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ABSTRACT
We presentNuSTARX-ray observations of the active galactic nucleus (AGN) in NGC 7674.
The source shows a flat X-ray spectrum, suggesting that it is obscured by Compton-thick gas
columns. Based upon long-term flux dimming, previous work suggested the alternate pos-
sibility that the source is a recently switched-off AGN withthe observed X-rays being the
lagged echo from the torus. Our high-quality data show the source to be reflection-dominated
in hard X-rays, but with a relatively weak neutral Fe Kα emission line (equivalent width [EW]
of ≈0.4 keV) and a strong FeXXVI ionised line (EW≈0.2 keV). We construct an X-ray light
curve of NGC 7674 spanning 37 years and find that the observed 2–10 keV X-ray flux has
remained constant for the past≈20 years. Light travel time arguments constrain the mini-
mum radius of the reflector to be∼ 3.2 pc under the switched-off AGN scenario,≈30 times
larger than the expected dust sublimation radius, rendering this possibility unlikely. A combi-
nation of intrinsic fading and patchy obscuration cannot beruled out. A Compton-thick AGN
(CTAGN) solution requires a minimum line-of-sight column density (NH) of 3× 1024 cm−2,
and yields an intrinsic 2–10keV luminosity of (3–5)×1043 erg s−1. Realistic uncertainties
span the range of≈ (1–13)×1043 erg s−1. The source has one of the weakest fluorescence
lines amongstbona fideCTAGN, and potentially a local analogue of bolometrically lumi-
nous systems showing complex neutral and ionised Fe emission. It exemplifies the difficulty
of identification and proper characterisation of distant CTAGN based on the strength of the
neutral Fe Kα line.

Key words: Seyfert – X-rays: individual (NGC 7674)

1 INTRODUCTION

Obscured active galactic nuclei (AGN) dominate the overallpop-
ulation of AGN in the cosmos, especially the efficiently-accreting
sources which power the cosmic hard X-ray background radiation
(e.g. Setti & Woltjer 1989; Comastri et al. 1995; Gandhi & Fabian
2003; Gilli et al. 2007; Treister et al. 2009; Ballantyne et al. 2011;
Ueda et al. 2014). Yet, finding and characterising these objects
is made difficult by the strong absorption they can suffer across
the electromagnetic spectrum. In particular, the census ofthe
sources hidden behind extreme obscuring column densities of
gas – in particular Compton-thick AGN with column densities
NH ∼>1.5×1024 cm−2; hereafter, CTAGN – remains highly in-
complete (see Ricci et al. 2015 and Koss et al. 2016 for recentup-
dates on the hard X-ray selected CTAGN census). Even locally,

very few robust (bona fide) CTAGN are known (Della Ceca et al.
2008; Goulding et al. 2012; Gandhi et al. 2014).

One candidate of a nearby, luminous CTAGN is NGC 7674,
the brightest member of the Hickson 96 interacting galaxy group.
NGC 7674 is a known Seyfert 2, showing strong narrow optical
emission lines with full widths at half maximum (FWHM) of less
than 500 km s−1 in spectral observations carried out over three
decades ago (Feldman et al. 1982). The source also shows a pro-
lific outflow, which manifests as a prominent shoulder on the blue
wings of all the prominent narrow optical lines. The outflow has
been studied in detail usingHST spectroscopy by Fischer et al.
(2013), who find blueshifts of up to∼1700 km s−1 (and even larger
FWHM) along the narrow line region aligned with the jet axis of the
source. In the radio, NGC 7674 shows at least three separate com-
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pact components in VLBI observations on scales of≈0.7 arcsec
corresponding to≈0.4 kpc, and there have been suggestions that
the collimated ejecta associated with the radio source could also
drive the optical-emitting line outflow (Unger et al. 1988).Even
higher resolution VLBI observations by Momjian et al. (2003) re-
veal a complex ‘S’–shaped structure, which could result from in-
teractions of the jet with the interstellar medium. Using the [O III ]
emission line as a bolometric luminosity indicator, Xu et al. (1999)
classify NGC 7674 as a radio quiet AGN.

The source was first reported to be a refection-dominated
AGN by Malaguti et al. (1998) fromBeppoSAXX-ray observations
carried out in 1996, with the direct (intrinsic) continuum being fully
absorbed by a Compton-thick gas column.BeppoSAXdetected
NGC 7674 over the energy range of∼ 0.1–60 keV. Malaguti et al.
reported a complex structure to the neutral Fe Kα line, and esti-
mated a high intrinsic AGN luminosity assuming a scatteringge-
ometry similar to NGC 1068.

But theBeppoSAXobservation was not the first X-ray obser-
vation of the source. As detailed in a historical X-ray analysis by
Bianchi et al. (2005), the source was likely detected by theHEAO
mission in the late 1970s at a 2–10 keV flux level almost 30 times
brighter (Grossan 1992) and subsequently with an intermediate flux
by Ginga (Awaki et al. 1991). Bianchi et al. (2005) discuss several
potential caveats to these detections, includingHEAO contamina-
tion by nearby sources, and systematic uncertainties related to the
background level27 measured byGinga, and conclude that the com-
bined weight of evidence favours the historical source detections
being real. TheGinga spectrum is a lightly absorbed power law
(with NH <2×1022 cm−2) with an upper limit of 80 eV to the
equivalent width (EW) of any neutral Fe Kα emission line. The
source then declined by an order of magnitude in continuum flux
by the time it was observed byBeppoSAXto be Compton-thick.
Such behaviour might argue for the source being a member of the
class of ‘changing-look’ AGN (e.g., Matt et al. 2003), associated
with clumps of obscuring clouds transiting across the line-of-sight
(l.o.s) resulting in apparent changes inNH(l.o.s). The most famous
example of this class is NGC 1365 which shows dramaticNH vari-
ability on timescales of days (Risaliti et al. 2005).

However, anXMM-Newtonobservation carried out 6 years
later (in 2004) also showed a reflection-dominated spectrumcom-
pletely consistent in shape as well as flux withBeppoSAX, un-
like what may be expected in a changing-look AGN. Bianchi et al.
(2005) interpret the source as potentially having switched-off, with
the spectrum observed byBeppoSAXandXMM-Newtonbeing the
reflection component which is delayed with respect to the direct,
illuminating power law (PL). Another source that has been dis-
cussed from these two opposing perspectives recently is NGC7582
(Rivers et al. 2015). Bianchi et al. (2005) also found a weak Fe Kα
emission line, possibly blended with an ionised FeXXVI line at
6.97 keV.

Approximately 10 years after the lastXMM-Newtonobser-
vation, NGC 7674 was observed bySuzakuin 2013 and then by
NuSTARin 2014, in addition to several snapshot observations by
theSwiftsatellite between 2011 to 2014. Here, we present a spec-
tral analysis of these unpublished observations, and combine this
with historical data to study the long-term source evolution. We
discuss and place constraints on the switched-off AGN as well
as the CTAGN scenarios. Finally, we touch upon the relevance
of the complex Fe lines for the identification and characterisa-

27 see also Smith & Done (1996).

Table 1.Observation Log

Mission Instrument(s) Observation date Exposure
ks

NuSTAR FPMA/B 2014-09-30 52.0/51.9
Suzaku XIS0/1/3 2013-12-08 52.2/52.2/52.2
Swift XRT 2011-01-28...2014-10-08† 48.8†

† ForSwift, 17 observations are combined here. See Appendix for details.

tion of distant CTAGN. We assumeH0 = 67.3 km s−1 Mpc−1 and
ΩΛ = 0.685 (Planck Collaboration 2014), corresponding to a dis-
tance of 126 Mpc corrected to the reference frame defined by the
cosmic microwave background. The source systemic redshiftis
z = 0.0289. All X-ray spectral fitting is carried out with theXSPEC

package v12.9.0 (Arnaud 1996) and uncertainties are quotedat
90% confidence, unless stated otherwise.

2 OBSERVATIONS

A log of the NuSTAR, SuzakuandSwift X-ray observations anal-
ysed herein is presented in Table 1, and the individual data sets are
described in this section.

2.1 NuSTAR

NGC 7674 was observed byNuSTAR(Harrison et al. 2013) for
about 52 ks of exposure on 2014 Sep 30 (ObsID 708023010).NuS-
TARis the first orbiting telescope capable of focusing X-rays above
∼10 keV, operating over the energy range of 3–79 keV. The data
were processed using standard steps and theNuSTARData Analysis
Software (NUSTARDAS) v.1.3.0 which is provided as part ofHEA-
SOFT28 and associatedFTOOLS(Blackburn 1995).NuSTARCALDB

calibration files were used to generate cleaned event files after fil-
tering for South Atlantic Anomaly passages and the standarddepth
cut, in order to reduce instrumental background.

Source spectra were extracted using a circular aperture 45′′ in
radius centred on the source position in both focal plane modules
(FPMs). Background spectra were extracted from source freere-
gions on the detector. Thenuproducts task was used to extract
these calibrated spectra and to generate corresponding response
files. All spectra were grouped to a minimum signal-to-noiseof
at least 4 per grouped energy bin after background subtraction for
fitting purposes.

The source is well detected in both FPMs with 3–78 keV count
rates per second of 2.92±0.08 (FPMA) and 2.53±0.08 (FPMB).

2.2 Suzaku

About 52 ks of exposure were obtained on 2013 Dec 08 with
Suzaku. The X-ray Imaging Spectrometer (XIS; Koyama et al.
2007) is sensitive over≈0.5–10 keV. StandardFTOOLS software
for Suzakuwas used for data reduction and cleaned event file gen-
eration with recommended filtering. Source counts were extracted
from within a 3.4 arcmin radius aperture for integrating XISsource
counts, and background counts from a larger source-free polygon.

28 https://heasarc.gsfc.nasa.gov
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The generated spectra and responses of the two front-illuminated
(FI) detectors were combined together, and this was analysed si-
multaneously with the back-illuminated (BI) detector data. For the
fitting, we ignore the energy ranges of 1.7–1.9 keV and 2.1–2.3 keV
because of calibration uncertainties.

