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ABSTRACT
We present a study of optical, UV and X-ray light curves of the nearby changing look active
galactic nucleus in the galaxy NGC 1566 obtained with the Neil Gehrels Swift Observatory
and the MASTER Global Robotic Network over the period 2007–2018. We also report on our
optical spectroscopy at the South African Astronomical Observatory with the 1.9-m telescope
on the night 2018 August 2–3. A substantial increase in X-ray flux by 1.5 orders of magnitude
was observed following the brightening in the UV and optical bands during the last year. After
a maximum was reached at the beginning of 2018 July the fluxes in all bands decreased with
some fluctuations. The amplitude of the flux variability is strongest in the X-ray band and
decreases with increasing wavelength. Low-resolution spectra reveal a dramatic strengthening
of the broad emission as well as high-ionization [Fe X]6374 Å lines. These lines were not
detected so strongly in the past published spectra. The change in the type of the optical
spectrum was accompanied by a significant change in the X-ray spectrum. All these facts
confirm NGC 1566 to be a changing look Seyfert galaxy.

Key words: galaxies: active – galaxies: individual: NGC 1566 – galaxies: nuclei – galaxies:
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1 IN T RO D U C T I O N

The Changing Look active galactic nuclei (CL AGNs) are objects
which undergo dramatic variability of the emission line profiles and
classification type, which can change from type 1 (showing both
broad and narrow lines) to type 1.9 (where the broad lines almost
disappear) or vice versa within a short time interval (typically a few
months). The most extreme examples of known CL AGNs exhibit
very strong changes not only in their broad Balmer lines, but also
in their more narrow high-ionization lines like [Fe VII], [Fe X] and
[Fe XIV] (see e.g. Parker et al. 2016). There are currently only a
few dozen cases of CL AGNs recorded, but their number is grow-
ing steadily all the time, in particular during last 5 years (see e.g.
Shappee et al. 2014; Koay et al. 2016; MacLeod et al. 2016; Runco
et al. 2016; Rumbaugh et al. 2018; Yang et al. 2018). More than
20 AGNs have been witnessed as changing their spectral look in
the X-ray domain (see references in Ricci et al. 2016). The origin
of the UV and optical variability in AGN, and its correlation with
the X-ray variability, is not well understood. Therefore investiga-
tions of CL AGNs during such transitions can be very helpful for
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understanding the central structure of AGNs as well as the physics
underpinning such dramatic changes.

NGC 1566 is a galaxy with a very well-studied variable active
nucleus. It is a nearly face-on spiral galaxy with morphological type
SAB(s)bc. It is one of the brightest (V ≈ 10.0 m) and nearest galax-
ies with AGN in the South Hemisphere (the distance is still subject to
large uncertainty and so we adopt the median value given by NED,1

i.e. D ≈ 7.2 Mpc). The NGC 1566 nucleus exhibits a Seyfert emis-
sion spectrum (de Vaucouleurs & de Vaucouleurs 1961; Shobbrook
1966) that was later classified as type 1. Spectral variations had been
witnessed in this object even in some of the earliest spectroscopic
investigations in 1956 (de Vaucouleurs & de Vaucouleurs 1961)
and in 1966 (Shobbrook 1966; Pastoriza & Gerola 1970). Other
early observed spectra (Osmer, Smith & Weedman 1974) showed
that the Hα and Hβ profiles had broad components with strong
asymmetry towards the red. NGC 1566 can be classified as a CL
object since it has exhibited strong variations in the past decades
(Alloin et al. 1985; Kriss et al. 1991; Baribaud et al. 1992; Winkler

