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ABSTRACT

From Swift monitoring of a sample of active galactic nuclei (AGN) we found a transient X-ray obscuration event in Seyfert-1 galaxy
NGC 3227, and thus triggered our joint XMM-Newton, NuSTAR, and Hubble Space Telescope (HST) observations to study this
event. Here in the first paper of our series we present the broadband continuum modelling of the spectral energy distribution for
NGC 3227, extending from near infrared (NIR) to hard X-rays. We use our new spectra taken with XMM-Newton, NuSTAR, and the
HST Cosmic Origins Spectrograph in 2019, together with archival unobscured XMM-Newton, NuSTAR, and HST Space Telescope
Imaging Spectrograph data, in order to disentangle various spectral components of NGC 3227 and recover the underlying continuum.
We find the observed NIR-optical-UV continuum is explained well by an accretion disk blackbody component (Tmax = 10 eV), which
is internally reddened by E(B − V) = 0.45 with a Small Magellanic Cloud extinction law. We derive the inner radius (12 Rg) and the
accretion rate (0.1 M� yr−1) of the disk by modelling the thermal disk emission. The internal reddening in NGC 3227 is most likely
associated with outflows from the dusty AGN torus. In addition, an unreddened continuum component is also evident, which likely
arises from scattered radiation, associated with the extended narrow-line region of NGC 3227. The extreme ultraviolet continuum, and
the ‘soft X-ray excess’, can be explained with a ‘warm Comptonisation’ component. The hard X-rays are consistent with a power-law
and a neutral reflection component. The intrinsic bolometric luminosity of the AGN in NGC 3227 is about 2.2 × 1043 erg s−1 in 2019,
corresponding to 3% Eddington luminosity. Our continuum modelling of the new triggered data of NGC 3227 requires the presence
of a new obscuring gas with column density NH = 5 × 1022 cm−2, partially covering the X-ray source (C f = 0.6).
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1. Introduction

Long-term monitoring of X-ray spectral variability in type-
1 AGN with the Rossi X-ray Timing Explorer (RXTE) and
Swift observatories have revealed that sometimes they display
sudden spectral hardening events (see e.g., Markowitz et al.
2014; Kaastra et al. 2014; Mehdipour et al. 2017). These events
are seen as spikes in the X-ray hardness ratio lightcurves,
which typically last for days or weeks, or even several years
in the case of NGC 5548. Over the past few years new
results regarding the nature and origin of these transient spec-
tral hardening events in type-1 AGN suggest they are caused
by obscuring winds from the accretion disk, as first discov-
ered in NGC 5548 (Kaastra et al. 2014). Simultaneous multi-
wavelength spectroscopy in the UV and X-ray energy bands
has been instrumental for the study of these events. Transient
X-ray obscuration in AGN is found to appear with an associated
UV broad absorption-line component (Kriss et al. 2019), and in
some cases with a high-ionisation component in the Fe K-band
(Mehdipour et al. 2017).

In 2015 we started a monitoring program with the Neil
Gehrels Swift Observatory (Gehrels et al. 2004) to observe the
X-ray hardness variability in a sample of Seyfert-1 AGN, in
order to trigger joint ToO observations with XMM-Newton
(Jansen et al. 2001), NuSTAR (Harrison et al. 2013), and the
Hubble Space Telescope (HST) Cosmic Origins Spectrograph
(COS, Green et al. 2012). In December 2016 we found an event
in NGC 3783 and triggered our observations. Mehdipour et al.
(2017) show that the spectral hardening is caused by an obscur-
ing wind, outflowing with a velocity of few thousand km s−1,
that crosses our line of sight. These obscuring winds are remark-
ably different from the commonly-seen warm-absorber outflows
in AGN (e.g., Blustin et al. 2005; Laha et al. 2014). They have
higher column densities and outflow velocities, and are located
in the broad-line region (BLR) rather the narrow-line region
(NLR). The optically-thick obscuration shields much of the
X-ray radiation, which has important impacts on the ionisa-
tion state and our interpretation of both the warm absorber
(Arav et al. 2015) and the BLR (Dehghanian et al. 2019).

Following our findings in NGC 3783, we continued our
Swift monitoring to find more of these events in other AGN
to broaden our understanding of this transient obscuration phe-
nomenon. In 2019 we discovered another obscuration event in
the AGN NGC 3227. Figure 1 shows the Swift light curve of
NGC 3227 from March 2018 to end of 2019. In November
2019, we found an intense X-ray spectral hardening event that
lasted for a few weeks until the end of the Swift visibility win-
dow. During this period we successfully executed the trigger-
ing of our XMM-Newton, NuSTAR, and HST/COS observations.
Two sets of observations were taken, separated by about three
weeks. Figure 2 compares an archival unobscured spectrum of
NGC 3227 taken on 5 December 2016 with the new obscured
spectra taken on 15 November and 5 December 2019. Strong
soft X-ray absorption is evident in the new spectra. There is also
intrinsic X-ray variability between the two 2019 observations.

NGC 3227 is a Seyfert-1 galaxy at redshift of 0.003859
(de Vaucouleurs et al. 1991) based on H i 21-cm line measure-
ments. From an XMM-Newton and NuSTAR campaign carried
out in 2016, Turner et al. (2018) found occultation by gas clouds
that cause rapid X-ray flux and spectral variability. They con-
cluded that the occulting gas is likely associated with clouds in
the inner BLR. The X-ray variability and lags seen during the
campaign were further studied by Lobban et al. (2020). The spi-
ral galaxy of NGC 3227 is interacting with its companion galaxy
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Fig. 1. Swift light curve of NGC 3227 from March 2018 to end of 2019.
The dashed black line in the bottom panel indicates the average quies-
cent hardness ratio (HR) from unobscured data. The dashed line in red
is the HR limit for triggering, above which significant obscuration was
predicted according to our simulations. The hardness ratio is defined as
(H − S )/(H + S ), where H and S are the Swift XRT count rate fluxes
in the hard (1.5–10 keV) and soft (0.3–1.5 keV) bands, respectively. The
first and second XMM-Newton observations, taken on 15 November and
5 December 2019, are indicated by vertical dotted lines.

Fig. 2. NGC 3227 unobscured (2016) and obscured (2019) spectra from
XMM-Newton EPIC-pn and NuSTAR. The displayed energy for EPIC-
pn is 0.3–10 keV and for NuSTAR 10–80 keV.

