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ABSTRACT 
Einstein HRI and MPC observations spanning 11 90 minute orbits in 1981 January showed that the Seyfert 

1 galaxy Mrk 335 exhibited erratic X-ray activity on all time scales of ~ 6000-60,000 s. The HRI data very 
clearly show about 30% decrease in the soft (~0.7 keV) X-ray flux (“dip”) followed immediately by a steep 
increase (“flare”) in which the intensity chaged by a factor of about 2.5. Both events have time scales of one 
to two orbits. Much weaker variations in the MPC (1.2-7.0 keV) flux were correlated with the soft X-ray flare. 
The ratio of total MPC count rate to HRI count rate, i.e., the X-ray “ hardness,” rose during the dip and then 
fell by a factor of 2 during the flare. 

We also find that the time-averaged spectral index of Mrk 335 measured by the MPC to be aMPC = 1.25 
± 0.19. In addition, a comparison of the HRI and MPC data show that an additional soft X-ray flux com- 
ponent above that expected from the MPC data is very likely to be present. 

The observed variations in the X-rays, coupled with data from other spectral regions, are used to argue that 
the soft X-rays may originate near the inner edge (r<3xl014 cm) of an accretion disk around a black hole 
of mass 107-108 M0. Emission from a hot confining medium around the optical line clouds is ruled out. The 
relatively steady hard X-ray spectrum is consistent with an extrapolation of the infrared/optical power law, 
and could be direct synchrotron or synchrotron self-Compton scattered flux in a region of size similar to that 
responsible for the soft X-ray flare. 
Subject headings: black holes — galaxies: individual (Markarian 335) — galaxies: Seyfert — 

radiation mechanisms — X-rays : bursts 

I. INTRODUCTION 
Mrk 335 is a relatively unflattened, modest-luminosity 

(Mv ä -20) Seyfert 1 galaxy of early-type (E or SO) at a red- 
shift cz ä 7500 km s_1 (Heckman and Balick 1981). Shuder 
(1981) and M. A. Malkan (private communication) reported 
changes in the nuclear optical emission-line intensity, profile 
shapes, and equivalent widths on time scales of several months 
to 2 yr, though no variations were observed by Peterson et al. 
(1982). In order to account for the asymmetric shapes of the 
optical emission lines, van Groningen (1984) postulated that 
around the nucleus of Mrk 335 lies a compact and very dense 
disk which is oriented so that the nucleus is directly exposed to 
terrestrial observers. In addition, van Groningen argued that 
emission from a wind is observed. Also, Mrk 335 was recently 
found to be a very weak 20 cm radio source of 4.1 + 0.9 mJy 
(Edelson 1987). 

Mrk 335 was first detected in the X-ray by UHURU, which 
showed that the 2-10 keV X-ray luminosity is 7.8 x 1043 ergs 
s-1 (Tananbaum et al. 1978). The HEAO 1 A-2 experiment in 
1978 July detected Mrk 335 as one of the faintest objects 
among 38 active galactic nuclei (AGNs), with a photon flux of 
1.1 counts cm-2 ks-1 and X-ray luminosity (2-20 keV) of 
3.9 x 1043 ergs s-1 (Tennant and Mushotzky 1983). Despite 
the relatively large variance in intensity of the source, Tennant 
and Mushotzky (1983) could not detect short-time variability 
in Mrk 335 because of possible systematic errors due to source 
confusion. In a summary of HEAO 1 A-2 results on AGNs, 

Mushotzky (1984) listed Mrk 335 with the X-ray luminosity 
(2-10 keV) of 3.2 x 1043 ergs s-1. A fit of the spectrum to 
power law gave hydrogen column denisity NH< 1.1 x 1022 

atoms cm“2 and energy spectral index a = 0.78Í oiïi- 
Mrk 335 was also included in an extensive survey of Seyfert 

galaxies and quasars with the Einstein Observatory monitor 
proportional counter (MPC) (Halpern 1982). Although the 2- 
10 keV luminosity was found to be the same as in HEAO 7, the 
spectrum was much steeper, with a = 1.77This was 
found to be the steepest spectrum among the Einstein sample 
of 50 Seyfert galaxies and quasars, which had a mean spectral 
index of 0.68 and a dispersion of 0.31. 