The source was also observed by the Hard X-ray Detector
(HXD; Takahashi et al. 2007; Kokubun et al. 2007). The HXD/PIN
data (the PIN array is sensitive between≈15–60 keV) were re-
duced using standard tasks. TheFTOOLS routinehxdpinxbpi
is a pipeline task that first extracts spectral counts and corrects
these for deadtime. Using the ‘tuned’ background model for the
target observation provided by theSuzakuteam as a starting point
(Fukazawa et al. 2009),hxdpinxbpi also outputs a background
spectrum including the cosmic X-ray background (CXB) compo-
nent. However, after background subtraction, the residualsource
count rate was found to be 0.013 cts s−1 (15–60 keV), which is
≈5.0 % of the gross count rate and similar to the level of back-
ground reproducibility for observations after 2012.29 We conserva-
tively consider the source as a non-detection but note that fitting a
PL to the detected net counts between 15 and 60 keV returns an ob-
served fluxF15−60 ≈5×10−12 erg s−1 cm−2, which is similar to
the observedNuSTARflux in the same band with the best fit models
that we will discuss in the Results section.

NGC 7674 is also too faint to be detectable in the HXD/GSO
array sensitive to much higher energies, and those data are not con-
sidered here.

2.3 Swift

The source has been observed bySwift (Gehrels et al. 2004) on 17
occasions 2011 onwards, with exposure times ranging over≈470–
5100 s using the X-Ray Telescope (XRT; Burrows et al. 2005) sen-
sitive to photons between∼0.3–10 keV. The individual observa-
tions are listed in the Appendix. We extracted source and back-
ground spectra, together with response files, using the standard
XRT Data Analysis Software tools withHEASOFT. The version
of XRTPIPELINE used was 0.13.0. Source counts were extracted
within a 20′′ radius aperture, and background was extracted from
an off-source sky region. Upper limits (for detection significance
less than 10−3) were estimated using thesosta command in the
XIMAGE package.

We first analysed the spectra individually, but the source lies at
the limit of detectability in these observations, yieldingonly weak
detections for observations longer than 2 ks, and non-detections in
other cases. Nevertheless, the individual observations (detections
and limits) allow a first check for any strong variations withtime.
These fits are also described in the Appendix, and no significant
variations are found.

We then extracted a coadded XRT spectrum by combin-
ing the event files of the individual observations. This yields a
dataset with a total exposure time of 48.8 ks. The source is well
detected in this combined exposure, with a net count rate of
7.9 (±0.4)×10−3 ct s−1 over the energy range of 0.5–10 keV.

The source is classified as a non-detection by the Burst Alert
Telescope (BAT; Barthelmy et al. 2005) sensitive over 14–195 keV
using standard analysis adopted for the 70-month all-sky survey
(Baumgartner et al. 2013), and we do not consider the BAT data

29 www.astro.isas.jaxa.jp/suzaku/analysis/hxd/pinnxb/
tuned/140530bgdd.pdf

further in this work. We do note, however, that a custom anal-
ysis by Koss et al. (2013) finds a 4.2σ detection at the position
of NGC 7674 with a fluxF14−195 = 9.9+5.1

−0.2 ×10−12 erg s−1 cm−2,
consistent with that inferred from ourNuSTARanalysis described
later.

2.4 Optical Spectroscopy

In preparation for, and in support of, theNuSTARobservations,
we also obtained optical spectroscopy of NGC 7674 using the
Low Resolution Imaging Spectrometer (LRIS) on the Keck Tele-
scope (Oke et al. 1995). The observations were carried out on
2014 June 25 through a 1.′′0 wide slit, using both the blue (600
lines mm−1) grism and the red (400 lines mm−1) grating, with the
D560 dichroic. The night was photometric, with seeing closeto
0.′′7.

The blue spectral region is dominated by strong emission lines
with blueshifted components, as reported in many previous works
(e.g. Feldman et al. 1982). The red spectral region containsthe iso-
lated CaII absorption triplet, which can be used to estimate the cen-
tral black hole mass. This estimate is presented in the Appendix.
The instrumental resolution in the red spectral region was measured
to be 7.′′4Å using arc lamp spectra, corresponding to a velocity res-
olution ofσinstr. = 107 km s−1 close to the observed wavelength of
the Ca triplet feature.

2.5 X-ray Spectral Analysis Methodology

In this section, we start by checking for consistency of the data
between the various missions, and then describe the detailsof the
spectral analysis models.

2.5.1 Basic characterisation

Fig. 1 shows theNuSTAR, Suzaku, andSwift data sets overplotted
in count rate units, stretching over two decades in observedenergy
from 0.5–78 keV. The spectral shape approximately matches be-
tween the missions and instruments over common energy ranges.
In particular, there appears to be a broad hump dominating the
NuSTARband above 10 keV and a sharp emission feature around
6 keV. These are strongly reminiscent of reflection resulting from
Compton scattering and neutral Fe fluorescence, a common char-
acteristic of obscured AGN X-ray spectra. The hump extends down
to ∼3 keV in all data sets, below which a different component ap-
pears to dominate in both theSuzaku/XIS andSwift/XRT data with
the spectrum rising and peaking around 1 keV.30

Fitting a PL to the continuum31 over the common en-
ergy range of 3–10 keV simultaneously to all missions returns a
photon indexΓ= 0.73±0.11 with an acceptable fit statistic of
χ2/dof = 99.9/92. This is much harder than the typical intrinsic
photon indices (〈Γ〉 ∼ 1.9) seen in AGN X-ray spectra (cf.
Nandra et al. 1997; Mateos et al. 2005; Piconcelli et al. 2005) and
is suggestive of heavy obscuration. Fitting the same model to the
data from each mission separately, the observed 2–10 keV fluxes
span the range ofF2−10 ≈ (7–14)×10−13 erg s−1 cm−2 between
the missions (with the harderSwiftphoton index giving the highest
flux), and are fully consistent with each other at 90 % confidence.

30 Related to the peak in the effective area, in the spectral units of Fig. 1.
31 After ignoring the range of 5.5–7 keV around the neutral Fe Kα line.
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We note a mild discrepancy in theSwift XRT data with re-
spect to the other missions. When examining the individual photon
indices in the above fit to each mission separately, we findΓXRT = –
0.68±1.26. This is harder than the medianΓ value from the other
missions at 90 % confidence. But at 95% confidence, we find that
all missions do agree. The cause of this slight mismatch is not clear
but is unlikely to be related to differing aperture sizes used for ex-
tracting spectra for the different missions, because we expect the
unresolved AGN alone to be the dominant contributor at theseen-
ergies. Instead, at soft energies, one may expect spatiallyextended
emission and larger differences, which we will discuss later. In any
case, since this discrepancy is relatively mild, and since all other
observations are fully consistent with each other, we consider a
joint analysis of theNuSTAR, SuzakuXIS, and coaddedSwiftXRT
data to be justified, and this is the approach we follow in the rest of
this paper.

2.5.2 Reflection models

For the detailed spectral fits, we will be fitting X-ray re-
flection models over much of the hard X-ray energy range.
There are several canonical models available for fitting heav-
ily obscured AGN spectra inXSPEC. Traditionally, PEXRAV

(Magdziarz & Zdziarski 1995) and its successorPEXMON includ-
ing fluorescence (Nandra et al. 2007) have been used to charac-
terise reflection features. These assume a slab obscurer/reflector
with an infinite optical depth, as may be expected in a stan-
dard geometrically-thin accretion disc. The incident source in X-
rays is associated with power law radiation (PLAGN) from a hot
electron accretion disc corona. More recently, there are models
which simulate X-ray processing in finite optical depth toroidal
media which are more physically appropriate for obscured AGN.
Murphy & Yaqoob (2009) provide tabulated results of Monte Carlo
simulations of an AGN illuminating a doughnut shaped torus with
a fixed opening angle and covering factor of 0.5 (theMYTORUS

model). Brightman & Nandra (2011) assume, instead, a torus de-
fined as a conical section of a sphere with variable opening an-
gle and hence variable covering factor (theTORUS model). Both
models assume Solar abundances and treat absorption, reflection
and Fe Kα fluorescence self-consistently.MYTORUS additionally
allows the freedom to vary the parameters of the scatterer, the l.o.s
obscurer, and the fluorescer, decoupled from one another. Both
torus models assume that there is noe-folding cut-off energy to
PLAGN. For consistency, we make the same assumption inPEX-
MON. All models assume a uniform gas density spatial distribution.

Since the geometry of the obscuring/reflecting medium is un-
known, we will use all three geometries above and investigate the
range in intrinsic properties that can satisfy the observations.

2.5.3 Additional model components

Fixed Galactic absorption (PHABSGal) with
NH = 4.27× 1020 cm−2 (Dickey & Lockman 1990) was in-
cluded in all models. We also included constants to account for
cross-calibration uncertainties between the various detectors and
missions. We found that one or twoAPEC (Smith et al. 2001) com-
ponents and a soft power law (PLsoft) were required to represent
the energy range below∼2 keV in some models. We emphasise
that these components are meant to serve as parametrisations
only. Previous works have shown that the origin of the soft X-ray
photons in obscured AGN is a complex mixture of AGN photoion-
isation, starburst emission, and low level contributions from X-ray

binaries, among various possible origins (e.g. Sako et al. 2000;
Kinkhabwala et al. 2002; Cappi et al. 2006; Guainazzi & Bianchi
2007). Separating these various possible components in NGC7674
will require high spatial and spectral resolution observations with
¸andAthena, respectively. Our main focus is the origin of the higher
energy X-rays, so we use theAPEC and PLsoft components simply
to ensure that the spectral fits over the soft regime are statistically
acceptable. In addition, we may expect spatially extended soft
emission to contribute in differing amounts to theSuzakuandSwift
spectra because of the differing spectral extraction apertures tuned
to the sizes of the respective telescope point spread functions. We
account for this simply by allowing theAPEC components to vary
independently between these two missions. The only cross-check
applied in this regard is that the soft X-ray flux measured bySwift
XRT (with the smaller aperture) should not exceed that observed
in SuzakuXIS.

