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ABSTRACT

Aims. The detection of high velocity absorption lines from highly ionized material has been reported recently from the X-ray spectrum of the
narrow line Seyfert 1 galaxy PG 0844+349 and were interpreted as a relativistic outflow from the source. We studied this outflow because it
would have important implications for our understanding of narrow line Seyfert 1 galaxies.
Methods. To address the reality of these absorption features, we analyzed a long XMM observation with the MOS cameras on this object.
Results. We did not detect the absorption lines claimed, and a re-analysis of the previous data set with the most recent detector calibrations
did not confirm the earlier results. The X-ray spectra can be well modeled with a power law plus a bremsstrahlung component. With
this description, the soft and the harder 2−10 keV X-ray flux changed by a similar fraction (�25%) between the two observations with
only small changes in the spectral form. An analysis of the hardness ratio variations within a single observation does not show any strong
correlation between the hardness ratio and the continuum luminosity and we do not detect substantial lags between the hard and soft band fluxes.
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1. Introduction

In a recent paper Pounds et al. (2003a) reported the discovery
of absorption structures in the X-ray spectrum of the narrow
emission line quasar PG 1211+143, which were interpreted as
originating from a fast, highly ionized outflow from the object.
If this interpretation is correct it would have important conse-
quences for our understanding of quasars. The matter with high
column densities of ∼5×1023 cm−2 and inferred outflow veloc-
ities of ∼0.08 c would carry a substantial fraction of the avail-
able accretion energy. Due to the high column density, the inner
flow is likely to be optically thick, thus providing a natural ex-
planation for the big blue bump and the soft X-ray emission of
the source.

A highly blue-shifted ionized Fe K edge was discovered
in the spectrum of the high-z BALQSO APM 08279+5255 in
a long XMM-Newton observation by Hasinger et al. (2002),
while Chartas et al. (2002) claim detection of two broad ab-
sorption features from Chandra observations of the source.
Assuming that the absorption lines are from Fe XXV Kα
outflow, velocities of ∼0.2 c and ∼0.4 c were inferred. The
model adopted in the analysis of the XMM data does not
provide an acceptable fit to the Chandra data and might

indicate considerable spectral time variability. Indications of
out-flowing matter at velocities of ∼0.1 c and ∼0.34 c were
further seen in an XMM-Newton observation of another BAL
quasar, PG 1115+080 (Chartas et al. 2003). The deduced prop-
erties of the high-energy (2−5 keV band) and the low-energy
absorbers (0.2−0.6 keV band) indicate that these absorbers are
very likely distinct. In both BAL objects the fluxes are greatly
magnified by gravitational lensing, and significant variability
seems to be present in the sources. However, the data quality is
rather limited for these high red-shift sources.

A second case for outflow from a narrow line Seyfert
galaxy (NLS1) has been claimed by Pounds et al. (2003b)
for PG 0844+349 from an observation of about 20 ks by
XMM-Newton. The absorption features in the ∼9−13 Å band,
as well as at ∼3.0 keV and ∼8.2 keV, were not seen in the orig-
inal analysis of the data by Brinkmann et al. (2003); however,
different versions of instrument responses had been used.

Recently, Dasgupta et al. (2004) reported the discov-
ery of analogous features in the XMM spectrum of the
narrow emission line quasar PG 1404+226. Similar results
for this object and two other NLS1 galaxies, 1H 0707-495
and IRAS 13224-3809, were presented earlier from ASCA
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observations by Leighly et al. (1997). However, the spectra are
generally of limited quality and the significances of the features
are comparatively low.

Apart from the low red-shift quasar PG 1211+143, identifi-
cations of blue-shifted, narrow absorption lines, as well as their
statistical significances, are somewhat uncertain. However,
McKernan et al. (2004) point out that part of the absorp-
tion attributed to warm Fe-K band absorption intrinsic to
PG 1211+143 might in fact be due to OVII and OVIII absorp-
tion of hot, local gas. And, more recently, in a re-analysis of
the XMM-Newton data, based on an alternative interpretation
of the data, Kaspi & Behar (2005) find much lower outflow ve-
locities in PG 1211+143, similar to those commonly observed
in Seyfert galaxies. As the existence of quasar outflows is of
outmost importance for the understanding of these objects, in
particular for the NLS1 galaxies, more high quality data and
the definite confirmation of candidate objects is required.

