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ABSTRACT
We report on daily monitoring of the Seyfert galaxy NGC 7469, around 95 and 143 GHz,
with the IRAM (Institut de Radioastronomie Millimetrique) 30- m radio telescope, and with
the Swift X-ray and UV/optical telescopes, over an overlapping period of 45 d. The source
was observed on 36 d with IRAM, and the �ux density in both mm bands was on average
�10 mJy, but varied by –50 per cent, and by up to a factor of 2 between days. The present
IRAM variability parameters are consistent with earlier monitoring, which had only 18 data
points. The X-ray light curve of NGC 7469 over the same period spans a factor of 5 in �ux
with small uncertainties. Similar variability in the mm band and in the X-rays lends support to
the notion of both sources originating in the same physical component of the active galactic
nucleus (AGN), likely the accretion disc corona. Simultaneous monitoring in eight UV/optical
bands shows much less variability than the mm and X-rays, implying this light originates
from a different AGN component, likely the accretion disc itself. We use a tentative 14-d
lag of the X-ray light curve with respect to the 95 GHz light curve to speculate on coronal
implications. More precise mm-band measurements of a sample of X-ray-variable AGN are
needed, preferably also on time-scales of less than a day where X-rays vary dramatically, in
order to properly test the physical connection between the two bands.

Key words: galaxies: active � galaxies: jets � galaxies: nuclei � radio continuum: galaxies �
X-rays: galaxies.

1 INTRODUCTION

Radio loud (RL) active galactic nuclei (AGNs) are known to
have relativistic jets on various scales, from pc to Mpc. On the
other hand, radio emission from radio quiet (RQ) AGN is several
orders of magnitude weaker, and has several possible origins.
The implied high brightness temperature of these sources strongly
suggests the presence of hot, non-thermal electrons, but the actual
physical origin and location of the radio source in RQ AGN
is still in debate. The nature of radio emission from RQ AGN
could be due to weak jets, nuclear star formation, an AGN wind,
or accretion-disc magnetic (i.e. coronal) activity. For a recent
review, see Panessa et al. (2019). Some VLBI (very long baseline

� E-mail: behar@physics.technion.ac.il

interferometry) images (Anderson, Ulvestad & Ho 2004; Ho &
Peng 2001; Lal, Shastri & Gabuzda 2004; Ulvestad, Antonucci &
Barvainis 2005) indicate source angular sizes as small as mas, or
pc-scales for nearby sources, which can still be consistent with all
of the above origins. Since these radio sources could be smaller
than our contemporary imaging capability, one needs to revert to
spectroscopy and timing in the attempt to characterize their physical
origin.

1.1 Spectra

The radio spectra of RQ AGN have not been explored much.
Recently, Laor, Baldi & Behar (2019) studied the spectral slope
of 25 PG quasars (Schmidt & Green 1983) between 5 and 8.5 GHz,
�nding that a steep spectral slope of the �ux density F� � �� with
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� < �0.5 occurs in highly accreting quasars with L/LEdd > 0.3,
while �atter slopes of � > �0.5 occur in quasars with L/LEdd
< 0.3. The steep slope is typical of optically thin synchrotron
and was associated with an AGN wind, while a �at spectrum is
indicative of an optically thick source, and was associated with
a compact AGN core. More generally, since the sources are non-
thermal and the emission is likely due to synchrotron, observing at
a few GHz limits the size of an opaque synchrotron source one has a
chance to resolve, either angularly, or temporally. Synchrotron self-
absorption at a few GHz makes a source of L� � 1030 erg s�1Hz�1

opaque at the pc scales (e.g. equation 19 in Laor & Behar 2008).
Hence, smaller scales are physically impossible to observe. Luckily,
the synchrotron absorption coef�cient �� decreases strongly with
frequency (���3), and thus the physical size of an opaque source
decreases as well (���5/4, Laor & Behar 2008). Consequently,
observations at increasingly higher frequencies have the potential
to reveal smaller structures close-in to the centre of the AGN. This
effect is further enhanced by the improved angular resolution with
� of the telescopes.

