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Abstract

We report preliminary results of an ASCA observation of the Seyfert 2 galaxy Mkn 3. Comparison
with previous Ginga and BBXRT observations shows that the observed hard X-ray luminosity above 4 keV
decreased by a factor of ~ 3 (intrinsic luminosity by almost a factor of 6) in a period of ~ 3.6 yr. On the
other hand, the soft luminosity has not varied significantly in ~ 13 yr, lending support to the extended
nature of the soft emission, perhaps dominated by scattering of the nuclear X-rays. ASCA resolves the
Fe K line emission into at least two components for the first time. The dominant component at 6.4 keV has
an equivalent width of ~ 860 eV and FWHM ~ 10* km s™!, while the second component has an equivalent
width of ~ 190 eV and appears to be narrower than the first. The total intensity of the Fe K emission
decreased by factor of over 3 in response to the decrease in the continuum level, implying that a substantial
part of the dominant Fe K emission must originate in a region smaller than that responsible for the soft
emission. The variability provides direct evidence that the hard X-ray continuum and Fe K line in this

Seyfert 2 are being observed directly through the nuclear obscuring material, not in scattered light.
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1. Introduction

Studies of the X-ray spectra of Seyfert 2 galaxies in
the hard X-ray band with Ginga (> 2 keV) generally
show power-law spectra similar to Seyfert 1 galaxies (e.g.,
Awaki et al. 1991). Often there is an Fe K line at
~ 6.4 keV imprinted on the continuum and a heavy low-
energy cut-off due to obscuration. These characteristics
have been taken as support for the so-called “unification
scheme” whereby Seyfert 2 nuclei are simply Seyfert 1
nuclei seen in scattered light, the direct emission being
blocked by an obscuring torus which also hides the Broad
Line Region (BLR). Soft X-ray observations (e.g., with
ROSAT, see Mulchaey et al. 1993; Turner et al. 1993),
which show the absorbed spectra to rise again below
~ 1 keV or so, lend further support to this idea since
this emission is interpreted as originating in the scatter-
ing zone—a key component of the unified model (e.g., see
Krolik, Kallman 1987). Unlike Seyfert 1 nuclei, little is
known about the short or long term X-ray variability of
Seyfert 2 nuclei. The X-ray emission is weak compared
to Seyfert 1 types so requires high sensitivity to study
short term variability Seyfert 2 nuclei have simply not
been observed often enough to monitor longer term vari-
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ability. Detection of significant variability would indeed
strengthen the view that Seyfert 2 nuclei really are not
different to Seyfert 1 nuclei.

Mkn 3 (z = 0.0137) is one of the prototype Seyfert 2
galaxies with polarized broad emission lines (Miller,
Goodrich 1990). An observation with Ginga (Awaki et
al. 1990, 1991) revealed a powerful hard X-ray source
(Ly—10kev = 4 x 10%3 erg s™! corrected for absorption;
Hy =50 km s~! Mpc™! and gy = 0 is assumed through-
out this paper) with a significant column density of
Nu ~ 7 x 10% ¢cm~2 obscuring an underlying power-
law continuum with a photon index, I', of 1.5. In the
soft X-ray band the Einstein IPC (Kruper et al. 1990)
and ROSAT PSPC (Turner et al. 1993) spectra lie well
above the extrapolation of the obscured hard continuum.
A strong Fe K line at 6.4 keV with an equivalent width
of ~ 550 eV was found by Ginga and also by BBXRT
(Marshall et al. 1992) with similar energy and equivalent
width. The shape of the continuum across the transition
of the hard to soft emission components, the structure
and origin of the Fe K line and the possible existence
of other, previously unresolved line-emission components
have remained outstanding issues which can now be ad-
dressed with ASCA.
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2. Observation and Data Reduction

A summary of the ASCA mission and focal-plane de-
tectors can be found in Tanaka et al. (1994). Mkn 3
was observed by ASCA on 1993 April 21 with the SIS
operating in 4-CCD mode. Events were extracted from
circular regions of radius ~ 2'-3’ for the SIS and ~ 3'-4'
for the GIS. In this analysis we use SIS data from only
one chip in each sensor which contains by far the major-
ity of source counts. For the SIS, background events were
extracted from parts of the chip sufficiently offset from
the source whilst for the GIS annular rings centered on
the source were used. The total extracted count rates
are ~ 0.05-0.08 ct s~! in the four instruments. The
background in each source region constitutes ~ 8% of
the total count rate in the SIS and ~ 15% in the GIS.
No significant variability of the source count rates within
the observation could be detected though the statistics
are too poor to rule out short-term variability. Events in
SIS FAINT and BRIGHT mode were combined. Spectra
from the cleaned source and background events resulted
in exposure times ranging from ~ 3.2-3.3 x 10% s for SO
and S1 respectively and ~ 3.8 x 10* s for S2 and S3.
Since current uncertainties in exposure corrections make
it difficult to obtain absolute SIS fluxes, we use mean
normalizations from S2 and S3 to estimate fluxes, using
flux ratios in SO and S1 where necessary.

