion and assuming the spectral model described in § 3.3, H, = 50 km s !
Mpc~!,and g, = 0.

|
B

——

30 arcmin

F1G. 1.—X-ray image around H1821 + 643 obtained with the PSPC in the
0.09-2.4 keV range during the ROSAT All Sky Survey. North is up and east is
left. SAO 17878 is visible in the northeast corner. Weak X-ray sources can be
seen 35 south and 15’ east of H1821 + 643.

the background counts, as well as a weak unidentified X-ray
source 15’ east of the QSO. H1821+ 643 is a strong source,
with an observed count rate (uncorrected for vignetting and
the obscuring rib structure) of 0.83 counts s, about 10 times
the local background rate.

During the period that H1821 + 643 was in the field of view
of ROSAT, Ginga obtained X-ray spectra on two occasions
(1990 October 24 and 28). The flux in the 2-10 keV interval
was 2.09 x 107! and 1.95 x 107! ergs s™! cm™2, respec-
tively, while the corresponding power-law photon index was
1.78 and 1.83 (F. Makino 1991, private communication).

2.2. Ultraviolet Observations

The details of the new IUE observations, which we obtained
simultaneously with the ROSAT survey (under the RIASS
program), are listed in Table 2. The images were obtained with
the large aperture in the low-dispersion mode, resulting in a
spectral resolution of ~5 and ~8 A for the SWP and LWP,
respectively. The spectra were obtained from the line-by-line
images with the Gaussian extraction routines at the Goddard
Regional Data Analysis Facility to minimize the noise while
maintaining accurate flux levels. Both the SWP and LWP data
are corrected for the slight temperature dependence of the
detector sensitivity. The LWP data were calibrated with the
accurately determined standards obtained in 1984-1985
(Cassatella, Lloyd, & Riestra 1988). The more uncertain 1980
May flux calibration was used for the SWP data. The accuracy
of this calibration is estimated at ~10% (Bohlin & Holm
1980), but work by Finley, Basri, & Bowyer (1990) suggests
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TABLE 2 20 LB e A
NEw IUE OBSERVATIONS OF H1821 + 643 SWP
Integration 15 7
time ;;
Image (minute) Date
Eio} SiV, 0N A
SWP 39826.......... 290 1990 Oct 13 N |
LWP 19005.......... 123 1990 Oct 13 b
SWP 39868.......... 270 1990 Oct 19 5L
LWP 19035.......... 108 1990 Oct 19
SWP 39930.......... 290 1990 Oct 23
LWP 19054.......... 120 1990 Oct 23 o e
SWP 39985.......... 279 1990 Oct 28
LWP 19085.......... 120 1990 Oct 28 1200 1400 1600 1800
SWP 40046.......... 280 1990 Nov 4 N
LWP 19144.......... 106 1990 Nov 4
SWP 40089.......... 272 1990 Nov 9 25 v LWP
LWP 19182.......... 100 1990 Nov 9 !
SWP 40103.......... 2711 1990 Nov 13 20 | -
LWP 19219.......... 100 1990 Nov 13
He 1l c Im]

that the actual calibration could be 10%-15% different from
the 1980 May calibration.

We corrected the spectra for the effects of interstellar
reddening, using the extinction curve of Seaton (1979) and
E(B—V)=0.085 mag. The color excess is based on the
Ny/E(B—V) ratio of 4.8 x 10*! cm~2 mag ™! (Bohlin, Savage,
& Drake 1978) and the neutral hydrogen column density in the
direction of H1821+ 643 (N = 4.1 x 10%° cm ™2, Stark et al.
1992; Heiles 1975 gives a slightly larger but more uncertain
value of 5 x 102° cm~2). We did not correct for any internal
reddening, as the intrinsic extinction in QSOs is thought to be
very small (Sun & Malkan 1989, and references therein). Seven
SWP and seven LWP spectra were coaded with the resulting
spectrum shown in Figure 2. Despite the decline in sensitivity
below 1200 A, there is strong emission shortward of the Lyman
limit (which is redshifted to 1182 A), as reported earlier in
KHSF.

2.3. Radio Observations

We observed H1821+643 in the 20 cm continuum band
with the NRAOS VLA in the A-array on 1991 September 10.
The exposure time was 21 minutes. In the calibrated and
CLEANed map (Fig. 3a), we detected H1821+643 at its
optical position as well as a double-peaked radio source ~ 50"
to the north. The flux of H1821+ 643 at 20 cm is 31.4 mJy
(Table 3). Neff & Hutchings (1992) reported an upper limit at 6
cm, but this was obtained at the inaccurate position quoted in
Pravdo & Marshall (1984; the precise position is given in
KHSF). The flux at 6 cm (obtained in A-array almost a year
before the monitoring campaign) is actually 10.8 mJy (S. Neff

5 The National Radio Astronomy Observatory is operated by Associated
Universities, Inc., under cooperative agreement with the National Science
Foundation.
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Fi1G. 2—Co-added spectrum of H1821+ 643 obtained with IUE in 1990,
corrected for the estimated interstellar extinction of E(B—V) = 0.085 mag.
The Lyman-o emission (peaking around 1580 A) is saturated. Strong reseaux
are present around 1190 A and 3050 A. The emission line around 1216 A is
geocoronal Lyman-a. The vertical tick marks indicate the detected absorption
lines (Table 11). Note the strong flux below the Lyman limit at 1182 A.

3000 3300

1992, private communication; Table 3). The radio image of
H1821+ 643 at 20 cm is extended on a length scale of <15” in
the north-south direction. In the higher spatial resolution map
at 6 cm (Fig. 3b), two separate components about 2” apart are
distinguished in the QSO. The northern component has a total
flux of 9.2 mJy and the southern component only 1.4 mJy. The
optical position is close (0”8) to the northern component.
Given the ~ 1" uncertainty in the optical position, it is prob-
ably coincident with the northern component.

2.4. Optical Imaging

Optical CCD imaging was obtained by J. Hibbard on 1991
August 30 with the 2.1 m telescope at Kitt Peak National
Observatory. The ST1K CCD chip was used with the Harris-R
filter. The observational conditions were not photometric.
Figure 4 is the sum of two 300 s exposures. Hutchings & Neff
(1991, hereafter HN) obtained deep CCD images in several
bands under photometric conditions, from which they con-
cluded that H1821 + 643 is an unusually red QSO. We show in
§ 7 that this QSO is more likely blue than red.

TABLE 3
VLA OBSERVATIONS OF H1821 + 643

Peak Flux (20 cm)

Total Flux (20 cm) Total Flux® (6 cm)

Object R.A.(1950) Decl. (1950) (mJy beam™!) (mly) (mJy)
QSO ..vvniiinnnn, 18821™41°79 64°19' 170 14.8 314+ 06 10.6
Galaxy “A”............ 18 21 39.60 64 1942.0 7.5 422410 5.7

2 6 cm observations from S. Neff (1992, private communication).

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1993ApJ...402..514K

SIMULTANEOUS OBSERVATIONS OF H1821 4643 517

No. 2, 1992
642000 Ff ] T T T
I I I I
—_ b 4
3
§ 240 — @ —
= o
S 1945 (— —~ .
£
5 ‘ o . .
3 = 2
g g g
o
220 b— @ ]
: . 0 4
30}“ : 7 o
o
P
J 1
X
E 200 o—
L o
S
15— — o Y
o
6 180 — @ @ —
00— ’ . —
0 160 |— _
S
| | | | | | | L @ L |
18 2146 44 42 40 38 36 620 660 680 700
RIGHT ASCENSION (B1950) PIXELS
F1G. 3a Fic. 3b

FIG. 3.—(a) Radio map in the 20 cm band. H1821 + 643 is the southern source. Note the extended structure of H1821 + 643 on a scale of $15” in the north-south
direction. (b) Radio map of H1821 + 643 in the 6 cm band (from S. Neff). The scale is0”1 per pixel (which is shown on the axes). Note that H1821 + 643 is resolved into
two components about 2” apart. The optical position is coincident with the brightest, northern component.

In addition to H1821+ 643, the optical counterpart of the
northern double radio source (see Fig. 3) is also visible in
Figure 4. It is galaxy “A” of Schneider et al. (1992), an elliptical
in the same cluster as the QSO. Schneider et al. also found a
foreground galaxy 32" from the QSO at a redshift of 0.226
(galaxy “G”). With H, = 50 km s~ ! Mpc~! and ¢, = 0 (which
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FiG. 4—Optical R-band image around H1821+643 (indicated by
“QS0™”). Also visible is galaxy “A” of Schneider et al. (1992) which is coin-
cident with the northern radio source (Fig. 3a), and the nearby white dwarf
K1—16. The foreground galaxy “G” (z = 0.226) of Schneider et al. is also
labeled.

are used throughout this paper), this corresponds to a project-
ed separation of 173 kpc. In § 6, we discuss a Lyman-a absorp-
tion line which is detected in the ultraviolet spectrum of the
QSO at this redshift.