One of these candidates is PG 0844+349, for which only
one relatively short XMM-Newton observation has existed so
far, and no unequivocal results can be claimed from it. It is a
nearby (z = 0.064) bright object accreting near its Eddington
rate. In the next section we first re-analyze its data from the
observation of November 2000, focusing on the absorption
features. We then present an analysis of the MOS data of
the source when it was found serendipitously in the field of
view of a ∼86 ks observation of the cluster of galaxies Vik 59
(Vikhlinin et al. 1998) in October 2001.

2. Observations and data reduction

The XMM-Newton observations of PG 0844+349 from
November 5, 2000 were first presented by Brinkmann et al.
(2003). The total exposure time is ∼23 ks, but the background
count rate was high during a large fraction of the observation,
leading to a substantial reduction of the usable exposure. We re-
processed the data with XMMSAS version 6.1. and applied for
the analysis the most recent calibration files as of December 12,
2004.

With a count rate of >∼7 cts s−1 in the high state, the
PN detector, which was operated in Full Window mode,
showed strong indications of pile-up, clearly apparent from
the XMMSAS task epatplot. We therefore disregarded the in-
nermost 3 × 3 RAW pixels (one RAW pixel ∼4.1′′) from the
center of the point spread function for the spectral analysis,
which does not introduce any noticeable spectral distortions
(Aschenbach 2001), and confirmed that pile-up is then negligi-
ble. We further excluded time intervals with high background
(count rate above 10 keV larger than 2 cts s−1), which left us
with an exposure for the spectral analysis of ∼12 670 s and a to-
tal of ∼47 000 photons in the 0.3−10 keV energy band. For the
spectral fits we selected single and double events (PATTERN ≤
4 and FLAG= 0) from a region of 27 × 26 RAW pixels around
the source position; for details of the instruments see Ehle et al.
(2001).

For the MOS data, pile-up was negligible. The source
counts were accumulated within a circle of radius 45′′ sur-
rounding the position of PG 0844+349 and the background
data were extracted from a similar region close to the source.

Spectral responses and effective area were generated with
rmfgen, and arfgen and photons with PATTERN ≤ 12
and FLAG= 0 were used. During the net exposure, about
23 000 photons were accumulated for each MOS camera for
the spectral fits.

The total exposure for the observation of Vik 59 in October
2001 is 86 ks. The source is offset from the center of the FOV
by ∼6.′8. The two MOS cameras were in Primary Full Window
mode with a thin filter. During the whole observation, the back-
ground rate was low, amounting only to <∼1.5% of the source
count rate. The data during two smaller, short flares and the last
∼2.5 ks of the observation, where the background strongly in-
creased, were disregarded from the analysis. As above, the data
were reprocessed, responses were generated with the newest
XMMSAS, and for the spectral analysis the same data selection
criteria were applied. The net exposures of each MOS camera
after GTI (Good Time Interval) selection was ∼77 ks; the aver-
age count rate for the screened 0.3−10 keV data for the MOS1
is 1.41 cts/s, and for the MOS2 1.40 cts/s.

3. Results

3.1. Spectral modeling

Brinkmann et al. (2003) applied various models, a broken
power law (bknpow), a power law plus disk black body
(pow+diskbb), a power law plus black body (pow+bbody), and
a power law plus a bremsstrahlung model (pow+brems) to the
first XMM data set, and concluded that while a single power
law is rejected, the data could not distinguish between the more
complex models such as broken power law, a power law plus a
multi black body excess, or a Comptonization model. We adopt
here a power law plus a bremsstrahlung model because this
model provides some direct indication for the temperature of
the soft continuum emission and it provided mostly the best
fits. On the other hand, the choice of any other possible model
should not significantly affect the results for the narrow ab-
sorption features. We fix the absorption column density at the
galactic value (3.32 × 1020 cm−2) because extra absorption is
not required from the fits. The uncertainties of the parameters
are quoted at 1σ level.