1The NASA/IPAC Extragalactic Database (NED) is operated by the Jet
Propulsion Laboratory, California Institute of Technology, under contract
with the National Aeronautics and Space Administration.
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1992). During the 1970s and 1980s the object spent much time in
a low-luminosity state where the broad permitted lines were nearly
undetectable (Alloin et al. 1986). However it had several recurrent
brightening events when its type changed from Sy 1.9-Sy 1.8 to Sy
1.5-Sy 1.2 states. The most significant recorded past outbursts were
observed in 1966 and 1992 (da Silva, Steiner & Menezes 2017).
The first multiwavelength investigations of the NGC 1566 variabil-
ity from X-ray to IR, as well as first IR reverberation mapping in the
object, were done by Baribaud et al. (1992). They found a possible
delay in the variations of the IR K band relative to those of Hα of
about 2 ± 1 month. The lag of the K-band variability relative to J
was, however, elsewhere found to be less than 20 days (Oknyan-
skij & Horne 2001). Alloin et al. (1985) and da Silva et al. (2017)
found the broad line region upper limit radius to be 20 light-days
and 15 light-days, respectively. These values together with the IR
time delays may be used to estimate the location of the inner edge
of the dust torus (see e.g. Clavel et al. 2000; Netzer 2015). In the
X-ray regime, studies of the Feα emission line suggest that it is
linked to reflection from the torus (Kawamuro et al. 2013).

On 2018 June 12–19 data from the INTEGRAL observatory
showed that NGC 1566 was in outburst in hard X-rays (Ducci et al.
2018), and led to follow-up observations with the Swift observatory
(Ferrigno et al. 2018; Grupe, Komossa & Schartel 2018; Kuin et al.
2018). An ASAS-SN V-band light curve for the period 2014–2018
shows that the nuclear started to brighten significantly around 2017
September (Dai et al. 2018). The 2014–2018 mid-infrared light
curves of the object show that the nucleus brightened by 1 mag at
3.4 μm and 1.4 μm at 4.6 microns between 2017 January and 2018
July (Cutri et al. 2018).

In this paper we report on follow-up optical and UV photometric
observations (MASTER (Mobile Astronomical System of TEle-
scope Robots); Swift/UVOT), as well as new X-ray (Swift/XRT)
data. We also report on our optical spectroscopy at the South African
Astronomical Observatory (SAAO) of what is one of the brightest
and most nearby CL cases witnessed to date (Oknyansky et al.
2018b).

2 O BSERVATIONS, INSTRUMENTS AND
R E D U C T I O N

2.1 Swift: optical, ultraviolet, and X-ray observations

The Neil Gehrels Swift Observatory (Gehrels et al. 2004) has mon-
itored NGC 1566 regularly for years starting from 2007. Some
results from these observations have been previously published
(Kawamuro et al. 2013; Ferrigno et al. 2018; Grupe et al. 2018;
Kuin et al. 2018). In the current work all the data (both from the
XRT and UVOT telescopes) were re-reduced uniformly (the same
way as in Oknyansky et al. 2017), enabling us to trace the evolution
of the behaviour of the source on a longer time-scale.

The XRT telescope (Burrows et al. 2005) was operating both
in photon counting and windowed timing modes depending on the
brightness of NGC 1566. The spectra were reduced using the stan-
dard online tools provided by the UK Swift Science Data Centre
(http://www.swift.ac.uk/user objects/; Evans et al. 2009). Taking
into account low count statistics we binned the spectra in the 0.5–
10 keV range to have at least one count per energy bin and fitted
them using the W-statistic (Wachter, Leach & Kellogg 1979).2 To

2See XSPEC manual; https://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/X
SappendixStatistics.html

Figure 1. Multiwavelength observations of NGC 1566 spanning from 2007
Dec. 11 through 2018 Aug. 25. Top panel: The Swift/XRT 0.5–10 keV X-
ray flux (in erg cm−2 s−1) – (filled circles). Bottom panel: Optical–UV
photometric observations. The large open circles are MASTER unfiltered
optical photometry of NGC 1566 reduced to the V system while the points are
V ASAS-SN (nightly means) reduced to the Swift V system. The open boxes
are V data obtained by Swift. The filed circles are MASTER V photometry.
The small open boxes are U and UVW1 UVOT Swift photometry.

get the source flux in physical units we fitted all the spectra with a
simple absorbed power-law model. The absorption parameter was
free to vary; however we did not detect any significant absorption
in the data either in high or in low flux states. The resulting light
curve in the 0.5–10 keV band is shown in Fig. 1(a).

