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Abstract Mkn 841 has been observed 5 times by XMM-Newton for a total cumulated exposure time
of∼108 ks. We present in this paper a broad band spectral analysis of the complete EPIC-pn data sets.
These observations confirm the presence of the strong soft excess and complex iron line profile known
to be present in this source since a long time. They also reveal their extreme and puzzling spectral and
temporal behaviors. Indeed, the 0.5-3 keV soft X-ray flux decreases by a factor 3 between 2001 and
2005 and the line shape appears to be a mixed of broad and narrow components, both variable but
on different timescales. The broad-band 0.5-10 keV spectra are well described by a model including a
primary power law continuum, a blurred photoionized reflection and a narrow iron line, the blurred
reflection fitting self-consistently the soft excess and the broad line component. The origin and nature
of the narrow component are probably related to remote reflection.

1 Introduction

Mkn 841 is a bright Seyfert 1 galaxy (z=0.0365, Falco et al. 1999), one of the rare Seyfert 1 detected
by OSSE at more than 3 σ (Zdziarski et al. 2000). It is known for its large spectral variability (George
et al. 1993; Nandra et al. 1995), its strong soft excess (this was the first object where a soft excess
was observed, Arnaud et al. 1985) and its variable iron line (at least on a year time scale, George
et al. 1993). Here we report the data analysis of the complete set of XMM-Newton observations of
this source, focusing on the EPIC-pn instrument. These observations confirm the presence of the soft
excess and iron line complex and reveal their extreme and puzzling spectral and temporal behaviors.
Mkn 841 has been observed 5 times during 3 different periods (January 2001, January 2005 and

July 2005) by XMM-Newton for a total cumulated exposure time of∼108 ks. Table 1 gives a summary
of the different XMM-Newton pointings with the corresponding dates, exposures and fluxes. For the
spectral analysis we have divided OBS 4 (Jan. 2005) in 3 parts (noted part1, part2 and part3 in the
following) of about 15 ks each.
In the following, all errors refer to 90% confidence level for 1 interesting parameter (∆χ2=2.7).

2 Light curves and hardness ratios

We have plotted on top of Fig. 1 the 0.5-10 keV EPIC-pn count rate light curves of the different XMM-
Newton observations of Mkn 841 as well as the hardness ratio (5-10) keV/(3-5) keV at the bottom.
The time binning is 500 sec. The 0.5-10 keV count rate decreases by a factor ∼4 in 4 years while the
hardness ratio increases, reaching maximum values during OBS 4. The 3-10 keV count rate shows
variations of ∼ 60% implying that the 0.5-10 keV count rate variability is dominated by the soft (< 3
keV) X-ray variability, at least on long time scale. Smooth soft and hard flux variabilities up to ∼50%
are also visible on tens of ks.
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Table 1: Observation epochs, duration, F(3-10 keV)

Start date Duration 3-10 keV flux
erg s−1 cm−2

OBS 1 2001-01-13 (05h20m55s UT) 8.5 ks 1.05 10−11

OBS 2 2001-01-13 (09h33m50s UT) 10.9 ks 1.17 10−11

OBS 3 2001-01-14 (00h52m28s UT) 13.3 ks 1.24 10−11

OBS 4 2005-01-16 (12h38m21s UT) 46.0 ks 0.85 10−11

OBS 5 2005-07-17 (06h38m03s UT) 29.1 ks 0.95 10−11

Part2 Part3Part1

OBS1 OBS2 OBS3 OBS4 OBS5

Figure 1: Top: Total 0.5-10 keV (black) and hard 3-10 keV (red) X-ray light curves. Bottom: Hardness
ratio.

3 Line variability

We first use very simple spectral components to reproduce the observed features: a power law for
the continuum and a gaussian for the iron line. We fit the data above 3 keV first. Then we fix the
different parameters and include the data below 3 keV down to 0.5 keV and we add a simple black
body component to model the soft excess.
The spectral variability appears to be due to both variable high energy (above 3 keV) continuum

and variable soft excess. The photon index varies by ∼ 0.6 between 2001 and 2005, and the soft X-ray
flux, below 3 keV, decreases by a factor 3.
The data require a narrow iron line in all the observations but OBS 3 and part 2 of OBS 4 where