3.1.1. The data of the observation in 2000

The spectra of the November 2000 observation in the 2−10 keV
band can be modeled well with a power law plus a Fe Kα line.
When extrapolating the fitted model to the soft energy band
(0.3−2 keV), we find the well-known soft excess emission,
which we then model with an additional bremsstrahlung com-
ponent. To account for some flux excess around 0.5 keV,
we add an additional Gauss line there, but it remains un-
clear whether this is a genuine source intrinsic line feature or
whether it merely reflects the spectral complexity at low en-
ergies. The results of the fit to the PN data and to the joint
MOS1+MOS2 data are given in Table 1. Some of the param-
eters show very large errors, resulting from the limited data
quality and the obviously more complex low-energy spectrum.
Especially the normalizations and the widths of the lines must
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Table 1. Results from spectral fitting assuming fixed galactic NH = 3.32 × 1020 cm−2. Standard 1σ errors from xspec are given; errors on the
Fe line parameters are calculated at a δχ2 = 2.7 confidence level.

2000 data 2001 data
Component parameter PN MOS MOS1 MOS2 MOS1+MOS2

pow Γ 2.16± 0.05 2.13± 0.04 2.14± 0.04 2.11± 0.04 2.13± 0.02
n†0 1.18± 0.11 2.54± 0.20 2.99 ± 0.19 2.86± 0.19 2.92± 0.11

Gauss line El [keV] 6.29+0.054
−0.055 5.96+0.115

−0.083 6.08+0.04
−0.04 (n.def.) 6.05+1.09

−1.23
σ [keV] 0.001+0.087

−0.001 0.001 (n.def.) 0.002+7.53
−0.002 (n.def.) 0.001± 0.25

normb 4.57+2.28
−1.77 1.26+3.73

−3.32 7.35+2.04
−3.86 (n.def.) 3.04+2.25

−1.49

Bremsstrahlung kT [keV] 0.264± 0.006 0.290± 0.008 0.217± 0.003 0.259± 0.003 0.239± 0.03
normc 6.43± 0.49 11.34± 0.08 18.40± 0.94 17.11± 0.92 17.41± 0.61

Gauss line El [keV] 0.51± 0.11 0.51± 0.03 0.52 ± 0.03 0.53± 0.20 0.529± 0.035
σ [keV] 0.001± 1.4 0.01± 0.52 0.01(n.def.) 0.0± 104 0.001± 0.46
norma 4.5± 7.4 24.3± 14 21.0 (n.def.) 1.19± 16 12.14± 6.63

χ2
red/d.o.f. 0.863/466 1.044/393 1.103/349 1.29/347 1.34/700

† (10−3 ph/keV/cm2 /s); a ×10−5 ph/cm2/s); b ×10−6 ph/cm2/s); c ×10−3, see definition in xspec manual.
Note: (n.def.) indicates extremely large (or undefined) errors.

Fig. 1. Fit to the data of 2000 in the 0.3−10 keV band. Upper two
panels: PN fit and residuals. Lower panel: residuals from the fit to the
joint MOS1+MOS2 data. The MOS residuals are rebinned for clarity.

be used with caution. A significant iron line (EW ∼ 145 eV)
seems to be present only in the PN data, at 6.29±0.05 keV (ob-
servers frame, corresponding to an ionized line at ∼6.7 keV in
the source rest frame). From the MOS fit we find EW ∼ 22 eV
with very large errors. The residuals of the fits, shown in Fig. 1,
suggest that any deviations from the model are relatively small.
In particular, there are no apparent absorption lines either at
around 8 keV or near 3 keV.

Figure 2 shows the PN and the combined MOS fits in the
2.5−3.5 keV energy band. Due to the low effective exposure,
the data are rather noisy but the residuals show no clear in-
dications of an absorption structure at ∼3 keV. Similarly, no

Fig. 2. Fit to the data of 2000 in the 2.5−3.5 keV band. Upper two
panels: PN fit and residuals. Lower panel: residuals from the fit to the
joint MOS1+MOS2 data.

strong absorption features are visible in the high energy spec-
tra (Fig. 3) at ∼8 keV, but the signal-to-noise ratio is quite low.