EXOSAT observations of Mrk 335 were obtained in 1983 
November and 1984 December (Pounds et al. 1987). They 
showed that the luminosity (2-10 keV) changed by a factor of 
~6 between the two observations, from 5 x 1042 ergs s“1 to 
2.9 x 1043 ergs s“1. The spectra in the high state could be 
fitted by (1) a single power law (a = 0.91 to 1.8), (2) a hard 
power law (a = 0.91ío.'39) plus soft excess power law (a = 
3.13Í}o77), or (3) a hard power law (a = l.OSÍoiió) plus 

thermal bremsstrahlung with kT = 0.1í£;¿7 keV. The two- 
component fits were required to accommodate a strong soft 
X-ray excess seen in the EXOSAT low-energy detector. The 
soft and hard components apparently experienced the same 
factor of 6 change in flux over 1 yr. Factor of 2 variability of 
the hard component was also observed on a time scale of 5000 
s. Also, Pounds et al. (1987) reported that “confirmation that 
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the LE [soft X-ray] flux also varies strongly on time-scales 
~ 5000 s has, however, been confirmed in a more recent obser- 
vation of Mrk 335 ” (see also Turner and Pounds 1988). 

In this paper, we report on strong, erratic, and primarily soft 
X-ray flux variations observed in Mrk 335 with the Einstein 
high-resolution imager (HRI) and MPC. Variations in flux and 
spectra index occurred throughout the observing period of 
60,000 s with time scales of one orbital period and more. The 
high signal-to-noise ratio of the HRI data and the spectral 
information from the MPC are of considerable interest in the 
development of models for the recently discovered soft X-ray 
excess of AGNs. 

II. OBSERVATIONS AND RESULTS 

The Einstein observations took place on 1981 January 1 
over nearly 11 Earth orbits (57,590 s). MPC analysis reported 
in this paper made use of the final reprocessed data available 
from the Einstein data bank in 1986 April. This includes the use 
of the revised background prediction algorithm which allows 
for long-term changes in the particle background spectrum as 
well as systematic errors due to possible short-term changes 
(see Elvis et al [1986] for more detailed description of the 
difference in the old and new calibration of the MPC data). 

a) HRI Analysis 
The HRI is an imaging device whose sensitivity peaks at 

~0.7 keV. Separate images of Mrk 335 were made in 11 suc- 
cessive Earth orbits. The effective integration time was 
— 15,000 s except for the last orbit in which the integration 
time was — 500 s. All images show only the simple soft X-ray 
point source response within 1" of the optical position 
(Clements 1981). Photon count rates in each orbit were deter- 
mined by adding the events collected within a circle of 18" 
radius centered at the peak of the X-ray emission in the images. 
Background counts were similarly obtained in a circle of 180" 
radius which excluded all identifiable X-ray sources in the field. 
The background rate per pixel did not exceed 1% of the rate 
observed for Mrk 335. The average count rate of Mrk 335 was 
0.51 counts s-1 after background subtraction. 

A plot of the HRI photon count rate as a function of time is 
shown in Figure la. A 30% dip, followed immediately by 
strong flare, both with time scales of —104 s, occurred about 
midway through the observations. The fact that the initial and 
final HRI fluxes differ by 50% is evidence that longer time- 
scale variations were occurring during the course of the obser- 
vations. 

The HRI data were rebinned into 500 s intervals in order to 
search for evidence of flickering. No such evidence was found 
to within the limits imposed by the statistical uncertainties in 
the data. 

b) MPC Analysis 
The MPC is a collimated, argon-filled detector which is sen- 

sitive in the range 1.2-20 keV and views the source simulta- 
neously with the HRI. The spatial response of the MPC is 
approximately triangular with FWZI of 1?5. Only the pulse- 
height channels corresponding to energies between 1.2 and 7.0 
keV are considered here because of increased particle back- 
ground contamination and decreased sensitivity at higher 
energies. Plots of the two low-energy channels (MPC 1+2: 
1.2-2.4 keV) and the three high-energy channels (MPC 
3 + 4 + 5; 2.4-7.0 keY) as a function of orbit are shown in Fig. 
lb. For each orbit the MPC data were summed over all chan- 
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neis and divided by the HRI fluxes to compute a “hardness 
ratio ” which is plotted in Figure 1c. 

Figures la, lb, and 1c show clearly that the major events 
seen in the high-quality HRI data are reflected by variations in 
the noisier MPC data and the hardness ratio. These plots 
argue that the events are far more pronounced below — 1 keV 
than above. 

