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ABSTRACT

RX J0136.9�3510 is an unusual narrow-line Seyfert 1 galaxy (NLS1). We have detected extended (∼12� or
∼54 kpc at the source frame) soft X-ray emission in theROSAT High Resolution Imager image, accounting for
20% of the total emission. We have also detected a highly blueshifted (7.6 keV in the source frame) Fe Ka line
in the ASCA Solid-State Imaging Spectrometer spectrum. This is the first detection of such a highly blueshifted
emission line in a NLS1. Near-IR and far-IR studies indicate the presence of a possible starburst component in
this NLS1. Physical models of the accretion and/or outflow and of the evolution of this NLS1 are discussed in
the context of these results.

Subject headings: galaxies: active — galaxies: individual (RX J0136.9�3510) — galaxies: nuclei —
galaxies: Seyfert — X-rays: galaxies

1. INTRODUCTION

Narrow-line Seyfert 1 galaxies (NLS1s) are active galactic
nuclei (AGNs) having Hb emission-line FWHMs of less than
2000 km s�1 and [O iii]/Hb flux ratios of less than 3.0 (Os-
terbrock & Pogge 1985; Goodrich 1989). NLS1s are often
strong Feii emitters and often have large amounts of dense,
low-ionization, line-emitting gas in their broad-line regions
(Wills et al. 1999; Kuraszkiewicz et al. 2000). It has been
suggested that NLS1s are very young objects (Grupe 1996;
Mathur 2000), have supersolar metallicity, are in the early stage
of evolution (Grupe 1996; Mathur 2000; Mathur et al. 2001),
and have evolutionary processes different from broad-line Sey-
fert 1 galaxies (BLS1s; Brandt et al. 1997a; Mathur et al. 2001).

Spectral indices of the X-ray spectra of NLS1s are steeper
than those of BLS1s and are anticorrelated with the Hb line
width (Puchnarewicz et al. 1992; Boller et al. 1996; Brandt et
al. 1997a, 1997b; Reeves & Turner 2000). A soft X-ray excess
is more prominent and frequent in NLS1s (Reeves & Turner
2000; Vaughan et al. 1999; Leighly 1999a). They have sig-
nificantly bluer optical and UV spectra, and they have more
pronounced big blue bumps than BLS1s (Grupe et al. 1998).
It has been suggested that thermal emission from the accretion
disk is the origin of the soft X-ray emission (Leighly 2000).
NLS1s are more variable in X-rays than are BLS1s (Boller
2000), which may be due to the beaming effect (Boller et al.
1997; Brandt et al. 1999), although this scenario has been
brought into question (Leighly 1999b, 2000). Recently, Brandt
& Gallagher (2000) have suggested that an evolutionary con-
nection may be present between the luminous NLS1s and the
broad absorption line quasars (BALQs). However, signatures
of strong outflows have not yet been conclusively detected in
the spectra of NLS1s (Leighly et al. 1997; Nicastro et al. 1999;
Netzer 2000).

From the ROSAT and the ASCA observations of RX
J0136.9�3510, we have detected extended soft X-ray emission
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and a highly blueshifted Fe Ka emission line in this galaxy,
and these results are presented here.

2. IS RX J0136.9�3510 AN UNUSUAL NLS1?

RX J0136.9�3510 [ and decl. ph m sR.A. p 01 36 54.45
�35�10�53�.3 (2000), with a redshift ] was detected asz p 0.289
a bright source during theROSAT All Sky Survey (RASS, with
an exposure for 404 s with counts s�1). The optical0.49� 0.04
spectrum of this object shows that the Feii/[O iii] ratio is∼37.2,
the [O iii]/Hb flux ratio is∼0.23, the Feii/Hb flux ratio is∼8.3,
and the FWHM of the Hb line in RX J0136.9�3510 is∼1320
km s�1 (Grupe et al. 1999; the FWHM of the broad component
of the Hb line of RX J0136.9�3510 is∼ km s�1,2354� 300
based on the Gaussian profile fitting to the broad component of
the Hb line). These last two quantities are consistent with those
of all 59 NLS1s in the catalog of Ve´ron-Cetty et al. (2001).