3.1.2. The 2001 data

Each of the two MOS spectra of the 2001 observation contains
about ∼1.09 × 105 counts in the 0.3−10 keV band, thus pro-
viding fits with high quality. As above, the 2−10 keV band
was first fitted by a model consisting of a power law plus a
Gaussian line. Then a bremsstrahlung component was added
in the soft energy band. The residuals of the MOS fits were
rather noisy and again showed a strong, irregular excess around
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Fig. 3. Fit to the PN data of 2000 in the 5−10 keV band. Upper two
panels: fit and residuals. Lower panel: residuals from the fit to the joint
MOS1+MOS2 data. There are no good MOS data at energies ≥9 keV.

Fig. 4. Fit to the MOS data of 2001 in the 0.3−10 keV band. Upper
two panels: MOS1 fit and residuals. Lower panel: residuals of the
MOS2 fit.

500 eV. We therefore added a Gaussian line at these ener-
gies, which (for example for the MOS1) improved the fit from
χ2

red = 1.25/351 d.o.f. without line to χ2
red = 1.10/349 d.o.f.

with a line at E = 0.521 ± 0.03 keV. The final fit parameters
for the MOS1 and the MOS2 are given in Table 1 and the fit
and the residuals are shown in Fig. 4. Table 1 further lists the
result of the final joint fit to the two MOS cameras, which is
considerably worse than the individual fits due to the scatter of
the residuals at low energies.

The fit and the residuals over the 2.5−3.5 keV energy band
for the MOS1 data are shown in the two upper panels of Fig. 5,

Fig. 5. Fit to the MOS data of 2001 in the 2.5−3.5 keV band. Upper
two panels: MOS1 fit and residuals. Lower panel: residuals of the
MOS2 fit.

the residuals for the MOS2 fit in the lower panel. There are no
strong residuals seen at ∼3.1 keV, as claimed by Pounds et al.
(2003), despite of the excellent statistical quality of the data
with MOS1: 4845 photons and MOS2: 4687 photons in the
2.5−3.5 keV energy band. Fitting a Gaussian absorption line to
the MOS1 data, where the residuals show negative values at the
appropriate energy, results in a line at El = 3.116 ± 0.175 keV;
the fit gets worse as the total χ2 decreases by δχ2 = 0.38
for 3 additional parameters. To be more quantitative, if we as-
sume a narrow line and an energy resolution of the instrument
of ∼110 eV (Ehle et al. 2001), we can put a 3σ upper limit on
the equivalent width of this line of ∼–31 eV. Adding the MOS2
data would argue even more strongly against the physical pres-
ence of an absorption line.

Finally, the data in the 5−10 keV band appeared to require
an extra emission line near the position of a red-shifted neu-
tral iron line. The improvements over the individual fits with
a single power law are marginal, and the line parameters are
rather uncertain as there are only about 2100 photons in each
MOS in this energy band. In particular, the MOS2 data in the
∼6 keV range are so noisy that no definite line position can be
obtained from the fits. However, when joining both MOS data
sets the achieved accuracy is satisfactory (see last column of
Table 1), the improvement of the fit remains small (δχ2 = 4.4
for 3 additional parameters), and the equivalent width of the
line is ∼36 eV. The residuals in Fig. 6 further indicate some
absorption structure at ∼7 keV, which can be fitted with a nar-
row absorption line at El = 6.98± 0.06 keV with an equivalent
width of EW = −56 eV (with large errors); the improvement in
the fit was δχ2 = 5.9 for 3 additional parameters. In the individ-
ual MOS data sets this feature appears only as one low energy
bin each of width δE ∼ 120 eV at slightly different energies.
Individual fits with an absorption line yield a worse fit for the
MOS1 (δχ2 = 0.4 for 2 additional parameters) and an improved
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Fig. 6. Fit to the joint MOS data of 2001 in the 5−10 keV band. Note
that here the absorption structure at ∼7 keV was not fitted.

fit (δχ2 = 8.6) for the MOS2. Thus considerably better data are
required to assess a reliable confidence level for the existence
of an absorption feature.

Again, there are no clear indications of an absorption struc-
ture at around 8.2 keV although the low effective area of the
MOS detectors at these energies does not allow to obtain very
strong upper limits for the existence of absorption line features.
The local 3σ upper limit for the equivalent width of a narrow
line is ∼–230 eV.

3.2. Temporal variability

Comparing the spectral fits (see Table 1) for the MOS cameras,
we see that the normalization of the hard power law component
has only increased slightly between the observations of 2000
and 2001, whereas the power law slope remained the same. The
temperature of the soft bremsstrahlung component seemed to
have decreased while the normalization increased considerably.