For each channel, the MPC data were integrated for the 
duration of the observations (a total of 29,414 s) and were first 
fitted with a standard two interesting parameter model consist- 
ing of a power-law energy index a, and equivalent neutral 
hydrogen column density NH, 

dN 
— = ^£-(a+1)^-<T(£)iVH photons cm 2 s 1 keV 1 , (1) 
dE 

where a(E) is the Morrison and McGammon (1983) interstellar 
medium cross section and A is the normalizing factor. The 
results for the integrated spectrum are summarized in Table 1 
and Figure 2. The spectrum is best fitted by a power law index 
of aMPC = 1.25Í oiii and a value of iVH ä 1 x 1020 atoms cm-2. 
The 90% confidence contour of allowed spectral parameters is 
given in Figure 3, which shows that the fit requires ATH < 2.2 
x 1021 atoms cm-2. It must be emphasized that because of the 
strong variability in the flux and hardness ratio of Mrk 335 
seen in Figure lb and 1c, it is quite likely that the value of aMPC 
derived here is subject to secular changes. 

As noted in the Introduction, values of a reported from the 
earlier literature lie between 0.78 and 1.77. The value of 1.77 
was obtained by Halpern (1982) from the same data set as used 
in this paper. The difference between these results can be 
largely attributed to an improvement in the MPC background 
subtraction algorithm. The value of the spectral index is still 
steeper than that of any other Seyfert galaxy or quasar in the 
MPC sample of 50 (Halpern 1982), or the HEAO 1 A-2 sample 
of 30 (Mushotzky 1984). 

We have fitted aMPC separately to the data of each orbit. 
However, the errors are large owing to the low count rates 
(Fig. Id). Within the 90% confidence levels there are no mean- 
ingful differences in aMPC = 1.25 from one orbit to another. 
However, we find that all of the value of aMPC which lie above 
the average value (by about 0.2) occur during the X-ray flare, 
corroborating our assertion that the flare was most prominent 
at soft X-ray energies. 

c) Joint MPC/HRI Analysis 
The large number of counts collected by the HRI is also 

indicative of a steep spectral slope. The HRI can be used to 
further constrain the spectrum when there is some independent 
information from the MPC. Each trial MPC spectrum, includ- 

TABLE 1 
MPC Data on Markarian 335 

Parameter Value 

Day   1981 Jan 1 
Exposure time   29,414 s 
Fx(2-10 keV)   1.46 x 10"11 ergs cm-2 s_1 

LJ2-10 keV)a      4.0 x 1043 ergs s “1 

* i 9r + 0.19b aMPC  A'+’-O-lS 
iVH   <2.2 x 1021 atoms cm 2b 

A   0.0082 keV cm ~ 2 keV “1 

a = 50 km s 1 Mpc 1 and q = 0. 
b Errors and upper limit are 90% confidence levels. 
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Fig. 1.—The temporal change of (a), the HRI photon count rate ; (b), sum of the count rates in MPC channels 1 and 2 (1.2-2.4 keV) and that in MPC channels 3 
through 5 (2.4-7.0 keV); (c), the “hardness ratio,” or the ratio of the counts in the first five MPC channels to the HRI count rate in each orbit; and (d), fitted spectral 
index a erf MPC spectra. The error bars represent 1 <7 for (a), (b), and (c), and 90% for (d). 

ing the normalization, is folded through the HRI effective area 
function to predict an HRI count rate. The grid of predicted 
HRI count rates is compared with the measured one to 
produce a second confidence contour of allowed spectra (Fig. 
3). The confidence contour assigned to the HRI includes 
counting statistics plus 15% for possible systematic uncer- 
tainties in relative calibration between the HRI and the MPC. 

As can be seen from Figure 3, the total MPC and HRI data 
are consistent with a simple power law of the form of equation 
(1) only if Nh < 2.8 x 1020 atoms cm-2 and a < 1.44. This H i 
column density is less than the observed Galactic value of 
4 x 1020 atoms cm-2 (Stark et al 1988) with an uncertainty of 
~ 1 x 1020 atoms cm-2 (as shown by Elvis et al. 1986), imply- 

ing a hole in the interstellar medium (ISM) in the direction of 
Mrk 335. Alternately, if we adopt a value for (iVH, a) maximally 
consistent with the H i and MPC observations, to wit, 
[(4 ± 1) x 1020,1.25], then it is necessary that Mrk 335 have a 
substantial soft X-ray excess at the time of the present observa- 
tions. The value of the a expected from the HRI data shown in 
Figure 3 is 1.66 ± 0.08. (This is essentially the same situation 
that was found by Pounds et al. [1987] and Turner and 
Pounds [1988] in a comparison of the EX OS AT low-energy 
and medium-energy data.) 

