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ABSTRACT

Relativistically blueshifted absorption features of highly ionised ions, the so-called
ultra-fast outows (UFOs), have been detected in the X-ray spectra of a number of
accreting supermassive black holes. If these features truly originate from accretion disc
winds accelerated to more than 10 per cent of the speed of light, their energy budget
is very signi�cant and they can contribute to or even drive galaxy-scale feedback from
active galactic nuclei (AGN). However, the UFO spectral features are often weak due
to high ionisation of the outowing material, and the inference of the wind physical
properties can be complicated by other spectral features in AGN such as relativistic re-
ection. Here we study a highly accreting Narrow Line Seyfert 1 galaxy PG 1448+273.
We apply an automated, systematic routine for detecting outows in accreting systems
and achieve an unambiguous detection of a UFO in this AGN. The UFO absorption is
observed in both soft and hard X-ray bands with the XMM-Newton observatory. The
velocity of the outow is ( 26900� 600) km/s ( � 0.09c), with an ionisation parameter
of log(x=erg cm s� 1) = 4:03+ 0:10

� 0:08 and a column density above1023 cm� 2. At the same
time, we detect weak warm absorption features in the spectrum of the object. Our
systematic outow search suggests the presence of further multi-phase wind structure,
but we cannot claim a signi�cant detection considering the present data quality. The
UFO is not detected in a second, shorter observation withXMM-Newton, indicating
variability in time, observed also in other similar AGN.

Key words: accretion, accretion discs { black hole physics { galaxies: Seyfert

1 INTRODUCTION

Highly blueshifted absorption lines of ionised material have
recently been detected in the X-ray spectra of a number of
active galactic nuclei (AGN), reaching velocities from � 0.1c
to as high as 0.5c (e.g. Pounds et al. 2003; Reeves et al. 2003;
Tombesi et al. 2010a,b, 2015; Nardini et al. 2015; Parker
et al. 2017; Kosec et al. 2018c; Walton et al. 2019). These
absorption lines could originate from accretion disc winds,
launched at high velocities from the accretion ow of AGN
by radiation pressure (Proga et al. 2000) or magnetic forces
(Fukumura et al. 2010). The large velocity and the conse-
quent signi�cant kinetic power makes these outows strong
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candidates for being the drivers of AGN feedback in galax-
ies (Fabian 2012; King & Pounds 2015). Alternatively, these
blueshifted absorption lines could originate from low-density
material co-rotating with the inner accretion ow without
the need for an outow from the system (Gallo & Fabian
2013; Fabian et al. 2020).

In most cases the signatures of these so-called `ultra-fast
outows' (UFOs) were identi�ed using the highly ionised fea-
tures of Fexxv and Fexxvi (Tombesi et al. 2010a) in the
iron K band (7-10 keV). The iron K band, however, is often
on the upper edge of the energy range of the current instru-
ments like XMM-Newton (EPIC pn and MOS) and Chan-
dra, where the collecting area of the instruments steeply
drops o�, resulting in poor counts and signal-to-noise ra-
tios. Additionally, this band commonly contains strong fea-
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tures of relativistically blurred reection of the AGN coronal
emission from the accretion disc (Tanaka et al. 1995; Fabian
et al. 2009). Therefore the observed absorption features can
be hard to interpret as outow signatures and it is di�cult
to infer the wind properties such as the velocity and the ion-
isation level (Zoghbi et al. 2015). Furthermore, spurious low
signi�cance features or lines of instrumental origin can be
interpreted as real UFO signatures.

Less frequently, fast ionised wind absorption lines are
also observed in softer X-rays (< 5 keV), for example using
the Si xiv , Sxvi and O viii transitions (Jiang et al. 2018;
Pinto et al. 2018; Reeves et al. 2018a). The soft X-ray band
(0.3-2.0 keV) can however be dominated by the commonly
observed warm absorption from low ionisation material at
larger distances from the AGN (e.g. Kaastra et al. 2000;
Kaspi et al. 2002; Blustin et al. 2005; Detmers et al. 2011),
which complicates line identi�cation.

It is therefore important to study UFOs in di�erent ob-
jects and across a broad X-ray band, comparing their prop-
erties to the source X-ray continuum properties in order to
understand the true nature of UFOs and their relationship
to AGN.