Overall, the average count rate in the 0.3−10 keV band de-
creased by about 25% between 2000 and 2001. Both the hard
band flux and the soft X-ray excess varied by nearly the same
factor, indicating an unchanging spectral behavior as the to-
tal flux decreased. This is an average effect on a time scale
of a year. To reveal possible variations on shorter time scales,
we generated background-subtracted light curves for both cam-
eras. Because the autocorrelation functions of the individual
light curves, as well as the cross-correlation function between
the two detector light curves, showed a statistically identical
shape with a broad peak at zero lag, we added the MOS1 and
MOS2 data to increase the signal-to-noise. We calculated hard-
ness ratios for the long 2001 observation using the count rates
in the 0.3−0.8 keV band (soft) and the 1−10 keV band (hard).
With this choice both energy bands have similar count rates
and the hard band is basically free of the contribution of the
soft bremsstrahlung component. The count rates show an am-
plitude of 35% variations in the hard band and 38% in the soft
band. The rms fractional variation is 0.116 ± 0.007 for both
the soft and the hard band. The hardness ratio shows regular
variations at small amplitude, which appear not to be strongly
correlated with the count rates (Fig. 7).

Fig. 7. Summed MOS1 + MOS2 background subtracted light curves
in 400 s time bins; soft band: 0.3–0.8 keV; hard band: 1.0–10 keV.
Bottom panel: hard/soft hardness ratios.

Since the variations in both bands are significant, we
checked whether there is a time lag between the hard and the
soft X-ray emission. Comparing the light curves of the soft and
hard band, it seems that peaks in the soft X-ray light curve
lag the hard ones by about a few hundred seconds. However,
the cross correlation function (CCF) of the soft versus the hard
X-ray light curve displays a flat top shape around lag zero and
is slightly skewed at larger lags, but no apparent shift is seen.

This behavior is indicative either of changes of the emission
characteristics during the observation interval or of variations
of the hard and soft components on different time scales. The
observed light curves are characterized by several “events” ris-
ing or decaying on different time scales, which suggests that
the emission originates from different regions in the system
which operate on different time scales. To check this we em-
ployed a “sliding window” technique and calculated the CCFs
for shorter data intervals, which start at different times of the
observed light curve and range over a restricted time inter-
val. Thus, the above-defined CCF(k) is replaced by a CCF(k;
T ,L); i.e., the cross-correlation coefficient at a lag “k” is cal-
culated for a data stream with length L starting at time T in
the light curve. The value of L can be optimized to match
the “characteristic” time scale of the system which reveals best
the time evolution of the CCF structure. If the sliding window
is very small, only short time correlations between the bands
can be identified, because the CCF is dominated by the ran-
dom fluctuations of the experimental noise; for very long win-
dow lengths, local variations of the sign and amplitude of the
lags are smeared out and produce cross-correlations with lags
around zero, with an asymmetric amplitude distribution (for
more details see Brinkmann et al. 2005).
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Fig. 8. Sliding window CCF calculated with the optimized sliding
window length of L = 17 000 s. The amplitude of the CCF is color
coded, with lags plotted in vertical direction. The corresponding light
curve in the summed (0.3−0.8 plus 1−10 keV) energy band is plotted
below the CCF. The x-axis is the time from the beginning of the sec-
ond part of the observation (after the gap in Fig. 7) that, for the CCFs,
corresponds to the start time of the data window for the calculations.
The bottom panel shows the color bar used for the numerical values
of the CCFs.

In Fig. 8 we show a two-dimensional representation of this
sliding window CCF, based on the above light curves with 100 s
binning. The vertical scale represents the lags, the color cod-
ing indicates the amplitude of the cross-correlation coefficient,
with the color code given in the lowest panel of the figure. Time
is along the x-axis. The length of each individual data set is
L = 17 000 s. The CCF is not constant during the observation
interval. We find three regions where the fluxes are well corre-
lated, obviously related to the flux minima of the light curve,
and times at which the fluxes are nearly uncorrelated. On aver-
age there seems to be a tendency towards slightly positive lags,
however, the data quality does not allow firm conclusions.