With regard to other components, some models preferred sev-
eral layers of absorption in addition to Galactic, as follows:

(i) All models with a transmission component required a thick
nuclear absorber, which we associate with the classical com-
pact torus having a l.o.s. column density ‘NH(nuc)’ well above
1024 cm−2.

(ii) Most models preferred the inclusion of a weak absorber
screening the soft thermal and power law components (denoted
by ‘NH(host)’ with values of a few times 1021 cm−2). This corre-
sponds to weak host galaxy reddening and is consistent with optical
reddening of the Narrow Line Region, as we discuss later.

(iii) One particular partial covering (PC) model that we will in-
vestigate requires an additional absorber with an intermediate col-
umn obscuring a fractionfPC of the reflected and scattered AGN
components (‘NH(PC)’∼1023 cm−2). This component is not re-
quired in all models, and we discuss the viability of this solution
later.

Finally, we found that inclusion of a Hydrogen-like FeXXVI line
at 6.97 keV, probably related to the ionised scattered continuum,
provided a significant improvement in all models.

Our model values at any energyE can most generically be de-
scribed as follows.

F (E) = C e−τ(Gal) e−τ(host) [ APEC(s)+ PLsoft

+ e−τ(PC) [ Torus(Γ, NH(nuc)) + fPC PLAGN(Γ) + Line ] ],

where ‘Torus’ represents one of our three primary models including
either (i) PEXMON (Model P), or (ii) Brightman & NandraTORUS

(Model T), or (iii) Murphy & YaqoobMYTORUS (Model M), in or-
der to model the primary nuclear obscurer and reflector with col-
umn densityNH(nuc). ‘C ’ represents cross-calibration constants,
τ is the optical depthNH ×σ(Ez) at the rest-frame energyEz of
the absorber, and ‘Line’ refers to the FeXXVI emission line. All
components are functions ofE. We emphasise that not all models
require the complexity implied by the above generic description of
components.

c© 0000 RAS, MNRAS000, 1–19
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Figure 1. TheNuSTAR, SuzakuandSwiftdata plotted in observed count rate units.

3 RESULTS

3.1 Model P: PEXMON

We began with fitting Model P (PEXMON). This slab reflection
model can fit the Compton hump successfully but strongly over-
predicts the Fe Kα line strength when using fixed abundances at the
Solar value. Letting the elemental abundance (A=AFe) vary freely
yields an acceptable solution (χ2/dof = 324.7/305) withΓ=2.1+0.2

−0.1,
A= 0.5± 0.1 and a slab inclination of at least 77 deg. The inclina-
tion affects the ‘peakiness’ of the Compton hump, with lowerin-
clinations being too ‘peaky’ as compared to the data. This model P
solution is plotted in Fig. 2 and fit parameters are listed in Table 2.
The bottom panel in the same figure demonstrates the strong FeKα
residuals withA fixed to Solar andΓ= 2.1 (fixed to the same value
as the canonical model P); lettingΓ vary freely did not provide a
better fit than that stated in Table 2.

A transmitted component of the direct AGN power law
(PLAGN) is included in this model. Compton scattering and pho-
toelectric absorption by the torus are simulated with standard mul-
tiplicative modelsCABS and ZPHABS, respectively, with the gas
column densityNH(nuc) tied between the two models. The best-fit
NH(nuc) = 3.4+0.8

−0.6 ×1024 cm−2. The reflection component domi-
nates the absorbed transmitted component over the entire spectral
range probed, i.e. the source is fully reflection-dominated. The ex-
cess of the reflection component is a factor of∼3 around 30 keV.
We note that excluding the transmission component results in a
moderate increase in the fit statistic toχ2/dof = 334.5/305, which
is only marginally significant at the 3σ level. In other words, a
transmission component is not strongly required.

We find that the cross-calibration constants between the var-
ious missions are consistent with 1 within the uncertainties. The
strength of the FeXXVI line is EW(FeXXVI )≈ 200 eV. At the
soft end, theSuzakuXIS data require twoAPEC components with
temperatureskT ≈0.1 and 0.6 keV, whereas theSwift XRT data
probing smaller apertures require only a single lower temperature
component. TheAPEC abundances are∼ 0.01–0.2. Multiple ther-

mal models with widely differing temperatures and abundances
are quite common in luminous infrared galaxies (e.g. Ranalli et al.
2008) and have also been seen in other CTAGN (e.g. Konami et al.
2012). However, we emphasise that we are not attempting to con-
strain the origin of the soft X-ray emission in detail here.

The model is best fit with only one additional layer of
absorbing column densityNH(host) = 4.0+2.1

−1.6 ×1021 cm−2. This
is a rather thin screen and corresponds to an optical extinc-
tion EB−V = 0.7+0.4

−0.3 mag for a standard Galactic gas-to-dust ratio
(Bohlin et al. 1978). This is consistent with the reddening expected
from the Balmer decrement of 4.80 (Bassani et al. 1999). Remov-
ing this layer significantly worsens the fit toχ2/dof = 342.1/306.
But most of the change is concentrated at the softest energies (re-
sulting in an increasedAPEC temperature) which we are not mod-
elling in detail; the primary AGN reflection component is unaf-
fected.

3.2 Model T: TORUS

PEXMON assumes a slab geometry with infinite density, which
is unlikely to be representative of the toroidal obscurer envis-
aged by AGN unification schemes. So we next turned to the
Brightman & NandraTORUSmodel. This also allows us to explore
alternatives to our lowAFe solution, because abundances are fixed
at Solar values in this model. In this case, an acceptable solu-
tion may be found if we effectively dilute the continuum emission
from the torus at the Fe Kα line energy with a stronger scattered
component that we associate with a partially covered power law
(PLPC).32 Such a solution is plotted in Fig. 3, whereNH(nuc) is
above 1025 cm−2, well within the Compton-thick regime. A frac-
tion (fPC ≈4 %) of PLAGN is scattered into the l.o.s. and raises

32 See the presentation by T. Yaboob at
http://cxc.cfa.harvard.edu/ChandraDecade/ for more
discussions of such a warm scatterer scenario.
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Figure 2. PEXMON model fit to theSuzakuXIS FI (black), XIS BI (red),NuSTARFPMA (green), FPMB (blue) andSwiftXRT (cyan) data. The central panel
shows the fit residuals. The Fe abundance for this fit is close to 0.5 (Table 2). The bottom panel shows the residuals to a fit with fixed abundanceA= 1. Notice
the strong over-prediction at the neutral Fe Kα energy.

the continuum at the Fe Kα line energy enough to produce a fully
acceptable fit (χ2/dof = 320.2/300). For this fit, we froze the incli-
nation angleθinc of the torus to be close to edge-on, as is recom-
mended for exploration of the full range of possible covering fac-
tors (Brightman et al. 2015).33 Opening anglesθtor smaller than
51 deg are excluded because they produce a Compton hump peakier
than required by the data. Large values ofθtor are allowed up to
θtor = 77 deg, beyond which the torus effectively becomes too geo-
metrically thin to produce a sufficiently strong Compton hump.

In this model, however, PLPC itself must be obscured by an in-
termediate columnNH(PC)∼1023 cm−2 so as not to overproduce
the soft X-ray flux. This absorbing column is≈20 times higher
than the large-scale absorbing layer (NH(host)) discussed in the
previous sub-section, and would imply correspondingly higher op-
tical reddening. NGC 7674 is a known luminous infrared galaxy
with ongoing star formation and potential interaction withits neigh-
bour NGC 7675 – all of which could result in obscuring matter be-
ing strewn around the host galaxy on multiple scales. Therefore,
such an obscuring screen may be associated with an additional ab-
sorber in the innermost parts of the host galaxy which obscures the
emergent flux from the nuclear regions (including the reflected and

33 There are uncertainties in this model at edge-on inclinations, as dis-
cussed by Liu & Li (2015). We checked that varyingθinc did not affect our
final inferences. This is also apparent from the similarities between models
T and M, with the latter being unaffected by the same uncertainties.

scattered AGN flux). Detailed spatially resolved studies ofthe nu-
clear region so far neither require, nor rule out, such a screen. For
example, the study of Fischer et al. (2013) does not show an obvi-
ous [OIII ] flux decrement at the nucleus, but the spatial resolution
of their spectral sampling is≈ 30 pc, much larger than the typi-
cal sizes of compact tori, and may potentially allow for additional
absorbers below the resolution limit. Alternatively, the outflowing
gas associated with the powerful nuclear outflow may also serve as
a screening medium for X-rays. Finally, as will be discussedin the
next section, relaxing the constraints on elemental abundances can
alleviate the need for this screen altogether.

The soft energies can be fitted in a very similar fashion to
Model P, with one difference being the presence of a significant,
but faint, PLsoft component. We found that we needed to fix the
PLsoft slope in this case, otherwise the fit attempted a very hard
slope with contribution to the highest energyNuSTARrange. Since
the purpose of this component is to account for the soft energies,
we fixedΓsoft = 2.0, similar to the spectral slope of the emission
from X-ray binaries (e.g. Ranalli et al. 2003). We also checked
that allowing small variations of∆Γsoft =± 0.3 do not affect the
modelling of the main AGN component.