NGC 3226, which is a dwarf elliptical galaxy. The H i radio map-
ping studies of NGC 3227 show that there is a significant column
density of neutral gas in the host galaxy of NGC 3227 as a result
of tidal interactions between the two galaxies (Mundell et al.
1995b). Significant internal reddening is also evident from the
optical-UV spectrum of NGC 3227 (Crenshaw et al. 2001).

In this paper (Paper I) we determine the intrinsic broad-
band continuum of the spectral energy distribution (SED) in
NGC 3227, while in our following papers we study the ionised
outflows (Paper II by Wang et al. 2021), investigate the new
obscuring wind in detail (Paper III by Mao et al., in prep.),
and analyse the nature of variability in NGC 3227 (Paper IV
by Grafton-Waters et al., in prep.). Establishing a broadband
continuum model is important for (1) correctly disentangling
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Table 1. Log of the NGC 3227 observations used in this paper for our
SED modelling.

Obs. date Length
Observatory Obs. ID yyyy-mm-dd (ks)

HST COS 15673 2019-12-05 3.7
HST STIS 8479 2000-02-08 4.0
XMM-Newton 0782520601 2016-12-05 85
XMM-Newton 0844341401 2019-12-05 51
NuSTAR 60202002010 2016-12-05 41
NuSTAR 80502609004 2019-12-05 28

Notes. The dates correspond to the start time of the observations. The
HST COS observation was taken with the G130M and G160M gratings,
and the STIS observation with the G140L, G230L, G430L, and G750L
gratings.

the spectral components of obscuration from the continuum;
(2) photoionisation modelling of the ionised AGN outflows,
and correctly deriving and interpreting the AGN wind param-
eters; (3) understanding how accretion leads to the production of
the observed broadband continuum emission. In order to derive
the continuum, all foreground effects in our line of sight to the
central engine of the AGN, such as reddening and absorption,
which are prominent in NGC 3227, need to be properly taken
into account. This means broadband continuum modelling and
absorption/reddening modelling are dependent on each other.

The structure of the paper is as follows. The observations and
the reduction of data are described in Sect. 2. The spectral anal-
ysis and modelling of the continuum, reddening, and absorption
are presented in Sect. 3. We discuss our results about the origin
of the internal reddening and the components of the accretion-
powered SED in Sect. 4, and give concluding remarks in Sect. 5.
We adopt a luminosity distance of 16.58 Mpc in our calcula-
tions with the cosmological parameters H0 = 70 km s−1 Mpc−1,
ΩΛ = 0.70, and Ωm = 0.30. We assume proto-solar abundances
of Lodders et al. (2009) in all our computations in this paper.

2. Observations and data processing

The observation log of data used in our SED modelling are
provided in Table 1. We model two sets of spectra: the unob-
scured spectra taken by XMM-Newton and NuSTAR on 5 Decem-
ber 2016, and the obscured spectra taken by XMM-Newton and
NuSTAR on 5 December 2019. Hereafter we refer to them as
the ‘unobscured 2016’ and the ‘obscured 2019’ observations.
The 2016 unobscured spectra help us in better constraining the
model for the intrinsic soft X-ray continuum, which is strongly
absorbed in 2019. To determine the intrinsic broadband con-
tinuum, we also use the simultaneous HST/COS UV spectrum
taken on 5 December 2019, as well as an archival HST Space
Telescope Imaging Spectrograph (STIS) spectrum taken in 2000
in order to extend the spectral coverage to optical and near
infrared (NIR) energies. As described in Sect. 1 two sets of
observations were taken in 2019 (Fig. 2). We use the second set
(5 December 2019), which is sufficient for our purpose of obtain-
ing the SED at the obscured epoch. Also, the second obscured
spectrum is the one that differs the most from the unobscured
2016 spectrum (Fig. 2), thus can be more useful for check-
ing differences in the SEDs of two epochs. Furthermore, the
XMM-Newton Optical Monitor (OM) grism spectrum of the first
2019 observation (15 November 2019) had contamination from
another source, and thus we use the second 2019 observation

(5 December 2019). We describe the processing and preparation
of data from different observatories in the following.

2.1. NIR-optical-UV data

Our new HST observations of NGC 3227 used COS (Green et al.
2012) to obtain UV spectra covering the far-UV spectral range
from 1067 to 1801 Å. We obtained four 415 s exposures at all
four focal-plane positions (FP-POS) with grating G130M at a
central wavelength setting of 1222 Å; two 480 s exposures with
grating G160M with central wavelength 1533 Å; and two 564 s
exposures with grating G160M with central wavelength 1623 Å.
The diverse grating settings and focal plane positions enable
us to span the gaps between detector segments A and B as
well as eliminate flat-field artifacts and other detector anoma-
lies (Dashtamirova & Fischer 2020). We retrieved the COS data
from the Mikulski Archive for Space Telescopes (MAST) as pro-
cessed with the latest calibration pipeline, v3.3.10.

In order to fully determine the shape of the NIR-optical-
UV continuum, we also retrieved archival spectra using the HST
Space Telescope Imaging Spectrograph (STIS) (Woodgate et al.
1998), which extends the spectral coverage to 10255 Å. The
STIS spectrum was scaled by a factor of 0.68 to match the 2019
COS flux at their overlapping energy bands. These data were
also processed with the standard data reduction pipelines. The
observation log of the HST COS and STIS observations, and the
XMM-Newton and NuSTAR observations that were used in our
SED modelling, are provided in Table 1.

In our SED modelling we made use of XMM-Newton OM
(Mason et al. 2001) data. The data from OM, which was oper-
ated in the Science User Defined mode, were taken with the pri-
mary photometric filters and the optical grism. The size of the
circular aperture used for our photometry was set to a diameter
of 12′′, which is the optimum aperture size based on the cali-
bration of these instruments. For a description of the reduction
of OM data, we refer to Appendix A in Mehdipour et al. (2015)
and references therein, which also applies to the data used here.

In this paper we also made use of the NIR continuum
fluxes that were derived by Kishimoto et al. (2007) from archival
HST Near Infrared Camera and Multi-Object Spectrometer
(NICMOS) observations, taken with the F160W (16050 Å) and
F222M (22180 Å) filters. We use these two continuum data
points to compare with our SED model in the NIR band as
described in Sect. 3.1.

2.2. X-ray data

For our SED modelling in the X-ray band, we fitted spectra
from XMM-Newton RGS and EPIC-pn, and NuSTAR. The XMM-
Newton data were processed using the Science Analysis System
(SAS v18.0.0). The RGS (den Herder et al. 2001) instruments
were operated in the standard Spectro+Q mode. The data were
processed through the rgsproc pipeline task; the source and
background spectra were extracted and the response matrices
were generated. We filtered out time intervals with background
count rates >0.1 count s−1 in CCD number 9. The first-order
RGS1 and RGS2 spectra were fitted simultaneously over the 6–
37 Å band in our spectral modelling.

