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ABSTRACT

The relativistic jets created by some active galactic nuclei are important agents of AGN feedback. In
spite of this, our understanding of what produces these jets is still incomplete. X-ray observations,
which can probe the processes operating in the central regions in immediate vicinity of the supermas-
sive black hole, the presumed jet launching point, are potentially particularly valuable in illuminating
the jet formation process. Here, we present the hard X-ray NuSTAR observations of the radio-loud
quasar 4C74.26 in a joint analysis with quasi-simultaneous, soft X-ray Swift observations. Our spec-
tral analysis reveals a high-energy cut-off of 183+51

−35 keV and confirms the presence of ionized reflection
in the source. From the average spectrum we detect that the accretion disk is mildly recessed with an
inner radius of Rin = 4− 180Rg. However, no significant evolution of the inner radius is seen during
the three months covered by our NuSTAR campaign. This lack of variation could mean that the jet
formation in this radio-loud quasar differs from what is observed in broad-line radio galaxies.
Keywords: galaxies: individual (4C74.26) – X-rays: galaxies – galaxies: nuclei – galaxies: Seyfert

–black hole physics

1. INTRODUCTION

Radio-loud active galactic nuclei (AGN) are interest-
ing objects to study as their relativistic jets deposit en-
ergy into the interstellar medium. This is known to have
a profound influence on star formation and the devel-
opment of the galaxy (e.g., Fabian 2012; Wagner et al.
2015). Despite this importance it is still not clear why
only some AGN display jets. A study focus has been
broad-line radio galaxies, the radio-loud counterparts of
broad line Seyfert 1s. Previous observations of broad line
radio galaxies have revealed that the innermost regions
are where the processes of jet formation manifest them-
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selves (Marscher et al. 2002; Chatterjee et al. 2009, 2011;
Lohfink et al. 2013). It is thought that the ejection of a
new jet knot into the jet in those sources is preceded by
a disruption of the inner parts of the accretion disk most
likely due to changes to the magnetic fields threading the
accretion disk (Sikora & Begelman 2013). This disrup-
tion can be observed by studying the coronal emission
that illuminates the accretion disk and its reprocessed
emission, the so-called reflection spectrum. If the accre-
tion disk is disrupted, no or little backscattered emission
is detected from the disrupted region and the accretion
disk appears truncated. However, such an observation of
a truncated disk could only be directly connected with
the jet formation process on one occasion (Lohfink et al.
2013). This might be mainly because of the need for si-
multaneous radio and X-ray observations to follow the
changes in the jet, given that ionized reflection from the
accretion disk has been detected in several other radio-
loud sources, for example, in 3C390.3 (Lohfink et al.
2015) and the subject of this paper 4C74.26 (Ballantyne
2005; Ballantyne & Fabian 2005; Larsson et al. 2008).
With a bolometric luminosity of 2 × 1046 ergs s−1

(Woo & Urry 2002), 4C74.26 is one of the nearest pow-
erful radio-loud quasars (z = 0.104) and its broad Fe
Kα line was first discovered in a 2004 XMM-Newton ob-
servation (Ballantyne 2005; Ballantyne & Fabian 2005).
This was later confirmed from a Suzaku observation in
2007, in which the data suggested that the accretion
disk was possibly recessed, i.e. does not extend all the
way to its innermost stable circular orbit (Larsson et al.
2008). Besides the ionized reflection component and
its associated broad iron line, the X-ray spectrum of
4C74.26 has been found to be typical of a broad line
radio galaxy consisting of a relatively flat power law
continuum with weak neutral reflection. Moreover,
the power law continuum in 4C74.26 has an observed
high-energy cut-off. BeppoSAX constrained the cut-
off to 145+294

−66 keV (Grandi et al. 2006) and a joint IN-
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Table 1
NuSTAR observations used in the spectral analysis

Observatory ObsID Exposure [ks] Start Date

NuSTAR 60001080002 17 2014-09-21
NuSTAR 60001080004 53 2014-09-22
NuSTAR 60001080006 82 2014-10-30
NuSTAR 60001080008 39 2014-12-22
Swift 00080795001 2 2014-09-21
Swift 00080795002 2 2014-09-24
Swift 00080795003 2 2014-10-31
Swift 00080795004 2 2014-12-22