2.5. Optical Spectroscopy

Moderate-resolution optical spectroscopy was obtained on
1990 November 28 with the Double Spectrograph on the
Palomar 5.0 m reflector, through an 8” slit during several 500 s
exposures under photometric conditions. The wavelength
range was 3446-9922 A. This spectrum is shown in Figure 5.
Additional optical spectra were obtained at Lick Observatory
before and during the IUE-ROSAT monitoring campaign
(Table 4) with a larger wavelength range but lower resolution.
These data were obtained with the UV Schmidt spectrograph
(Miller & Stone 1987) at the Cassegrain focused of the 3.0 m
Shane reflector. A wide slit (6"-10", depending on the seeing
and on the amount of moonlight) was used to obtain an accu-
rate measurement of the flux. Standard stars were observed
with the same slit width. The data were flattened with expo-
sures of the dome, illuminated by a featureless quartz lamp.
Comparison lamps (He-Hg-Cd-Ne-Ar) were used to establish
the wavelength scale. Atmospheric absorption bands were
removed through division by spectra of standards stars which
are intrinsically featureless at the appropriate wavelengths.
The spectrum obtained at Lick Observatory on 1990 October
20 with a wavelength range of 31009870 A was used to study
the continuum energy distribution (§ 8). The optical and ultra-
violet spectra match up very well in the near-UV.

3. X-RAY SPECTRAL ANALYSIS

3.1. Power-Law Fit

We first attempted a fit with a power-law model to the co-
added X-ray spectrum. Even if this simple model does not
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TABLE 4 O ——
OPTICAL SPECTRA OF H1821 +643* . = ]
25 = -
Wavelength L1 ]
Range Resolution N [ ]
Date A) A) Comments g 20 - = .
~ L > RS p=A ]
88 JulO1 ............. 6000-7600 3-8 A sz 2 %i 2 ]
88Jull7............. 6000-7600 6-8 w15 £ &, * 7
88Jul18............. 6000-7600 6-8 r | = ]
88Sep 15 .evennn.... 60007000 6-8 10k ' g
88Sep18 ............ 3100-10000 13-16 bad seeing +
880ct3 ........e.... 3100-10000 12-14 T
89Apr28............ 3138-10046 12-14
89Ul ..o 3100-8900 12-14 4000 5000 6000
89Jul10............. 3900-7100 12-14 ————— T ——
90Mar25 ........... 3900-7100 12-14 L T ]
90Aprl ............. 3900-7100 12-14 2
90Mayl ............ 3400-9800 6-14 60 |- I —
90Jul30............. 3106-9850 6-14
90 Aug30 ........... 3100-9900 6-14 x r 1
90Sep 27 ............ 3900-9900 12-14 photometric? E 40 _
900ct20............ 3108-9852 6-14 = ®
90Nov 1l ........... 3100-9870 6-14 photometric? N =
90Nov28 ........... 3446-9922 6-9 Palomar 5.0 m L -
91Jul20............. 3100-9900 12-14 Clouds 20 i
91 Augd............. 3100-9900 6-14
2 All spectra obtained at Lick Observatory with the 3.0 m Shane reflector, ol v v
with the exception of 1990 November 28. All spectra were obtained under
photometric conditions unless indicated otherwise. 7000 8000 9000
A (R)

adequately fit the data, the deviations provide clues to the
nature of the physical phenomena which shape the spectrum,
thus guiding more detailed modeling. In addition to the usual
photon index «, we parameterize the standard interstellar
medium absorption cross section ¢(E) of Morrison & McCam-
mon (1983) by the equivalent neutral hydrogen column density
Ny. The spectrum is thus

FI(E) = Fpl(E’ (x)e—-a(E)NH s
where F, is given by
Fo(E) = A(E/Eo)™", )

with A, as the spectral flux at the reference energy E, (=1
keV). The results of the fit are given in Table 5. Significant
deviation from the power law is apparent in Figure 6 at the
low-energy end (E < 0.2 keV), thus suggesting the presence of a

soft component. The fit value for Ny of (1.22 + 0.22) x 10%°
-2

4y

F1G. 5—Optical spectrum obtained with the Palomar 5.0 m reflector on
1990 November 28 under photometric conditions. The interstellar extinction
correction for E(B— V) = 0.085 mag has been applied. The continuum appears
bumpy due to the contribution of the blended Fe 11 lines (e.g., around 3850,
4200, 5900, and 6700 A).

density inferred from the 21 cm observations, i.e., 4.1 x 102°
cm 2 (Stark et al. 1992).

3.2. Power-Law plus Soft X-Ray Excess

As AGNs frequently display a soft X-ray excess (Wilkes et al.
1989; Turner & Pounds 1989; Comastri et al. 1992; Masnou et
al. 1992) and the power-law fit displays strong deviations in the
softest X-ray channels, we fit the spectrum with a power-law
plus a soft X-ray component, which we modeled in three differ-
ent ways. Since this requires more free parameters than can be
justified considering the spectral resolution of the PSPC, we

cm™* is significantly smaller than the hydrogen column fixed parameters such as Ny (at the Galactic value) and o (at
TABLE §
ROSAT Two-COMPONENT FITS*
NH kT;Jb kT;h
Fit o (10%° cm~?) A,° Ay, V) Ay® V) o, x*/d.of.
%) 1554009 1224022  4.61+0.15 90/64 = 1.40
1.55% 4.1* 5.04 +0.15 377+421 168402 122/64 = 191
1.75* 4.1* 5.04 + 0.19 1.62 + 222 2441+ 05 126/64 = 1.97
1.75* 4.1* 499 +0.12 9.11 + 0.44 75% 158/65 = 2.43
1.75% 4.1* 1.33 £+ 2.43¢ 9.83 +0.11 90/64 = 1.40
1.90* 4.1* 492 +1.27° 8.97 + 0.19 85/64 = 1.31

2 An asterisk (*) denotes a fixed parameter.
p

® Normalization at 1 keV after a posteriori correction for deadtime and the supporting structure of the PSPC entrance window. Ay, isin 1073 photons cm ~2
s”'keV™!, Ay, isin photonscm~?s~*, and A4, isin 10”7 photonscm ~2s~ 1 keV ™!,

¢ pl: power-law, bb: black body. Errors are 68% confidence for three interesting parameters.

4 bs: bremsstrahlung, bpl: broken power-law. Errors are 68% confidence for two interesting parameters.

¢ In 10”7 photonscm ™25~ ' keV L.
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F16. 6—X-ray spectrum obtained with the ROSAT PSPC, fitted with a
simple power-law model (Table 5). Note the strong deviations at low energies
(E < 02 keV).

those values which resulted in a minimum y? in the simple
power-law fit).

1. Power-law plus blackbody fit—We modeled the soft
X-ray component by a blackbody fit. This model has two more
parameters than the simple power-law fit, namely the black-
body temperature Ty, and the normalization A,,. The model
spectrum is thus

FE) = [F(E, @) + Fyy(E, kTyp)]Je "0, 3)
where F, is defined in equation (2) and

1 (E/KT,,)?
A .
°° 2,404k T, eE/xTw — 1 @

We fixed Ny at 4.1 x 10?° cm ™2, E, at 1 keV, and « at 1.55 or
1.75 (where the latter value is consistent with the power-law
slope as measured by Ginga), leaving Ay, Apy, and kT, as free
parameters. The results of the fit are presented in Table 5 and
shown in Figure 7. The residuals still deviate strongly at the
low energy channels, which is true for either value of a.

2. Power-law plus bremsstrahlung fit—In an attempt to
model the soft X-ray excess more successfully we fitted a
power-law plus a thermal bremsstrahlung model. Again, N, is
fixed at its Galactic value, o at 1.75, E, at 1.0 keV, and the
bremsstrahlung energy at kT, = 75 eV (as optimized in pre-
vious fits which are not shown here), leaving two free param-
eters, namely A, and A,,. The fitting model is thus given by

FA(E) = [Fy(E, @) + F(E, kTy)]e "M &)

F bb(E) =

where
Fu(E) = Azh(E/Eo)e—(E~E°)/kr'h9(E, kT)/9(Eo, kT,) 5 6)

g is the Gaunt factor. Results are given in Table 5. The reduced
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%2 is quite high (2.43), indicative of a bad fit. The residuals are
very similar to Figure 7, i.e., strongly deviating at low energies.

3. Broken power-law fit—Finally, we fitted the spectrum
with a broken power-law fit. The model is given by

A(E/Eg) e~ E<E
F4(E) = " : a—ap —a,_—a(E)Ny b ¢
AL(Ey/Eo)* ™(E/E) " %e E>E,.

Here we fixed o at 1.75 or 1.90, and Ny at 4.1 x 10%° cm~2.
The quantity E, is 1 keV and E, equals 0.27 keV. Two free
parameters remain, namely A, and a,. Results are given in
Table 5. Even with a high value of ~ 10 for a;, the spectrum
could not be fitted adequately at low energies and again the
residuals are very similar to those in Figure 7.

In summary, the observed spectrum cannot be fitted statis-
factorily with a two-component model, i.e., a power-law and a
soft X-ray excess. In every attempt significant deviations
between the spectral model and the data remain in the lower
energy channels.