The XMM-Newton EPIC-pn instrument (Strüder et al. 2001)
was operated in the Small-Window mode with the Thin Fil-
ter. Periods of high-flaring background for EPIC-pn (exceeding
0.4 count s−1) were filtered out while applying the #XMMEA_EP
filter. We extracted a single event (PATTERN==0), high-energy
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(PI>10000 && PI<12000) light curve from the event file over
the entire chip to identify intervals of high-flaring background.
The XMM-Newton EPIC-pn spectra were extracted from a circu-
lar region centred on the source with a radius of 40′′. The back-
ground was extracted from a nearby source-free region of radius
40′′ on the same CCD as the source. The pileup was evaluated to
be negligible. The single and double events were selected for the
EPIC-pn (PATTERN <= 4). Instrumental response matrices were
generated for the spectrum using the rmfgen and arfgen tasks.
The fitted spectral range for EPIC-pn is 0.3–10 keV.

The NuSTAR observations were reduced using the NuSTAR
Data Analysis Software (NUSTARDAS) and CALDB calibra-
tion files of HEASoft v6.27. The data were processed with the
standard pipeline script nupipeline to produce level 1 cali-
brated and level 2 cleaned event files. The data from the South
Atlantic Anomaly passages have been filtered out and event
files were cleaned with the standard depth correction, which
reduces the internal background at high energies. The source was
extracted from a circular region (radius ∼90′′), with the back-
ground extracted from a source-free area of equal size on the
same detector. Then the nuproducts script was run to create
level 3 products (spectra, lightcurves, ARF and RMF response
files) for each of the two hard X-ray telescope modules (FPMA
and FPMB) onboard NuSTAR. The spectra and corresponding
response files of the two telescopes were combined for spectral
modelling using the mathpha, addrmf, and addarf tools of the
HEASOFT package. The fitted spectral range for NuSTAR is 5–
78 keV.

Our spectral analysis and modelling were done using the
SPEX package (Kaastra et al. 1996, 2020) v3.06 with C-statistics
for fitting the X-ray spectra and χ2 fitting for the NIR-optical-
UV data. The model parameter errors are given at the 1σ
confidence level. The XMM-Newton and NuSTAR spectra are
optimally binned according to Kaastra & Bleeker (2016) for fit-
ting in SPEX.

3. Spectral analysis and modelling of the spectral
energy distribution

Here we present our modelling of the spectral components that
form the observed SED in NGC 3227. We jointly model the
spectra of the 2016 (unobscured) and 2019 (obscured) observa-
tions. We derive the intrinsic NIR-optical-UV-X-ray continuum
by modelling all the reddening and X-ray absorption in our line
of sight towards the nucleus of NGC 3227. Our spectral mod-
elling is not affected by the companion galaxy NGC 3226 as it is
far enough from NGC 3227.

3.1. NIR-optical-UV continuum and reddening

The NIR-optical-UV spectrum of NGC 3227 is shown in Fig. 3.
To fit the continuum emission extending from NIR to UV
we started with a disk blackbody model (dbb in SPEX). This
model is based on a geometrically thin, optically thick, Shakura-
Sunyaev accretion disk model (Shakura & Sunyaev 1973). This
model is appropriate for the accretion disk of the Seyfert-1
galaxy NGC 3227 and fits well the continuum of HST COS and
STIS spectra over 1067–10255 Å, after including in the model
the effect of reddening described below.

The 2016 unobscured observation does not have any HST
data and its XMM-Newton OM exposure was taken only with the
UVW1 filter. Therefore, in our SED modelling we assume the
shape of the NIR-optical-UV continuum in the 2016 observation
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Fig. 3. Overview of the reddened NIR-optical-UV spectrum of
NGC 3227, taken with HST COS and STIS, and XMM-Newton OM.
The best-fit reddened disk blackbody model (dbb) is shown in solid red
line. For comparison the dbb model without the effect of reddening is
shown in dashed magenta line. The model component with a broad fea-
ture shown in solid dark yellow line is the blended Fe ii and Balmer
emission. The strong excess emission in the OM optical grism spec-
trum relative to the STIS spectrum is the host galaxy emission captured
by the larger OM aperture. The host galaxy emission taken by the HST
aperture is negligible, shown by the model component in cyan.

was the same as in the 2019 one, and simply scale the normali-
sation of the dbb model (derived from the 2019 observation) to
match the 2016 OM flux. The UVW1 flux in the 2016 observa-
tion was higher by a factor of 1.82 than in the 2019 observation,
thus we use this flux ratio for scaling the dbb model.

NGC 3227 displays significant internal reddening. This is
evident from both the shape of the observed optical-UV contin-
uum and the flux ratio of the AGN emission lines. As shown
in the optical-UV spectrum of Fig. 3, and later in the SED
plot of Fig. 7 (top panel), the observed optical-UV continuum
drops steeply towards higher energies. This is characteristic
of strong reddening. The Milky Way reddening in our line of
sight is too small to account for this, as it has a colour excess
E(B − V) = 0.02 mag (Schlafly & Finkbeiner 2011), reported
by NASA/IPAC Extragalactic Database (NED). Therefore,
the additional reddening in our line of sight is intrinsic to
NGC 3227.

Before modelling the internal reddening in NGC 3227, we
first fixed our model for the Milky Way reddening. We applied an
ebv component in SPEX to model this reddening, which incorpo-
rates the extinction curve of Cardelli et al. (1989), including the
update for near-UV given by O’Donnell (1994). The E(B − V)
was set to 0.02 and the scalar specifying the ratio of total to
selective extinction RV = AV/E(B − V) was fixed to 3.1.

To model the internal reddening in NGC 3227, we consid-
ered different extinction laws, which are shown in Fig. 4. They
are: (1) the Milky Way extinction law (i.e. the ebv model);
(2) the extinction curve of Crenshaw et al. (2001) derived for
NGC 3227; (3) the Small Magellanic Cloud (SMC) extinction
curve of Gordon et al. (2003) (the ‘SMC Bar Average’ ver-
sion) with RV = 4.0; (4) an empirical extinction curve that we
determined from our HST COS and STIS spectra, assuming
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Fig. 4. Comparison of different dust extinction laws which were con-
sidered in our modelling of the optical-UV spectrum of NGC 3227. For
modelling the internal reddening in the AGN with E(B − V) = 0.45,
we use the SMC extinction law of Gordon et al. (2003) with RV =
4.0 (shown in blue). For foreground Milky Way extinction with
E(B − V) = 0.02, we use the extinction curve of Cardelli et al. (1989),
including the update for near-UV given by O’Donnell (1994) (shown in
black).

that the intrinsic spectrum is a power law with fλ ∝ λ−7/3,
which corresponds to the Jeans tail of a Shakura-Sunyaev disk
spectrum.