TEGRAL-ISGRI/Swift -BAT analysis further improved
the constraint to 190+18

−66 keV (Malizia et al. 2014). The
spectral emission components are attenuated by Galac-
tic absorption, excess neutral absorption above the
Galactic value, and a warm absorber (Ballantyne 2005;
Di Gesu & Costantini 2016). Tombesi et al. (2014) also
detected signs of a highly ionized ultra-fast outflow in
the XMM-Newton data of the source. A similar discov-
ery was made by Gofford et al. (2013) in Suzaku data.
Being radio-loud, the jets of 4C74.26 are also well stud-

ied, especially in the radio band. One of the key findings
of this work is that the jet angle is estimated to be less
than 49 degrees to the line-of-sight (Pearson et al. 1992),
which assuming Bardeen-Petterson alignment of the disk
and the jet can be used to check the reflection modeling
results. Chandra and XMM-Newton imaging has also
shown that the central region of the AGN has a complex
X-ray structure, showing both the nucleus as well as a
weak hot spot resolved in the X-ray band about 5 arcmin
(∼600kpc) from the central source (Erlund et al. 2007).
The black hole mass of 4C74.26 has been estimated to
be log(MBH/M⊙) = 9.6± 0.5 (Woo & Urry 2002).
In this paper we study the broad-band spectrum of

4C74.26 with particular focus on the reflection spectrum.
We begin with an explanation of how the spectra were
produced in Section 2, which is followed by the spectral
analysis of the average spectrum in Section 3 and of the
spectra of the individual observations in Section 4.

2. DATA REDUCTION

In this paper we use data obtained from the Swift
(Gehrels et al. 2004), and NuSTAR (Harrison et al.
2013) satellites. An overview of the data considered in
this work is given in Table 1, it consists of four observa-
tions taken within three months of each other in 2014. In
Figure 1 we show the observed 3-10keV fluxes of 4C74.26
during the observations considered in this work. The flux
values of the archival Suzaku (Mitsuda et al. 2007), and
XMM-Newton (Jansen et al. 2001) observations are also
included. As expected for a high-mass black hole such
as 4C74.26, the flux changes are small with the XMM-
Newton observation displaying the lowest flux.

2.1. Swift

All Swift spectra have been produced using the Swift -
XRT data products generator, which follows procedures
outlined in Evans et al. (2009). In the analysis we use
both the spectra from the individual observations as well
as the average spectrum.

2.2. NuSTAR

3000 5000 7000
JD−2450000

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Figure 1. Overview light curve of the obervation-averaged 3-
10 keV X-ray flux in units of 10−11 erg s−1 cm−2. Squares cor-
respond to XMM-Newton, triangles to Suzaku and diamonds to
NuSTAR observations.

To reduce the NuSTAR data, the event files are first
screened using nupipeline. To obtain better signal-to-
noise at high energies we applied a stricter screening
around the SAA passages than usual by flagging both
time intervals with high shield single rates and unusu-
ally increased CZT detector event count rates, thereby
excluding times of increased background. The spectra
were then extracted using the nuproducts tool. The re-
gions from which the source and background spectrum
were extracted were both circular with 60 arcsec radii.
During the fitting, the two focal plane modules, FPMA

and FPMB, were fitted separately but with the same
model except for a cross calibration constant. Both spec-
tra were binned to a signal to noise ratio of 10.

3. SPECTRAL ANALYSIS

3.1. Exploration – stacked NuSTAR data only

We begin our analysis with an exploration of the av-
erage NuSTAR spectrum as a guide for the later anal-
ysis including the soft X-ray data. At first we examine
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Figure 2. Ratio residuals for the average NuSTAR (FPMA
[black], FPMB [blue]) spectra fitted with a simple power law con-
tinuum. The dashed vertical line indicates 6.4 keV rest frame for
comparison. The data have been rebinned for clarity.