Here we present the detection of an ultrafast outow
with a velocity of 0.09c in the spectrum of a Narrow Line
Seyfert 1 galaxy PG 1448+273 observed with the XMM-
Newton observatory. The signatures of the outow are ob-
served in both hard X-rays (iron K band) and soft X-rays
(0.3-2.0 keV), and we constrain its physical properties sys-
tematically using an automated multi-parameter search of
the X-ray spectrum with photo-ionised absorption grids.

PG 1448+273 is a Narrow Line Seyfert 1 AGN (Boller
et al. 1996; Grupe et al. 2004) located at a redshift of
z=0.0645 (Alam et al. 2015). Its mass is (9 � 2) � 106M�
(Vestergaard & Peterson 2006, from single-epoch optical
spectroscopy). PG 1448+273 has an estimated bolometric
luminosity of � 1045:5 erg/s (Grupe et al. 2004), resulting in
an Eddington ratio above unity ( L=LEdd � 3). PG 1448+273
could therefore be a super-Eddington accretor (Kawaguchi
2003). At such a high Eddington fraction, radiation pres-
sure is an important component of the accretion ow and is
expected to drive powerful outows from the accretion disc
(Shakura & Sunyaev 1973). PG 1448+273 is therefore a nat-
ural candidate for a spectroscopic search of UFO signatures.

Previous X-ray studies have remarked on the complex
shape of the soft X-ray excess (Inoue et al. 2007) of PG
1448+273, requiring more than the usual � 0.1 keV black-
body component for an accurate description. The AGN is
however not heavily absorbed by neutral absorption or a
strong warm absorber. Its X-ray spectrum is also highly vari-
able (Ponti et al. 2012b).

This paper consists of 5 sections. The observation and
data reduction is described in Section 2. Details of our anal-
ysis and the results are shown in Section 3, followed by a
discussion of the �ndings in Section 5. Section 6 contains
the conclusions of this study.

Figure 1. Image of the EPIC pn Small Window Mode exposure.
The source region used in the analysis is the green circle (20 arc-
sec radius), the 2 polygons are the regions used to extract the
background spectrum. The non-uniform background count distri-
bution (in the vertical direction) is evident and is likely caused
by the wings of the source point spread function.

2 OBSERVATIONS AND DATA REDUCTION

The XMM-Newton (Jansen et al. 2001) data were obtained
from the XSA 1 archive. The main dataset consists of a single
observation taken on 24/01/2017 (ID: 0781430101, proposal
PI: A. Zoghbi) with a total raw exposure of 126 ks. There is
also a second, much shorter (22 ks) observation, which was
taken on 08/02/2003 (PI: Kawaguchi).

We reduced the main dataset using standard pipelines
with SAS v17. There were no high background periods
of time during the observation and thus no time intervals
needed to be �ltered out.

The observation with the European Photon Imaging
Camera (EPIC) pn and MOS instruments was split into two
exposures, a scheduled (`S') and an unscheduled (`U') part.
Initially we extracted the spectra of the two exposures sep-
arately, but found no signi�cant di�erences between them.
We therefore combined the scheduled and unscheduled parts
of the observation into a single exposure.

The EPIC pn (Str •uder et al. 2001) instrument was oper-
ated in Small Window mode during the observation to limit
pile-up. An image of the pointing was made using standard
routines. We noticed a strong non-uniformity of background
counts across the image (Fig. 1), likely due to source counts
from the wing of the source point spread function (PSF). To
avoid including source counts in the background spectrum,
we chose background regions to be two small polygons as
far from the source as possible. Furthermore, we decreased
the importance of background subtraction by choosing a
small (20 arcsec) source region. This boosted the signal-to-

1 nxsa.esac.esa.int/nxsa-web/
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noise ratio in the critical 6� 10 keV energy band where the
Doppler-shifted absorption features of highly ionised iron
(Fe xxv/xxvi ) are expected. Only events of PATTERN < =
4 (single/double) were accepted. The average EPIC pn count
rate was 2.2 ct/s, but the source is strongly variable, varying
between 1 ct/s and 4 ct/s over the course of the observation.

EPIC/MOS 1 and 2 (Turner et al. 2001) were operated
in Large Window mode. The source region was chosen to
be a circle with a radius of 20 arcsec, similar to pn data.
The background covered the rest of the central chip area,
at least 110 arcsec away from the source, avoiding other
bright point sources. We did not notice any background non-
uniformity as observed in EPIC pn data, con�rming that the
non-uniformity observed in the EPIC pn image is caused by
the wings of the PSF. Events of PATTERN < = 12 (sin-
gle/double) were accepted. The average EPIC MOS 1 count
rate was 0.44 ct/s and the average MOS 2 count rate was
0.43 ct/s. We stacked data from MOS 1 and MOS 2 into a
single spectrum with the epicspeccombine routine.