4. Discussion

The re-analysis of the previous November 2000 XMM obser-
vation of PG 0844+349, and the analysis of a much longer ob-
servation in October 2001, does not confirm the presence of
high velocity absorption lines at around 3 keV as claimed by
Pounds et al. (2003a). Further, neither the re-processed data
from November 2000 nor the summed MOS data from 2001
can confirm the presence of an absorption line at 8.18 keV.

An analysis of the November 2000 data without the rec-
ommended data screening, as done by Pounds et al. (2003a) to
increase the signal, introduces spectral distortions due to pho-
ton pile up and unpredictable spectral uncertainties from the
strongly flaring background. However, even then we cannot
confirm the existence of the claimed absorption structures.

There are, however, indications of a weak narrow ab-
sorption line at El = 6.98 keV, close to the rest energy of
the FeXXVI Lyα line (6.96 keV) and the FeXXV 1s-2p line
(6.70 keV). The physical reality of such a structure can only
be assessed by an observation yielding high energy data with
considerably higher signal to noise; however, if it is real, this
absorption structure can be due to a fortuitous combination of
outflow velocity and red-shift in the source, or it might be due
to hot local gas. This possibility was pointed out by McKernan
et al. (2004) for the identification of the low energy structures
found in the RGS spectra of PG 0844+349 by Pounds et al.
(2003b).

The rather different energies, as well as the large errors of
the normalizations of an Fe emission line fit, are caused by the
inherent noisiness of the data (in particular of the MOS data) in
that energy band. From the current data the line position cannot
be determined in a robust way. The generally low quality of the
fits further strengthens the need for much better high energy
data from this source.

Even if an outflow from PG 0844+349 exists, it cannot
be as massive and have such high velocities as anticipated
from the earlier XMM-Newton analysis. From the numerical
simulations of the X-ray spectra of outflows by Sim (2004),
one can infer that only models with the lower outflow rates
of <∼1 M� yr−1 are compatible with the upper limits and/or the
weak spectral signals found.

The temporal analysis of the relatively long light curve
from the 2001 observation can provide some information on
the size of the emission region in the source. Lags on time
scales of light-crossing of the hard X-ray emission region are
expected in a Comptonization scheme, and are on the order
of the light traveling time scale from the hard X-ray emission
region to the re-processing zone for re-processing/ionized re-
flection models for the soft X-ray emission. The models also
predict different signs for the lags. Wang & Brinkmann (2005)
found a time lag between hard and soft X-rays on the order of
103 s in RX J0437.4−4711, in support of a Comptonization pic-
ture. For the Fe Kα profile of MCG 6-30-15, Fabian & Vaughan
(2003) argued that hard X-rays must be emitted mainly within
a few gravitational radius. Thus, a time lag should be on the
order of 103 s × (MBH/108 M�) in Comptonization models.
Peterson et al. (2004) estimate a black hole mass of (0.9 ±
0.4) × 108 M� for PG 0844+349. Thus the hard X-rays in
PG 0844+349 should lag the soft by a few 102 s to 1 ks. Due to
the flatness of the CCF, time lags on the order of a few hundred
seconds cannot be addressed, but the CCF is consistent with
a shift in the peak position of this time scale. The skewness
and the changing behavior of the CCF indicates, however, that
there might be more than one emission region contributing to
the observed flux.

5. Conclusions

We have analyzed 80 ks MOS data from a serendipitous ob-
servation of PG 0844+349 and the re-processed EPIC data
from the November 2000 observation of the source. We cannot
confirm the strong spectral signatures taken by Pounds et al.
(2003b) as evidence for high velocity outflow from the source.
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The nature of the absorption structure at ∼7 keV remains ob-
scure as do the position and equivalent width of the red-shifted
iron line in the two observations. The position of the fitted
∼0.5 keV line is indicative of OVII in emission. However, such
features are frequently found in MOS/PN spectra and might be
caused by an incorrect soft emission model and/or remaining
uncertainties of the detector calibrations. A cross-correlation
analysis of the soft and hard light curves does not yield any
clear evidence for temporal lags, due to the limited statistical
quality of the data. Thus only data with considerably better
quality can reliably answer the question of the physical con-
ditions in the center of this narrow-line Seyfert galaxy.
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