The Swift Ultraviolet/Optical Telescope (UVOT) observes in dif-
ferent bands (V, B, U, UVW1, UVW2, UVM2) simultaneously with
the XRT telescope, thus making it possible to get a broad-band
view from the optical to X-rays. The image analysis has been done
following the procedure described on the web-page of the UK Swift
Science Data Centre. Photometry was performed with the uvot-
source procedure with aperture radii of 5 and 10 arcsec for the
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Figure 2. Optical–UV photometric observations of NGC 1566 shown for
the last year only. The large open circles are MASTER unfiltered optical
photometry of NGC 1566 reduced to the V system while the points are V
ASAS-SN (nightly means) reduced to the Swift V system. The open boxes
are BV data obtained by Swift. The filed circles are MASTER BV photometry.
The small open boxes are U and UVW1 UVOT Swift photometry.

Figure 3. Energy spectra of NGC 1566 obtained with the Swift/XRT tele-
scope in low state (MJD 56185–56210; open circles) and high state (MJD
58339.7; squares). Solid lines correspond to the best-fitting models consist-
ing of the power law in the high state and power-law plus Gaussian emission
components in the low state.

source and background, respectively. The background was chosen
with the centre about 1 arcmin away from the galaxy for all filters.

The XRT and UVOT observation results are presented in Figs 1–3
and will be discussed in Section 3.1.

2.2 Observations with the MASTER network

MASTER (Lipunov et al. 2010) is a fully automated network of tele-
scopes. The global MASTER robotic net for space monitoring was
developed at the M.V. Lomonosov Moscow State University and
consists of eight observatories. Here we are using data just from one
of these observatories located at SAAO. This MASTER–SAAO ob-
servatory contains two 40-cm wide field telescopes (MASTER-IIs)
with a combined field of view of 8 deg2. Each MASTER II telescope
is equipped with fast frame rate industrial GE4000 CCD cameras
from AVT company (former Prosilica), which have a detector format
of 4008 × 2672 pixels and an area of 24 × 36 mm. The MASTER-II
instruments are able to provide surveys at a limiting celestial magni-
tude of 20 on dark, moonless nights. Observations can be made with
Johnson BVRI filters, or without a filter for integrated (white) light.
Details of MASTER can be found in Kornilov et al. (2012). One
of the goals of the MASTER is investigations of the transient vari-
ability of AGNs. One example is the investigation of the CL AGN
NGC 2617 (Oknyansky et al. 2017). Here we present the MASTER
optical photometry of the CL AGN NGC 1566. To minimize the
differences with the Swift UVOT observations, we performed pho-
tometry using a 5 arcsec radius aperture on all our data. We measured
the background within an annulus of radii 35–45 arcsec. The cali-
bration of BV magnitudes was done relative to the comparison stars
from http://www.astro.gsu.edu/STARE/ngc1566.html. The unfil-
tered data were reduced to the system of the ASAS-SN (All-Sky
Automated Survey for Supernovae; Dai et al. 2018) V band (using
14 common dates of observations), whereafter all these V data were
converted the same way to the V UVOT Swift system.

The MASTER observation results are presented in Figs 1 and 2
and will be discussed below in Section 3.2.

2.3 Optical spectral observations and reductions

Low-resolution spectra of NGC 1566 were obtained during the night
of 2018 August 2–3 with the 1.9 m telescope at SAAO in Sutherland.
We used the Cassegrain spectrograph with a low-resolution (300
grooves per mm) grating and a slit width of 2.7 arcsec to give spectral
range from 3300 to 7500 Å and nominal resolution about 7 Å. The
spectrograph slit was oriented at a position angle of 90◦. Two spectra
of 600 s were taken and were later combined into a single spectrum
using an average. The wavelength and flux calibration were achieved
by bracketing the AGN spectra with Ar–spectra, and by means of
an observation of the spectrophotometric standard star Feige 110
(Hamuy et al. 1994). The spectrum of the nuclear region, displayed
as a dashed line in Fig. 4, represents the flux collected within 5
arcsec east or west of the nuclear position. This nuclear spectrum
includes emission for the nearby H II region (da Silva et al. 2017) and
contamination from the host galaxy. The H II emission is not relevant
to our analysis since these lines are much more narrow and weaker
(see fig s10 and 11 in da Silva et al. 2017) than the AGN narrow
components of the emission lines. Their presence just represents a
small additional constant contribution to the AGN emission lines
which is smaller than the broad line flux uncertainty determined in
Section 3.3. The host galaxy contribution to the object spectrum was
estimated by scaling the off-nucleus spectrum measured between 6
and 13 arcsec from the nucleus (both to the east and to the west).
The host galaxy spectrum therefore avoids an H II region located
approximately 1 arcsec from the nucleus (da Silva et al. 2017).
This off-nuclear spectrum was then scaled by a factor that was
adjusted until the stellar absorption features matched those in the
object spectrum. The stellar spectrum is also shown in Fig. 4, and
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Figure 4. The isolated nuclear non-stellar spectrum (solid line) in NGC
1566 obtained by subtraction of the host galaxy spectrum (thin line) from
the original spectrum (dashed line). (See details in the text.)