a broad component is found. The apparent variability of the line width on short time scale in 2001
was already noted by Petrucci et al. (2002) and Longinotti et al. (2004). The iron line varies in width
rather than in flux. This pattern is clearly visible on the excess map reported in Fig. 2, left (produced
following the method described in Iwasawa et al. 2004).
As can be seen in Fig. 2, right, where we have plotted the ratio of the complete OBS 4 data spec-

trum and the best fit power law obtained fitting only the data above 3 keV but ignoring the 4-7 keV
energy range, the line complex during OBS 4 appears to be a mix of broad and narrow components.
This contrasts with what we observed at other epochs (OBS 1, 2 or 3 and OBS 5) where the addition
of a second gaussian line does not improve significantly the fits.

4 Spectral analysis

While the soft excess origin in AGN is still not clearly understood, an appealing explanation could
be blurred (photoionized) reflection from the accretion disc (e.g. Crummy et al., 2006). To test these
assumptions we have used a more physical model with the following components: 1) a neutral ab-
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Figure 2: Left: Excess emission map of the different XMM-Newton observations. Right: Ratio of the
complete OBS 4 data spectrum and the best fit power law obtained fitting only the data above 3 keV
but ignoring the 4-7 keV energy range.

sorption; 2) a cut-off power law continuum (the high energy cut-off being fixed to 300 keV); 3) a
blurred photoionized reflection and 4) a narrow line component if needed. For the blurred reflec-
tion, we use the tables of Ross & Fabian (2005) convolved with a Laor profile (KDBLUR kernel). This
component is expected to reproduce the soft excess and the broad iron line. The inner radius of the
reflecting accretion disc as well as the disc emissivity law spectra index were let free to vary in the
Laor kernel. The outer radius was fixed to 400 Schwarzschild radii and the inclination to 50◦. The
iron abundance was also fixed to the solar one for the computation of the ionized reflection.
We obtain very good fits in most of the cases (cf. Table 2 and Fig. 3) and, except for OBS 3, the

addition of a narrow line is always required. The best fits obtained for the 2001 observations also
agree with the simultaneous BeppoSAX data which is quite encouraging.

Table 2: Best fit results obtained with the blurred ionized reflection model (ξ: ionization parameter,
q: emissivity law index, rin: disk inner radius) and a narrow line component. The addition of a warm
absorber in OBS 5 highly improves the fit (∆χ2=80).

OBS Γ ξ q rin χ2/dof
rg

1 2.31+0.07
−0.09 190+160

−80
8.7+1.3

−1.4 1.3+0.2
−0.1 248/241

2 2.28+0.10
−0.05 117+140

−10
8.2+1.6

−1.2 1.4+0.1
−0.2 227/260

3 2.19+0.08
−0.04 54+54

−12
5.3+3.1

−0.7 1.4+0.2
−0.2 292/273

4-1 1.50+0.10
−0.02 200+10

−20
6.4+0.6

−0.5 1.8+0.2
−0.6 283/269

4-2 1.57+0.05
−0.04 140+2

−7
6.0+0.3

−0.3 1.7+0.1
−0.1 292/264

4-3 1.49+0.02
−0.04 140+60

−10
7.0+1.1

−0.7 2.1+0.1
−0.2 283/264

5 1.63+0.01
−0.02 300+10

−40
7.0+1.2

−0.6 2.0+0.2
−0.1 371/278

With this model the soft band variability is due to both blurred reflection and continuum variabil-
ity while the hard band (above 3keV) is dominated by the power law continuum. This model predicts
however a large reflection component above 10 keV, i.e. well outside the XMM energy range.
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Figure 3: Top: The solid line is the best fit blurred ionized reflection model of OBS 4 part 3. The
cut-off power law continuum and blurred ionized reflection being plotted in dashed and dotted lines
respectively. The dot-dashed line is the narrow iron line.

5 Conclusion

The present analysis of the complete set of XMM/EPIC-pn data of Mkn 841 reveals extreme and
puzzling spectral and temporal behaviors of its soft excess and iron line complex. If the soft excess
and broad iron line can be well fitted by an ionized blurred reflection model, the origin of the narrow
line component is still not well constrained. The scheduled observations (2× 50 ks) with Suzaku will
give the unique opportunity to have strictly simultaneous and good sensitivity spectral coverage of
the spectral components present, in an amplified way, in the high energy spectrum of Mkn 841.
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