Crenshaw et al. (2001) derived their extinction curve for
NGC 3227 by comparison to NGC 4151, which they assumed
had no internal extinction. As shown in Fig. 4, their curve
and our empirical curve are both significantly steeper than the
mean Milky Way extinction law and neither include a ‘2175 Å
bump’. Therefore, the Galactic extinction curve is not suitable
for correcting the internal reddening of NGC 3227. However, our
empirically determined extinction curve is not as steep as that
of Crenshaw et al. (2001). Instead, it closely matches an SMC
extinction curve with RV = 4.0 (Fig. 4). Therefore, in our SED
modelling we adopted this SMC extinction curve to correct for
internal reddening in NGC 3227. We note that internal extinc-
tion in AGN appears to be best described in general by an SMC
extinction curve (Hopkins et al. 2004).

The user-defined multiplicative model in SPEX (musr) was
used to import the SMC extinction model into SPEX. From dbb
continuum modelling of the HST COS and STIS spectra, as well
as the OM data, we find E(B − V) = 0.45 ± 0.03 best fits the
shape of the observed NIR-optical-UV data. The best-fit param-
eters of the dbb model are provided in Table 2. In our fitting
of the continuum, we exclude regions in spectra where emission
and absorption lines are present. In our modelling we included
a template model component for the starlight emission from
the bulge of the host galaxy, taken from Kinney et al. (1996),
and allowed the normalisation of this component to be fitted.
As the OM data in the optical band are strongly dominated by
the host galaxy starlight emission due to the larger aperture size
than HST (see Fig. 3), we only use the STIS spectrum for mod-
elling the continuum in the optical band. We find STIS takes
in a negligible amount of the starlight emission (Fig. 3), and
thus it better facilitates modelling of the underlying optical con-
tinuum than OM. In our SED modelling we included compo-
nents to take into account contributions from Fe ii and Balmer
continuum emission in NGC 3227 (see Fig. 3). We refer to

Table 2. Best-fit parameters of the broadband continuum model com-
ponents for NGC 3227, derived from modelling the 2016 and 2019
observations.

Parameter Value

Disk blackbody component for NIR-optical-UV continuum (dbb):
Normalisation A 7.3 (2016, fixed)

4.0 ± 0.2 (2019)
Tmax (eV) 10.2 (2016, coupled)

10.2 ± 0.2 (2019)
Warm Comptonisation component for ‘soft X-ray excess’ (comt):
Normalisation 5.9 ± 0.1 (2016)

1.3 ± 0.1 (2019)
Tseed (eV) 10.2 (coupled)
Te (keV) 0.10 ± 0.01 (2016)

0.10 (2019, coupled)
Optical depth τ 30 (fixed)

Primary X-ray power-law component (pow):
Normalisation 38.7 ± 0.1 (2016)

6.4 ± 0.1 (2019)
Photon index Γ 1.83 ± 0.02 (2016)

1.70 ± 0.03 (2019)
X-ray reflection component (refl):

Incident power-law Norm. 38.7 (coupled)
Incident power-law Γ 1.83 (coupled)
Reflection scale s 0.61 ± 0.02 (2016)

0.25 ± 0.02 (2019)
C-stat / expected C-stat = 4085/3272 (2016)
C-stat / expected C-stat = 3891/3487 (2019)

Notes. The disk blackbody dbb normalisation is in 1026 cm2. The
normalisation of the 2016 dbb component is fixed at a factor of
1.82 larger than that of the 2019 dbb component based on the
observed OM UVW1 fluxes. The power-law normalisation of the pow
and refl components is in units of 1049 photons s−1 keV−1 at 1 keV.
The normalisation of the Comptonisation component (comt) is in
units of 1053 photons s−1 keV−1. The high-energy exponential cut-off
of the power-law for both pow and refl is fixed to 309 keV. The
seed photon temperature Tseed of comt is coupled to the maximum
temperature Tmax of dbb. The normalisation of the incident power-
law for the reflection component (refl) is coupled to that of the
observed primary power-law continuum (pow). The intrinsic bolomet-
ric luminosity of each continuum component is as follows. For the
2016 observation: dbb: 3.4 × 1043 erg s−1; comt: 5.1 × 1042 erg s−1; pow:
7.1 × 1042 erg s−1; refl: 1.3 × 1042 erg s−1. For the 2019 observation:
dbb: 1.9 × 1043 erg s−1; comt: 1.1 × 1042 erg s−1; pow: 1.6 × 1042 erg s−1;
refl: 5.4 × 1041 erg s−1.

Mehdipour et al. (2015) where these models are described and
applied to NGC 5548.

The internal reddening E(B − V) = 0.45 derived from mod-
elling the continuum is fully consistent with the reddening
derived from the intensity of the Balmer lines in NGC 3227
(Fig. 5). Several studies have shown that the Balmer line ratios in
the BLR of AGN are intrinsically unreddened and have an inten-
sity ratio for Hα/Hβ comparable to the Case B value of 2.78
(Baker & Menzel 1938) for a temperature of 104 K (Dong et al.
2008; Gaskell 2017). The mean unreddened value is 2.72 with an
observational dispersion of ∼0.3 (Gaskell 2017). To fit the full
range of Balmer lines in the NGC 3227 spectrum, we use a typ-
ical BLR model calculated with Cloudy v17.00 (Ferland et al.
2017), using the unobscured spectral energy distribution of NGC
5548 (see Steenbrugge et al. 2005) with an ionisation parameter
U (Davidson 1977) of log U = −1.08, density nH = 1010 cm−3,
and a total column density of NH = 1.20 × 1022 cm−2. This
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Fig. 5. Close-up of the STIS spectrum of NGC 3227 displayed in the
observed frame, where the Balmer lines intensities have been fitted
using a Cloudy BLR model, reddened with an SMC extinction law with
RV = 4.0 and best-fit reddening of E(B − V) = 0.44.

model gives an intrinsic (unreddened) Hα/Hβ intensity ratio
of 2.58. In Fig. 5 the fitted components are a power-law con-
tinuum, Fe ii emission, and E(B − V) for an SMC extinction
law with RV = 4.0. The best fit we obtain for the line ratios
is E(B − V) = 0.44. Allowing for the observed scatter in AGN
Balmer line ratios, our fitted extinction has an uncertainty of
±0.05. Our best-fit value is remarkably almost the same as the
value obtained from modelling the shape of the full observed
optical-UV continuum described earlier. So the derived E(B−V)
based on the lines alone in the optical region are consistent with
the same extinction law used to model the whole continuum
spectrum from NIR to far-UV. In Sect. 4.1 we will further dis-
cuss the nature and origin of internal reddening in NGC 3227.