3.3 Model M: MYTORUS

We first fitted a standard ‘coupled’MYTORUS model here with all
parameters between the l.o.s. and toroidal scattering components
tied to each other. This solution is very similar in essence to model
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T, and the fit statistic ofχ2/dof = 325/300 is compatible with both
previous models. Quantitatively, models T and M differ in that
the derived equatorial column density through the torus (NH(eq))
is pegged at the allowed upper model threshold of 1025 cm−2 in
model M. Similarly,θinc is just above (and very close to) the al-
lowed lower model threshold ofθinc = 60◦. Such parameter pegging
has been seen in other objects also, and reflects the constraint of the
assumed doughnut geometry in this model as a result of which the
value ofNH(nuc) is directly coupled toθinc (e.g., Gandhi et al.
2014; Baloković et al. 2014; Lansbury et al. 2015). Smallerincli-
nation angles are not obscured by the torus in this model, whereas
higher θinc values produce a Compton hump which is too peaky
relative to the data. Additional model components are also very
similar to model T. The fitted parameters of this model are listed in
Table 2 and the solution is shown in Appendix figure A1.

3.3.1 DecoupledMYTORUS model

We next tried several versions of the more complex ‘decoupled’
mode inMYTORUS. In this mode, the direct l.o.s. absorption, the
toroidal Compton scattering emission, and the fluorescenceemis-
sion components are not necessarily coupled to each other. By vary-
ing theNH, the inclination angles or the relative normalisations as-
sociated with these components, one can effectively simulate a va-
riety of scenarios including a clumpy obscurer or varying elemental
abundances (for example). This can alleviate the need for the par-
tial covering component that we introduced in Section 3.2 todilute
EW(Fe Kα). We confirmed that simply decoupling the normalisa-
tion constant of the fluorescence lineAL from the normalisation
of the Compton scattering componentAS allowed a very good fit
(with a fitted sub-unity value ofAL = 0.26± 0.06) with no partial
covering required, equivalent to model P. The problem is that such
a decoupling cannot be self-consistently interpreted as having sub-
Solar abundances, because of the assumption of Solar abundances
for the Compton scattering component that produces the overall
continuum shape of the Compton hump.

We also attempted more complex scenarios that could poten-
tially alleviate the need for partial covering, including having mul-
tiple scatterers. Such a scenario includes two components inclined
at orthogonal angles of 0 [face-on] and at 90 deg [edge-on] with
AS =AL for each component, and is discussed at length by Yaqoob
(2012). But these models appeared to require extreme decoupling
between the two scatterers. For instance, allowing freely varying
cross-normalisation constants between these scatterers,the face-on
reflection component (AS0 in Yaboob’s terminology) prefers a nor-
malisation∼>5 times stronger than the edge-on component (AS90)
responsible for the l.o.s. obscuration. This implies a strong depar-
ture from the default time-steady illuminatedMYTORUS geometry
with covering factor of 0.5. Such a scenario with strong variability
on characteristic timescales relevant to the inner torus isdiscussed
and argued against in Section 4.2.2.

Alternatively, the column densities between the two scatter-
ers may also be untied. This is equivalent to simulating a clumpy
medium with the line-of-sight obscuration differing from global.
Such a solution is shown in Fig. 4. The spectrum can be crudely
fit (χ2/dof = 371/301) with a low l.o.s column associated with the
edge on obscurer34 NH(nuc) = 1.3 (±0.3)×1023 cm−2, but only
with a very hard power lawΓ= 1.40+0.08

−u pegged at the lower
limit allowed by the model. The out-of-sight global column from

34 denoted by MYT(Z90) in the figure, as in Yaqoob 2012]

the face-on scatterer isNH(S0) = 2.4+1.7
−0.8 × 1024 cm−2.35 There is

more than an order of magnitude difference between the two col-
umn densities. In order to prevent the strong normalisationdepar-
ture mentioned in the preceding paragraph, we limitedAS0 to a
maximum value of 1.20, and the fit does, indeed, want to exceed
this limit, with AS0 pegged at 1.20+u

−0.07. The scattered fraction
(equivalent to ‘fPC’ in the previous section) of the intrinsic PLAGN

is 0.12+0.04
−0.06. The fit statistic is much worse (∆χ2 = +46) than the

default model M solution shown in Table 2.
Scenarios with strong clumpiness have been discussed for

Mrk 3 (Yaqoob et al. 2015; Guainazzi et al. 2016). But such a sce-
nario is not obviously applicable to NGC 7674. Mrk 3 is known to
be continuously variable in flux and line-of-sight column density,
whereas NGC 7674 has been stable since theBeppoSAXobserva-
tions in 1998. Furthermore, it is clear from the discussion of the
pegged photon index and normalisation values above that thefit is
attempting to converge on a harder, more reflection-dominated con-
tinuum shape, suggesting that it does prefer a higher line-of-sight
column density.

Unless the direct PLAGN component can berobustlydetected,
such solutions are highly complex and degenerate, and do notyield
any obvious physically useful insights on the nuclear medium be-
yond our three canonical models discussed in Table 2. This ispar-
ticularly true for reflection-dominated AGN with no direct detec-
tion of PLAGN (e.g., see detailed discussion in Yaqoob 2012 on
this point). Therefore, although we cannot rule out more complex
models at this stage, we do not investigate the decoupled modes in
greater detail herein. Future high signal-to-noise broadband spec-
tra, and robust detections of reflection features such as thefluores-
cence Compton shoulder with X-ray calorimeters, could yield more
insight on such models.

4 DISCUSSION

4.1 Intrinsic luminosity

Our three models return intrinsicL2−10 values ranging over≈ (3–
5)× 1043 erg s−1 for the best fit parameters in Table 2. The nar-
row range of these luminosities is noteworthy, despite the dif-
fering geometries inherent to these models. Placing this range
in the context of other well-known CTAGN, the luminosity of
NGC 7674 is similar to NGC 1068, and is factor of≈2 lower
than Mrk 34 (Bauer et al. 2014; Gandhi et al. 2014). The former
object is the prototypical reflection-dominated AGN, whilethe
latter is the most luminous known bona fide CTAGN within
∼250 Mpc. For theobserved(i.e. absorbed) spectra, we have
F obs
2−10 = 7.7×10−13 erg s−1 cm−2, or Lobs

2−10 = 1.5×1042 erg s−1

– a factor of≈ 20–30 times lower than the inferred intrinsic power.
In order to estimate realistic uncertainties on the intrinsic lu-

minosities, we stepped over a 2-dimensional grid ofΓ and normal-
isation (N ) for the intrinsic PLAGN – the two parameters which
determine the absorption-corrected flux (and hence direct luminos-
ity). Carrying out fits over the grid yields aχ2 value for each com-
bination ofΓ andN , and thus effectively for each value ofL2−10.
Different combinations of the two starting parameters can return
identicalL2−10 values, so the 1-dimensional space ofχ2 as a func-
tion of L2−10 is not unique. But the overall uncertainties can be
gauged from theenvelopeof χ2 contours for all combinations. This
envelope is plotted in Fig. 5 for both models M and T. The figure

35 denoted by MYT(S0) and MYT(L0); Ibid.
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Table 2.Results of X-ray spectral fitting to NGC 7674

Component Parameter Model P Model T Model M Units

Primary Absorber/Reflector NH(nuc) 3.4+0.8
−0.6 36

+u
−10 5.5+u

−2.3 1024 cm−2

NH(eq) ′′ ′′ 10.0+u
−4.1 1024 cm−2

θinc 85+u
−8 87.1f 65

+9
−4 deg

θtor – 62+15
−11 – deg

R –1f – –
AFe 0.51+0.10

−0.11 – –
EW(Fe Kα) ................ 0.38+0.10

−0.09 ................† keV
EW(FeXXVI ) ................ 0.20+0.11

−0.09 ................† keV
PLAGN Γ 2.07+0.15

−0.11 1.80+0.15
−0.11 1.93+0.28

−0.12

Additional components
ZPHABShost NH(host) 4.0+2.1

−1.6 3.1+1.7
−1.1 3.4+0.2

−0.2 1021 cm−2

APECa1 kTapec1 0.11+0.03
−0.02 0.12+0.03

−0.03 0.11+0.04
−0.04 keV

Aapec1 0.1+u
−0.08 0.1+0.6

−0.09 0.1+0.8
−0.07

APECa2 kTapec2 0.56+0.07
−0.07 0.59+0.07

−0.07 0.59+0.09
−0.08 keV

Aapec2 0.3+0.8
−0.1 0.2+0.5

−0.1 0.3+0.5
−0.2

APECa3 kTapec3 0.17+0.05
−0.04 0.15+0.06

−0.04 0.14+0.06
−0.04 keV

Aapec3 0.01+0.07
−u 0.01+0.11

−u 0.01+0.16
−u

POWsoft Γsoft – 2.0f 2.0f

Norm – 2.5+1.2
−1.5 2.5+1.4

−1.5 10−5 ph keV−1 cm−2 s−1

Partial Covering fPC – 3.5± 1.2 6.1+3.6
−3.1 10−2

ZPHABSPC NH(PC) – 9.4± 2.5 10.6+3.3
−2.3 1022 cm−2

CXIS BI
XIS FI cross-calib CONST 1.00± 0.07 1.01± 0.07 1.00+0.07

−0.07

CFPMA
XIS FI cross-calib CONST 1.06+0.08

−0.07 1.11± 0.08 1.12+0.09
−0.08

CFPMB
XIS FI cross-calib CONST 1.04+0.09

−0.07 1.10+0.05
−0.08 1.11+0.09

−0.09

CXRT
XIS FI cross-calib CONST 0.98+0.13

−0.13 1.01± 0.14 1.00+0.15
−0.14

χ2/dof 325/305 320/300 325/300

Model P:PEXMON component fit (Nandra et al. 2007).
Model M: MYTORUS coupled component fit (Murphy & Yaqoob 2009).

Model T: TORUSmodel component fit (Brightman & Nandra 2011).uunconstrained.f fixed.
†Equivalent width measured using a simple Gaussian atop a locally fitted powerlaw continuum.
aAPEC1 andAPEC2 represent thermal components inSuzakuXIS, andAPEC3 is for SwiftXRT.
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Figure 3. Suzaku, SwiftandNuSTARdata fits with the reflection model T. Colours are as in Fig. 2.
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Figure 4. DecoupledMYTORUS model fit with the direct component absorber (MYTZ90) orientation being 90 deg, and the reflection being dominated by the
face-on scatterer MYTS0 and its corresponding fluorescenceemission from MYTL0.

shows that realisticL2−10 uncertainties span the range of≈ (1.3–
13)×1043 erg s−1, or about an order of magnitude.