3.3. Three-Component Fits

Since we could not model the spectrum successfully with a
two-component model, we introduced an additional com-
ponent to account for the excess at the very low energy chan-
nels. This model consists of a power-law, a soft X-ray excess,
and an ultrasoft component. As such a three-component fit
requires more parameters than can be justified by the spectral
resolution of the PSPC, the fits were performed iteratively
where only two parameters were allowed to vary during each
step. After these free parameters were optimized, they were
fixed in the next fitting round in which two other parameters
were treated as free parameters. The adopted ultrasoft com-

T T T

Counts/sec keV

Residua

Energy [keV]

F1G. 7—X-ray spectrum obtained with the ROSAT PSPC, fitted with a
power-law plus blackbody model (Table 5). Note the strong deviations at low
energies (E < 0.2 keV).
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TABLE 6
ROSAT ULTRASOFT FITS®
. Ny KTy, kT,
Fit o (10%° cm™?) A,° App® V) A,° ev) a, A,,° r?/d.ofc

pl,bb? ............ 1.82 £ 0.11 4.1* 504 +028 0114025 400+ 284 39/66 = 0.60
bb® .. 00+ 47 057+ 556 116+ 414

pLbst............. 1.81 + 0.05 4.1 5.03 £ 0.12 48 +309 7314278 38/66 = 0.58
bb® . 0.0* 0.57* 11.6*

pLpl® ............. 1.81 + 0.05 4.1* 494 1+ 0.12 513 +£096 7.17 + 430 40/66 = 0.60
bb® . 0.0* 0.57* 11.6*

) O 179 £0.10 222 +030 4.81+0.16 44/65 = 0.67
bb® . 0.0* 0.57* 11.6*

plf e 173 +£003 1904028 4.75+0.11 37/65 = 0.56
bb® . 0.0+ 6.1 98 + 2259 6.57 + 1.90

* An asterisk denotes a fixed parameter.

® Normalization at 1 keV after a posteriori correction for occulting rib structure and deadtime. A, is in 10~ photons cm =2 s~ ! keV ™%, Ay, is in photons cm ~2
$7', Ayisin 1077 photonscm~2s™ ' keV~*,and A4, isin 10~ ° photonscm ™25~ 1 keV 1.

° Reduced ? for the combined fit of the ultrasoft component and the power-law plus soft X-ray excess components.

4 Parameters were stepwise successively optimized by choosing two parameters free in each fitting step. Errors are 68% confidence for two interesting parameters;

pl: power-law, bb: blackbody, bs: bremsstrahlung.
¢ Blackbody fit to ultrasoft component (E < 0.15 keV).
f Errors are 68% confidence for three interesting parameters.

ponent is a blackbody with a temperature T; and a hydrogen
column density N;. The soft X-ray excess has either tem-
perature T, or photon index «,, and hydrogen column density
N,, fixed at the Galactic value. The model is thus given by

F5(E) = Fy(E, kT))e™ "®Nt 4 [F (E, 0) + F, Je "®N2 ()

where F, is defined in equation (2), Fy, in equation (4), F, in
equation (6), and where F, describes the soft excess [F,, =
Foo(E, kT)), Fo(E, kT,), or F(E, a,)]. We modeled this soft
excess in three different ways.

1. Soft excess fit by a blackbody model—We fitted the soft
excess component with a blackbody model, defined in equation
(4). Therefore, two blackbody components are used here: one
to describe the ultrasoft component and a second to describe
the soft X-ray excess. The results are given in Table 6. The
parameters of the fit to the ultrasoft component are not well
constrained as no turnover is detected within the energy range
of ROSAT. This fit indicates a temperature of log T, = 5.13.
While the contribution from the power-law and soft excess
components decline below ~0.25 keV, the ultrasoft com-
ponent continues to rise down to the lowest energy channel,
dominating the emission below ~0.17 keV. The reduced x> of
0.60 shows that this is a satisfactory fit. The column density
of the ultrasoft component had a best fit value of
0.0 + 4.7) x 102° cm ™2, which we fixed at 0.0 in subsequent
fits. This small value of N, suggests that the ultrasoft com-
ponent originates within our galaxy.

2. Soft excess fit by a bremsstrahlung model—We fitted
thermal bremsstrahlung, defined in equation (6), as the soft
excess model. The parameters of the ultrasoft component were
fixed at the values obtained in the previous fit. Results are
listed in Table 6. Again the low x2, (0.58) indicates a good fit.
The error on the normalization of the bremsstrahlung com-
ponent (A,,) is large, indicating that the strength of the soft
X-ray excess is not well determined.

3. Soft excess fit by a power-law model —We used a power-
law model to describe the soft X-ray excess. Again the fit
parameters of the blackbody component and the column
density are fixed. We were able to obtain a satisfactory fit
(x%4 = 0.60) with the parameters listed in Table 6. The soft

X-ray excess is well described by a power-law component with
o, = 5.13 £ 0.96. This fit is shown in Figure 8.

We investigated whether the ultrasoft component is a
separate spatial component by constructing the image in the
soft band (0.09-0.40 keV; Fig. 9). Surprisingly, this image
shows significant extended emission north of the QSO. As it
has been suggested (Warwick et al. 1989; KHSF) that the
central star of the planetary nebula K1—16 (DS Dra) could
contribute to the soft X-ray band, and as this star is located 1’3
north and 0'5 west of H1821+ 643, we identify it with the
ultrasoft spectral component. We extracted the photons origin-
ating from the extended emission and found a count rate of
0.091 counts s~ ! (after background subtraction) in the 0.07—
0.17 keV band, in good agreement with the spectral fit of the
ultrasoft component, which gives 0.087 counts s~ ' in this
energy band. The low column density of this component is
consistent with its Galactic origin. The blackbody fit and the
best-fit temperature of log T; = 5.13 are also consistent with
the emission from the white dwarf K1—16, as Grauer et al.
(1987) estimated its temperature at log T = 5.1. K1 —16 has
also been detected in the XUV band with the Wide Field
Camera on-board ROSAT (M. Barstow 1991, private
communication).

With the ultrasoft component accounted for by K1—16, we
still need to test whether a soft excess is required in the spec-
trum of the QSO. With the blackbody parameters of K1—16
held constant, we fitted a simple power-law to the spectrum.
The Ny of the QSO was treated as a free parameter. Good fits
were obtained (Table 6) with y2, ~ 0.6 but only for a column
density of (222 + 0.30) x 10?° cm ™2, far below the Galactic
value of 4.1 x 102° cm ™2, thus indicative of a significant soft
X-ray excess in the spectrum of the QSO.

Finally, to investigate whether the emission from the white
dwarf could account for the soft X-ray excess attributed to the
QSO, we fitted a model where both the blackbody parameters,
which describe the emission from K1— 16, and the power-law
parameters which describe the QSO, were allowed to vary
freely. Results are listed in Table 6. Again acceptable fits could
be obtained only for low values of Ny for the QSO, namely
(1.90 + 0.18) x 102° cm ™ 2. Therefore, we conclude that a sig-
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F1G. 8—X-ray spectrum obtained with the ROSAT PSPC, fitted with a blackbody component to describe the low-energy channels (E < 0.2 keV) and two
power-laws to fit the higher energies (Table 6). (a) Observed spectrum. (b) Inferred incident spectrum.

1 . 1
3 arcmin

F1G. 9—X-ray image in the soft band (0.09-0.40 keV) from the ROSAT
PSPC. Note the extended structure to the north. This emission is identified
with the white dwarf K1 — 16. North is up and east is to the left.

nificant soft X-ray excess is present in the spectrum of
H1821 + 643. However, we cannot determine whether this soft
excess is better described by a blackbody fit, bremsstrahlung
fit, or a power-law fit, as all three models have equally good
statistics (y24 ~ 0.6 and residuals smaller than 2 o). We will
adopt the power-law model (shown in Fig. 8) as our working
model in the remainder of the paper. The parameters of the soft
excess fits have large uncertainties and the strength and spec-
tral shape of the soft excess are therefore not well determined.
In conclusion, the spectrum as detected with the PSPC can
only be described accurately by three components: an ultrasoft
component, fitted by a blackbody curve and attributed to the
white dwarf K1— 16, and a power-law plus soft excess originat-
ing from the QSO H1821 + 643.

4. VARIABILITY
4.1. Short-Term X-Ray Variability

In order to study the variability in the X-ray band, we con-
structed light curves from the ROSAT observations during the
RASS (observations are summarized in Table 1). In Figure 10
the total count rate (E = 0.1-2.4 keV) after correction for
vignetting, scattering (especially important for the hard
photons), and the obscuring rib structure of the PSPC, is
shown as a function of time. The average count rate is 1.13
counts s~ !. Also shown are the light curves of the soft X-ray
band (E = 0.1-0.4 keV), the hard band (E = 0.4-2.4 keV), and
the hardness ratio (defined as the ratio of the hard over the soft
band).

In order to investigate the possible variability in the X-ray
light curve, we fitted the data with the average flux (indicated
with the dashed line in Fig. 10). The statistical results are listed
in Table 7. A constant flux is acceptable for all three energy
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F1G. 10.—Light curves obtained with the ROSAT PSPC during the All Sky
Survey. Note the absence of significant variability. Fit statistics are given in
Table 7.

bands and the hardness ratio, as reflected by y2, < 1.3 and
q = 0.1 (g, the goodness-of-fit parameter, gives the probability
that a chi-squared as large as the y? listed in Table 7 is found
by chance). All the light curves show a small negative slope,
corresponding to a total decrease during the 37 day period of
8%, 6%, and 10% of the average count rate, for the total, soft,
and hard light curve, respectively. But a straight line fit did not
give lower reduced chi-squared values than in the constant
count rate fit. We can therefore conclude that no significant
variability is present in this data set. During the All Sky Survey
the white dwarf KUV 18004 + 6836 was observed for 26 days.
This white dwarf had a total count rate of 0.87 counts s~ 1,
almost as bright as H1821 + 643. Since 18004 + 6836 is a soli-
tary white dwarf it can be used as a constant reference source.
The statistics of its light curve are presented in Table 7. As its
x%4 is similar but slightly higher than in the case of
H1821+643, we can conclude that there was no intrinsic

TABLE 7
SHORT-TERM X-RAY LIGHT CURVE FIT

Mean Count Rate

Band (Counts s™1) xZa q
Total ........ooevnvinnen. 1.13 1.34 0.08
Soft i 0.33 1.01 0.48
Hard .........ceoennen. 0.78 1.24 0.15
Hardness ratio ........... 227 0.84 0.74
18004 4+ 6836* ............ 0.87 1.46 0.06

2 Total count rate of the reference source KUV 18004 + 6836.

Vol. 402

variability in the QSO on a time scale between one and 37 days
during the period of observation.