The average Feii/Hb flux ratio for the 59 NLS1s in the
catalog of Véron-Cetty et al. (2001) is 1.0, and that for RX
J0136.9�3510 is∼8.3. This suggests that RX J0136.9�3510
is a very strong Feii emitter compared with other known
NLS1s. These results show that RX J0136.9�3510 is an un-
usual NLS1 object.

3. OBSERVATIONS, DATA ANALYSIS, AND RESULTS

ROSAT High Resolution Imager (HRI) pointed observations
of RX J0136.9�3510 were carried out during 1997 December
26–28 with a 30,692 s effective exposure (with count rate of
∼ counts s�1). It is known that the residual errors0.111� 0.002
in theROSAT HRI aspect solution gave rise to elongated images
(Zombeck et al. 1995), and this made the radial profile extended
with respect to the point-spread function (PSF; David et al. 1995).
We have corrected the bad aspect times in theROSAT HRI image
of RX J0136.9�3510 using the off-line FTOOLS HRI aspect
fix script.4 The software package LEXTRCT, locally developed
(A. F. Tennant), was used to generate the background-subtracted
radial profile of this image shown in Figure 1. For comparison,
the new improvedROSAT HRI PSF profile5 is also shown in
Figure 1, which was scaled vertically to match the data count
rate at the maximum of the observed radial profile of the NLS1.

4 See http://hea-www.harvard.edu/rosat/aspfix.html.
5 See http://rosat.gsfc.nasa.gov/docs/rosat/ruh/handbook/node109.html.
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Fig. 1.—Radial profiles of theROSAT HRI image of RX J0136.9�3510
(crosses) and the new improvedROSAT HRI PSF (triangles).

Fig. 2.—ASCA SIS0 light curve (the triangles represent source�background,
and the circles represent background) of RX J0136.9�3510, observed between
1998 December 28 and 1999 January 4 with a 195 ks effective exposure
(5400 s binning).Inspection of Figure 1 shows that systematic extended emissions

are present beyond∼5� radius from the center of this NLS1.
This extended emission component is roughly∼20% of the total
HRI emission. At the source frame, this emission component is
extended up to 55 kpc (12�). The HRI light curve of RX
J0136.9�3510 shows weak variability of this source.

The RASS spectrum of this source and the corresponding back-
ground spectrum were extracted using the LEXTRCT program.
The source spectrum was binned so that there are at least 20
photons bin�1. TheROSAT PSPC response matrix was obtained
from the HEASARC database, and the ARF file was created using
FTOOLS version 5.1A. The XSPEC version 11.2 package was
used for the spectral analysis, with the absorption cross sections
of Balucinska-Church & McCammon (1992) for the Galactic ab-
sorptions. The redshifted blackbody (BB; eV) orkT p 42� 6BB

the Raymond-Smith (RS; eV) or the power-lawkT p 81� 7RS

(PL; ) models, modified by the Galactic absorp-G p 3.4� 0.15
tion (GA; cm�2), fit the RASS spectrum of20N p 1.79# 10H

RX J0136.9�3510 equally well ( for 6 degrees of freedom2x ∼ 0.5r

[dof]). The errors quoted in this Letter were computed for the
90% confidence level ( ). The steep power law may be2x � 2.71min

an indication of the presence of soft excesses in this NLS1, which
is further indicated by the presence of the extended (10�–12�) X-
ray emission in theROSAT HRI image of this object (Fig. 1). The
model-computed flux of RX J0136.9�3510 during the RASS
observations was ergs cm�2 s�1, in the�12(2.78� 0.33)# 10
ROSAT band.