Data from both EPIC/pn and EPIC/MOS were
grouped using the specgroup procedure to at least 25
counts per bin, and to oversample the detector resolution
by a factor of at most 3. The clean exposure time of the pn
dataset is 76 ks, and the exposure of the combined MOS 1
and MOS 2 data is 108 ks (pn exposure is smaller due to a
lower Live time in Small Window mode).

Reection Grating Spectrometer (RGS, den Herder
et al. 2001) data were reduced using standard routines with
default values and with standard observational background.
Data were binned by a factor of 3 directly within the SPEX
�tting package to oversample the real grating resolution by
roughly a factor of 3. The clean exposure of RGS 1 and RGS
2 data is 115 ks.

After reduction, the data were converted into spex fits
format using the trafo tool. spex �tting package (Kaas-
tra et al. 1996) was used for spectral �tting as it contains
the physically-motivated ionised absorption grids xabs and
pion . All spectral models were �tted using Cash statistics
(Cash 1979) and the errors are stated at 1s level. We use 3
cross-calibration constants to account for calibration di�er-
ences between the four spectral datasets (pn, MOS, RGS1
and RGS2). The di�erences are smaller than 10 per cent in
all cases.

EPIC pn and MOS data were initially ignored below
0.3 keV and above 10 keV following standard guidelines.
RGS data were used in the range between 7.5�A (1.7 keV)
and 28 �A (0.44 keV), limited by strong background on both
ends of this interval. We found a 10-15 per cent discrepancy
between EPIC and RGS data in the 0.3-1.0 keV range which
could be caused by poor spectral resolution of the EPIC
instruments in this range, or by calibration di�erences. At
these energies EPIC lacks the resolution to resolve the �ne
structure of absorption lines but would drive the spectral
�ts due to much higher count rates than RGS (resulting
in much smaller errorbars compared to RGS data). To avoid
confusion between di�erent unresolved spectral components,
we ignored EPIC pn and MOS data below 1.7 keV altogether
in the main part of our analysis.

We followed the same steps to reduce and prepare the
second observation (0152660101) for analysis. The statistics
were naturally much worse compared to the main dataset,
albeit the AGN was brighter in 2003. The average EPIC

Figure 2. 1:7 � 10 keV EPIC pn spectra of PG 1448+273
during the two observations. Data from the main observation
(0781430101) are in black colour, data from the shorter archival
observation (0152660101) are shown in red.

pn count rate was 4 ct/s, and the average MOS 1/2 count
rate was 0.9 ct/s. Since EPIC pn was operated in Large
Window mode (with a pile-up limit of 3 ct/s), it is possible
that the pn data are a�ected by pile-up. MOS was operated
in Large Window mode (pile-up limit of 1.5 ct/s) and its
data should not be a�ected. Nevertheless, we do not observe
any signi�cant di�erences between pn and MOS spectra. We
ignored EPIC data below 1.7 keV, only using RGS data in
the soft X-ray band, following the same procedure as with
the main dataset.

Fig. 2 contains the 1:7� 10 keV EPIC pn spectra from
both observations and shows the longterm variation of the
source and the dataset quality. Especially striking is the dif-
ference in the iron K region ( 5� 8 keV). We �rst focus on
the analysis of the higher quality observation (0781430101)
which also shows more intriguing spectral features. The sec-
ond observation is analysed separately in Sect. 4. It would
not be appropriate to stack the two datasets given the long
period of time and strong variability between the two obser-
vations.

3 RESULTS FROM THE MAIN XMM-Newton
OBSERVATION

3.1 Broadband X-ray continuum

First we �t the broadband 0.3-10 keV spectrum with a phe-
nomenological X-ray AGN spectral model. We �t the RGS,
EPIC pn and MOS data simultaneously with the same spec-
tral model except for the cross-calibration constant. The
model consists of a powerlaw (pow in SPEX) model de-
scribing the Inverse Compton coronal emission, a blackbody
(bb) model describing the soft excess below 2 keV, and a
relativistically blurred iron K emission line. Blurred reec-
tion is described with a laor model applied to a Gaussian
line (ga ) with the energy �xed to 6.4 keV to avoid too much
model freedom with the available data quality. All of these
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