In both GIS and SIS images, a weak source,
2E 060747108 (BL Lac object MS 0607.9+7108 at
z = 0.267) was detected at 10/6 NW of Mkn 3 with
a count rate of ~ 0.007 ct s™!. The spectrum can be
described by an unabsorbed power law with I' = 2.4
(90%, 1 parameter confidence range of 1.9-3.0). In a
ROSAT PSPC image, Turner et al. (1993) discovered a
weak companion source located at 1/8 W of Mkn 3. In
the ASCA SO image, a possible source is found at the
ROSAT position. In S1 the source falls in an inter-chip
gap. We estimate that the X-ray flux of this companion
source constitutes only ~ 4% of the total flux (including
Mkn 3) in the 0.1-2.0 keV band (Turner et al. 1993). In-
cluding it in the analysis will not affect the conclusions
of this paper.

3. Spectral Fitting Results

3.1. Broadband Fits

In this initial part of the analysis, designed to give
an overall view of the X-ray emission, we bin the spec-
tra to have greater than 20 count per bin and subtract
the background directly, allowing use of x? for parame-
ter minimization. A simple absorbed power-law model
is inadequate to describe the broadband SIS data be-
cause of the ‘excess’ soft flux. The data from all four
instruments were fitted simultaneously with the simplest
extension of the above model in which a fraction of the
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same power-law continuum is allowed to escape only to
be absorbed by the Galactic column of 8.7 x 1020 ¢cm—2
(Stark et al. 1992). The unabsorbed component can be
interpreted as that part of the direct continuum which
is scattered into our line-of-sight in the same extended
electron-scattering zone which is thought to scatter lines
from the hidden BLR into our line-of-sight. The data,
best-fitting model (I' ~ 2.2) and ratios of data to model
are shown in figure la (SIS) and 1b (GIS). Although the
fit is simultaneous, the SIS and GIS data are separated
for clarity. Immediately apparent from figure 1 is that
the fit is very poor but quite remarkable, with a rich va-
riety of line-like features present across the entire spec-
trum. The line features are much clearer in the SIS due
to the smearing which results from a poorer energy res-
olution of the GIS. However a very prominent Fe feature
between 6-7 keV is clear in both SIS and GIS. In the SIS,
the bump below 1.5 keV peaked at 0.9 keV can be inter-
preted as an emission-line blend of various L-shell transi-
tions of Fe XVII-Fe XX1V, NeIX-Ne X Ka, and MgXI Ka
from thermal or photoionized plasma. The inclusion of a
cosmic abundance Raymond-Smith model to the S0+S1
data results in kT = 0.8073%7 keV and improves the fit
by Ax? = 20. A flatter power-law continuum is obtained
with I' = 1.7770:32 and the absorbing column becomes
Nu= 49717 x 102 cm~2. However, those significant
line-like residuals at 0.75 keV, 1.3 keV, 1.85 keV, 2.3 keV,
3.0 keV, and 3.9 keV still remain which we can identify
with a blend of O VIII and Fe XV1I, highly ionized Mg, Si,
S, Ar, and Ca Ka. This indicates that the emission lines
might arise in photoionized gas rather than collisionally
ionized plasma. Typical equivalent widths of these lines
lie in the range ~ 50— 120 eV (obtained from fitting with
Guassians in addition to the power-law plus scattering
model). We note that caution must be excercised in in-
terpreting features around 2 keV since there are known
artifacts in the instrumental responses around this en-
ergy.