Above 300 GHz (sub-mm), the AGN spectrum rises steeply due
to thermal dust emission (Barvainis, Antonucci & Coleman 1992;
Hughes et al. 1993). Thus, the band between 30 and 300 GHz
(crudely referred to here as the mm band) is the sweet spot
in which one might be able to observe nuclear activity. This
potential of observations around 100 GHz has led to several mm-
wave campaigns of RQ AGN. Doi et al. (2005, 2011) observed
a sample of low-luminosity AGN and early-type galaxies, both
RQ and RL. 100 GHz (3 mm) �uxes of X-ray-selected RQ AGN
measured with AUSTRALIA TELESCOPE COMPACT ARRAY (ATCA)
and Combined Array for Research in Millimeter-wave Astronomy
(CARMA) (Behar et al. 2015, 2018) indicate a spectral turnover
between the cm and the mm bands. This distinct mm-wave spectral
component appears superimposed on a steep spectrum of the more
extended (optically thin) low-frequency source (perhaps an out�ow?
see Laor et al. 2019). If this new spectral component is due
to optically thick synchrotron, it could be the sign of a much
smaller source than the likely extended few-GHz source. More
comprehensive cm- to mm-wave spectra were recently obtained
by Inoue & Doi (2018), who used JANSKY VERY LARGE ARRAY
(JVLA) and ATACAMA LARGE MILLIMETER ARRAY (ALMA) to
clearly identify this component in NGC 985 and in IC 4329A.
These authors modelled their spectra in terms of coronal magnetic
activity arising only a few tens of Schwarzschild radii from the
central black hole. Earlier theoretical works have explored the
viability of coronal emission from around and near the black
bole (Field & Rogers 1993; Inoue & Doi 2014; Raginski &
Laor 2016).

1.2 Variability

Weak variability at 8.5 GHz on time-scales of a few days for low-
luminosity RQ AGN (Anderson & Ulvestad 2005), and of months
for luminous RQ quasars (Barvainis et al. 2005) has been detected.
Variability of RQ AGN typically <50 per cent at 5�15 GHz on a
year time-scale has also been detected (Neff & de Bruyn 1983;
Wrobel 2000; Mundell et al. 2009). Falcke et al. (2001) found that
RQ AGN are more variable than RL AGN except for blazars, and
that low-luminosity RQ AGN are among the most variable radio
sources, likely due to the small black hole mass and size.

Systematic radio monitoring of RQ AGN cores is dif�cult, both
due to the numerous observations required, and due to the faintness
(�mJy) of the sources, which necessitates large interferometers,

or few-hour exposures with smaller telescopes each time, as we
do here. The size of an optically thick self-absorbed synchrotron
source at a few GHz being around a pc, further underlines the
need for high-frequency (mm-wave) observations, and in particular
monitoring.

Doi et al. (2011) found signi�cant 3-mm variability within
months in a few low-luminosity RQ AGN. The only long-term
mm-wave monitoring of an RQ AGN is that of Baldi et al. (2015),
who monitored NGC 7469 with CARMA at 95 GHz over a period of
70 d. The source varied (–3� from the mean) by a factor of 2 within
4�5 d, unlike its long-term steadiness at 8.4 GHz (P·erez-Torres et al.
2009).

1.3 Connection to X-rays

X-rays in RQ AGN vary rapidly, particularly in Seyfert galaxies on
time-scales of hours and less (Markowitz & Edelson 2004), which
indicates they come from small length scales (the corona, � light-
hours), close to the black hole. If the mm-wave emission comes
from the same hot coronal electrons that produce the X-rays, the
two bands would be physically correlated. In terms of luminosity,
Laor & Behar (2008) used the PG quasar sample (Schmidt & Green
1983) to demonstrate that LR and LX are correlated and follow the
well established LR/LX � 10�5 correlation observed in coronally
active cool stars (G¤udel & Benz 1993). In terms of variability, the
sole mm-wave monitoring campaign of Baldi et al. (2015) indicate
the variability parameters of NGC 7469 at 95 GHz are similar to
those of NGC 7469 in (non-simultaneous) archival X-ray data, only
with much larger uncertainties. However, in order to truly test the
connection between the mm-wave and X-ray sources of RQ AGN,
simultaneous monitoring is essential. Diligent attempts at 5 and
8.5 GHz, either focus on more RL objects (Bell et al. 2011), or
meet limited success in RQ ones (Jones, McHardy & Maccarone
2017). No such campaign, as far as we know, exists for higher
frequencies.

In this paper, we report results from a dedicated monitoring
campaign of NGC 7469 with the single 30-m dish of the Institut
de Radioastronomie Millimetrique (IRAM) at 95 and 143 GHz,
simultaneous with Swift/XRT (X-ray telescope) and Swift/UVOT
(UV/optical telescope) monitoring that was part of a multi-
wavelength campaign during the last part of 2015 (Behar et al.
2017). The IRAM observations were subsequently obtained to
match, as closely as possible, the dense part of the Swift/XRT
monitoring period.

2 OBSERVATIONS

2.1 NGC 7469

NGC 7469 is a nearby Seyfert galaxy at z = 0.01588, DL =
71.2 Mpc, where 1 arcsec corresponds to �300 pc. It was observed
many times with the VLA (Very Large Array) from 1.4 up to
22 GHz (Unger et al. 1987; Lal et al. 2004; Orienti & Prieto 2010;
Prouton et al. 2004), with the VLBI (Lonsdale, Smith & Lonsdale
1993; Lonsdale et al. 2003) and MULTI-ELEMENT RADIO LINKED
INTERFEROMETER NETWORK (MERLIN) (Thean et al. 2001). At
95 GHz, it was observed with CARMA (Behar et al. 2015; Baldi
et al. 2015), and at 350 GHz with ALMA (Izumi et al. 2015).