In view of the dramatic and prominent soft X-ray variability 
observed, we (arguably) consider the postulate of a strong and 
variable soft X-ray excess to be the most likely. The present 
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Fig. 2.—MPC spectra integrated over total exposure time (crosses), fitted by the power law of aMPC = 1.25 (solid line). The three points in the high energy end 
(circles with cross) are unreliable due to the decreased sensitivity and the increased background and were not used for the fit. 

data suggest that variations in the soft X-ray excess are poss- 
ibly accompanied by changes in harder X-rays, much as 
Pounds et al (1987) have concluded. 

in. DISCUSSION 

a) X-Ray Spectral Variations in ^IGiVs 
The detection of X-ray flares such as the one reported here in 

Mrk 335 could be fairly common but difficult to observe except 

at the softest X-ray energies. Changes in spectral shape which 
could be qualitatively similar to that observed in Mrk 335 have 
been documented in a small number of other Seyfert galaxies. 
In 3C 120, the spectrum is softer when the flux is larger, 
although the variability time scale in this case is days (Halpern 
1985; Petre et al. 1984). The source 3C 120 showed a much 
larger spectral change (1.0 < a < 1.1) in the soft X-ray band 
(Einstein solid state spectrometer) than that (0.48 < a < 0.86) 
seen in the hard X-rays. 

Fig. 3.—Solid line: 90% confidence contour for fit of the integrated MPC spectrum. Dashed lines: fit of the HRI count rate (with an error of 15%) to the power 
law. The dotted line represent NH = (4 ± 1) x 1020 atoms cm " 2 obtained in the direction of Mrk 335 from the Galactic neutral hydrogen survey (Stark et al. 1987). 
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Another galaxy whose X-ray behavior is similar to that of 
Mrk 335 is NGC 4051, a highly variable, low-luminosity 
Seyfert 1 galaxy (Lawrence et al 1985; Marshall et al 1983). 
NGC 4051 has a large-amplitude variations with a character- 
istic time scale of 1 hr. The average spectral index is about 1.1, 
but the variations in flux below 2 keV are greater than the 
variations of the 2-10 keV X-rays (Lawrence et al 1985). The 
effect can be described as a change in spectral index of 
Aa ~ 0.3, with higher intensity states having the softer spectra. 

Aside from the few cases described above, the majority of 
Seyfert galaxies exhibit X-ray variability with no obvious 
change in spectral shape. 

b) Soft X-Ray Excesses 
There is evidence for an extra soft component above the 

hard power law in several additional Seyfert galaxies. The Ein- 
stein spectrum of NGC 5548 (Halpern 1982) required a second 
component below 1 keV in order to conform with the 21 cm 
Galactic column density. This soft excess was confirmed by 
Branduardi-Raymont et al (1984). Similarly, Singh, Garmire, 
and Nousek (1985) found that Mrk 509 has a second com- 
ponent at energies between 0.2 and 2 keV. A soft X-ray excess 
was also found in Mrk 841 (Arnaud et al 1985) and in NGC 
7469 (Barr 1986). 

In all these cases, there was either no evidence for variability 
of the soft component, or else the amplitude was small and no 
greater than the amplitude of the hard X-rays. Therefore, it 
could not be ruled out that the bulk of the soft X-rays arise 
from extended hot gas, such as perhaps a confining medium in 
the emission-line regions (see also Pounds, Turner, and 
Warwick [1986] for this interpretation applied to NGC 4151). 