the residuals to a simple power law (Fig. 2). The ratio
residuals show clear indications for the presence of reflec-
tion in the spectrum. Both the Compton hump and the
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iron line, centered at approximately 6.4 keV rest frame,
are prominent features in the spectrum. Besides reflec-
tion, no other strong features are apparent. Based on
this observation, we first attempt to describe our aver-
age NuSTAR spectra with a combination of a power law
continuum and a cold reflector attenuated by Galactic
absorption. The pexmon model is able to describe both
the power law continuum as well as the distant reflec-
tion. The strength of the reflection with respect to the
power law is controlled by the reflection fraction param-
eter (R). The inclination and iron abundance (AFe in
solar units) of the reflector are also parameters of the
model. For our fits, we limit the inclination to less than
49 degrees as it was determined in the previous radio
studies (Pearson et al. 1992), assuming the cold reflec-
tion stems from the outermost parts of the accretion disk.
Finally, we keep the high energy cut-off of the power
law continuum fixed to 1000keV initially. We model the
Galactic absorption with the TBnewmodel 15, with abun-
dances set to those of Wilms et al. (2000). During the
fitting the Galactic absorption column is kept fixed16 at
a value of 1.15× 1020 cm−2.
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Figure 3. Ratio residuals for the average NuSTAR (FPMA
[black], FPMB [blue]) spectra fitted with a power law continuum
and cold reflector (Top panel), a cut-off power law continuum and
cold reflector (Middle panel), and a cut-off powerlaw with cold and
blurred ionized reflector (Bottom panel). The vertical, dashed,
grey line indicates the position of the neutral Fe K line in the
source. The residuals have been rebinned for clarity.

While the fit is able to describe the data roughly
(χ2 = 977.4 for 838 dof), clear residuals remain (Fig. 3,
top panel). Including a high-energy turnover leads to an
improvement of ∆χ2 = 40.6 for -1 dof (Fig. 3, middle
panel). Even when the high energy cut-off is included
residuals remain in the iron line region, indicating the
iron line could be broadened. This is also supported by
the measured line equivalent width of ∼ 200 eV17 and
a line width of σ = 0.57+0.09

−0.08 keV. We therefore test
whether ionized relativistic reflection can lead to a fur-

15 http://pulsar.sternwarte.uni-erlangen.de/wilms/research/tbabs/
16 https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl
17 To obtain the equivalent width of the line, it was modeled

with a simple Gaussian and the continuum with the model pexrav.

ther improvement. The relxilllp model (Garćıa et al.
2014), which describes the reflection spectrum resulting
from a X-ray point source at height h above the accretion
disk, is used for this purpose. It includes the relativis-
tic blurring that a reflection spectrum originating from
the vicinity of a black hole would be subject to. To get
the best constraints on the reflection parameters for the
given model, we set the model so it calculates both the
emissivity profile as well as the strength of the reflection
features self-consistently for a given source height. This
means the primary emission is included in this model
and we fix the reflection fraction of the neutral reflec-
tion to -1 (to only contribute the reflected part to our
model). The normalization of the pexmon model then
controls the strength of the neutral reflection. Further-
more we assume that the irradiating continuum is the
primary continuum for both reflection components and
consequently tie the photon indexes and high energy-cut-
offs between the pexmon and relxilllp models. The
inclination is also assumed to be the same for both re-
flectors. As the relxill version 4.0b used here does not
properly model the cosmological redshift we apply this
correction separately, using the xspec model zashift. As
zashift not only shifts the energies but also adjusts the
flux level of the model it is applied to, we have applied it
to both relxilllp and pexmon to preserve the relative
normalizations. A fit including ionized reflection leads to
a final χ2 of 899.8 for 833 dof and a good description of
the data. The best fit parameters are shown in Table 2
and the residuals in Fig. 3, bottom panel. With a pho-
ton index of 1.84+0.03

−0.02 and a rather poorly constrained

source height of 25+29
−19Rg, we recover typical parameters

for radio-loud AGN. We are also able to detect a high-
energy cut-off at 234+87

−51 keV. It is clear that the NuSTAR
spectrum by itself does not have the spectral resolution
to distinguish cold and ionized reflection very well for
this source, with the cold reflection now being consistent
with zero. Finally we note that a search for ultrafast
outflows in the average NuSTAR spectra does not yield
a detection.
To assess whether the inclusion of the blurred ionized

reflection component is really justified or whether the
improvement in χ2 caused by random statistical fluctu-
ations rather than a truly more complex spectrum, we
use a similar technique to that outlined in Zoghbi et al.
(2015). We simulated 1000 spectra using xspec’s fakeit
command drawing randomly from the best fit neutral re-
flection plus continuum model parameters accounting for
its 1 σ uncertainties via the covariance matrix. These
simulated spectra are then fitted using both a neutral
reflection plus continuum model and a neutral & ionized
reflection plus continuum model and a ∆χ2 is calculated
for each of them. We find that none of the simulated
spectra have a ∆χ2 of 37 or larger as it is observed in
our real spectrum, letting us conclude the inclusion of
the additional component is most likely justified.