ASCA observations of RX J0136.9�3510 were carried out
between 1998 December 28 and 1999 January 4, with accu-
mulated Gas Imaging Spectrometer (GIS) and Solid-State Im-
aging Spectrometer (SIS) exposures of 135,552 and 195,037 s,
respectively.ASCA GIS2, GIS3 and SIS0, SIS1 count rates
(background-subtracted) are 0.046 and 0.023 counts s�1, re-
spectively, and the GIS data were too noisy for analysis. SIS0
light curves (of the source and the background) of this NLS1
were extracted using LEXTRCT and are shown in Figure 2 with
5400 s binning (∼1 orbit of the satellite). It can be seen from
Figure 2 that RX J0136.9�3510 displayed irregular variability
during theASCA SIS0 observations. Characterization of the var-
iability in an irregularly sampled light curve can be done by
computing the excess variance parameter (Tennant & Mushotzky
1983). This parameter ( ) and its error were computed for the2jrms

background-subtractedASCA SIS0 light curve binned at 5400 s

(to achieve a reasonable signal-to-noise ratio) using the relations
given by Nandra et al. (1997). The computed value of is2jrms

, which suggests that the total (soft plus�2(8.75� 0.06)# 10
hard) flux varied by∼29%. We also performed ax2 test against
a constant flux hypothesis of theASCA SIS0 light curve of RX
J0136.9�3510, and the result shows that the light curve is var-
iable ( for 27 dof). The values of and the observed2 2x p 2.94 jr rms

2–10 keV luminosity of RX J0136.9�3510 are consistent for
an NLS1 (see Figs. 3 and 8 of Leighly 1999a). The computed
mass of the black hole of RX J0136.9�3510 is M,

74 # 10
using equation (4) of Nikolajuk et al. (2004) and the value of

. Both the soft (0.5–2.0 keV) and the hard (2–10 keV) fluxes2jrms

varied during theASCA SIS0 observations, with the fractional
variability in the soft band being larger (∼36.7%) than that seen
in the hard band (∼14.5%).

The source and the corresponding background spectra from
the SIS detectors were also extracted using LEXTRCT. The
SIS spectra were binned with a minimum of 30 photons bin�1.
ASCA SIS response matrices and the GIS and SIS ARF files
were created using FTOOLS version 5.1A. The efficiency
losses of the SIS detectors were parameterized following the
prescription given by Yaqoob et al. (2000). SIS0 and SIS1
spectra of RX J0136.9�3510 were fitted simultaneously. Both
the spectra in the energy range 2.0–8.0 keV at the observer’s
frame were fitted with the redshifted absorption-corrected
power-law model with an additional fixed absorption parameter
( cm�2) to compensate for the low-energy ef-20N p 9.0# 10H

ficiency losses of the SIS detectors (this parameter will be used
as a fixed parameter throughout the analysis). From this, we
found that the fitted value of the hydrogen column density (NH)
becomes zero. We therefore fixed the value ofNH to the Galactic
value ( cm�2) and refitted the spectra with this201.79# 10
model (Table 1). The value ofG obtained from this fit in the
2.0–8.0 keV band was . This value ofG was then2.3� 0.1
fixed to fit both the SIS spectra in the 0.7–8.0 keV range
( , when left free). The data and model (topG p 2.99� 0.08
panel) and the ratio between the data and the model (bottom
panel) are shown in Figure 3. It can be seen from this figure
that there are two spectral features: (1) an excess emission
below 1 keV (soft X-ray excess) and (2) an emission line around
5.9 keV. The RS ( keV) or the BBkT p 0.2� 0.03RS
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TABLE 1
The Best-Fit SIS-Spectral Parameters for RX J0136.9�3510

Modela G
kT

(eV)
EL

(keV)
EW
(eV) x2/dof

PL (2–8 keV) . . . . . . . . . . . . . . . . . . .
�0.092.28�0.10 … … … 120.3/127

PL (0.7–8 keV) . . . . . . . . . . . . . . . . . 2.28 (fixed) … … … 804.8/291
PL (0.7–8 keV) . . . . . . . . . . . . . . . . .