Mrk 335 is important because the rapid large-amplitude 
(factor of 2 over 104 s) variability shows that the putative soft 
excess must arise in a region less than 3 x 1014 cm in radius. 
We conclude that the soft X-ray excess is not associated with 
an extended confining medium in the broad-line or narrow-line 
regions. 

c) Variability Time Scale 
Aside from the unusually steep spectrum and the spectral 

variability, another unusual X-ray property of Mrk 335 is the 
short time scale (< 104 s) of variability. Very few Seyfert gal- 
axies are known to vary substantially in less than 1 day. Only 
NGC 6814 (Tennant and Mushotzky 1983), NGC 4051 
(Marshall et al 1983; Lawrence et al 1985), MCG-6-30-15 
(Pounds, Turner, and Warwick 1986), and NGC 5506 
(McHardy and Czerny 1987) have been reported to vary by a 
factor of 2 in a shorter time than Mrk 335. These four objects 
have lower X-ray luminosities than Mrk 335. This is to be 
expected since the time scale of X-ray variability in Seyfert 
galaxies is known to be inversely correlated with the X-ray 
luminosity. 

IV. COMPARISON WITH THEORY 

a) General Considerations 
Hereafter we adopt the following values for the X-ray 

properties of Mrk 335: variability time scale Ai ~ 104 s, and 
AL ~ 4 x 1043ergss_1. 

Despite the rather dramatic flaring behavior of Mrk 335, the 
data are not very restrictive of models involving conversion of 
matter to luminosity via accretion onto a black hole. The 
general condition of Fabian (1979) that the efficiency of con- 
version, rj9 should exceed 5 x 10“43AL/Ai results in >/ > 0.002. 

This is well within the limit of 0.057 for a Schwarzschild black 
hole. Nor does the flaring behavior violate the mass-radius 
relation for a black hole. 

The total accretion-powered luminosity is likely to be 
~1045-1 ergs s-1, where we have integrated the MPC power 
law from 1000 Â to 100 keV, and added the infrared-ultraviolet 
power law determined by Edelson and Malkan (1986). The 
luminosity requires M > 1 x 107 M0 in order not to exceed 
the Eddington limit. The Schwarzschild radius for this mass, 
Rs, is ~ 3 x 1012 cm. If the soft X-ray emission must arise from 
a region larger than 3RS (the last stable orbit), then variations 
in as short as 300 s are still possible. 

The actual flare rise time of 104 s implies that the radius of 
the emitting region is no larger than 3 x 1014 cm. At this 
radius, the “ gravitational temperature ” Tgrav for the black hole 
given by 

Therefore, kTgrav = 4.6 MeV for M = 107 M0, which is ample 
to account for X-rays via an accretion process. However, 
spherical accretion is probably inefficient; we use this only to 
illustrate the order of magnitude of the energy available. 

b) The Hard Power Law 
More detailed models have been sought to explain the spec- 

tral behavior of AGNs in terms of Compton scattering of soft 
photons by a thermal or nonthermal plasma. The advantage of 
the synchrotron self-Compton (SSC) mechanism is that it can 
produce an X-ray spectral index of 0.7 by scattering of the 
optically thin radio or millimeter photons, which tend to have 
the same index as many Seyfert galaxies show in the hard 
X-ray region. In the case of Mrk 335, however, it appears that 
the average X-ray spectrum is consistent with being a simple 
continuation of the infrared-ultraviolet power law. Malkan 
and Filippenko (1983) found that the nonstellar component of 
the optical spectrum can be described by a power law of 
a = 1.1-1.2 with a normalization of 7.4 mJy at 5400 Â. 
Extrapolation of a power law of a = 1.2 to 1 keV would predict 
an X-ray flux of 5.0 fiJy at that energy. This is an excellent 
agreement with the MPC spectrum which has a = 1.25 and is 
normalized to 5.4 /Jy to 1 keV. Therefore there may be a single 
power law extending from infrared through X-ray, with a slope 
of 1.2. 

More recently, Edelson and Malkan (1986) fitted a more 
complicated multicomponent model to the infrared through 
UV data and found a power law index of 1.34 with a normal- 
ization of 5.5 mJy at 5450 Â. This would extrapolate to 1.6 /Jy 
at 1 keV, a factor of 3.4 below the observed X-ray flux. Within 
the errors of the “ optical ” decomposition, however, the power 
law is probably still consistent in slope and normalization with 
an extension to the hard X-rays. Of course, the near coin- 
cidence of an extrapolation of the IR-UV spectrum to the 
observed MPC spectrum can be fortuitous if several spectral 
components contribute to the spectrum at different energies. 