3.2. Spectral modeling including the Swift soft X-ray
data

So far our analysis has been focused on the hard X-ray
part of the spectrum. In this section we now include the
available soft X-ray data. Simultaneous Swift -XRT snap-
shots available with the NuSTAR observations are aver-
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Table 2
Best fit parameters of NuSTAR-only fits: the model consists of a cut-off power law continuum with cold and ionized reflection.

Γ AFe Efold Rion Npex a i h log(ξ) Nrel

[keV] [10−3] [◦] [Rg] [erg cm s−1] [10−4]

1.84+0.03
−0.02 0.8+0.1

−0.2 234+87
−51 0.47 < 1.8 uncont. 35+11

−5 25+29
−19 2.7± 0.1 2.03−0.15

aged to an average Swift spectrum that is fitted jointly
with the NuSTAR data.
The Swift data are well described with the model used

to describe NuSTAR by itself, although we see evidence
of absorption at low energies. We therefore base our
spectral modeling on the lessons learned in the last sec-
tion, adopting a model consisting of a cut-off power law
with cold and ionized reflection. The inclusion of the
soft X-ray data leads to two additions, excess neutral ab-
sorption and a warm absorber. Both absorption compo-
nents have been observed previously in the source (e.g.,
Di Gesu & Costantini 2016) and are required to obtain a
good fit to the soft X-ray data (χ2 = 972.3 for 898 dof).
Our results are similar to what was found in Sec-

tion 3.1 for the NuSTAR-only fits. Finally, we also test
whether the accretion disk could be magnetically dis-
rupted at times, as expected as part of the jet cycle which
is believed to operate in radio-loud AGN (Marscher et al.
2002; Chatterjee et al. 2009; Lohfink et al. 2013). To test
this, we allow the inner radius of the accretion disk to
vary. Allowing a free inner radius leads to an significantly
improved fit (∆χ2 = 5.1 for -1 dof). The inner radius
can be constrained to 3 − 20RISCO, which corresponds
to 4 − 180Rg given that the black hole spin is uncon-
strained between -0.998 and 0.998. The other resulting
parameters are shown in Table 3.
With a clear detection of a high-energy cut-off, we now

explore the primary X-ray continuum further. To acquire
more physical information, we replace the cut-off power
law with a thermal Comptonization component, modeled
by nthcomp (Zdziarski et al. 1996; Zycki et al. 1999). In
order to obtain the most self-consistent description of the
data possible, we therefore replace the relxilllp model
with the new model relxilllpCp. In relxilllpCp, the
cut-off power law is replaced by nthcomp both for the
continuum included in the model as well as that assumed
for the calculation of the reflection. Instead of being de-
scribed by the photon index and the exponential cut-
off, the continuum is now described by a photon index,
the electron temperature and the seed photon tempera-
ture (kept fixed at 0.01 keV in our modeling). For the
neutral reflection we retain the pexmon model with the
high-energy cut-off fixed to 2 kTe. While the reflection
parameters remain unchanged (Table 3), the measured
photon index is slightly higher than for the cut-off pow-
erlaw continuum model. The fit quality is still very good,
see Fig. 4, although slightly worse than for the fit with
cut-off power law continuum.

4. TIME-RESOLVED SWIFT -NUSTAR SPECTRAL
ANALYSIS

If, as discussed in the introduction, the inner parts of
the accretion disk change over time, we can also inves-
tigate any changes within our NuSTAR campaign. We
do so by exploring the four Swift -NuSTAR observations

1 10 100

Energy [keV]

-4

-2

0

2

4

χ

Figure 4. Residuals from a fir of the average NuSTAR (FPMA
[black], FPMB [blue]) and Swift (XRT [red]) spectra with a model,
which is a combination of a Comptonization continuum, and cold
and ionized reflection; all attenuated by absorption. More details
about the model set-up can be found in the text.