�0.082.99�0.07 … … … 458.8/290
PL�BB (0.7–8 keV). . . . . . . . . . . .

�0.152.23�0.08
�18153�11 … … 386.8/288

PL�RS (0.7–8 keV). . . . . . . . . . . .
�0.0142.26�0.08

�27198�19 … … 385.1/288
PL�RS�GA (0.7–8 keV). . . . . .

�0.142.27�0.08
�27196�18

�0.125.89�0.09
�390860�413 374.1/286

a The value of the hydrogen column density was fixed with the Galactic value (1.79#
cm�2) plus an additional fixed absorption parameter ( cm�2) to compensate20 2010 N p 9.0# 10H

for the low-energy efficiency losses of the SIS detectors.

Fig. 3.—ASCA SIS0 (triangles) and SIS1 (circles) spectra and the model (GA-
corrected power law with ;top panel) and the ratio between the dataG p 2.3
and the model (bottom panel). The presence of an excess emission below
1.0 keV and an emission line around 5.9 keV at the observer’s frame (7.6 keV
at the source frame) can be seen. Fig. 4.—Same as Fig. 3, but for the GA-corrected RS�PL�Gaussian model.

( keV) components (when added with thekT p 0.15� 0.02BB

above model, with G being a free parameter equaling
2.2�50.15) fit equally well with the soft excess emission com-
ponent ( for an addition of 2 dof, with anF-test value2Dx p 72
of 26.8 and a probability of ). The emission-line�112.1# 10
feature around 5.9 keV was modeled by adding a Gaussian
component with the above model. The width of the line was
fixed at 0.01 keV, and the line energy and strength were left
free. The addition of the Gaussian component reduces the value
of x2 by 11.0 for the addition of two free parameters, which
suggests that an emission line is present in the spectrum of RX
J0136.9�3510 at a level better than 98.4% (with anF-test
probability of ). Results of the best-fit parameters�21.6# 10
are shown in Table 1. The observed equivalent width (EW) of
the emission line is eV, and the observed and unab-�390860�413

sorbed fluxes (0.7–8.0 keV range) are �13(8.42� 1.02)# 10
and ergs cm�2 s�1, respectively. The�13(8.54� 0.99)# 10
corresponding luminosities are and44(4.96� 0.61)# 10

ergs s�1, respectively. The RS or the BB44(5.04� 0.61)# 10
components contribute∼23% to the flux in theASCA band.
Figure 4 shows the data, combined model, model components,
and the ratio between the data and the model. The overall fit
of the spectra is poor mainly because of the calibration un-
certainties of the SIS detectors at low energies.

4. DISCUSSION

Figure 1 displays the presence of extended soft X-ray emis-
sion in RX J0136.9�3510. TheROSAT HRI image shows

uniform distribution of this extended component around the
nucleus. Even though theROSAT PSPC spectrum cannot dis-
tinguish between the thermal and nonthermal origin of this
component, the soft excess component of theASCA SIS spectra
is best fitted with the thermal model. RX J0136.9�3510 is a
bright Two Micron All Sky Survey source (Barkhouse & Hall
2001), and the derived 25–60mm IRAS color of RX J0136.9�
3510 is around 10�2. Based on the observed X-ray flux and
the IRAS color of this NLS1, it is suggested that a possible
starburst component may be present in this object (Risaliti et
al. 2000). Thus, with the existing data, it is suggested that the
extended emission may be the remnants of the starburst activ-
ities in this NLS1. If this is true, then this result supports the
suggestion that the starburst galaxies may be the parent pop-
ulation of NLS1s (Mathur 2000).