Whether the hard X-ray flux is direct synchrotron or 
Compton scattering, one can use the observed X-ray flux, 
together with the turnover frequency of the infrared spectrum, 
to derive a lower limit to the size of the region emitting the 
synchrotron power law. The SSC mechanism produces a pre- 
dictable X-ray spectrum which depends on the size of the emit- 
ting region, the frequency of the synchrotron self-absorption 
turnover, and the flux at the turnover frequency. Mrk 335 is 
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unusual for a Seyfert galaxy in that the infrared spectrum 
peaks at 25 /mi. This is the highest peak frequency of about 30 
AGNs studied by Edelson and Malkan (1986). They inter- 
preted these infrared turnovers as the synchrotron self- 
absorption frequency. For Mrk 335, they derived a lower limit 
to the radius of the infrared emitting region of 1014 cm (3000 
lt-sec) by assuming a brightness temperature of 1012 K. 

The observed X-ray flux can be used to set a more restrictive 
and rigorous limit because the predicted self-Compton X-ray 
flux cannot exceed the observed value. In this case, using the 
formalism summarized by Madejski (1986), in particular, his 
equation (4.36), we find that the radius of the infrared emitting 
region must be greater than 1 x 1015 cm (0.4 lt-day) in order 
not to exceed the observed X-ray flux. The result R > 1015 cm 
for the synchrotron emitting region would still hold if the 
observed turnover is due to some mechanism other than syn- 
chrotron absorption, such as free-free absorption in the broad- 
line region. In this case, the true SSC turnover frequency would 
have to be lower, and so the size of the emitting region would 
have to be larger. This calculation assumes that the infrared 
flux is all synchrotron emission, and not thermal dust emission. 
If the infrared luminosity has some contribution from dust, 
then the synchrotron region could be smaller. 

Note that the lower limit to the radius of the infrared syn- 
chrotron emitting region, 1015 cm, is somewhat larger than the 
upper limit to the radius of the soft X-ray flare source, 3 x 1014 

cm. However, we believe that within the large errors of the SSC 
derivation, the regions responsible for the X-ray flare, the infra- 
red power law, and the “ steady ” X-ray component can be of 
the same size. Therefore the X-rays are probably consistent 
with being either Compton scattered or direct synchrotron. 

c) The Variable Soft Component 
The large amplitude variability of the soft X-ray flux on a 

time scale of 104 s rules out any origin in a hot confining 
medium in either the broad-line or narrow-line regions in Mrk 
335. Since the host galaxy is very early in type and has no 
detectable ISM, the lack of a confining medium is, perhaps, no 
surprise. 

Models in which the soft X-rays arise near the inner edge of 
an accretion disk (Pounds et al 1987; Czerny and Elvis 1987; 
van Groningen 1984) are quite viable, since the emitting region 
can be only a few Schwarzschild radii in size. The soft X-ray 
flare could result, for example, from changes in accretion rate 
or fluctuations in the vertical structure of the disk near its inner 
edge. Alternatively, we speculate that a scattering corona with 
a varying optical depth could greatly modify the amount of 
accretion disk light which is scattered into the soft X-ray band. 

The unusually high infrared turnover frequency and short 
variability time scale of Mrk 335 may imply a rather compact 
source. It is tempting to try to explain the rapid flaring behav- 
ior as well as the relatively steep spectrum as being due to this 
compactness. Several authors have pointed out that, for very 
compact sources, electron positron pair production by two- 
photon annihilation can soften the X-ray spectrum by remo- 
ving high-energy photons. Barr and Mushotzky (1986) showed 
that most AGNs are close to being pair dominated, and specu- 
lated that the steep X-ray slope of many BL Lac objects are 
severely pair dominated because of their high luminosity. The 
same mechanism was originally supposed to explain the 
bimodal behavior of Cyg X-l (steep spectrum during high 
states, flat during low states), where the transition naturally 
occurs at 1 % of the Eddington luminosity because the optical 

depth for pair production becomes of order unity (White, 
Fabian, and Mushotzky 1984, and references therein). 