Our estimate of the mass of the supermassive black hole
(SMBH) in NGC 7674 isMBH <107.43 M⊙ (see Appendix). Us-
ing our best-fitL2−10 range of (3–5)×1043 erg s−1 together
with a bolometric correction likely range ofLBol/L2−10 ≈ 10–20
(Vasudevan & Fabian 2007), we estimate an Eddington ratio range
of LBol/LEdd> 0.09–0.29. Including the full range of X-ray lumi-
nosity uncertainties expands this range toLBol/LEdd >0.04–0.74,
implying the presence of an efficiently accreting AGN.

4.1.1 Multiwavelength comparisons

Multiwavelength scaling relations are very useful for compari-
son of intrinsic luminosity estimates, especially in the heavily
Compton-thick regime where the direct X-ray emission is notde-
tected. Two commonly used multiwavelength indicators of intrinsic
AGN power are the mid-infrared continuum and the optical forbid-
den emission line luminosities, in particular the [OIII ] ł5007Å line
doublet (e.g. Gandhi et al. 2009; Lamastra et al. 2009, and refer-
ences therein). We compare NGC 7674 to these relations here.

NGC 7674 has been observed at high angular resolution in
the mid-infrared using 8 m class telescopes. It is found to have
a 12µm infrared luminosity ofL12 = 1.8(±0.3)×1044 erg s−1

(Asmus et al. 2014). Using this value ofL12, the relation be-
tween infrared and X-ray luminosities for local AGN (Asmus et al.
2015; Gandhi et al. 2009) predicts an intrinsicL2−10 range of (6–
9)×1043 erg s−1 at 68 % confidence, which is marginally higher
than the mean best fit luminosities from our spectral analysis,
but entirely consistent with the full confidence regions forboth
models shown in Fig. 5. Assuming a 6µm luminosity lower by
a factor of 2 as compared toL12 (cf. Goulding et al. 2012) to-
gether with theL6/L2−10 relation by Stern (2015) relevant for
high luminosity AGN, the predictedL2−10 decreases by a fur-
ther 0.1 dex. The angular resolution of the mid-infrared observa-
tions used (seeing-limited at≈ 0.4 arcsec) corresponds to a physi-
cal scale of≈0.24 kpc for the unresolved nuclear emission at the
distance of NGC 7674, and represents the best direct measureof

the intrinsic AGN power, with emission from surrounding star for-
mation being resolved out. A further check on any contamination
by non-AGN components may be obtained from the mid-infrared
colour of NGC 7674 as tabulated in theWISE/AllWISE catalogue
(Wright et al. 2010; Cutri et al. 2013). TheW 1–W 2 colour is
1.16±0.03 mag, which places the source above the colour thresh-
old of W 1–W 2>0.8 identified by Stern et al. (2012) where the
mid-infrared emission is likely to be AGN-dominated.

Comparing next to the [OIII ] emission line, Bassani et al.
(1999) present the [OIII ]ł5007 luminosity of the source as
L[O III] = 3.5 (±0.2)×1042 erg s−1. This value is derived after
correcting for dust reddening based upon a Balmer decre-
ment of 4.80. Using theL2−10/L[O III] relationship presented
in Lamastra et al. (2009) with a scatter of 0.6 dex, we expect
L2−10 = 5+7

−4 ×1043 erg s−1 at 68 % confidence, overlapping well
with our spectrally modelled intrinsic luminosity range.

In summary, the best fit X-ray luminosity measured from our
spectral analysis agrees well with the multiwavelength compar-
isons above, especially when considering the full range of realistic
uncertainties on the spectral modelling (Fig. 5). This is encouraging
given that this source appears to be heavily Compton-thick and that
the true torus geometry is unknown. Broadband spectral modelling
of high signal-to-noise X-ray data is what enables us to get such
good agreement.

4.1.2 The soft X-ray component

The absorption-corrected luminosity in the XIS 0.5–2 keV band is
LAPEC

0.5−2 ≈4.5×1042 erg s−1. This is for bothAPEC components
combined, but is dominated by a factor of 4 by the lower tem-
perature component. Using the relation for star-forming galaxies
by Mineo et al. (2012) between the thermal component luminosity
and the star formation rate (SFR), we estimate an X-ray derived
SFRX−ray ≈9×103 M⊙ yr−1.

This may be compared to the infrared derived SFR, based
upon the far-infrared continuum luminosityLIR and its relation
to SFRIR (Kennicutt 1998). For NGC 7674,LIR ≈1011.56 L⊙

(Koss et al. 2013), which yields SFRIR≈60 M⊙ yr−1. This is
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Figure 5.χ2 contours as a function ofL2−10 for models T, M and P. Luminosities are computed over the the two-dimensional parameter space of randomised
Γ and PL normalisationN values, and the overall one-dimensionalenvelopeof correspondingχ2 values is then plotted. The dotted horizontal line corresponds
to ∆χ2 = 4.61, or 90% confidence for the two starting parametersΓ andN , relative to the minimumχ2 for each model.

more than two orders of magnitude lower than the estimated
SFRX−ray, and implies that starburst-poweredAPEC components
alone are an unphysical representation of the soft X-ray emission
in NGC 7674. Photoionisation could instead power some of this, as
we have already alluded to on several occasions.

We note, however, that the SFRIR is certainly large. For exam-
ple, it is about 10 times above the SFR of the prototypical starburst
galaxy M82 (e.g. Telesco & Harper 1980). Such high star forma-
tion is likely to power extended ionised gas emission, and wewill
return to possible implications of this in Section 4.3.3.

4.2 The nature of the long-term source flux decline

Fig. 6 shows the long-term X-ray lightcurve of NGC 7674 over a
period of about 37 years. As first noted by Bianchi et al. (2005),
the source showed a dramatic decline by a factor of∼30 in the 2–
10 keV band between the first measurement byHEAOand theBep-
poSAXidentification of the source as a CTAGN by Malaguti et al.
(1998). Thereafter, the source flux has remained constant with no
significant spectral or flux variation for the past≈20 years. This
now includes the most recentSuzakuand NuSTARobservations.
The individual Swift observations spanning the period of 2011–
2014 detailed in the Appendix also show fluxes or detection limits
broadly consistent withBeppoSAX, SuzakuandNuSTAR. Finally,
the custom analysis of theSwift/BAT maps by Koss et al. (2013)
shows a weak detection consistent withNuSTAR. NGC 7674 tran-
sitioned from a declining flux to a constant level sometime between
≈18–25 years before theNuSTARobservation – the period spanned
by theGinga(1989) andBeppoSAX(1996) observations.

4.2.1 On the possibility of contamination by another source

Could the pre-BeppoSAXflux decline be associated with a contam-
inating source, unrelated to the AGN? The observed luminosities at

theHEAOandGingaepochs are above 1042 erg s−1 – already too
high to be easily associated with X-ray binaries (XRBs) within the
host galaxy. An XRB within our Galaxy which just happens to lie
along the same l.o.s. as NGC 7674 cannot be ruled out, though the
high Galactic latitude (b= –48◦) makes this unlikely.

Regarding contamination by other AGN, there is only one pos-
sible bright source in the recent 70 month all skySwift/BAT hard
X-ray survey that could potentially have contaminated boththe
HEAOandGingafields of view. This is PKS 2325+093 which lies
at a separation of 0.9 deg from NGC 7674 and shows a BAT flux
of F14−195 ≈3×10−11 erg s−1 cm−2 (Baumgartner et al. 2013).
However, this source lies outside theHEAO positional error
box of NGC 7674 (Bianchi et al. 2005). Moreover, PKS 2325+093
shows a very hard spectrum, at least in the BAT band, with
ΓBAT = 1.29±0.28. This is much harder than the spectral shape in-
ferred for theGingaobservation below≈10 keV by Bianchi et al.
(2005). Although a drastic change in spectral curvature around
10 keV cannot be ruled out, the combined weight of evidence ap-
pears to disfavour contamination.

If the luminosity change is instead associated with the AGN in
NGC 7674 itself, there are then two possible interpretations of
these observations which we investigate here: the AGN couldeither
have faded dramatically (an effective ‘switch-off’, as is referred to
hereafter), or it could have become gradually enshrouded within
Compton-thick material.

4.2.2 The ‘switched-off ’ scenario

In the switched-off AGN scenario, the observed reflection spec-
trum dominating at hard X-rays is delayed with respect to the
incident PLAGN which has now faded. In this picture, the ab-
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sorbed ‘partial covering (PLPC)’ component included in our mod-
els T and M (cf. Fig. 3) would also be interpreted as a delayed
component scattered in to the l.o.s from material on∼pc scales,
or larger. The current PLAGN flux level cannot be higher36 than
that this PLPC component, which has a deabsorbed luminosity
LPC

2−10 ≈2×1042 erg s−1 – an order of magnitude fainter than in-
ferred during theGinga observation epoch (1989) and a factor of
≈30 fainter than theHEAO peak (1977). In model P, where no
PC component is required (cf. Fig. 2), the constraint on the current
intrinsic AGN luminosity is even more stringent, withL2−10 ex-
pected to be 10 times lower still.

Assuming that the source switched off between theGinga
(1989) andBeppoSAX(1996) epochs around 1993, i.e. 21±3 years
before theNuSTARobservation, the absence of any flux change
since then places a minimum limit on the radius (R) of an axisym-
metric reflectorR= 3.2 pc based upon a simple consideration of
the light travel time from the far wall of a nearly edge-on reflector.
Furthermore, this is likely a conservative estimate because, as Fig. 6
shows, the source intrinsic flux had already been declining strongly
for the∼15 years beforeBeppoSAX, so one may have expected to
see a corresponding change in the reflected flux as well unlessR is
much larger still.