The observed 5.9 keV emission line corresponds to 7.6 keV
at the source frame. This spectral feature may be either a highly
blueshifted He-like (6.7 keV) or H-like (6.9 keV) Fe Ka line,
which clearly indicates the presence of a relativistic outflow of
matter in this NLS1. Outflows of material in a wide range of
ionization states have been detected in nearby Seyfert galaxies,
and it is believed that outflow may be a common phenomena
in AGNs (Sako et al. 2001; Kaspi et al. 2002). However, rel-
ativistic outflow in contrast to jets is very rare in AGNs, even
though such outflow was detected (velocity∼0.27c) in the Ga-
lactic sources like SS 433 (Kawai et al. 1989; Marshall et al.
2002). Recently, relativistic outflow has been detected in a few
AGNs. For example, blueshifted highly ionized absorption lines
of Fe and other elements have been detected in the gravita-
tionally lensed quasar APM 08279�5255 with velocity in the
range∼0.2c–0.4c (Chartas et al. 2002), in the luminous radio-
quiet quasar PDS 456 at a velocity of∼0.17c (Reeves et al.
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2003), in the narrow-line radio-quiet quasar PG 0844�349 at
a velocity of∼0.2c (Pounds et al. 2003a), and also in the NLS1
PG 1211�143 at a velocity of∼0.1c (Pounds et al. 2003b). In
addition, a highly blueshifted Fe K emission line is seen in
PKS 2149�306 (Yaqoob et al. 1999) and in the Seyfert-like
galaxy CXOCDFS J033225.3�274219 with velocity of the
order of 0.6c–0.7c (Wang et al. 2003). Thus, our detection of
a highly blueshifted Fe K emission line in RX J0136.9�3510
is not unique but extremely important. With theASCA spec-
trum, we are unable to determine the outflow velocity (∼0.2c
if the emission line is He-like or∼0.1c if it is H-like). He-like
Fe Ka is in general much stronger than H-like Fe Ka in pho-
toionized media (Nayakshin & Kallman 2001), whereas in col-
lisionally excited plasma, the H-like component may become
dominant (Bautista & Titarchuk 1999). The high blueshift of
the line indicates formation in extreme outflows, which in prin-
ciple is possible when the emission comes from distances much
larger than the inner accretion disk radius, i.e., when the outflow
runs into the extended emission region. Ionized accretion disk
reflection may produce broad emission lines with large equiv-
alent widths, but the lines will not be highly blueshifted (Nay-
akshin & Kallman 2001 and references therein). For the steep
spectrum of RX J0136.9�3510 ( ), detection of a�0.14G p 2.27�0.08

highly ionized Fe Ka line tentatively favors a concentration of
the X-ray flux to small regions above the disk. Otherwise the
predominant optical/UV/soft X-ray emission would cool the

plasma to the point where it could not emit such highly ionized
features. Thus, the present results indicate that, most likely, the
observed emission line was formed in collisionally excited
plasma as a result of the interaction of the outflow with a high-
density ambient medium.

BALQs are strong Feii and weak Civ and [O iii] line
emitters, like the NLS1s (Lawrence et al. 1997; Leighly et al.
1997). In addition, both BALQs and NLS1s have relatively
strong IR continuum emission compared with the optical. All
these properties have been observed in RX J0136.9�3510, and
the detection of high-velocity outflow, which is common in
BALQs, indicates that this NLS1 may be the low-redshift coun-
terpart of BALQs (Brandt et al. 1999). Future high spatial
resolution observations withChandra will reveal the energy-
dependent X-ray morphology of the extended emission and
permit us to clearly identify the origin and nature of this ex-
tended emission component. Spectroscopic observations with
XMM will allow us to detect and to study the blueshifted emis-
sion-line profile(s) of RX J0136.9�3510.

Our sincere thanks to S. Nayakshin for his valuable com-
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J0136.9�3510. We are thankful to D. Grupe for providing us
with his optical spectrum of RX J0136.9�3510. We are grateful
to the anonymous referee for valuable suggestions.
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