(NU1, NU2, NU3, NU4). Our analysis is based on the
previous best fit model with a cut-off power law. We keep
the absorption parameters and the high-energy cut-off
fixed at their best fit values from the fit to the average
spectra as we expect them to be unchanged and they
are hard to constrain from the individual spectra. The
black hole spin a, inclination i, and iron abundance are
linked between the different observations but allowed to
vary. For the distant reflection, we assume it remains
the same for all observations and use the average pho-
ton index for the pexmon model. This results in a very
good fit χ2 = 1836.4/1826. The results for all spectral
parameters are shown in Table 4. The spectral param-
eters are very similar to what we have found from the
average spectrum. However, we are now able to con-
strain the spin to be > 0.5. This suggests that there are
subtle changes to the reflection spectrum that have been
smeared out by averaging the spectra. Despite the likely
existence of changes, the inner disk radius and the height
of the corona above the accretion disk remain unchanged
within the errors. NU2, the brightest observation, shows
some indication that the inner radius might be larger
than for the other observations, but this is not statis-
tically significant. The best fitting inner radii are < 9,
15+38

−13, < 39, < 25RISCO or 38, 3 − 224, 165, 106Rg ac-
counting for the spin only being constrained to a > 0.5.
Therefore, as a final effort to uncover any evolution

in the inner radius, we fix the spin a at 0.998 and refit.
This gives Rin =< 21, 24+24

−10, < 31, 14+12
−9 Rg. Again con-

firming that the fit prefers a recessed disk for NU2 and
possibly also NU4. However all values are still consistent
with a single value.

5. DISCUSSION

The observed spectra are typical for radio galaxies,
with a photon index of ∼ 1.8 and very little, if any, cold
reflection. Further, we detect a high-energy cut-off in the
average NuSTAR observation. The value of 183+51

−35 keV
is in very good agreement with the BeppoSAX value of
145+294

−66 keV (Grandi et al. 2006) and the tighter, joint

INTEGRAL-ISGRI/Swift -BAT constraint of 190+18
−66 keV

(Malizia et al. 2014). This suggests that the high-energy
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Table 3
Spectral parameters of a joint fit of all soft and hard X-ray observations of 4C 74.26. Centered values indicate that the parameter was

determined jointly from all observations. The assumed model is a combination of a cut-off power law or Comptonization continuum, cold
and ionized reflection. All emission is attenuated by Galactic and intrinisic neutral absorption and a warm absorber. More details about

the model set-up can be found in the text.

Parameter cutoffpl continuum nthcomp continuum

Absorption NH, intr. [10
21 cm−2] < 2.3 < 2.2

NH, wa [1021 cm−2] 4.0±2.0 4.2+2.1
−2.0

log ξwa [erg cm s−1] 1.1±0.2 1.1+0.1
−0.2

Continuum & Γ 1.81±0.03 1.85+0.03
−0.01

Ecut [keV] 183+51
−35 –

kTe [keV] – 46+25
−11

Cold reflection Npex [10−3] < 2.0 1.2+1.2
−1.0

Ionized reflection h [Rg] 7+6
−2 6+6

−1

Rin[RISCO] 14+6
−11 6+15

−4

a uncont. uncont.
i [◦] 35+11

−9 37+11
−10

AFe 1.0+0.5
−0.2 1.2+0.7

−0.4

log(ξ) [erg cm s−1] 2.7+0.1
−0.2 2.7+0.1

−0.2

Rion 0.46 0.43
Nrel [10

−4] 3.6+1.6
−1.4 3.7+1.4

−0.9

Cross calibration cFB 1.02±0.01 1.02±0.01
cXRT 0.85+0.03

−0.04 0.84±0.03

χ2/dof 967.2/897 972.6/897

Table 4
Best fit parameters from joint Swift-NuSTAR

observation-resolved fits with a model including a cut-off power
law continuum, cold and ionized reflection, warm absorption,
instrinisic neutral absorption and Galactic absorption. Some

parameters were kept fixed to those determined in Section 3.2; see
text for details.