This QSO was monitored for more than 200 days in 1977 with
HEAO A-1 in the 0.5-20 keV range (Snyder & Wood 1984).
The error box of this detector is relatively small (0.05 deg?;
Wood et al. 1984) so that we can be certain that the detected
emission originates in the QSO and not in any nearby sources.
The planetary nebula K1—16 does not contribute in this
energy range. Significant variability was found in the HEAO
A-1 light curve, as the flux changed by a factor of 2 on a time
scale of about 10 days. H1821+643 was monitored with
EXOSAT in 1985 during six monthly observations (Warwick
et al. 1989). The ME count rate stayed approximately constant,
while the count rate measured by the LE detector (with an
energy range corresponding roughly to the hard band of the
PSPC) decreased slowly by ~7% of the average flux per
month.

42. Long-Term X-Ray Variability

Comparison of the flux around 1 keV as obtained with Ein-
stein (KHSF) and ROSAT showed an increase of ~10% which
is probably not significant. The new Ginga observations from
1990 are consistent both in slope and normalization with pre-
vious ones obtained in 1987 and 1988 (Kii et al. 1991). But a
comparison of the HEAO A-2 spectrum with the ROSAT spec-
trum, shows a drastic change. This cannot be explained by a
contribution of K1—16 to the HEAO A-2 spectrum, as the
PSPC observations show that the white dwarf does not emit
significantly in the 0.5-2.4 keV range of the LED detector of
HEAOQO A-2. As discussed by KHSF, two SAO stars could be
possible contributors to the soft X-ray flux. There is also a
third weak source, KUV 18246 + 6508, close to the HEAO A-2
error box. ROSAT observed these stars during the All Sky
Survey and found the following fluxes in the observed 0.5-2.4
keV band (in ergs s™! cm™2): 9.97 x 10713, 3.11 x 10712,
8.80 x 1073, and 1.16 x 107! for SAO 17828, SAO 17878,
KUYV 18246+6508, and H1821+ 643, respectively. The flux
observed with HEAO A-2 in this band, derived from Pravdo &
Marshall (1984), is 6.3 x 107! ergs s~ cm ™2, Therefore, only
one quarter of the flux observed by HEAO A-2 in 1977 can be
accounted for by the total flux observed with ROSAT in 1990
from the QSO and the three stars, and significant long-term
variability seems to be present in the soft X-ray band. As the
QSO and nearby stars have been observed repeatedly with no
detection of large variability, one has to question the HEAO
A-2 observations rather than accept the fact that H1821 + 643
(or any of the stars near the error box) displayed a drastic
change between 1977 and 1980 and remained constant ever
since. Soft X-ray excesses in AGN are known to vary strongly
(Elvis, Wilkes, & McDowell 1989), but the excess in the HEAO
A-2 spectrum is apparent up to E ~ 2 keV (§ 8) in contrast to
the frequently observed soft excesses up to E ~ 0.3 keV. Only
one QSO exhibits a soft excess up to ~2 keV (PG 1211 + 143),
but although that soft excess has been found to vary in
strength, the energy at which the soft and hard component
intersect has not changed since 1979 (Elvis et al. 1991). In the
absence of confirmation during the past 10 years, it is reason-
able to doubt the reality of the strong soft X-ray emission
detected with HEAO A-2.

4.3. Short-Term UV Variability

Seven SWP and LWP spectra were taken with IUE in 1990
October and November, approximately equally spaced in time
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F1G6. 11.—Individual spectra of H1821 + 643 obtained in 1990 October—November, before dereddening. Flagged data points are deleted. The spectra are displayed
chronologically, with the first at the bottom and last at the top. The SWP and LWP spectra are offset by 3 and 7 mJy, respectively. Note the lack of significant

changes from one spectrum to another.

and spanning a month all together. These spectra are shown in
Figure 11. The data points seem to exhibit a slight modulation
peaking around day 305, but if the error bars on the data
points are taken into account, then it cannot be claimed that
this modulation is significant. This is confirmed by a fit with
the average flux (shown in Fig. 12 as the dashed lines and listed
in Table 8). The error bars shown are the rms standard devi-
ation from the mean in each continuum bin

o [ (- <f>)2]”2 ,
i N_ 1 3

the exact uncertainties of the IUE data points are not known.
These error bars might underestimate the true error as the
uncertainty in the calibration is not taken into account, which
is especially important below 1200 A. Since we used the same
calibration for all observations there should not be any contri-
bution to the variability due the calibration. In Table 8 the

TABLE 8

SHORT-TERM ULTRAVIOLET LIGHT CURVE FIT
(1990 October-November)

A S Variability®
A) (mJy) P q (percent of {f)
1155-1190 ........ 245 009 0997 38
1230-1250 ......... 282 009 0997 20
1420-1495 ........ 359 012 0995 13
1715-1790 ........ 463 052 0795 10
1865-1915 ........ 464 039 0888 8
2610-2780 ........ 650 012 099 8
2815-3000 ........ 712 021 0973 11
O e —095° 180 0937 11

* Upper limit on the variability relative to (/.
® Power law index of the IUE (SWP + LWP) continuum fit (F, oc v%).

second column gives the (error weighted) average flux

(o= (23]

the third column
1 & (fi—<DV
2 I 1
xred[_ 6 igl < 0;

and the fourth column the goodness-of-fit probability q. Good
fits could be obtained for all continuum wavelength intervals
as the large g and small y? values listed in Table 8 show. In the
last column of Table 8 the upper limits to the variability as a
percentage of the average flux are given. These upper limits are
conservatively estimated from the 1 ¢ error estimates on the
fluxes. At wavelengths where the sensitivity of the detector is
highest (around 1890 and 2700 A) the maximum variation is
certainly less than 8% of the flux level on a time scale of 1 to 4
weeks. In summary, neither the continuum level nor the spec-
tral shape was found to vary significantly during the one
month monitoring with IUE.

The flux ratio shortward and longward of the Lyman limit
(redshifted to 1182 A) did not vary significantly from the
average (0.88 + 0.13, where the error is the uncertainty in the
flux ratio based on the ¢’s of the flux from the 1164-1182 and
1231-1254 A continuum bins), implying a constant covering
fraction of 12% + 13%. A similar analysis for the co-added
spectrum obtained in 1987 and 1989 suggests a slightly smaller
covering fraction of 5% + 10%.

4.4. Long-Term UV Variability

In KHSF we presented three sets of SWP and LWP spectra
taken in 1987 and 1989 February and June. These data can be
combined with the co-added spectrum obtained in 1990
October—November in addition to the archival observations
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N 1'1'5'5'_'1 1' gro' 'Af "] To investigate the significance of the variations, the four
4 = data points were fitted with the (error weighted) average flux
> ;I g II } .. I{_‘ (indicated by the dashed line in Fig. 13). The goodness-of-fit
L i probability (g) is listed in Table 9, together with the average
4L 1230—1250 & flux and y2,. The continuum points around 1890 A were most
; T significantly variable with g ~ 5 x 1078 and 42, ~ 10.
Fge - §--8--- - F---t-- 3-3
2 -I — 4.5. Long-Term Optical V ariability
L 1420—1495 & 1 Of the optical spectra listed in Table 4 we discuss the ones
4L i _ obtained contemporaneously with the IUE observations here.
RRRE AT SAAT SERR SRR SAE 3 These spectra are remarkably similar with a maximum varia-
~ 2L _ tion of 6%. This variability is small but probably significant.
2 6 1715—1790 & - Compared to the spectrum obtained on 1990 October 20, some
£ 5 i i spectra differ only photometrically (e.g., in the spectrum
o4 F A 0 SRt SRAARRRAE IS 3 obtained on 1990 November 11 the flux level is about 2%
e L 4 higher), while others have different spectral slopes (Fig. 14).
6k 1865—-1915 & The continuum slope between 5000-8000 A, which is represen-
o p g 115 tative of the true continuum (as blended Fe 1 lines and Balmer
P AT SN S S
4 b i
8L 2610-2780 & BF T T T T3
L 1.3 4 + 1155—1190 & -
T T A N B 45 4 ST
i 1 2 o
i 2815-3000 & ] - -
T i s i 1230-1250 & ]
6 ! - Al P S IS
L _ ) L RRRRE
[ ower law index | B 7
—1.2r P e 6 14201—149511 1
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F1G. 12—Short-term light curve of the ultraviolet continuum emission for L._h 4 '
the spectra obtained in 1990 October and November. The dashed line indi- L 1865-1915 & -
cates the error-weighted average flux (listed in Table 8). Note the absence of 6 L - |
significant variations for all wavelengths and the power-law index. - L TE L kA g
4 .
from 1990 July 24-25 (SWP 39299 and LWP 18439, with an 10 2610-2780 &
integration time of 300 and 70 minutes, respectively) in order gF 1 iy -
to study the long-term variability in the UV continuum. As o3 ¥x ]
shown in Figure 13, the 1987 July and 1989 February spectra C .
did not change significantly in either flux level or spectral 10 2815-3000 &
shape. The 1989 June and 1990 July observations differed sig- 8 B I i i ]
nificantly from all other spectra in spectral shape: the spectra Lo Yv ]
were considerably harder. The 1990 October—-November data )
showed the same spectral shape as found in 1987 and early —0.5+}F power law index _|
1989, but the overall flux level was ~20% lower than in early S U SR T ]
1989 or before. 15 | | 1 |