Detailed modelling of the continuum and emission-line
spectrum of Mkn 3 will be presented in future work. In
particular, we note that our representation of the scat-
tered continuum, with the same photon index as the di-
rect continuum, is surely too simple. Self-consistent pho-
toionization models which include scattering are required
here. As for the direct continuum, an inherent limitation
of the ASCA data is that the complexity of the spectrum
means we cannot get a good handle on I', which not
only depends on the model, but the energy range used
for spectral fitting. Further complication could result if
there is a reflection component present as is found in a
number of Seyfert 1 galaxies which could account for the
rather flat power-law index of 1.5 measured by Ginga,
compared with that for typical Seyfert 1’s (e.g., Nandra,
Pounds 1994). However, ASCA is not so sensitive to the
reflection component unless it dominates the spectrum.
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Fig. 1. The data, best-fitting simple scattering plus absorption model and the ratios of data to model for the four instrument,
simultaneous fitting. The SIS data (a) are shown separated from the GIS data (b) for clarity.

In summary, however we model the soft X-ray contin-
uum, the ASCA data are consistent with a direct power-
law index in the range I' ~ 1.5—2.0 with a corresponding
absorbing column in the range ~ 3-7 x 1023 cm—2.

From the model-fitting described above we esti-
mate the observed 0.5-4 keV flux to be 8.2 x 10713
erg cm~2 s7!. This is comparable to previous mea-
surements with the Einstein IPC (Kruper et al. 1989),
BBXRT (Marshall et al. 1992), and the ROSAT PSPC
(Turner et al. 1993). In the remainder of the paper we
will concentrate on the Fe K emission so we restrict the
analysis to the data above 1 keV in order to avoid a pos-
sible ‘ultra-soft’ component.

8.2. The Hard X-Rays and Fe K Emission

Figure 2 shows the data from the four instruments at a
finer resolution, in the 4.5-8 keV band, in order to show
the structure in the Fe K feature (without background
subtraction). Note that the SO and S1 data appear to
be qualitatively different. We have checked that this is
not due to gain-shift problems by fitting the SIS back-
ground spectra from offset parts of the chip and confirm-
ing that the prominent fluorescence lines in the back-
ground are at the expected energies (see Gendreau et al.
1994). The differences must be statistical. Preliminary
spectral fitting to data from individual instruments with
the scattering model described above plus Gaussian line-
components using the maximum likelihood statistic, the
unbinned data in the 1-10 keV band, and models of the
local background confirmed what is evident by eye from
figure 2. Namely, there is a dominant emission com-

ponent centered at ~ 6.4 keV in the source frame and
another, marginally significant component, at ~ 7 keV
(source frame). The energy of the latter appears to be
lower in S1 and S3 than in SO and S2. In SO there appears
to be a third component at 6.15 keV (source frame) which
is significant at greater than 90% confidence. However,
the feature is not significant in any of the other instru-

ments. Note that the peak at ~ 5.7 keV in S1 is not the :

same feature but is likely to be a statistical artifact. Un-
fortunately the statistics of the data are so poor that none
of the line parameters, including equivalent widths, can
be well constrained from the individual fits. As a step to-
wards maximizing the statistics by simultaneously fitting
four instruments, we repeated the individual fits using

data binned with a minimum of 20 count per bin and the

x? statistics with background subtraction. We obtained
completely consistent results since, between ~ 6-7 keV,
typically only 3 bins at a time are combined together. No
having to model the background overcomes considerable
technical difficulties in multi-instrument fitting. Thus we
perform a four-instrument fit with the scatteripg model,

first including only one Gaussian to model the dominant
Fe K emission. The center energy (E;), intrinsic width

(01), and equivalent width (EW;) are allowed to float.
The addition of another Gaussian component to model
the feature at ~ 7 keV, with intrinsic width initially fixed
at 0.01 keV, reduces x? by only 8.1 (significance > 90%
for 2 parameters). Next the intrinsic width of this com-
ponent is allowed to float also but turns out to be less
than 0.01 keV. The results are shown in full in table 1.
Note that the addition of a third Gaussian component to
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Fig. 2. The data from the four instruments in the 4.5-
8 keV band showing the Fe K features in detail. No
background has been subtracted.

account for the feature at ~ 6.15 keV in SO surprisingly
results in no decrease in x? so the existence of this fea-
ture remains a mystery. Note that despite a good fit of
the two Gaussian components to the Fe K feature, the
overall fit still gives a poor x2 (401.5 for 255 d.o.f.). This
is due mainly to several line-like features across the spec-
trum, but it does not alter the derlved parameters on the
Fe K line.