provides a good match to the Sb galaxy template given by Kinney
et al. (1996). Note that the weak emission near Hα is normal in
galaxies of this morphological class, which confirms that there is
no significant contamination from the nuclear emission lines in the
adopted stellar background spectrum. The isolated nuclear non-
stellar spectrum in NGC 1566 obtained by subtraction of the stellar
spectrum from the original spectrum is displayed as a solid line in
Fig. 4 and bigger in size in Fig. 5.

3 R ESU TS

3.1 Swift XRT and UVOT results

The resulting light curve (XRT) in the 0.5–10 keV band (spanning
from 2007 Dec. 11 to 2018 Aug. 25) is shown in Fig. 1(a). Our
analysis revealed a strong dependence of the spectral photon index

on the source luminosity. This is clearly demonstrated in Fig. 3,
where two spectra are shown for very different intensity states.
The low-state spectrum (open circles), collected in 2012 September
(Swift/XRT ObsIds 00045604004-00045604008, where Obs Id is a
numeric value that uniquely identifies an observation), is well fitted
by a power-law model with a photon index of 1.54 ± 0.06 and a flux
of F0.5−10 keV = (4.7 ± 0.2) × 10−12 erg cm−2 s−1. In addition to
the power-law continuum component, the fit required the inclusion
of a narrow emission line near 6 keV. This spectrum for the low
state is similar to one presented by Kawamuro et al. (2013). In the
bright state (Swift/XRT Obs Id 00035880015; squares in Fig. 3)
the source flux increased by a factor of ∼20 to F0.5−10 keV = (8.2 ±
0.2) × 10−11 erg cm−2 s−1, and the spectrum became significantly
softer, with a photon index of 1.88 ± 0.03. The low- and high-state
spectra are very different in shape and luminosity, with the soft
excess brightening by much more than the hard X-rays. The soft
X-ray excess produces most of the ionizing photons, so its dramatic
change must lead to a strong outburst of the broad line region, and
could therefore be the driver of the changing-look phenomenon.
Some excess flux at energies above ∼5 keV seen in the bright state
may correspond to the iron line or a reflection component (see e.g.
Kawamuro et al. 2013).

Light curves in optical and UV bands (UV and UVW) are shown
in Fig. 1(b) for 2007–2018 and in UBV and UV bands in Fig. 2 for
just the last year. Given the very high correlation between variations
in different UV bands, we present the light curve just for one of these
bands, UVW1.

Analysis of the Swift/XRT data demonstrates a substantial in-
crease in flux by 1.5 orders of magnitude following the bright-
ening in the UV and optical bands during the past year, with
maximum reached during the end of June – beginning of 2018
July. The minimum recorded level of X-ray flux was about
2.2 × 10−12 erg cm−2 s−1 (MJD 56936), while the maximum flux
measured was 1.1 × 10−10 erg cm−2 s−1 (MJD 58309), i.e. a ratio
of nearly 50 times. Day-to-day fluctuations were also observed a
few times on scales much higher than for UV and optical fast vari-

Figure 5. The isolated nuclear non-stellar spectrum in NGC 1566 obtained by subtraction of the stellar spectrum (see details in the text.).
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ations. The difference is in part due to a lower galaxy contribution
in X-rays and can also be explained by the relatively smaller size
of the X-ray radiation region. After the maximum, the fluxes in all
bands were decreasing quite fast, with some fluctuations. As can be
seen in the figures, all variations in the optical, UV and X-ray are
correlated. The amplitude is largest for X-rays and decreases with
increasing wavelength. Possible lags between these variations will
be discussed in future publications.