The sensitivity of the IUE detectors is known to degrade
with time and we did not correct for this in our data reduction.
For the LWP the change in sensitivity was (in the period 1985-
1989) at most ~1% yr~! (Teays & Garhart 1990). The SWP
sensitivity decreased rapidly prior to 1980, but the most recent
measurements (from 1984-1986, Bohlin & Grillmair 1988)
showed variations similar to the LWP (except at higher wave-
lengths: ~2% yr~! around 1950 A). Therefore, we estimate
that the contribution of the detector degradation to the change
in flux level is at most ~2% out of the total of 20% between
1989 and 1990.

year — 1900

F1G. 13.—Long-term light curve of the ultraviolet continuum emission for
the spectra obtained between 1987 and 1990. The dashed line indicates the
error-weighted average flux (listed in Table 9). Note the absence of change
between 1987 and early 1989 and the significant change in spectral shape
during 1989: the spectrum hardened as reflected by the higher fluxes in the
short-wavelength continuum bands, the lower fluxes in the long-wavelength
continuum bands, and the increase in the power-law index. The 1990 contin-
uum flux is consistently lower than the previous observations.
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TABLE 9 both in the UV and optical the slope increased by ~0.16. In
LoNG-TERM UV LiGHT CURVE FiT (1987-1990) summary, the spectra vary in flux and shape, but the change is
never more than 6%.
A S
(&) (mJy) Xeea q 5. EMISSION LINES
1155-1190 ............. 3.02 1.50 20 x 107! Information on continuum emission in the unobservable
iiggjigg ------------- 3-3‘5) 2(2); i’z x ig:: extreme ultraviolet gap can be derived from the UV and
1T15-1790 529 525 3:2: 10-4 optical emission lines, which are powered by photons with
1865-1915 ... 526 9.90 52 % 10-8 EUYV energies. To this end, we measured the major emission
2610-2780 ..... 6.96 6.48 33x10°° lines in the UV and optical spectra. No significant differences
2815-3000 ..... 7.67 4.60 1.0 x 1072 in line fluxes were found from one IUE observation to the
O —0.92* 17.7 14 x 1073

* Power-law index of the IUE (SWP + LWP) continuum fit
(F, oc V).

continuum emission contribute shortward of ~5000 A), is
similar (x = 0.37) for the spectra obtained in 1988 October
(KHSF) and in 1990 October, while the spectrum obtained in
1990 July had a much steeper rising slope (« = 0.54). The con-
tinuum spectrum obtained at Palomar had the same flat slope
longward of 5000 A, but showed <6% change from the spec-
trum obtained on 1990 October 20 at shorter wavelengths.
This variability could possibly be attributed to the Fen
blended line emission. The flat slope in 1988 and 1990
October—November, and the steep slope in 1990 July, are con-
sistent with the change in the spectral slope in the UV (Fig. 13);

20 11-28-1990 ]

6000

()

F1G. 14—Difference spectra as function of wavelength. Shown is the spec-
trum, indicated by the date of the observation, minus the spectrum obtained
on 1990 October 20 (in % of the flux of the latter spectrum). Note that the
variations in the continuum are generally small (<6%). Notice also that the
1990 July 30 difference spectrum does not show any significant variations
longward of 6500 A while it differs significantly below that wavelength. The
bump shortward of 4000 A in the 1990 November 11 difference spectrum is
probably due to the calibration.

other in 1990; therefore, all the IUE spectra were co-added.
The optical lines were measured in the moderate-resolution
spectrum obtained at Palomar. The measured line properties
are listed in Table 10 and the lines are identified in Figures 2
and 5. The Lyman-a emission line could not be measured, as
all spectra were saturated at this line, and we listed the value
obtained in 1987 in Table 10. The major source of error in the
line measurements is the uncertainty in the continuum level,
which is contaminated by the broad wings of the emission
lines, Galactic absorption lines, and blended Fe 11 line and
Balmer continuum emission.

With the long exposures times of these IUE spectra, caution
should be taken with the possible presence of camera artifacts
which mimic emission features. Using the reference artifact
spectrum published by Crenshaw, Bruegman, & Norman
(1990), we identified the following probable camera artifacts in
the co-added spectrum: at 1280 and 1290 A with an expected
dereddened flux of 0.5 mJy, around 1665 A (shortward of the
Al 11 absorption line) with an expected dereddened flux of 0.6

TABLE 10
EMISSION-LINE MEASUREMENTS OF H1821 + 643

ID* Intensity®  Flux® Ew¢
CHIAITT o <394 <28.1 <15
OVIAI034° ... i 125.0 924 20.4
Lya A1216,(N v A1240) .................... 963.5 626.9 156.0
SitvA1397,01vA1407 ...l 48.1 38.6 11.8
CIvAISA9 .o 500.0 368.4 145
CmJA1909 ... 94.2 772 324
MgIA2798 .o 217.3 182.1 100.1
OmA3133 . 1.5 13 0.8
INe VIA3345 oo, 22 19 13
INEVIA3A26 .o, 46 4.0 29
[OM]A3727 e 59 53 4.6
[Ne 1] 13869, H{ 13889, He 1 A3888 ...... 13.7 12.5 12.8
He 243970, [Ne 1] 23968 ................... 6.2 57 6.5
HO24102 ..o, 9.3 8.8 11.3
Hy 24340,[Om] 44363 .................... 27.6 26.5 37.2
HemA4686 .......covvviiiieiiniiiiiiinnen - 0.8 0.8 13
HBA4861 ..o 100.0 100.0 185.7
(O] 4959 ..o, 6.4 64 114
[Om] AS007,(Fer) ....covvvvnnienninnnns. 27.7 27.5 50.8
He1A5876 ....ccovvniiiiiiiiiiiiiaann 8.6 89 22.0
[O1]A6300.....cccvviiiiiiiiiiiieinnns 1.0 1.1 2.8
LOTIA6363 .o 04 0.4 1.0
Ha 26563, ([N 11] 116548,83) .............. 3144 3323 952.0
[S 1] 26716, 30, (He 1 A6678) ............... 2.9 3.0 9.6

* Identification of emission line and rest wavelength; the lines in parenth-
eses denote only minor contributions.

® Intensity corrected for Galactic reddening, relative to Hf, with
I(HB) = 1.04 x 10" 2 ergscm 2571,

¢ Observed flux relative to HB with F(Hp) = 8.55 x 10" *3ergscm ~2s™ 1.

9 Observed equivalent width in A.

¢ Narrow component only (FWZI ~40 A).

f Measurement from 1987 (KHSF).
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mly, and possibly the bump of emission around 1740 A with
an expected dereddened flux of 0.5 mJy.

For the O vi 41034 emission line only the narrow com-
ponent was measured (with a full width near zero intensity,
FWOI, of ~40 A), as it was unclear how far the broad wings
extend (possibly from 1260 to ~1400 A). The blue wing of
O v1 is especially difficult to determine due to the possible
presence of C 1 around 1270 A, the likely presence of the
camera artifacts around 1280 and 1290 A, and the absorption
line around 1300 A. This uncertainty around the O V1 line also
complicates the measurement of the upper limit to C m 1977,
as well as the measurement of the O 1 11302, Sinm 41304
absorption feature. A high-resolution spectrum obtained with
the HST FOS showed only evidence for the narrow com-
ponent of the O vi line (Bahcall et al. 1992), while no C m1
emission was detected.

These 1990 UV line measurements can be compared to the
ones obtained in 1987 and 1989. The flux measurements did
not change significantly. The equivalent widths increased on
average by ~20%, which could be accounted for by the lower
overall continuum level. Likewise, no significant changes
occurred in the optical line strengths between 1988 and 1990.
Small but significant differences are found for the blended Fe 11
emission, e.g., the feature around 3850 A decreased while an
increase was found around 4550 A. The optical spectrum
obtained in 1990 at Palomar had considerably better spectral
resolution and the line measurements (especially of the [O 1]
lines) are therefore preferred over the ones listed in KHSF. The
observed line ratios in H1821+ 643 are consistent with a
power-law plus disk spectrum peaking at 10 eV (i.e., in the
UYV), within the context of the Krolik & Kallman (1988) model;
this is similar to the conclusion reached in KHSF.

6. UV ABSORPTION LINES

We measured the absorption lines listed in Table 11 and
indicated by tick marks in Figure 2. The lines are from Galactic
low-ionization species (except for C 1v for which only an upper
limit is obtained due to its location on the blue wing of Lyman-
o). There are possible absorption lines present of Si Iv 11394
and Al m1 11855 with equivalent widths of about 0.5 and 0.3 A,
respectively, but these lines are too weak to allow for definite
detection. Bahcall et al. (1992) did not claim the detection of
the Al 1 line although there is marginal evidence for it in their
FOS spectrum. Compared with the measurements in 1987 and
1989, the equivalent widths of the absorption lines observed in

TABLE 11
ABSORPTION-LINE MEASUREMENTS OF H1821 + 643

EW

ID* A)
S 1 A1251, 1254,1260,Si11 41260 ..........cvennennn 08+ 02
O1A1302,SimA1304 ..o 1.8+ 02
Lya 21216 (z =0.225 £ 0.002) ........cceenniinnnnn 0.6 + 0.2
ST ALS27 o 04+ 0.1
CIVAISA8, 51 i <0.8+0.2
ALTEAL6TL oo 134 0.1
FetrmA2343 .o 08 + 04
Femm AA2374,2382 ..ot 1.6 + 0.2
Fe1A2586 .o 13+02
FemA2599 oo 1.8+ 02
Mgi1A2796,2803 . ..ot 3.6+02

2 Identification of absorption line and rest wavelength.
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1990 are similar, with the exception of the Al i1 and several
Fe 11 lines. The 1990 measurements are to be preferred as they
are based on the co-added spectrum with a much higher signal-
to-noise ratio. We did not detect any absorption lines in the
optical spectrum.