We may apply this test to Mrk 335, following the analysis of 
Barr and Mushotzky (1986). The dimensionless compactness 
parameter is defined as 

Lx*7! 
Rmec

3 ’ 
(3) 

where Lx is the total X-ray luminosity and (tt is the Thomson 
cross-section. The X-ray luminosity Lx is likely to be at least 
~ IO44 5 ergs sec -1 if the MPC spectrum extends to 100 keV. If 
we use Æ < 3 x 1014 cm, then À >25 results. In contrast, Barr 
and Mushotzky (1986) found that the majority of Seyferts have 
2 ~ 10; 2 > 4tü is considered to be pair-dominated. In addition, 
since the Schwarzschild radius must be less than c At/3, we 
have 

M<—r = 3 x 108 M0 . (4) 
6G 

This leads to LEdd = 1.26 x 1038 (M/M0) ergs s-1 < 
3.78 x 1046 ergs s-1, where LEdd is the Eddington limit. Then 
L - 3 x 10-2LEdd, if the total accretion-powered luminosity is 
~ 1045 1 ergs s-1 (see above). This condition is again consistent 
with the pair-transition, and the source is in the pair- 
dominated regime. Consequently it appears plausible to 
associate the rapid variability of Mrk 335 with compactness, 
and thus a steepening of the spectrum from the canonical 0.7 
index by pair production. 

The dip and the flare in the soft X-rays, the step-function 
increase in the harder X-rays, and the rapid decline in X-ray 
hardness at the flare onset would seem to suggest that the 
mechanism responsible for the X-ray variability in Mrk 335 is 
complex. The observations of Pounds et al. (1987) lead to the 
same caveat. Superficially, the general decline in the X-ray flux 
prior to the flare suggests that the flare represents a sudden 
relaxation process. Of course, without simultaneous observa- 
tions in other spectral regions, the present data are useful pri- 
marily to constrain models rather than construct them. 

V. CONCLUSIONS 

Flux and spectral X-ray variability has been observed in the 
early-type Seyfert 1 galaxy Mrk 335. The important and new 
observational results are as follows. 

1. The variability time scales At lie from ~ 6000 s to the 
period of observation ( ~ 60,000 s). 

2. The variability consisted of a decrease (“dip”) followed 
by an increase (“flare”) at X-ray energies below 2-3 keV. The 
variability is most pronounced at the softest energies. 

3. The X-ray spectrum was harder before the flare than 
afterward, even after the flare had ended. 

4. Averaged over the time of the observations, the MPC 
data are well fitted by a power-law spectrum with a spectral 
index aMPC of 1.25 + 0.19 with no evidence of absorption by 
foreground neutral hydrogen at energies above 1.2 keV. 

5. If the observed value of the Galactic H i column density, 
AH ~ (4 ± 1) x 1020 cm-2, is assumed, then the HRI observa- 
tions requires the existence of an additional soft and variable 
X-ray component. 

Mrk 335 is the best case in which rapid, large amplitude 
variability is associated with a soft excess X-ray component, 
and provides strong evidence that the soft excess is generated 
close to an active galactic nucleus, perhaps at the inner edge of 
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an accretion disk postulated by van Groningen (1984). At least 
for Mrk 335, an origin of the soft excess in the confining gas 
associated wtih optical emission-line regions can be ruled out. 

It is possible that the hard X-rays are simply an extension of 
the infrared/optical power law. The respective slopes and nor- 
malizations are very similar. On the other hand, theory pre- 
dicts that a hard X-ray power will become steeper because of 
pair production if the source is unusually compact. Mrk 335, 
because of its rapid variability and relatively high luminosity, 
satisfies the criterion for pair-production, and so the X-ray 
spectrum may have been modified by this process. 

When all available data are considered, the nonstellar infra- 
red, optical, and hard X-ray emission may be coming from the 
same region of radius less than or equal to 1015 cm. It may 
simply be that optically selected QSOs and Seyfert galaxies 

have steeper X-ray slope on average than X-ray or radio selec- 
ted ones. From a study of the Einstein IPC spectra of eight PG 
quasars (Paloma-Green Survey: Green, Schmidt, and Liebert 
1986), Elvis et al. (1986) found a mean slope of 1.05 and a 
dispersion of 0.25. Mrk 335 is a member of the PG sample as 
well, and for all we know may be typical of this class. 

We are grateful to Martin Elvis and Mathew Malkan for 
helpful discussions and for providing us with important infor- 
mation on Mrk 335. We appreciate the referee’s points for 
improving this paper. We also thank Dan Harris and the staff 
of the HE AO support group for their help and advice with the 
data recalibrations. J. P. H. was supported by NASA grant 
NAG 8-497 to the Columbia Astrophysics Laboratory. 
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