Interestingly, apart from the reddened dbb component, we
also find evidence of an unreddened component. This component
is seen as an excess emission above the dbb model towards the
shortest wavelengths in the COS band (see Fig. 6). As shown in
this figure by including an unreddened component at the far-UV
we obtain a significantly better fit to the NIR-optical-UV spec-
trum. As the unreddened component is weak and only observable
over a limited energy band in the far-UV, distinguishing between
different possible models for this emission would be challeng-
ing. Over 1067–1300 Å, where this component is detected in the
COS spectrum, its flux is about 3.4 × 10−14 erg cm−2 s−1. This is
about a factor of three larger than the reddened dbb flux. How-
ever, its flux is about three orders of magnitude smaller than the
intrinsic dbb flux. As the flux of this unreddened component
increases towards higher energies, it is likely it gets stronger in
the extreme ultraviolet (EUV) band. To test this and estimate a
maximum flux contribution for this component, we applied an
unreddened version of the warm Comptonisation model that is
used to model the EUV continuum and the ‘soft X-ray excess’
(see the comtmodelling described in Sect. 3.2). The inclusion of
this unreddened component improves the fit by ∆χ2 = 1300. We
find such an unreddened comtmodel, which fits the excess emis-
sion in the COS band well, has a flux that is still about two orders
of magnitude smaller than the intrinsic SED model in the EUV
band. Therefore, this unreddened component, which likely orig-
inates far from the central ionising source, is much weaker than
the primary SED continuum and thus for the purpose of pho-
toionisation it is effectively negligible. In Sect. 4.1 we will fur-
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Fig. 6. NIR-optical-UV spectrum of NGC 3227 taken with HST COS
and STIS. The continuum flux in the NIR from HST/NICMOS is also
plotted. The best-fit continuum model, consisting of a reddened dbb and
an additional unreddened component at shortest wavelengths (dashed
blue line) is shown as a solid red line. For comparison the best-fit model
without an unreddened component is also plotted (dashed brown line),
which does not fit the data well at shortest wavelengths. The broad fea-
ture above the continuum at about 2000–4000 Å is the blended Fe ii and
Balmer emission.

ther discuss the possible origin and location of this unreddened
component that is seen in the COS spectrum of NGC 3227.

In order to examine how our dbb continuum model extends
to lower NIR energies beyond the STIS band, we made use of
continuum fluxes that were derived by Kishimoto et al. (2007)
using archival HST Near Infrared Camera and Multi-Object
Spectrometer (NICMOS) observations, taken with the F160W
(16050 Å) and F222M (22180 Å) filters on 6 April 1998. These
data are not included in our spectral fitting, but rather are over-
plotted for comparison with our SED model. As shown in Figs. 6
and 7 (right middle panel), the measured continuum at 16050 Å
is consistent with our dbb model. However, at the longer wave-
length of 22180 Å, the flux of the measured continuum is higher
than that of the dbb model (see Fig. 7, right middle panel). This
excess above the dbb model is likely the high-energy tail of
a thermal emission component from the hottest regions of the
AGN torus. Indeed by going to longer wavelengths the SED
becomes dominated by emission from the torus rather than the
accretion disk, as shown for example in Mehdipour & Costantini
(2018) for IC 4329A. Since in the current paper we are interested
in the primary emission from the accretion disk and the associ-
ated X-ray emission, we do not extend our spectral coverage to
lower energies in the mid-IR to model the torus emission.

3.2. X-ray continuum and absorption

We simultaneously model XMM-Newton EPIC-pn, RGS, and
NuSTAR spectra of each observation. We took into account the
instrumental flux calibration differences by comparing the flux
level of the instruments at their overlapping energy bands and
re-scaling their cross-normalisation. The NuSTAR/EPIC-pn flux
ratio was 1.09 in 2016 and 1.11 in 2019; the RGS/EPIC-pn flux
ratio was 0.96 in 2016 and 0.91 in 2019. To fit the X-ray spectra
of NGC 3227 we started with a power-law continuum (pow). The
X-ray power-law model represents Compton up-scattering of the
disk photons in an optically-thin, hot, corona. The high-energy
exponential cut-off of the power-law was first set to 309 keV
(Turner et al. 2018), which is consistent with the NuSTAR data.
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Fig. 7. SED continuum model of NGC 3227 from NIR to hard X-rays, derived from fitting the XMM-Newton, NuSTAR and HST data. The data are
from the 2016 unobscured (left panels) and 2019 obscured (right panels) observations. The data in the top panels include the effects of reddening
and X-ray absorption, while those in the middle panels are corrected for these effects, revealing the underlying continuum. The best-fit continuum
model is shown in dashed black line in the top panels and solid black line the middle panels for comparison with the data. Residuals of the fit,
defined as (data−model)/model, are displayed in the bottom panels. The archival HST NICMOS data at NIR are not included in our spectral fitting,
but rather are over-plotted for comparison with our SED model as described in Sect. 3.1. The displayed spectra have been binned for clarity of
presentation. The displayed OM data are taken with the UVW1 filter. The contribution of individual continuum components is displayed in the
middle panels: a disk blackbody component (dbb, dashed brown line), a warm Comptonisation component for the ‘soft X-ray excess’ (comt,
dashed red line), a power-law continuum for the hard X-rays (pow, dashed blue line), an X-ray reflection component (refl, dashed green line).

We then tested freeing this parameter in our modelling, however,
since it did not significantly improve the fit we kept it frozen at
309 keV to limit the number of free parameters. A low-energy
exponential cut-off was also applied to the power-law continuum
to prevent it exceeding the maximum energy of the seed dbb disk
photons (10 eV). The photon index Γ of the intrinsic power-law
is 1.83 ± 0.02 in 2016 and 1.70 ± 0.03 in 2019.