The spectral region shortward of the Lyman-o emission line
allows the detection of low-redshift Lyman-« forest lines. In the
co-added spectrum of 1987 and 1989 we detected two absorp-
tion features around 1470 and 1490 A, with EW = 0.7 £ 02 A
and 1.0+ 0.2 A, respectively (with the error given being
formal). In the co-added data obtained in 1990 (Fig. 2), we
detect only a feature at 1489 + 2 A (EW = 0.6 + 0.2 i). Since
the 1990 data have better signal-to-noise ratio, we consider
only the feature at 1489 A significant. Bahcall et al. (1992) also
detected this absorption feature at 1489.35 A. There are no
Galactic absorption features expected at this wavelength.
Schneider et al. (1992) found a foreground galaxy at z =
0.226. This redshift is consistent with a Lyman-« absorber at
1489 A as observed in the IUE and HST spectra. The project-
ed separation between the foreground galaxy and the QSO is
173 kpc. This might be quite large to attribute the UV absorp-
tion to the galaxy, but it is not unprecedented; Salzer (1992)
found a possible association between a low z Lyman-a cloud
(along the line of sight to 3C 273) and a galaxy separated by
415 kpc.

In the case of 3C 273 HST detected 14 Lyman-« forest lines
in the redshift range 0.016—0.151 (Morris et al. 1991; Bahcall et
al. 1991). This surprising result indicates a flattening of the
evolution of the absorbers, so that the comoving number
density is roughly constant between z = 2 and z = 0. Two of
the lines in 3C 273 have equivalent widths of ~0.3 A (Morris
et al. 1991), so it is reasonable that one Lya line has been
detected in the co-added IUE spectrum of H1821+ 643.
Bahcall et al. (1992) detected in the HST spectrum of
H1821 + 643 ten extragalactic Lyman-o absorption lines (in the
0.122—-0.297 redshift range) and three Lyman-f lines, in addi-
tion to absorption lines associated with the QSO itself (or the
cluster around it). In contrast to the Lyman-o forest lines
detected at large redshifts, the Lyman-a lines in the
H1821+ 643 spectrum appear to be correlated like galaxies,
and this, in addition to the identification of at least one of the
absorbers with an intervening galaxy, suggests that their origin
is not truly intergalactic.

The spectral region between Lyman-a and C 1v 11549 covers
the redshift range 0.04—0.27 for detection of C 1v absorption
lines. In this sensitive part of the SWP camera no such absorp-
tion features were found above the detection threshold of EW
~0.2 A. Intergalactic C 1v lines are not expected for the low
redshift of H1821 + 643 (Bergeron 1988). Bahcall et al. (1992)
did not detect any absorption features in this wavelength range
either. These authors did, however, detect absorption lines
superposed on the emission lines of C 1v and also of O vI and
Lyman-«, which had never been detected in a low-redshift
QSO and were notably absent in the HST spectrum of 3C 273
(Bahcall et al. 1991).

7. OPTICAL COLORS

In this section we show that H1821+ 643 is more likely a
blue than a red QSO as suggested by HN. These authors
obtained photometry of H1821+ 643 in the B and R bands in
1989 and in the V and I band in 1990. They claimed for the
QSO nucleus that B—R = 1.1 and V —1I = 1.3, from which
they concluded that the QSO is remarkably red due to intrinsic
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reddening [with E(B— V) = 0.5], as the typical B— R range for
infrared bright QSOs is 0.1-0.7 (HN).

To check their results, we calculated the colors from our
spectra obtained contemporaneously with the IUE observa-
tions and under photometric conditions. These “ spectroscopic
colors” of 1988 were consistent with the photometry obtained
in 1988 (KHSF). The change in color between 1988 October
and 1990 October was small: 0.04, 0.03, and 0.04 mag in the B,
V, and R bands, respectively. The B—R color remained
unchanged between 1988 October and 1990 October at about
—0.16 [after correction for the Galactic extinction with
E(B—V) = 0.085], which is consistent with the constancy of
the spectral slope (§ 4.5). Although we cannot exclude variabil-
ity, the small differences between the colors in 1988 and 1990
suggest otherwise. The spectra with a slightly different slope
(e.g., obtained at 1990 November 11 and July 30) were steeper,
leading to an even lower B— R (of about —0.21). The compari-
son of these “spectroscopic” colors to the photometry pre-
sented by HN might be somewhat uncertain due to the
possibly different transmission curves and normalizations
used, but that could not explain the discrepancy of at least 1.2
mag. The small “spectroscopic” B—R is indicative of a blue
rather than a red object. The blue color of H1821+ 643 is
consistent with the strong optical/UV bump which indicates
very little internal reddening. Also, the good agreement
between the absorption column indicated by the 21 cm
observations and the various X-ray measurements, suggests
that internal reddening is not significant. Moreover, if the
color excess were 0.5 mag as claimed by HN, then a very strong
2200 A dust feature should probably be present around 2900
A, and the dereddened emission line ratios would be unusual.
However, no such dust feature is present in the IUE spectra
(Fig. 2) and the line ratios are very typical for a QSO (Table 10;
see also KHSF).

8. CONTINUUM ENERGY DISTRIBUTION

In Figure 15 we present the first simultaneous continuum
energy distribution (CED) from 1 uym up to 10 keV, com-
plemented by published infrared photometry (Neugebauer et
al. 1986; KHSF). The CED is shifted into the rest frame of the
QSO as denoted by v, (while v, 4, or E refers to the observed
frame). We corrected the X-ray data points for interstellar
absorption by the Galactic column density, and corrected
the other data points for interstellar extinction with
E(B—V) = 0.085. These data are also listed in Table 12. The
near- and far-infrared points are not simultaneous, but match
up well with the optical data from 1990. As the amplitude of
the variability in AGNs is found to decrease with increasing
wavelength (Cutri et al. 1985) and since the optical variability
is less than 6%, the change in the infrared (A > 1 pm) is
expected to be insignificant.

9. DISCUSSION

9.1. Radio to Infrared Emission

The radio spectral index as defined by the fluxes at 6 and 20
cm is g 20.m = —0.89 (f, oc v*), a typical value for a radio
quiet QSO (RQQ; Barvainis & Antonucci 1989; Chini,
Kreysa, & Biermann 1989). This spectral steepness, together
with the resolved image, supports the interpretation of the
radio emission as extended optically thin synchrotron radi-
ation (Barvainis & Antonucci 1989). Some caution should be
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F1G. 15—Continuum energy distribution plotted in the QSO rest frame,
with the co-added IUE data from 1990 October—-November, the co-added
ROSAT spectrum during the RASS (the spectral model is discussed in § 3.3;
the contribution from K116 has been subtracted), the average Ginga spec-
trum from 1990 October, the optical spectrum obtained on 1990 October 20 at
Lick Observatory, in addition to published IRAS and IRTF data. The X-ray
data have been corrected for interstellar absorption (with Ny = 4.1 x 10%°
cm ™ 2), while all the other data have been corrected for intersteller extinction
[with E(B— V) = 0.085 mag]. The dotted lines indicate the error introduced by
the range of possible slopes of the soft X-ray excess.

exercised because of the almost 2 year time period between the
radio observations, although strong variability on such a time
scale is only expected for compact cores. The flux is rather high
for a RQQ but still a factor of 50 smaller than in a typical radio
loud QSO (Kellerman et al. 1989). With the northern radio
component (Fig. 3b) being nearly coincident with the optical
position of H1821 + 643, the weaker component 2" to the south
could be associated with the host galaxy of the QSO (which
has an optical radius of at least 5”; HN) or a foreground
galaxy. The radio image seems to suggest that the two radio
components are connected and indicate therefore that they
both originate in the QSO, although it cannot be ruled out that
the weaker component arises in a foreground galaxy.