Considering the average travel time over the full body of the
reflector, and/or intermediate inclinations angles, wouldpush up
the lower limit onR. While extended reflectors on scales of up to
∼150 pc have been observed in several CTAGN (e.g. NGC 4945,
Marinucci et al. 2012; Circinus, Arévalo et al. 2014; NGC 1068,
Bauer et al. 2014), the studies so far find that these extendedcom-
ponents make relatively minor flux contributions compared to the
compact reflectors. Detailed studies of Type 1 AGN have shown
that the bulk of the neutral Fe Kα emission line arises at nuclear
distances on the scale of the dust sublimation radius (Rsub) or
smaller (see detailed discussion in Gandhi et al. 2015a), and in the
orientation-based unification scheme, this would also holdfor ob-
scured and CTAGN viewed at higher inclination angles.

For NGC 7674,Rsub is estimated to be≈0.1+0.05
−0.04 pc based

upon infrared luminosity scaling relations determined at high an-
gular resolution where the AGN can be effectively isolated from
surrounding star formation (Hönig et al. 2010). This size scale is
about 30 times smaller than the lower limit onR above. In other
words, in the switched-off AGN scenario, a typical (sub)-pcscale
torus reflector would be expected to respond to a decline of the
intrinsic continuum on timescales faster than seen in Fig. 6. Con-
sistent with this, some clear evidence for a decreasing reflection
flux on relatively short timescales in NGC 7674 was already pre-
sented by Bianchi et al. (2005), in the form of a measured decrease
by a factor of∼1.8±1.0 in the neutral Fe Kα line flux between the
BeppoSAX(1998) and theXMM-Newton(2004) observations sep-
arated by≈6 years. But given that we find a very similar EW(Kα)
value to Bianchi et al., there is no evidence of further fading since.
Unless the torus happens to have an idealised torus geometrysuch
that the expected decrease in solid angle with distance is compen-
sated for in a fine-tuned manner over a factor of∼30×Rsub, we
would have expected to see some change in the reflected flux under
the switched-off AGN scenario by now.

36 modulo small changes related to a slightly differingΓ.

4.2.3 Clumpy Compton-thick obscurer scenario

In the obscured AGN scenario, the source gradually became ob-
scured between theHEAO (late 1970s) and theBeppoSAX(1998)
epochs, and is now fully covered by CT material along the l.o.s.
We can place some tentative constraints on the size and geometry
of this material, as follows. Firstly, we argue that the source is un-
likely to be obscured either by a single compact CT cloud, or by a
few clouds with low covering factor. This is because the reflection
component we observe is strong. The observed reflected luminosity
(Lobs) scales approximately with intrinsic luminosity (Lint) as

Lobs ∼ Lint Ω a (1)

whereΩ is the solid angle of the reflector anda is the albedo. The
physical models that we have used in our spectral fits assume fairly
typical geometrical covering factors for the torus, and yield esti-
mates ofLint which are in reasonable agreement (to within a factor
of a few) with other multiwavelength indicators (§4.1.1). If the re-
flector had small covering factorΩ, the corresponding geometrical
correction would imply much higher values ofLint.

The complete lack of recent X-ray flux variability also sup-
ports this. Whereas an extended distribution of clouds can natu-
rally spread out and dampen variations in the reflected flux rel-
ative to any variability in the direct AGN radiation, this isnot
possible in the low covering factor limit. Indeed, most reflection-
dominated CTAGN are observed to show little, or no flux vari-
ations at all (cf. two well-studied examples include Circinus
[Arévalo et al. 2014] and NGC 5643 [Annuar et al. 2015], although
sensitive observations have recently caught a transient column
density change in NGC 1068 [Marinucci et al. 2016]). Sources
where significant flux variability is observed (e.g. NGC 4945
[Puccetti et al. 2014], ESO 565–G019 [Gandhi et al. 2013], and
IC 751 [Ricci et al. 2016]) tend to bemildly Compton-thick AGN
or significantly clumpy, with the direct transmitted component be-
ing stronger than the reflection component over at least somepor-
tion of the hard X-ray regime. In particular, many observations sup-
port the presence of a smallΩ for the obscurer in NGC 4945 (e.g.
Madejski et al. 2000, though there are other possible scenarios as
discussed by Brightman et al. 2015).

The emerging scenario for NGC 7674 then is that a patchy
distribution of clouds obscures the nucleus with a coveringfactor
fairly typical of standard torus models. By the time of theBep-
poSAXobservation in 1996, a cloud ensemble with CT column
density had fully obscured the l.o.s to the nucleus, and thisen-
semble has continuously covered the l.o.s. ever since. A comple-
mentary point of view is that the past high state caught byHEAO
andGingawas actually a transient near-completeunveilingof the
nucleus caused by the l.o.s passing through a hole in the patchy
obscurer. The unveiling would have begun years before theHEAO
observation, when the source was likely caught in the process of
being veiled again.

The physical characteristics of typical veiling clouds in this
patchy obscurer may be crudely estimated from the observed veil-
ing time of the nucleus. For a cloud of size (diameter)D moving
with velocity v, we have

D = v ∆t (2)

where∆t is the crossing time of the cloud across the nucleus and
we can set a lower limit of∆t>19 y between theHEAO(≈1977)
and BeppoSAX(1996) epochs, i.e. between first observation and
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full covering.37 If we assume circumnuclear virial motion of the
cloud around the central SMBH at a distanceR,

v =
√

G MBH / R. (3)

These equations allowv to be eliminated, resulting in

D > 0.04

√

(

MBH

108 M⊙

)

(

0.1 pc

R

)

(

∆t

19 y

)

pc. (4)

This estimate ofD is fully consistent with cloud size estimates
based upon clumpy torus models for a dust sublimation radius
Rsub ≈0.1 pc for NGC 7674 (e.g. Hönig et al. 2010). In other
words, a torus origin for the CT cloud is plausible.

But we cannot rule out much larger or smaller scales. For ex-
ample, the derived cloud scales are also similar to those expected in
clumpy accretion disc winds (e.g. Kaastra et al. 2014). IfR were
much larger, though,D would be smaller, pushing down the prob-
ability of a l.o.s. crossing. And ifR is much smaller thanRsub

(see, e.g., discussion on several such sources in Gandhi et al. 2015a
and references therein), we can expect substantial broadening of the
narrow Fe Kα line core as has been found in many other AGN stud-
ied by the high energy grating on ¸ assuming that this broad com-
ponent is not fully obscured by the torus. For instance, Shu et al.
(2010) and Shu et al. (2012) measured full width at half maximum
of order 103–104 km s−1 in a number of nearby AGN, implying
R∼<Rsub if the gas motion is virial. Following the loss of theHit-
omimission (Takahashi et al. 2014) in March 2016, testing this sce-
nario on NGC 7674 will probably have to await the calorimeteron
boardAthena(Nandra et al. 2013).

Interestingly, converting the observed 1989Ginga flux of
8(±2)×10−12 erg s−1 cm−2 (Bianchi et al. 2005) to a luminosity
yieldsL2−10 ≈2×1043 erg s−1, again consistent with our spectral
analysis results (Section 4.1). The effect of absorption intheGinga
spectrum appears minimal. This would also support the obscured
AGN scenario for a constant (intrinsic) X-ray luminosity. On the
other hand, theHEAO luminosity from≈1977 is a factor of a≈3
higher still, implying at least some intrinsic continuum flux vari-
ability.

4.3 On the weakness of the Fe Kα line

Compton-thick AGN are usually associated with strong Fe Kα
emission lines with equivalent widths (EW) of∼>1 keV. Our
work shows a much weaker EW≈0.4 keV (also reported by
Bianchi et al. 2005), but our spectral modelling of NGC 7674
also consistently finds high Compton-thick column densities us-
ing several different spectral models. In fact, comparing to other
reflection-dominated AGN (such as NGC 1068, NGC 5643, Mrk 34
and others withNH ∼>1025 cm−2) amongst the localbona fide
CTAGN population (Della Ceca et al. 2008; Goulding et al. 2012;
Gandhi et al. 2014), NGC 7674 appears to have one of the weak-
est neutral Fe fluorescence lines. This is demonstrated in Fig. 7,
where NGC 7674 stands out in the distribution of EW distri-
bution of bona fide CTAGN compiled by Gandhi et al. (2014).
The EW values are taken from relevant recent references in the
same paper, or (where recent values are not published) from
the compilation of Della Ceca et al. (2008). They are mostly

37 with the obvious caveat that we cannot exclude extra variability between
theHEAO, Ginga, andBeppoSAXobservational epochs.
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Figure 7. Distribution of equivalent widths (EWs) of the neutral Fe Kα

emission line for the bona fide CTAGN compiled in Gandhi et al.(2014).
The red hatched region corresponds to NGC 7674 (EW = 0.38+0.10

−0.09 keV).

based upon power law fits to the continuum together with Gaus-
sian line components. Three sources have been excluded be-
cause of published works questioning their bona fide CTAGN
nature, or showing that they have highly complex geometries:
Mrk 3 (EW≈1.0±0.3 keV; Yaqoob et al. 2015; Guainazzi et al.
2016), NGC 7582 (EW≈0.6+0.6

−0.1 keV; Rivers et al. 2015); and
NGC 4939 (EW≈0.5+0.4

−0.2 keV; Maiolino et al. 1998). With regard
to recent CTAGN studies, one new bona fide addition is IC 3639
(EW≈2.7+3.0

−0.9 keV; Boorman et al., in prep.), whereas we did not
include NGC 4785 (EW≈1.7+0.7

−0.4 keV; Gandhi et al. 2015b) be-
cause it only has one published X-ray analysis so far. None ofthese
additions or exclusions affects the relative position of NGC 7674 at
the lower end of the distribution.