In addition to the power-law, the soft X-ray continuum
of NGC 3227 shows the presence of a ‘soft X-ray excess’
component (see e.g., Markowitz et al. 2009; Noda et al. 2014).
To model the soft excess in NGC 3227, we used a warm
Comptonisation model (comt in SPEX), which has been used
to model the soft excess in similar Seyfert-1 AGN, such as
Mrk 509 (Mehdipour et al. 2011); NGC 5548 (Mehdipour et al.
2015); NGC 3783 (Mehdipour et al. 2017). In this expla-
nation of the soft excess, the seed disk photons are up-

scattered in a warm, optically thick, corona to produce the
EUV continuum and the soft X-ray excess as its high-energy
tail. Multi-wavelength studies have found warm Comptonisa-
tion to be a viable explanation for the soft X-ray excess in
Seyfert-1 AGN (e.g., Ark 120, Porquet et al. 2018). For more
details about warm Comptonisation modelling of the soft X-
ray excess, see e.g., Magdziarz et al. (1998), Mehdipour et al.
(2011), Done et al. (2012), Petrucci et al. (2013, 2018, 2020),
Kubota & Done (2018). We note that this is only one plausible
explanation proposed in the literature for the origin of the soft
X-ray excess in AGN (relativistic ionised reflection is another
explanation), yet it is sufficient for our purpose of deriving a
broadband SED for NGC 3227 in this paper. The parameters
of the comt model are its normalisation, seed photon tempera-
ture Tseed, electron temperature Te, and optical depth τ of the up-
scattering plasma. In our modelling the Tseed parameter of comt
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is coupled to the Tmax parameter of the dbb model that fits the
NIR-optical-UV data (Sect. 3.1). Because in the 2019 observa-
tion the soft X-ray spectrum is obscured, it can be challenging
to constrain the parameters of the soft X-ray excess. Thus, we
couple the 2019 comt plasma parameters to those of the unob-
scured 2016 observation and only allow its normalisation to be
fitted. Furthermore, as there can be degeneracy between plasma
parameters of the soft excess model, we fix optical depth τ of the
optically-thick plasma to a fiducial value of 30, in order to limit
the number of free parameters while still providing a good fit.
The best-fit parameters of the power-law component (pow), the
warm Comptonisation component (comt), and the disk black-
body model (dbb, described in Sect. 3.1) are provided in Table 2.
The continuum components of our SED model, from NIR to hard
X-rays, are displayed in Fig. 7 (middle panels).

The primary X-ray continuum undergoes reprocessing,
which is evident by the presence of the Fe Kα line and the
Compton hump in the XMM-Newton and NuSTAR spectra
(Fig. 7). We applied an X-ray reflection component (refl
in SPEX), which reprocesses an incident power-law contin-
uum to fit the Fe Kα line and the Compton hump at hard
X-rays. The refl model computes the Fe Kα line according
to Zycki & Czerny (1994), and the Compton-reflected contin-
uum according to Magdziarz & Zdziarski (1995), as described
in Zycki et al. (1999). The exponential high-energy cut-off of
the incident power-law was also set to that of the observed pri-
mary power-law component at 309 keV (Turner et al. 2018). In
our modelling the normalisation of the incident power-law con-
tinuum was coupled to that of the 2016 observed power-law.
The ionisation parameter of refl is set to zero to produce a
cold reflection component with all abundances kept at their solar
values. The photon index Γ of the incident power-law is fixed
to that of the primary power-law seen in the unobscured 2016
observation. The reflection scale factor (s) of the refl model
was fitted for the 2016 and 2019 observations. The best-fit
parameters are provided in Table 2.

In our spectral modelling we take into account the X-ray con-
tinuum and line absorption by the diffuse interstellar medium
(ISM) in the Milky Way. This is done using the hot model in
SPEX (de Plaa et al. 2004; Steenbrugge et al. 2005). This model
calculates the transmission of a plasma in collisional ionisation
equilibrium at a given temperature, which for neutral ISM is
set to the minimum temperature of the model at 0.008 eV. The
Galactic NH in our line of sight towards NGC 3227 was fixed to
2.07 × 1020 cm−2 (Murphy et al. 1996).

Absorption by ionised AGN outflows is evident in
NGC 3227 (see e.g., Turner et al. 2018). In our SED modelling
we take into account absorption by the persistent warm-absorber
outflow, and the additional absorption by the transient obscuring
wind in the new 2019 data. The X-ray spectra of NGC 3227 do
not show evidence of any detectable absorption by neutral gas
in the ISM of the host galaxy. As noted in Sect. 1, the study of
the ionised outflows are presented in detail separately in Paper
II (Wang et al. 2021) for the warm absorber, and Paper III (Mao
et al., in prep.) for the new obscuring wind. Below we briefly
describe how the X-ray absorption by these ionised outflows
were taken into account in our SED modelling.

For photoionisation and spectral modelling, we use the
pion model in SPEX (see Mehdipour et al. 2016), which is a
self-consistent model that calculates both the photoionisation
solution and the spectrum of a plasma in photoionisation equi-
librium (PIE). The pion model uses the SED continuum model
that is fitted to the data (Fig. 7, middle panels), thus both the
continuum and the absorption spectrum are fitted together. The

warm-absorber model that we use is based on the model derived
from archival XMM-Newton/RGS observations of NGC 3227
(Paper II, Wang et al. 2021). This warm-absorber model con-
sists of four different ionisation components (i.e. four pion
components). There are no significant soft X-ray emission lines
detected in the RGS spectrum of NGC 3227.

The column density NH and the ionisation parameter ξ
(Krolik et al. 1981) of the warm-absorber components of the
Wang et al. (2021) model were freed in our modelling of the
2016 unobscured observation to improve the fit to our data.
The total NH of the warm absorber is found to be about
4.8 × 1021 cm−2, distributed over four ionisation components:
(A) log ξ = 3.0 ± 0.1 and NH = 1.0 ± 0.1 × 1021 cm−2;
(B) log ξ = 2.7 ± 0.1 and NH = 1.2 ± 0.2 × 1021 cm−2;
(C) log ξ = 1.8 ± 0.1 and NH = 9.7 ± 0.9 × 1020 cm−2;
(D) log ξ = −1.8 ± 0.2 and NH = 1.6 ± 0.1 × 1021 cm−2.
To model the new obscuration in the 2019 data one additional
pion component is required, which is partially covering the X-
ray source. This is needed to be able to fit the characteristic
curvature seen in the 2019 broadband X-ray spectrum (Figs. 2
and 7). In our modelling of the 2019 obscured observation,
the ionisation parameter ξ of the above warm-absorber compo-
nents were self-consistently lowered in response to the shield-
ing of the ionising SED by the obscurer. Thus, for the 2019
observation the warm-absorber parameters are not fitted, but
rather the ionisation parameter is automatically re-calculated
by the pion model for the obscured SED. The new ionisa-
tion parameter of the above components corresponds to log ξ
of 2.4, 2.1, 1.2, and −2.4, respectively. So the 2016 warm-
absorber model is ‘de-ionised’ in the 2019 observation, thus
producing stronger absorption than in 2016. Such de-ionisation
of the warm absorber by the obscurer has been previously pre-
sented for the obscuration in NGC 5548 (Kaastra et al. 2014)
and NGC 3783 (Mehdipour et al. 2017). Our fitted pion param-
eters of the obscurer in NGC 3227 are: NH = 5.4 × 1022 cm−2,
log ξ = 1.0, and covering fraction C f = 0.64. More details about
the new obscuring wind and its variability in NGC 3227 will be
presented in our follow-up Paper III (Mao et al., in prep.) and
Paper IV (Grafton- Waters et al., in prep.).