The short wavelength IRAS points and the near-infrared
points show a strong near-infrared (or 5 ym) bump, generally
attributed to nuclear optical/UV continuum radiation repro-
cessed by warm dust (Barvainis 1987). A parabolic fit peaks
around 7 um. The observed upturn at the long wavelength
IRAS points (sometimes called the far-infrared excess) is com-
monly thought to arise in cool dust from the Galactic disk
(Barvainis 1990). Whether this explanation is valid for such a
high-luminosity QSO as H1821+ 643 is questionable, as it
requires an enormous amount of dust to account for an energy
output similar to the nuclear near-IR and optical/UV emis-
sion. HN measured the optical diameter of the host galaxy to
be 160 kpc, which is very large for any galaxy and could pos-
sibly account for the strong far-infrared excess. The upper limit
to the 1.3 mm flux quoted by Chini et al. (1989) is not valid, and
cannot be used to address the origin of the far-infrared emis-
sion, since they observed at the incorrect position given by
Pravdo & Marshall (1984).
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TABLE 12
CoNTINUUM ENERGY DISTRIBUTION OF H1821 + 643

log v, log vof,,* log v, log vof,,*
(Hz) (ergscm ™25 1) (Hz) (ergscm~2s7Y)

14604........ —10.566 15316........ —10.125
14.620........ —10.538 15.341........ —10.111
14.719........ —10.503 15.346........ —10.084
14.724........ —10.509 15.352........ —10.090
14.728........ —10.500 15419........ —10.134
14.733........ —10.496 15.426........ -10.117
14.738........ —10.485 15434........ —10.141
14.768........ —10.434 15495........ —10.166
14.799........ —10.419 15.520........ —10.200
14.828........ —10.371 16.697........ —10.350
14.859........ —10.354 16.723........ —10.538
14.869........ —10.324 16.783........ —10.621
14.882........ —10.266 16.854........ —10.808
14.895........ —10.246 16916........ —10.902
14918........ —10.202 16991........ —11.015
14.926........ —10.197 17.067........ —11.067
14933........ —10.168 17.151........ —11.139
14948........ —10.151 17.233........ —11.131
14992........ —10.137 17.299........ —11.180
15.055........ —10.050 17.350........ —11.157
15.065........ —10.035 17.388........ —11.130
15.076........ —10.022 17420........ —11.156
15.091........ —10.057 17.450 —11.121
15.116........ —10.108 17.477 —11.126
15.123........ —10.139 17.508........ —11.154
15.129........ —10.143 17.536........ —11.101
15.136........ —10.148 17.565........ —11.126
15.149........ —10.140 17.598........ —11.164
15.156........ —10.137 17.631........ —11.090
15.162........ —10.145 17.670........ —11.119
15.169........ —10.145 17.794........ —11.092
15.310........ —10.140 17.797........ —11.024
18.496........ —10.891

2 After correction for interstellar absorption with Ny = 4.1 x 10?°
cm ™ 2 (for the X-ray data) or Galactic extinction with E(B— V') = 0.085 (for
all the other data), and after subtraction of the contribution from K1—16
(in the ultrasoft X-ray band).

9.2. Optical to X-Ray Emission

As discussed previously in KHSF, the optical/UV bump is
very pronounced. The slope of the optical continuum (between
4 ~ 5000 and 8000 A) is 0.37 + 0.02, while the UV slope is
remarkably flat (@ ~ —0.95 & 0.03, with a flux level of log
Vofvo ~ —10.2). There is a downward trend in the SWP data
points (x ~ —1.11 + 0.10), indicating the presence of a turn-
over in the UV. This turnover occurs around log v, = 15.35
(A ~ 1700 A; the frequencies are given in Hz here and through-
out the remainder of this article).

The soft X-ray data points deviate strongly from the power-
law below ~0.3 keV. This soft X-ray excess is steep with
o~ —4.13 + 096, reaching up to log vof,, ~ —10.3 at log
vo = 16.7 (E = 0.16 keV). The fit with a blackbody model to
the soft excess (§ 3.3) resulted in a best-fit value of kT = 40 eV
with an upper limit of 68 eV, corresponding to T = 5 x 10° K
and 8 x 10° K, respectively. Compared to the sample of QSOs
studied with low-resolution detectors on board EXOSAT
(Comastri et al. 1992), the power-law slope is rather steep and
the blackbody temperature low, but neither are strongly differ-
ent from the sample’s average values. The X-ray spectrum of
ROSAT joins the Ginga observations well. The energy index as
measured by ROSAT (in the three component fits) is
0.81 + 0.05, while Ginga found 0.78 and 0.83 for the two obser-
vations. These indices are very typical for a high-luminosity
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AGN (Williams et al. 1992). The Ginga spectrum of
H1821 + 643 displays a strong Fe 1 line (EW = 210 + 80 eV;
Kii et al. 1991) which could in part be attributed to the cluster
around the QSO as Schneider et al. (1992) found that
H1821+ 643 is located in a dense cluster. Such a cluster might
also contribute to the X-ray continuum emission. However, Kii
et al. did not find any spectral evidence for thermal brems-
strahlung from such a cluster medium and concluded that the
strong Fe 11 line is intrinsic to the QSO. With an angular
radius of <50” (Schneider et al. 1992) the cluster contribution,
if any, is too small to be resolved with the PSPC in scanning
mode.

In order to present the intrinsic emission from the QSO we
subtracted the contribution of the white dwarf (i.e., the black-
body spectral component) from the PSPC spectrum. The con-
tribution from K1—16 is rather uncertain as reflected by the
large errors on the normalization and blackbody temperature
(§ 3.3.). In the best-fit models K1 —16 and the soft excess of
H1821+ 643 contribute equally to the count flux around 0.14
keV, while the white dwarf’s contribution declines above that
energy. For that reason we could only study the intrinsic emis-
sion from the QSO above 0.16 keV (A = 80 A, log v, = 16.70).

As the absorption by interstellar hydrogen is quite high at
these low energies, even for the moderate absorption column of
4.1 x 10%° cm ™2, any uncertainties in N, will lead to large
errors in the unabsorbed flux. Typically a 10% uncertainty in
the column density will produce a 30% error in the flux at 0.2
keV. Although there cannot be any doubt that there is a soft
X-ray excess present in the intrinsic QSO spectrum, its
strength and spectral shape are difficult to determine with cer-
tainty as reflected by the large errors on the fit parameters of
the soft excess in § 3.3. The possible range of the soft X-ray
excess due to the error on the slope is shown in Figure 15 by
the dotted lines. The errors on the ROSAT data points only
reflect the statistical uncertainty. The soft X-ray excess (E < 0.5
keV) will therefore be rather uncertain and this should be kept
in mind when interpreting the soft excess and its connection
with emission in other wavelength bands.

9.3. Accretion Disk Models

From multiwavelength variability studies of AGNs (e.g.,
Cutri et al. 1985) it has been established that the optical/UV
bump is a separate component in the CED. Likewise, the soft
X-ray excess varies independently from the hard X-ray emis-
sion (Elvis, Wilkes, & McDowell 1989, and references therein).
As both components have been attributed to an accretion disk,
we discuss the applicability of simple thin disk models in the
case of H1821 + 643.

It is well known that around 3000 A Balmer continuum and
blended Fe 1 lines form a pseudo-continuum (Wills, Netzer, &
Wills 1985) that should not be attributed to the emission from
an accretion disk. The data points in the near-UV range (log
vo ~ 14.9-15.1) are therefore expected to exceed the predicted
accretion disk emission. More important is the power-law
ranging from the infrared to the hard X-ray bands which is
assumed to exist in addition to the accretion disk emission.
This power-law was invoked because Edelson & Malkan
(1986) claimed a strong IR-X-ray correlation, but its existence
has since been disputed (e.g., Sanders et al. 1989). Alternatively,
the infrared emission could be fitted with thermal dust models.
These models will not contribute much above 1 um and can be
neglected above log v, ~ 15.2. Also, the IR-X-ray power-law
could be truncated at optical frequencies (Czerny & Elvis 1987)

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1993ApJ...402..514K

No. 2, 1992

and again no contribution will be made above log v ~ 15.2.
The use of these models rather than the IR-X-ray power-law
(typically with & ~ —1.2) will result in a slightly different spec-
tral slope for the total (power-law plus accretion disk) emission
and also change the parameters of the disk model (M, M, and
the outer radius). While bearing this uncertainty in mind, we
will nevertheless present accretion disk models plus the IR-X-
ray power-law, in order to compare the model parameters with
KHSF.

We calculated the luminosities in the optical, UV, and soft
X-ray band and found (in ergs s "): 1.8 x 10%5,2.3 x 10*5, and
1.9 x 10%5, respectively, adding up to a minimum luminosity in
the optical/UV/X-ray bump of L., = 6.0 x 10*6. This L_;,
can be related to a minimum accretion rate through M,;, =

Loin/c*n, with n being the efficiency for accretion (7 ~ 6% in
the Newtonian metric). This leads to M, ~ 18 M yr~ . If
we estimate the luminosity in the unobservable EUV gap by a
straight line connecting the ROSAT and IUE points, then
M~40Mgyr L.

Following Bechtold et al. (1987) we applied a simple sum-of-
blackbodies model for an optically thick, physically thin accre-
tion disk. Such a model is independent of the viscosity param-
eter. In Figure 16 (left panel) we show a Newtonian accretion
disk model with M =3 x 10° My, M =15 Mg yr ! and

R,./R;, = 12 (where R, = 3Rg.,; the inclination angle i is such
that cos i = 0.5). The luminosity is sub-Eddington (L/Lgy4q =
0.13). The R, /R;, ratio is exceptionally small as discussed in
detail in KHSF. Such a fit, peaking at UV frequencies, does not
contribute above log vy, = 16, thus failing to fit the X-ray
excess (even the lower limit to the soft excess). In KHSF a
similar fit produced the same parameters except for M which
was 19 M yr !, which could be accounted for by the ~20%
higher flux level in 1987 compared to 1990.