We have shown that the broad band spectrum can be fit with
either a low elemental abundance (model P), or an absorbed partial
covering solution (models T and M). Here we briefly investigate
other possibilities.

4.3.1 A possible Compton-thin solution?

Lower nuclear column densities will result in lower EW values,
as a result of weaker continuum absorption. So the question arises
whether the source may actually be Compton-thin, despite our fits
arguing others.

In Section 3.3.1, we allowed for the possibility of differing
l.o.s and out-of-sight column densities in the decoupled model M.
A Compton-thin value forNH(nuc) was found to be viable. But this
also required the intrinsic PLAGN slope to become extremely hard,
and the reflection component stronger than the defaultMYTORUS

geometry.
We further tested the viability of a Compton-thin solution by

modifying model T and limitingNH(nuc) to a maximum of value
of 9×1023 cm−2, which is close to the high end of the Compton-
thin range. The best solution is shown in Fig. 8 and has a fit statistic
of χ2/dof = 338/301. As expected, the lower column density im-
plies an intrinsically weaker fluorescence line leaving no dramatic
residuals at the line energy, and also alleviating the need for partial
covering and sub-Solar abundance.

Although this solution is formally acceptable with a null hy-
pothesis probability of 0.07, there are several problems. Firstly, the
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Figure 6. Long-term 2–10 keV observed flux light curve of NGC 7674 spanning ∼1977/78 (theHEAOepoch) to late 2014 (NuSTAR).

fit statistic is significantly worse than for the base model T listed in
Table 2, with a∆χ2 = +18.

Secondly, and importantly,NH(nuc) is pegged at the forced
upper limit of 9×1023 cm−2, implying that the fit is trying to con-
verge on even higherNH(nuc) values in the Compton-thick regime.

Thirdly, it turns out that the torus inclination angleθinc is only
marginally larger than the opening angleθtor. For the plotted solu-
tion, θinc = 27.5+0.2

−1.7 deg. This is a very narrow range just slightly
more inclined thanθtor which is pegged at the lower model limit
of 25.8 deg. Examining the joint parameter space betweenθinc and
θtor, we find that this Compton-thin scenario always prefersθinc
very close to (and just marginally larger than)θtor. This allows the
direct l.o.s. to be obscured without the Compton hump being too
peaky, but is a rather fine-tuned scenario.

Finally, the intrinsic luminosity of this Compton-thin solution
is L2−10 ≈5×1042 erg s−1 cm−2, easily more than an order of
magnitude lower than that implied by both the multiwavelength in-
dicators investigated in§ 4.1.1.

For all of the above reasons, the Compton-thick solution ap-
pears to be far more viable than the Compton-thin one.

4.3.2 Dilution by a jet?

One other possibility may be that a jet is diluting the continuum un-
derlying the Fe Kα emission line and hence effectively weakening
the observed EW. Such dilution has been inferred in several broad-
line radio galaxies (e.g. Eracleous et al. 2000), and also inbroad
absorption line quasars (e.g. Luo et al. 2013).

In the case of NGC 7674, however, we consider this possibility
to be unlikely for several reasons. Although NGC 7674 is a known
radio source, it is classified as radio quiet (Xu et al. 1999).Then
there is the distinct lack of X-ray variability at 2–10 keV asprobed
by several missions over the past∼ 20 years. Non-thermal emis-
sion from a jet is expected to be significantly variable, especially
when probed on multiple (long) timescales that we are now able to
sample (Fig. 6).
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Figure 8. Suzaku+ NuSTARdata fits to a forced Compton-thinTORUS

model withNH(nuc) limited to69× 1023 cm−2.

Finally, one may try to quantify the expected flux from a jet
irrespective of the above considerations. The core of NGC 7674
has a morphology extended over≈ 1 kpc, characteristic of ra-
dio galaxies (e.g. Momjian et al. 2003). There is evidence of
complex interactions of the radio ejecta with the interstellar
medium – complex enough that the location of the AGN itself
is unclear in the radio (Momjian et al. 2003). The reported inte-
grated 5 GHz nuclear radio flux density is 67 mJy (Condon et al.
1991), corresponding to a monochromatic luminosity density of
L5GHz = 1.3×1030 erg s−1 Hz−1.

The above luminosity is lower than the power typically associ-
ated with radio-loud (RLQs) as well as radio-intermediate quasars
(RIQs). For example, Miller et al. (2011) studied samples ofRIQs
and RLQs and showed that there exists an ‘X-ray excess’ abovethat
seen in radio-quiet sources. The excess scales with radio luminos-
ity and could be associated with a jet contribution to X-rays. At the
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observed luminosity density of NGC 7674, the correlation between
the X-ray excess and radio luminosity found by Miller et al. (2011)
is consistent with no jet-related X-ray excess.38

Instead of using the correlation for quasars, one may instead
try using the correlation between radio power and the jet-related
unabsorbed X-ray powerlaw luminosities for lower luminosity
3CRR sources presented by Hardcastle et al. (2009).39 From the
reported 5 GHz radio flux density, we predictLX,u ≈1041 erg s−1,
or F2−10 = 3× 10−14 erg s−1 cm−2. This is more than a factor of
20 fainter than our observedF2−10. Accounting for a scatter of
0.56 dex in the relation of Hardcastle et al. (2009), the predicted jet
X-ray flux is still lower than the observed flux by a factor of 6,
rendering this scenario unlikely.

4.3.3 On the strength of ionised Fe and the relation to other
powerful infrared galaxies

A variety of studies have found that distant sources with high bolo-
metric power, including ultraluminous infrared galaxies (ULIRGs)
and sub-mm galaxies, show preferentially strong ionised Fe
lines such as FeXXV (6.7 keV) and FeXXVI (6.97 keV; e.g.
Iwasawa et al. 2009; Lindner et al. 2012; Gilli et al. 2014). The
neutral Fe Kα (6.4 keV) line is extremely weak or undetected in
many of these systems. This may be attributable either to theneu-
tral reflection component being heavily embedded within thetorus
as seen by us, or to a highly ionised interstellar medium thatis
being energised by starburst activity, or a combination of the two
effects. Iwasawa et al. (2012) further suggest that preferentially
strong ionised emission lines may be connected to high accretion
rates on the central AGN.

With a bolometric infrared power of 1011.56 L⊙ (Koss et al.
2013), NGC 7674 lies in the regime of luminous infrared galax-
ies. This is lower than, but approaching, the regime associated with
ULIRG luminosities. Such an intermediate luminosity couldex-
plain why the source displaysbotha neutral and an ionised Fe line
with strengths comparable to within a factor of about 2. Our es-
timate of the Eddington ratio of the AGN in§ 4.1 is as high as
≈0.4, and this could be even higher ifMBH has been overestimated
(see Appendix). Brightman et al. (subm.) also present evidence that
some CTAGN (with steep X-ray power law photon indices) may
exhibit high Eddington fractions. If so, NGC 7674 would be a lo-
cal analogue of the more bolometrically luminous systems with
high accretion rates studied by Iwasawa et al. (2012). A morero-
bustMBH estimate will be needed to test these parallels.

Finally, we note that a strong ionised FeXXVI emission fea-
ture may be accompanied by an ionised underlying continuum.So
it is possible that the ‘scattered PLPC’ component introduced in
Section 3.2 actually arises from from photoionised or hot collision-
ally ionised gas which also self-consistently produces FeXXVI and
some of the soft emission. The possible need for a photoionised
component was discussed in Section 4.1.2. We attempted to fitthe
data as such, by replacing the absorbed PLPC component from
our base model T with a photoionised model based upon the
publicly-available CLOUDY code (Ferland et al. 1998). Examples

38 Their correlation needs to be extended below their lower luminosity
limit and would instead predict an X-ray deficit of –0.14± 0.09 in their
adopted units ofℓx –ℓx,RQQ.
39 In the terminology used by the authors, the X-ray power law luminosity
is LX,u, with the X-ray band being≈ 0.4–8 keV, and a fixed spectral slope
Γjet = 2.

of such fits can be found for various other AGN, including Mrk 573
(Bianchi et al. 2010) and ESO 138–G001 (De Cicco et al. 2015).
Reasonable fits were possible without PLPC, but we found that the
photoionised component was required to be extremely strongrel-
ative to the Compton-thick torus, and that it dominated overthe
entire energy range to up∼10 keV. Although we cannot rule out
such a model, photoionised components are usually much fainter
(Bianchi et al. 2005; De Cicco et al. 2015). High spectral resolu-
tion observations will be required to test this scenario in further
detail.

4.4 Implications for identifying Compton-thick AGN at low
X-ray signal-to-noise

Although the Compton-thick solution is preferred for several rea-
sons over the Compton-thin one (see§ 4.3.1), the Compton-thin so-
lution cannot be rejected immediately on statistical grounds alone.
Therefore, it is worth studying the pattern of residuals in the
Compton-thin case in Fig. 8. A comparison with our baseline model
T in Fig. 3 shows that there are no extra strong and sharp residuals
at any particular energy in the Compton-thin case. Rather, the ris-
ing slope of the data between≈10 and 30 keV is better reproduced
by the more pronounced hump that results from the Compton-thick
scenario.

This relatively mild difference (in terms of the reproducibility
of the spectrum) has important implications for the study ofmore
distant AGN in deep surveys where the signal-to-noise is typically
much weaker than in our data. Using simulations, Koss et al. (2015)
found that robust characterisation of typical nearby CTAGNsuch as
NGC 3393 is only possible at relatively low redshifts ofz∼<0.2 if
one relies upon detection of the Fe Kα emission line and broadband
continuum for spectral modelling.