Finally, we tested how much our SED model changes if an
ionised relativistically-blurred reflection component is added to
our model, where it would contribute to the soft X-ray excess
(see e.g., Patrick et al. 2012; Beuchert et al. 2015). For this test
we added a second refl component and allowed its ionisation
parameter to be fitted with relativistic disk broadening. We found
the change on the photon index of the power-law and flux of
the SED in the soft and hard X-ray bands are at levels of 1 to
3%. This amount of change, which is comparable to the uncer-
tainty of the continuum parameters, is not significant for pho-
toionisation modelling (see e.g., Kara et al. 2021). Therefore,
considering the above test, and lack of a consensus in previous
publications of NGC 3227 about the nature of the soft X-ray
excess, we keep our SED model as it was before the test. Our
aim in this paper is not distinguishing between different models
for the soft excess in NGC 3227, but rather adopt one feasible
model for producing the overall SED.

4. Discussion

4.1. Nature and origin of dust extinction in NGC 3227

We showed in Sect. 3.1 that the optical-UV spectra of NGC 3227
display strong internal reddening. This is evident in both the
shape of the continuum (Figs. 6 and 7) and the Balmer lines
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(Fig. 5). Here we discuss the possible origin and location of this
dust reddening in NGC 3227. The host galaxy of NGC 3227 is
interacting with its companion galaxy NGC 3226. The H i radio
mapping studies of NGC 3227 show interesting tidal interac-
tions between the two galaxies. As a result there is a significant
column density of neutral gas in the host galaxy of NGC 3227.
According to radio observations, the H i 21-cm absorption sug-
gests a neutral gas column density of 5.5 × 1021 cm−2 along our
line of sight (Mundell et al. 1995b). However, interestingly, our
line of sight to the X-ray and UV source does not show the pres-
ence of any significant amount of intrinsic neutral gas as dis-
cussed below. Apart from absorption by ionised AGN outflows
(Sect. 3.2), the X-ray spectra of NGC 3227 do not show evi-
dence of any additional absorption by neutral gas, such as in the
ISM of NGC 3227. This is also supported from HST UV spec-
troscopy of the intrinsic Lyα line in NGC 3227, which shows
strong absorption, but does not have broad damping wings. This
implies a total intrinsic H i column of < 1019 cm−2. The most fea-
sible explanation for this discrepancy between the H i absorption
in radio, and lack of H i absorption in X-rays and UV, is that the
radio continuum emission is not coincident with the nucleus of
NGC 3227, where the X-ray and UV point source reside. Indeed
the high resolution radio observations of Mundell et al. (1995a)
show that the radio emission is extended along the direction of
the ionization cone defined by [O iii] λ5007 and the extended
X-ray emission (Zeng et al. 2003).

Since the internal reddening E(B − V) = 0.45 cannot be
associated with neutral ISM gas in NGC 3227, one likely
explanation is that the internal reddening is linked to nuclear
gas, likely the outflowing warm-absorber gas that may orig-
inate from the dusty torus of NGC 3227. The relation
between the hydrogen column density NH and reddening E(B −
V) can be written as NH (cm−2) = a × 1021 E(B − V) (mag),
where a is reported in the literature to have a value rang-
ing from about 5.5 to 6.9 (Bohlin et al. 1978; Gorenstein
1975; Predehl & Schmitt 1995; Güver & Özel 2009). There-
fore, for our derived E(B − V) = 0.45, the expected NH is
about 3 × 1021 cm−2. Interestingly, this NH matches the col-
umn density NH of the lower-ionisation components of the
warm absorber in NGC 3227 (see Sect. 3.2, and also
Turner et al. 2018 and our Paper II by Wang et al. 2021).
Such internal reddening without neutral X-ray absorption was
also seen in Seyfert-1 galaxies MCG -6-30-15 (Lee et al.
2001), ESO 113-G010 (Mehdipour et al. 2012), and IC 4329A
(Mehdipour & Costantini 2018). Similarly, in these objects the
internal reddening was explained by the lower-ionisation compo-
nents of their warm-absorber outflows being dusty. In contrast to
Crenshaw et al. (2001), who attribute the extinction and absorp-
tion to interstellar gas far from the nucleus in NGC 3227, we
deduce that the internal reddening in NGC 3227 can be attributed
to the presence of dust in the warm-absorber outflows, likely
being driven from the AGN torus. This dusty outflow scenario
is further supported by the recent study of Alonso-Herrero et al.
(2019), and references therein, which show in NGC 3227 there
are nuclear molecular outflows, as well as polar dust emission in
the mid-IR, likely coinciding with the AGN ionisation cone.

We noted in Sect. 3.1 that the HST/COS spectrum of
NGC 3227 contains an unreddened component in the far-UV
(Fig. 6). An alternative explanation to this unreddened compo-
nent may be a custom dust extinction law, one that is different
from the ones considered in Fig. 4, including the SMC extinction
with RV = 4.0 that we used for de-reddening the spectra. Such a
custom extinction curve would describe the intrinsic spectrum
as a power law in Fλ with index α = −7/3 to match the red tail

of the unreddened component. With such a custom extinction
law the presence of the unreddened scattered continuum compo-
nent is not essential. However, there are two points that favour
the scattered radiation interpretation. Firstly, this component is
needed to properly fit the optical/UV continuum when using a
standard extinction law (Fig. 6). Secondly, the extended X-ray
emission seen in the Chandra image of NGC 3227 (Zeng et al.
2003), and the extended NLR emission, imply the existence
of a cone of scattered light similar to other nearby obscured
Seyferts, such as NGC 4151 and NGC 1068. The study of
Alonso-Herrero et al. (2019) shows the presence of this cone in
NGC 3227. Therefore, we deduce that the unreddened compo-
nent detected in the HST COS spectrum is a real scattered emis-
sion component, likely originating from the extended NLR of
NGC 3227.