If the reality of the turnover in the UV is doubted, then the
spectrum could turn over at higher frequencies but below the
lowest frequency of the soft excess, thus log Vinax < 16.7. Such a
fit in the Newtonian metric would result in highly super-
Eddington luminosities (L/Lgqq = 20). This could be mitigated

log VOFVD

| 1
14 16 18 14 16 18 14 16 18
log vy (Hz)

F1G. 16.—Overall continuum spectrum of H1821 + 643 plotted in the QSO
rest frame (same data and units as in Fig. 15) with accretion disk model fits
(solid line). Deviations between log Vo = 14.9 and log v, = 15.1 are due to the
Balmer continuum and Fe 11 line emission. (a) Newtonian disk model in addi-
tion to power law (¢ = —1.16) with M =3 x 10° My, M = 15 Mg yr™%,

R,./R;, =12, cos i = 0.5, R;, = 3Rgy,. L/Lgyq = 0.13. (b) Kerr disk model in
addition to power law (¢ = —1.16) with M = 10° My, M = 2.5 M yr™},
cos i = 0.25, R;, = 0.62Rg,. L/Lg4y = 3.1. The substantial increase of the
outer to inner radius ratio from 50 (lower curve) to 200 (upper curve) does not
improve the fit to the optical/UV bump 51gn1ﬁcantly (c) Kerr disk model in
addition to power law (@ = —1.16) with M =7 x 108 Mo, M = 18 Mg yr™ !,

R, /R, =200, cos i = 0.75. L/Lgyq = 5.7. Notice the good fit to the optical
data, the reasonable fit to the soft excess and the failure to fit in the UV.
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by considering accretion disk models around a rapidly rotating
black hole viewed close to the plane of the disk (e.g., Sun &
Malkan 1989). The efficiency # is much higher in the Kerr
metric. In this case it is necessary to include the relativistic
effects which lead to focusing of the most energetic photons
along the disk, thus resulting in harder spectra at high inclina-
tion angles (Cunningham 1975). It is for this reason that QSOs
with strong soft X-ray excesses are thought to have nearly
edge-on accretion disks. In Figure 16b a fit with the followmg
fit parameters is shown: M = 10® Mo, M = 2.5 M, yr !, and
cos i = 0.25, resulting in L/Lg4y ~ 3 which is moderate com-
pared to the luminosity in the Newtonian metric and will not
violate the thin disk approximation in the inner regions signifi-
cantly.

Such a fit peaking close to log v, < 16.7 would represent the
soft excess well (Fig. 16b). In fact, its steep slope (« ~ —4), is
consistent with the high-energy tail of the disk emission, in
contrast to the soft excess in PG 1211+ 143 with a = —2.2,
which could only be fit successfully after introducing Comp-
tonization (Bechtold et al. 1987). However, these fits with
maxima in the soft X-ray band do not match the emission in
the UV, either strongly underestimating the observed optical/
UYV emission, or resulting in much steeper (positive) spectral
slopes than the observed o, ~ —1.1 in the UV. The latter is
shown in Figure 16¢c, where M =7 x 10° Mo, M = 18 M,
yr~ 4, cos i = 0.75,and L/Lgy44 ~ 6, resulting in a good fit to the
optical data points, a reasonable fit to the soft X-ray data (the
slope is about — 5, similar to the upper limit of the soft excess),
and a failure to fit the UV data.

As inclusion of relativistic inclination effects will only shift
the disk spectrum to different energies rather than changing
the spectral slope in the UV (Sun & Malkan 1989), it does not
solve the problem of the discrepancy between these fits and the
observed optical/UV bump. Only the edge-on solution has a
significantly different spectral shape, but with an even steeper
spectrum (i.e., with a more positive a) at ultraviolet wave-
lengths. One might expect that the size of the disk influences
the broadness of the bump and the steepness of the fit in the
UV. However, a substantial increase of the outer radius hardly
changes the emerging disk spectrum as the outer radii do not
contribute strongly to the disk emission (Bechtold et al. 1987).
Therefore, the spectral slope will decrease slightly but certainly
not enough to fit to the observed UV data points (as illustrated
in Fig. 16b where we increased R,,/R;, from 50 to 200 with
only minor effect). Furthermore, disks with too large outer
radii could be gravitationally unstable (Bechtold et al. 1987).

Therefore, the simple sum-of-blackbodies models cannot fit
both the optical/UV bump and the soft X-ray excess. These
models predict a slope in the optical/UV range around %,
unless the fit peaks in the UV, but then it fails in the soft X-ray
band. This conclusion can be drawn in the case of H1821 + 643
because of its optimal redshift. Higher redshift objects will
suffer significantly from absorption due to intervening
Lyman-a clouds, while lower redshift QSOs do not allow for
good coverage of the UV bump within the bandpass of IUE (or
HST). The latter is the case for the low z object PG 1211+ 143
(Bechtold et al. 1987), which only displays the « ~ 4 rise and in
which a possible turnover at log v, = 15.35 could not have
been detected. Without such a turnover (or & ~ —1 slope in
the UV), disk model fits are far less constrained, and it is not
surprising that acceptable fits were obtained in the case of PG
1211+ 143.
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Inclusion of scattering effects in the disk model might change
the spectral shape above log vy ~ 15.3 (Czerny & Elvis 1987).
Comptonization has an adverse effect on the slope: it will
steepen the slope at soft X-ray energies (i.e., « will be more
negative) and reduce the slope somewhat at UV frequencies
(i.e., o will be more positive), thus widening the gap between the
model and the data points even further. Electron scattering
opacity could possibly contribute to the flat slope observed in
the UV. This should be addressed by comprehensive accretion
disk models incorporating radiative transfer of the disk emis-
sion in a consistent manner (as an accurate description is
required of the disk density as a function of radius in order to
describe the opacity coefficients for scattering and absorption).
Laor & Netzer (1989) presented a first attempt in this direction
and found that even such models could not fit the CEDs of a
large fraction of their sample of AGN:ss if they included the soft
X-ray data (Netzer 1991, and references therein).

As soft excesses seem quite common in QSOs (Masnou et al.
1992; Comastri et al. 1992) and since they are expected to arise
in accretion disks viewed at high inclination angles, then many
AGNs (possibly 50%) should be oriented towards us in a
highly nonrandom way; this seems unlikely. If the optical/UV
and soft X-ray emission are really one feature, then the
strength of the UV bump and the soft excess should be corre-
lated in a sample of QSOs. This is not the case as shown by
Masnou et al. (1992; although their study is hampered by the
nonsimultaneity of the observations).

We had hoped to address the connection between the UV
and soft X-ray emission further by studying the variability in
the UV and soft X-ray band. Obviously, if both arise in the
inner region of an accretion disk then their emission should
vary in a correlated manner. Unfortunately, we not study such
a correlation as no significant short-term variability was found
in either band. In summary, the standard accretion disk
models cannot easily explain H1821 + 643’s CED, and it is too
early to rule out alternatives to the accretion disk model, such
as optically thin free-free radiation as suggested by Barvainis &
Antonucci (1989) and Barvainis (1990).

This free-free model predicts an optical slope of about —0.1,
but the slope determined by the optical continuum in
H1821 + 643 is quite different: 0.37. Also, the extrapolation of
the optical data down to radio frequencies with a slope of —0.1
overestimates the observed data points significantly except for
the 20 cm point. Furthermore, the free-free spectrum is
expected to exhibit a cutoff at hv ~ kT. Just as in the accretion
disk models, this could occur in the UV leading to a discrep-
ancy at soft X-ray energies, or in the EUV-XUYV band failing to
fit the UV data. Although we cannot reject the free-free model,
the mismatch between the predicted and observed spectral
shape in the optical/UV/X-ray bump do not strengthen its
case. It should also be noted that the variability data on the
soft X-ray excess in many AGNs (H1821+643 not one of
them) seem to exclude its origin in an optically thin medium
(Elvis et al. 1991).

10. CONCLUSIONS

We have presented simultaneous multiwavelength observa-
tions of the bright QSO H1821+ 643. The main aim of this
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investigation was to study the connection between the optical/
UV bump and the soft X-ray excess, as both emissions are
generally attributed to an accretion disk but observational evi-
dence for this assumption is still lacking. We set out to study
this through investigating the correlation of the short-term
variability in the optical/UV and soft X-ray band, and by
testing the applicability of the accretion disk models to the
simultaneous continuum energy distribution. The former was
preempted by the absence of significant, short-term variability
in either the UV or X-ray bands. There is, however, evidence
for long-term variability on a time scale of months to years in
the optical and UV bands (both in spectral slope and flux),
where the amplitude of the variability increases with frequency.
By fitting the continuum energy distribution with thin accre-
tion disk models we found that bare disk models cannot easily
account for the emission in both the UV (with a flat slope in a
vf, diagram) and the steep excess in the soft X-ray band. Alter-
native models involving free-free radiation are not particularly
promising either.

The superior spectral and spatial resolution of ROSAT
allowed us to isolate the emission originating in the QSO from
the nearby white dwarf K1— 16. The intrinsic X-ray spectrum
of H1821 + 643 showed a typical power-law slope above ~0.3
keV, as detected by ROSAT and Ginga. There is evidence for a
steep soft excess, which was fit equally well with a power-law,
blackbody, or bremsstrahlung model. We also reported on the
first detection of H1821+ 643 in the radio band. This radio-
quiet QSO was found to have a substantial radio flux at 20 cm
and a typical steep spectral slope. The radio image was
extended at 20 cm and could be resolved into two components
at 6 cm. We also detected an elliptical galaxy at 6 cm and 20 cm
which is in the same cluster as the QSO. High-resolution X-ray
imaging of H1821+ 643 would be very interesting to see if a
similar structure is present in the X-ray band. It could also
determine the existence of an intracluster medium, if any, and
its contribution to the X-ray emission. Finally, we detected a
Lyman-a forest line in the co-added ultraviolet spectrum at
z = 0.225, which we identify with a foreground galaxy dis-
covered by Schneider et al. (1992).
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