Our results on NGC 7674 further complicate the study of
distant CTAGN. With a value of EW(Fe Kα) weaker by a fac-
tor of ≈3 than in NGC 3393, it becomes even more diffi-
cult to identify an object as being Compton-thick. We demon-
strate this by carrying out a simulation of a source with a
model spectrum identical to NGC 7674, but with a lower flux of
F8−24 = 5×10−13 erg s−1 cm−2. Although four times fainter than
NGC 7674 in the same band, this flux level lies more than an or-
der of magnitude above the deepest flux level being probed in
ongoing deep and wideNuSTARsurveys (Mullaney et al. 2015;
Civano et al. 2015; Aird et al. 2015; Harrison et al. 2015). Wesim-
ulatedNuSTARspectra for both FPMs using the default background
and response simulation files40 provided by theNuSTARteam, and
assuming an exposure time of 100 ks. We also introduced a small
redshiftz = 0.25, effectively assuming an intrinsic X-ray luminos-
ity L2−10 ≈1045 erg s−1, characteristic of luminous AGN likely to
be found in deep surveys.

The simulated spectra are shown in Fig. 9. The rising con-
tinuum slope (from the Compton hump of our baseline model T)
is clearly visible. We first fitted the simulated data with a sim-
ple power law model (not shown), which yieldedΓ= 1.1±0.2
with χ2/dof = 27/29. No additional Fe Kα emission line is re-
quired for the fit. This hard slope is suggestive of the need for
obscuration. However, including redshifted photoelectric absorp-
tion and reflection with aTORUS model implies anNH of only
2.2+0.9

−0.8 × 1023 cm−2 for a fixed canonicalΓ= 1.8, i.e. a Compton-

40 http://sc.nustar.caltech.edu
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Figure 9. NuSTARsimulated spectra for two FPMs assuming our model
T best fitting model to NGC 7674, but with a flux lower by a factorof 4
and shifted toz = 0.25. The simulation is for 100 ks of exposure time per
FPM. The histograms show best fittingTORUSmodel to the faked data, and
are fitted withNH = 2.2+0.9

−0.8 ×1023 cm−2 andΓ= 1.8 for canonical fixed
values ofθtor = 60 deg andθinc = 87 deg, i.e. a Compton-thin solution. The
fit statistic isχ2/dof = 34/29.

thin solution (the solution shown in the figure). This is a direct re-
sult of the lack of a strong Fe Kα emission line.

The newer torus models are now being widely used by the
community for self-consistent modelling of the nuclear obscuring
material, and these have proven to be very successful at characteris-
ing objects well into the Compton-thick regime. However, most of
the publicly available torus models do not allow varying elemental
abundances which, as we discuss in§3.2, means that sources like
NGC 7674 cannot be fit without additional complexity such as par-
tial covering components. In any case, such model complexity is
often not viable for fitting low signal-to-noise data, with the result
that the column density, and hence intrinsic luminosity, ofdistant
AGN may be underestimated.

A full assessment of the resultant bias in deep surveys is be-
yond the scope of the present paper, until the frequency of weak
Fe Kα CTAGN such as NGC 7674 can be established. Independent
selection of large samples of CTAGN candidates based upon X-ray
spectral diagnostics and on multiwavelength indicators (i.e. high
ratios ofLMIR orL[O III] to observedL2−10) could be an informa-
tive first step in this direction (cf. Rovilos et al. 2014). Similarly,
we recommend the use of varying elemental abundances as an addi-
tional free parameter in model fitting when signal-to-noiseallows.

If we are to make robust progress on the Compton-thick selec-
tion problem, multiple redundant cross-checking methods must be
employed (the work of Brandt & Alexander 2015 contains a recent,
comprehensive analysis of various techniques in the literature).

5 SUMMARY

We have presentedNuSTARspectroscopy of the local reflection-
dominated AGN NGC 7674. Together with unpublishedSuzaku
and Swift data, we carried out broadband X-ray modelling of
the 0.5–78 keV spectrum assuming three geometries of the nu-
clear obscurer/reflector. The best fitting model in all casesre-
quires a nuclear column density of obscuring gasNH(nuc) of
at least 3×1024 cm−2 and possibly much higher (Table 2), with
an absorption-corrected luminosityL2−10 = (3–5)×1043 erg s−1,

agreeing with mid-infrared continuum and forbidden optical [O III ]
emission line indicators (Section 4.1). The full uncertainty range on
L2−10 spans≈ (1–13)×1043 erg s−1 (Fig. 5). A relatively weak
neutral Fe Kα emission line (EW≈0.4 keV) at 6.4 keV is seen, to-
gether with a comparatively strong ionised Fe line with an identifi-
cation consistent with FeXXVI . We explore a variety of scenarios to
explain the line complex and suggest that NGC 7674 may be similar
to more powerful ULIRGs which also show similar trends of line
complexity, possibly related to a high accretion rate (Section 4.3.3).

We have presented an X-ray light curve spanning 37 years
(Fig. 6), and find that the observed source X-ray flux has remained
constant for about 20 years, prior to which it was brighter bya fac-
tor of up to≈30 when observed byHEAO. A faded/switched-off
AGN scenario requires a reflector size of at least 3 pc, which is
≈30 times larger than the dust sublimation radius of the canonical
pc-scale torus in NGC 7674, and thus is not, by itself, a preferred
explanation for the observed fading (Section 4.2.2).

The alternative scenario is that a clumpy Compton-thick ob-
scuring medium has been continuously obscuring the source for
≈21±3 years since the mid 1990s. If a steady-state patchy ob-
scurer does surround the nucleus, the past high state of NGC 7674
could have represented a temporary unveiling of the nucleus(Sec-
tion 4.2.3). It is noteworthy, however, that the source has been an
optical Seyfert 2 for more than 30 years, implying that the source
has shown no evidence of being a ‘changing-look’ AGN in the op-
tical.

While a clumpy obscurer appears to be the preferred expla-
nation for the long-term light curve and the present reflection-
dominated X-ray spectral shape, there are two pieces of evidence
favouring at least some intrinsic AGN fading in the past – 1) the
very highHEAO flux in ≈1977, which was at least a factor of 3
higher than the inferred unobscured flux from all subsequentmis-
sions, and 2) the inferred fading by a factor of≈2 of the neu-
tral Fe Kα line between theBeppoSAX(1996) andXMM-Newton
(2004) observations. These facts mean that we cannot rule out a
combination of the two scenarios. The relation between the strong
nuclear outflow and the X-ray–obscuring medium, and whetherthe
outflow is connected to the past fading, also remains to be inves-
tigated. Continued monitoring of the source will be important, as
will high spatial and spectral resolution multiwavelengthobserva-
tions to understand these connections.

The weakness of the neutral Fe Kα emission line implies that
canonical torus covering factors and Solar metallicities cannot be
used in order to derive absorption correction factors. Thisis rele-
vant for surveys of distant, fainter AGN where the signal to noise of
the data do not allow detailed fitting of individual sources and sim-
plifying assumptions are introduced for spectral modelling (Sec-
tion 4.4).
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A1 APPENDIX

A1.1 Individual Swift observations

A total of 17 Swift XRT observations of NGC 7674 are available
from the HEASARC archive.41 Their spectra were extracted from
the standard data products, and fit with simple power laws. Fixed
Galactic absorption was included in these fits. In cases of insignifi-
cant detection, the gross count rate at the source position was con-
verted to an upper limit on the observed flux assuming a power law
of fixedΓ= 1 because we expect the source to be obscured and dis-
play an effectively hard photon index. The resultant fits arelisted in
Table A1. There is no evidence for significant variability amongst
these measured fluxes.

A1.2 Model M spectral fit

Fig. A1 shows the fit to the default (coupled) model M incorporat-
ing MYTORUS (§ 3.3). The fit parameters are listed in the last data
column in Table 2. This fit is qualitatively very similar to that of
model T, shown in Fig. 3.

A1.3 Black hole mass estimate from optical spectroscopy

We use the penalised PiXel Fitting software (pPXF,
Cappellari & Emsellem 2004) to measure the central stellar
velocity dispersion (σ). For a stellar library, we used templates
from the Miles Indo-U.S. Catalogue (MIUSCAT) library of
stellar spectra (Vazdekis et al. 2012) with coverage of the wave-
length range of the CaII triplet (8450–8700̊A). The data and
fit are presented in Fig. A2. The fit yielded a stellar velocity
dispersion of σ = 91±48 km s−1 (1-sigma uncertainty). This
value is entirely consistent with, and slightly below, the instru-
mental resolutionσinstr. = 107 km s−1. Measurements near the
resolution limit can be unreliable, so we conservatively inter-
pret the measurement and its uncertainty to be equivalent to
an upper limit of σ = 91 + 48 = 139 km s−1. Using theMBH–σ
relation from McConnell & Ma (2013) implies an upper limit of
MBH <107.43 M⊙.

The measurement quoted by Nelson & Whittle (1995)

41 http://heasarc.gsfc.nasa.gov/docs/archive.html
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Figure A2. Keck/LRIS red grism spectrum of NGC 7674 spanning the CaII

triplet absorption feature, fitted with a pPXF algorithm. The intrinsic veloc-
ity dispersion is measured to be 91± 48 km s−1.

is σ = 144±32 km s−1, which has been used to infer
MBH =107.56 M⊙ in the literature (Bian & Gu 2007).
Nelson & Whittle used the KPNO 2.1 m telescope with the
TI CCD, a slit width of 1.′′5, and 600 lines mm−1 grating, observed
under 1.′′9 seeing. The grating would have had higher spectral
resolution than our LRIS observations, so it is a bit surprising that
their measurement ofσ is larger than our inferred upper limit.

However, we note that the uncertainty of 32 km s−1 suggests
that the discrepancy is relatively mild. Their use of a widerslit, the
bad seeing during their observation, and use of a far smallertele-
scope than Keck may have all resulted in lower signal-to-noise than
our data. In fact, a comparison by eye of our Fig. A2 with the spec-
trum presented in Fig. 3a of Nelson & Whittle (1995) shows this to
be a plausible solution to the above mismatch. A sensitive, higher
resolution optical spectrum, with 1200 lines mm−1, for instance,
should be able to resolve this issue.
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