4.2. Broadband continuum emission of NGC 3227

The broadband continuum of NGC 3227 is strongly modi-
fied by internal reddening and X-ray absorption. By modelling
these effects in this paper, the underlying intrinsic emission
of the AGN is uncovered. The NIR-optical-UV continuum of
NGC 3227, measured thanks to broad HST spectral coverage,
is fully consistent with a disk blackbody (dbb) model. In order
to fit the soft X-ray excess, an additional spectral component
is required, which in this paper we modelled with a warm
Comptonisation component (comt). Our modelling of the XMM-
Newton and NuSTAR spectra shows that the hard X-ray spectrum
of NGC 3227 is consistent with a typical AGN X-ray power-law,
produced in an optically-thin, hot, corona. The X-ray power-law
is accompanied by a neutral, narrow, X-ray reflection compo-
nent, producing the observed Fe Kα line and the Compton hump
at higher energies.

We note that the broadband continuum model presented in
this paper should be considered as only one feasible explana-
tion. The primary purpose of Paper I is to establish the SED that
is needed for the photoionization modelling of the outflows in
NGC 3227, which are studied in more detail in our subsequent
papers. To this end the single SED model presented in this paper
is sufficient for the purpose of our investigation. Furthermore,
considering the strong reddening in NGC 3227, and the caveats
in modelling it, as well complexities in the strong X-ray absorp-
tion, NGC 3227 is not the best candidate for evaluating merits of
different models for the soft X-ray excess and thus tackling the
long-standing issue in deciphering its origin in AGN.

From the dbb model we can derive the inner disk radius
and the accretion rate using the fitted parameters of the dbb
model. The radial temperature profile of the accretion disk is
given by T (r) = {3GMṀ[1 − (Rin/r)1/2]/(8πr3σ)}1/4 where T
is the local temperature at radius r in the disk, G the grav-
itational constant, M the mass of the SMBH, Ṁ the accre-
tion rate, σ the Stefan-Boltzmann constant, and Rin is the
radius at the inner edge of the disk. The flux at frequency ν
from the disk seen by an observer at distance d is given by
Fν = [4πhν3 cos i/(c2d2)]

∫ Rout

Rin
(ehν/kT (r) − 1)−1 r dr where i is the

inclination angle of the disk, Rout the radius at the outer edge of
the disk, h the Planck constant, and c the speed of light. The
parameter Rout cannot be constrained by spectral fitting since
most of the radiation originates from the inner regions of the
disk, thus Rout is fixed to 103Rin. The fitted parameters of the dbb
model are then the normalisation A = R2

in cos i and the maximum
temperature of the disk Tmax, which occurs at r = (49/36) × Rin.

Therefore, using our best-fit normalisation A value for the
2019 observation (Table 2), for which dbb is better constrained
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thanks to HST spectral coverage, and the black hole mass of
M = 5.96 × 106 M� for NGC 3227 (Bentz & Katz 2015), we
find Rin = (11.3/

√
cos i) Rg, where Rg = 2GM/c2. Adopting the

inclination angle of 30◦ from Alonso-Herrero et al. (2019) for
the nuclear ionisation cone of NGC 3227, we get Rin = 12 Rg,
with a propagated uncertainty of about 1 Rg. This suggests the
disk in NGC 3227 is likely truncated. Using the above expres-
sion for T (r), and our best-fit Tmax (Table 2) and Rin value, the
mass accretion rate Ṁ can be obtained, which is about 0.1 M�
yr−1 according to our dbb model.

Our broadband continuum modelling of the 2019
observation gives an intrinsic bolometric luminosity of
2.2 × 1043 erg s−1. In the 2016 observation the intrinsic luminos-
ity was higher by a factor of 2.1 than in the 2019 observation.
The individual continuum components contribute to the bolo-
metric luminosity in 2019 as following: 85% from the disk
blackbody (dbb), 5% from the warm Comptonisation compo-
nent (comt), 7% from the X-ray power-law (pow), and 3% from
the reflection component (refl). Taking into account the black
hole mass of 5.96×106 M� (Bentz & Katz 2015), the 2019
bolometric luminosity in NGC 3227 corresponds to about 3%
of the Eddington luminosity. Our derived bolometric luminosity
and the Eddington ratio matches the SED modelling results of
Vasudevan et al. (2010): 2–3×1043 erg s−1 and 2–4% Eddington
luminosity.

5. Conclusions

In 2019 we found a transient obscuration event in Seyfert-1
galaxy NGC 3227 using our Swift monitoring programme of
a sample of AGN. Follow-up ToO observations were triggered
with XMM-Newton, NuSTAR, and HST. Here in Paper I we have
determined the SED of NGC 3227, which is required for investi-
gating the properties and origin of the new obscuring gas. We
have modelled the broadband continuum of NGC 3227 using
HST, XMM-Newton, and NuSTAR spectra extending from NIR
(10255 Å) to hard X-rays (78 keV). We make use of both archival
unobscured (2016) and new obscured (2019) spectra to disentan-
gle the spectral components of the SED. We took into account all
reddening and absorption processes that take place in our line of
sight towards the nucleus of NGC 3227. Based on the results of
our investigation we conclude the following points.
1. The underlying NIR-optical-UV continuum of NGC 3227 is

fitted well with a disk blackbody model with a maximum
temperature of about 10 eV, inner disk radius of 12 Rg, and
an accretion rate of 0.1 M� yr−1. The EUV continuum and the
‘soft X-ray excess’ in NGC 3227 are consistent with a warm
Comptonisation component, up-scattering the disk seed pho-
tons in a warm, optically-thick corona.

2. Our SED continuum modelling shows that the AGN radia-
tion in NGC 3227 is internally reddened with E(B − V) =
0.45. This reddening, which is seen in both the continuum
and the Balmer lines, is most consistent with an SMC extinc-
tion law with RV = 4.0. We find the internal reddening in
NGC 3227 most likely occurs in dusty ionised outflows from
the AGN torus, rather than being caused by neutral gas in the
ISM of the host galaxy.

3. Our modelling shows the presence of an unreddened far-
UV continuum component at the shortest wavelengths of the
COS spectrum. This component is likely scattered radiation
from the extended NLR of NGC 3227.

4. From our modelling of the intrinsic broadband continuum
in NGC 3227, we derive a bolometric luminosity of about

2.2 × 1043 erg s−1 in 2019, which corresponds to about 3%
of the Eddington luminosity.
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