3.2 MASTER results in comparison with ASAS-SN and Swift
photometry

The MASTER photometry presented here includes old unfiltered
archival data from 2014, new intensive monitoring in the B and V
bands, as well as unfiltered W-band data starting from 2018 July
6 (Figs 1b and 2). We show the light curve for our unfiltered data
reduced to the V UVOT Swift system. The mean nightly (ASAS-
SN) V-band light curves are also shown in Figs 1(b) and 2. The
nominal errors for these magnitudes are no more than 0.01 mag
in that system, and about three times bigger after reducing these
to a smaller aperture. The actual uncertainties may be deduced
from the dispersion of the points in the light curve. As is seen
from the light curves, our magnitudes are in good agreement with
the ASAS-SN and Swift V-band light curves for 2014–2018. The
brightening at the beginning of the ASAS-SN V-band light curve in
2014–2015 is due to supernova ASASSN-14ha (SN), which does
not affect our data as our aperture excluded the SN. From 2018
July 6 we started intensive observations in the B and V bands using
the MASTER telescopes located in South Africa (SAAO). We have
combined these estimates in Figs 1(b) and 2. We present only mean
nightly values for the MASTER photometry in all bands. Usually,
we obtained two to six observations in each band per night. The
nominal errors of the plotted magnitudes are mostly less than the
sizes of the shown points.

Our data (Swift and MASTER) show a roughly linear decline
(after the maximum at the beginning of July) that is clearly seen in
all bands. Here the average brightness drop rate is about 0.005 ±
0.001 mag mag in V, 0.009 mag in B, 0.014 ± 0.002 mag mag in U
and 0.020 ± 0.002 m in UVW1 per day, respectively. Fluctuations
seen during July–August probably are real since they are visible in
all bands. For example, the same local maximum was seen on MJD
58359 at all wavelengths from X-ray to V.

3.3 Optical spectrum: new results

The spectra in Fig. 5 reveal a dramatic strengthening of the broad
emission lines compared to past published ones. This confirms NGC
1566 to be a changing look Seyfert galaxy.

The Balmer lines exhibit a complex profile consisting of (a)
a narrow component with the same profile as the nearby [O III]
and [N II] forbidden lines, (b) a broad component with a Gaussian
profile and (c) irregularly shaped blue and red wings/humps. In
view of the relatively wide slit and low-resolution grating employed,
and also because the broad lines are dominant, the Balmer narrow
line strengths could not be established to significant accuracy. The
hydrogen narrow components were therefore generated by adopting
the [O III]5007 Å-to-Hβ and [N II]6584 Å-to-Hα ratios determined
by da Silva et al. (2017). The peak wavelengths of the Gaussian
broad components (215 ± 30 km s−1 for Hα and 470 ± 30 km s−1

for Hβ) are slightly lower than was measured by da Silva et al.
(2017), while the widths of these components remained consistent
with the values determined in that study. Furthermore:

(1) Hβ is quite a lot brighter than [O III]5007 Å. The total Hβ to
[O III]5007 Å line ratio is about 4.2 ± 0.4, corresponding to a Sy1.2
classification according to the criteria proposed by Winkler (1992).
This ratio is not significantly affected by the narrow component
uncertainty because the narrow Hβ intensity is only of the order
of 10 per cent of [O III]5007 Å. Hβ has not been observed at this
strength before in this object.

(2) The Hα to Hβ ratio for the Gaussian broad components is
2.7 ± 0.3. This is consistent with other recent studies (e.g. da Silva
et al. 2017) that also found that the obscuration of the broad line
region is negligible.

(3) The He II4686 Å emission feature is bright and broad. No
such strong He II was visible in the past published spectra (see e.g.
Kriss et al. 1991; Winkler 1992).