We estimate the observed 4-10 keV flux to be ~ 2.7 x
102 erg cm™2 s™! which is a factor of ~ 3 lower than
the Ginga value (8.8 x 1072 erg cm~2 s™1; Awaki et al.
1991). We can also compare the 2-10 keV absorption-
corrected luminosity estimated from the ASCA data at
7.2 x 10*2 erg s~!, almost a factor of 6 lower than the
Ginga value. The BBXRT observation made between the
times of the Ginga and ASCA observations, measured an
intermediate observed hard flux, a factor of 2 down on
the Ginga value. The total equivalent width of the two
Fe K emission components (~ 1.05 keV) is twice the total
equivalent width of the unresolved emission measured by
Ginga. We estimate the total observed intensity of the
two Fe K components to be ~ 4.5x107° photon cm™2 s~!
(~9.1x107° photon cm~2 s~ corrected for absorption).
Both the observed and intrinsic intensities are down by
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Table 1. Four-instrument spectral fit in the 1—
10 keV band with the scattering model
including two Fe K line components.*

1.78 (1.63-1.95)
Ng (108 em™2) ..., 4.42 (3.32-5.77)
Fscat e et 0.106 (0.078 — 0.145)

Fe K EY (keV)
Fe K o1 (keV)

FeK EW} (eV) ...............

Fe K E5 (keV)
Fe K o2 (keV)

6.43 (6.40-6.46)
0.094 (0.053-0.137)
862 (556-1334)

7.05 (6.91-7.14)

0.002 (0.0-0.65)

FeK EW] (eV) ......oovvnnnn. 190 (43-392)

* Parentheses in values indicate 90% confidence intervals for
two interesting parameters (see Lampton et al. 1976).

t Observed equivalent width.

§ Line energies are in the source frame.

over a factor of 3 times compared to the respective Ginga
values. The larger equivalent width in the ASCA obser-
vation compared to Ginga is easily understood in terms
of the continuum level at 6.4 keV decreasing more than
the line intensity. Also, table 1 shows that the fraction
of the total flux scattered into our line-of-sight (fscat) is
~ 11%, understandably higher than the ~ 3% estimated
from BBXRT, given the non-variability of the soft flux.

4. Discussion

We have shown that the observed hard X-ray con-
tinuum in Mkn 3 above 4 keV decreased by almost a
factor of ~ 3 (factor of ~ 6 for the intrinsic luminos-
ity) in a ~ 3.6 yr interval, and this was not accom-
panied by changes in the softer flux. The large ampli-
tude hard X-ray variability is typical of Seyfert 1 nuclei
and provides direct evidence that the hard X-rays in this
Seyfert 2 are observed directly through the putative ob-
scuring torus, as suggested by Mulchaey et al. (1993) for
other Seyfert 2’s. The non-variability of the soft flux
supports the idea that the soft emission originates in an
extended region, perhaps dominates by scattering of the
intrinsic continuum. The scattering medium is likely to
be optically thin since there is little evidence of excess ab-
sorption in the soft X-ray spectrum. ASCA resolves the
Fe K line into at least two components for the first time,
the dominant one (identified with Fe K,) at ~ 6.4 keV
(equivalent width ~ 860 eV) and the smaller one at
~ 7 keV (equivalent width ~ 190 eV). The fact that the
intensity of the Fe K emission components decreased by
over a factor of 3 when the continuum decreased means
that a substantial part of the Fe K emission must orig-
inate in a region smaller than that responsible for the
non-variable soft emission. The accompanying increase
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in equivalent width may either be due to time lags or a
non-varying component of the Ka line. The energy of
the dominant emission component implies that it must
originate in cool gas, much of which must be closer to the
nucleus than the scattering region. Perhaps this compo-
nent originates in the obscuring material itself (e.g., see
Krolik et al. 1994). The FWHM of the ‘6.4 keV” line of
10.3747 x 10° km s is actually typical of velocities in
the BLR. However, narrow Fe K lines can also be pro-
duced by X-ray illuminated disks (as postulated for the
origin of the Fe K line in Seyfert 1 galaxies), observed
at small inclination angles. The large equivalent width
would then have to be produced by the combined effects
of absorption, scattering, and geometry. The second Fe K
component at ~ 7 keV, also narrow, could be identified
with Fe K{ emission or Ka from Hydrogen-like iron. In
the former case, the line ratio to the 6.4 keV line is about
twice that expected from the simplest assumptions. The
origin of this line will be investigated in future work.
Intensive monitoring of this source is required to quan-
tify variability timescales of the continuum and lines and
relative lags in order to place tight constraints on the
geometry and structure of the nucleus.
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