Parameter NU1 NU2 NU3 NU4

Γ 1.92+0.06
−0.03 1.83+0.02

−0.03 1.82+0.03
−0.02 1.86+0.03

−0.04

Npex [10−3] < 1.1

h [Rg] 10+58
−5 > 8 > 18 25+49

−15

AFe 0.9+0.3
−0.1

a > 0.5
i [◦] 39+10

Rin[RISCO] < 9 15+38
−13 < 39 < 25

log(ξ) [erg cm s−1] 1.5+0.8
−1.1 2.7+0.1

−0.3 2.5±0.2 2.4±0.3

Nrel [10
−4] 2.0+2.9

−0.9 2.3+0.2
−0.1 1.9+0.2

−0.1 2.0+0.6
−0.1

cFB 1.02±0.02 1.03+0.01
−0.02 1.01±0.01 1.00+0.02

−0.01

cxrt 0.91±0.07 0.87+0.06
−0.04 0.92±0.06 0.89±0.05

χ2/dof 1836.4/1826

cut-off energy in 4C 74.26 is not strongly variable. The
cut-off value fits well with the measurements of the cut-
offs of other radio-loud AGN with NuSTAR. Specifi-
cally, 3C382 was found to have a cut-off of 214+147

−63 keV
(Ballantyne et al. 2014) and 3C 390.3 was found to have
a cut-off energy of 117+18

−14 keV (Lohfink et al. 2015).
Modelling the continuum of 4C74.26 directly with a

thermal Comptonization model, we are able to con-
strain the actual electron temperature instead of the
high energy cut-off. The value of the electron temper-
ature kTe = 46+25

−11 keV is in good agreement with what
would be inferred from the high-energy cut-off. Together
with the photon index we can also estimate the optical
depth via the Compton-y parameter. The resulting es-
timate for the optical depth is about three. A similarly

rather large value was found for 3C390.3 (τ = 4 − 5;
Lohfink et al. 2015), again reaffirming that the spectra
of the two sources are similar.
We also detect cold excess absorption with a column of

< 2 × 1021 cm−2, which is of similar magnitude to what
was found in Ballantyne (2005). Additionally, a mildly
ionized warm absorber improves the fit further. The exis-
tence of this warm absorber has been observed previously
by Ballantyne (2005) and Gofford et al. (2013). Both the
cold absorber as well as the warm absorber appear to be
constant with time, implying little change to the sur-
rounding of the black hole over the past decade.
The high quality spectra allow us to observe ionized re-

flection in the source (Fig. 3), 4C74.26 is one of the most
luminous objects to show such clear relativistic reflection
features. Still, constraining the accretion disk parame-
ters is difficult given the weak strength of reflection com-
pared to the continuum (Rion ∼ 0.5). The low reflection
fraction suggests that the corona could be outflowing and
the coronal emission being beamed away from the disk
(Beloborodov 1999; King et al. 2017). From the reflec-
tion spectrum we determine that a high black hole spin
is likely for the source, similar to what has been seen in
other radio-loud AGN (Lohfink et al. 2013, 2015). A pre-
vious study of the reflection spectrum by Larsson et al.
(2008) using the models reflion and kdblur constrained
the inclination of the viewing angle of the inner disk to
21+16

−6 degrees and the inner radius to > 25Rg. Their
values are in good agreement with ours if one considers
that kdblur assumes maximum spin. In our observations
a mildly recessed disk is detected from the average spec-
trum but no significant evolution of the inner radius is
seen. However, tentatively, the disk is more recessed at
higher flux, contradicting what would be expected from
the jet cycle. This would suggest that another process
is causing changes to the central regions, at least on the
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observed timescales. Without any joint radio monitor-
ing observations, however, it is hard to draw any definite
conclusions whether a jet cycle is operating during our
observations of 4C 74.26. It is also plausible that the ob-
served mild disk truncation is actually the result of the
aforementioned outflowing corona, which could beam the
emission away from the innermost parts of the accretion
disk.
Finally we note that there are no signs of a jet in the

X-ray spectrum. This is confirmed by the lack of an X-
ray excess when comparing to the ratio of radio to X-ray
luminosity for radio-quiet sources (Miller et al. 2011).
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