(4) The [Fe X]6374 Å coronal emission line is stronger than
[O I]6300 Å, something that has not been seen before in NGC 1566.
The ratio is about 1.4 ± 0.2 after contamination from [O I]6363
Å is removed using the assumption that the ratio of [O I]6300
Å to [O I]6363 Å is 2.997 (Storey & Zeippen 2000). One previ-
ous measurement of the coronal line, in a spectrum from 1988
January, recorded this ratio as 0.43 (Winkler 1992). Furthermore,
[Fe VII]6086 Å is quite prominent in the spectrum, and is also
stronger than previously recorded. The variability of high-ionization
coronal lines is not surprising since these would be expected to arise
in the very inner part of the NLR (see e.g. discussion by Peterson
1988 and Ulrich, Maraschi & Urry 1997) or at the inner torus wall
(Rose, Elvis & Tadhunter 2015). It was noted that the [Fe X]6374
Å in some AGNs is broader than for other forbidden lines (Netzer
1974; Osterbrock & Shuder 1982). The variability of coronal lines
has also been detected in a number of CL AGNs: NGC 4151, NGC
5548, NGC 7469, 3C 390.3 and others (Oknyanskij & Chuvaev
1982; Veilleux 1988; Oknyanskii, Lyutyi & Chuvaev 1991; Landt
et al. 2015a,b; Parker et al. 2016).

(5) A strong UV continuum is clearly seen in our spectrum, and
was far more prominent than what is visible in spectra collected
during earlier low states.

(6) Fe II emission is evidently much stronger now than in recent
years. For example, the multiplet 42 lines of Fe II are clearly seen
superimposed on the [O III] lines in our spectrum, but these were
not detected in NGC 1566’s low state (see fig. 10 in da Silva et al.
2017).

More details will be presented in a future publication where we
will examine the spectral development and profile variations in
additional spectra arranged to be collected in the coming season.

4 D ISCUSSION

NGC 1566 is one of the clearest cases of Seyfert spectra ranging
from type 1.2 to type 1.9 AGNs, all being confirmed in the same
object at different epochs. In view of the galaxy’s relative proximity
and brightness, it also offers one of the best opportunities for study-
ing this phenomenon. What must happen to make such a dramatic
change possible? CL AGNs like NGC 1566 present problems for
the simplest unification models in which type 2 and type 1 AGNs
arise under the same processes, and the difference in type is only
due to the orientation of the observer. In this model we see a type
2 AGN if the BLR and accretion disc are blocked from our view
by obscuring dust surrounding the AGN perpendicular to the axis
of symmetry (Keel 1980). However, orientation cannot change on
the time-scale of the observed type changes, and hence some other
explanation is needed.
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We have shown using spectroscopy and multiwavelength pho-
tometry that NGC 1566 is in a high state with strong broad emission
lines. The duration of the high state and the continuing variability
are not consistent with potential explanations where the type change
is due to tidal disruption or a once-off event such as a supernova.
The recurrent brightening with CL events seen in NGC 1566 is
probably common in CL AGNs, as such behaviour has also been
noted for some other well-known CL AGNs such as NGC 4151
(Oknyanskij et al. 2016), NGC 5548 (Bon et al. 2016) and NGC
2617 (Oknyansky et al. 2017, 2018a).

We propose that the change of type may be the result of increased
luminosity causing the sublimation of dust in the line of sight which
previously obscured part of the broad line region. This leads to a
much more direct view of the central regions. The greater luminosity
would also increase the intensity of the Balmer lines as well as
highly ionized lines like [Fe X] and [Fe VII].

What is the reason for these recurrent outbursts in the object?
The main problem with invoking a TDE (tidal disruption event) or
supernova near SMBH (supermassive black hole) in some AGN is
that they are extremely rare and cannot explain the comparatively
greater rate of CL cases. Repeat tidal stars stripping (Ivanov &
Chernyakova 2006; Campana et al. 2015) could lead to more fre-
quent events (Komossa et al. 2017), but this possibility is not suffi-
ciently investigated yet. Understanding the physical process remains
elusive at this stage.

5 SU M M A RY

We have shown, using spectroscopy (1.9 m SAAO) and multi-
wavelength photometry (MASTER, Swift Ultraviolet/Optical and
XRT Telescopes), that NGC 1566 has just experienced a dramatic
outburst in all wavelengths, including a considerable strengthen-
ing of broad permitted and high-ionization [Fe X]6374 Å lines, as
well as substantial changes in the shape of the optical and X-ray
continua. These confirm a new CL case for NGC 1566 where the
AGN achieved brightness levels comparable to historical outbursts
in about 1966 and 1992. We suspect that these strong outbursts
may be recurrent events with a quasi-period of about 26 years. One
possible interpretation for these outbursts involves tidal star strip-
ping. More work is needed to determine the plausibility of this and
alternative mechanisms.
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