The high X-ray brightness and variability of NGC 7469 make it
a popular target for X-ray telescopes, and in particular monitoring
(e.g. Markowitz & Edelson 2004). In the visible too, NGC 7469
was monitored extensively, notable examples of which are its
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Millimetre-wave and X-ray monitoring of NGC 7469 3525

Table 1. IRAM/EMIR bands used in this work.

Name Lower bound Upper bound
(GHz) (GHz)

E090L 83 91
E090U 99 107
E150L 131 139
E150U 147 155
E090 E090L and E090U
E150 E150L and E150U

wavelength-dependent continuum delays of several light days,
which indicate processing in an accretion disc (Collier et al.
1998), and reverberation mapping resulting in a black hole mass
measurement of 107M� (Peterson et al. 2014). In the following, we
describe the observations of our 2015 campaign.

2.2 mm wave

NGC 7469 was monitored daily with the EMIR multiband mm-
wave receiver on the IRAM 30 m telescope from 2015 November
15 through December 31, except for 1 week at the end of November
when an Eight MIxer Receiver (EMIR) upgrade took place. Each
observation included about 1 h on source, which provides a sensitiv-
ity of typically 0.15 mK (0.8 mJy 1� ). In total, we obtained 36 �ux
measurements. The campaign yielded light curves in four EMIR
bands (within B1 and B2, see Carter et al. 2012), each 8 GHz wide.
These are listed in Table 1.

Antenna temperatures were obtained after subtracting the sky
background measured by wobbling the secondary mirror at 2 Hz. To
separate the effect of the optics between the two wobbler positions,
we perform sub-scans with the source in one position of the wobbler,
and then in the other position, and average the two. We then convert
antenna temperature, after correction for atmospheric attenuation,
to �ux density using 6.2Jy K�1 at 86 GHz, 8.8Jy K�1 at 230 GHz,
and a linear interpolation in between. We used Uranus as the �ux
calibrator. It was low on the horizon, and observed at 8.3 Jy.

In each band, we averaged over the two polarizations. Fig. 1
shows the four light curves in the four bottom panels. Although
the photometric uncertainties are large (1� = 0.8 mJy), in some
cases there is interday variability of more than 1� . We then also
averaged each two adjacent bands to improve the signal-to-noise
ratio (S/N). The two averaged bands are (somewhat confusingly)
named E090 centred around 95 GHz, and E150 around 143 GHz.
Their light curves are shown in the two top panels with their smaller
error bars, where interday variability can exceed 2� .

The �ux density of NGC 7469 at 95 and 143 GHz ranges between
6�14 and 4�13 mJy, respectively, which corresponds to �L� = (3.5�
8.1) × 1039 erg s�1 at 95 GHz, and �L� = (3.5�11.3) × 1039 erg s�1

at 143 GHz. The present 95 GHz �ux densities are marginally
consistent with previous CARMA measurements, where the beam
was much smaller. In the C con�guration we measured 5.0 mJy
in 2013 November (Behar et al. 2015), and 2�4 mJy (6�7 mJy in
the D con�guration) in 2014 March and April (Baldi et al. 2015).
See Fig. 2 for a graphical comparison. The total- (as opposed to
peak-) �ux densities in 2014 are 6�11 mJy in the C con�guration
and 12�15 mJy in the D con�guration (Baldi et al. 2015). The 30-m
telescope has a beam size of 28 arcsec at 90 GHz and 17 arcsec
at 150 GHz, while CARMA had a beam size at 95 GHz of 2.2
arcsec in the C con�guration and 5.5 arcsec in the D con�guration.
The 1 kpc circumnuclear starburst ring of NGC 7469 is 2.9 arcsec

Figure 1. IRAM light curves in the four EMIR bands; central frequency is
indicated for each (see Table 1 for details). The top two are co-added pairs
from the bottom four. All panels span the same vertical range. Lines are
drawn just to guide the eye.

across (D·�az-Santos et al. 2007). The reasonably good agreement
between IRAM and CARMA, given also the variability, indicates
the majority of the mm-wave �ux comes from the AGN, and not
from stars. Much below these length scales, however, any extended
source beyond 1 light-month would dilute the variability signal from
the core that we are after.

2.3 Radio-mm SED

In Fig. 2, we plot the full radio-mm spectral energy distribution
(SED) of NGC 7469, based mostly on archival measurements.
Previous VLA observations were detailed in Behar et al. (2015).
The present 95 and 143 GHz data points (squares) can be seen to lie
above the low-frequency steep slope of � = �0.89. They are also
much above the extrapolation from 350 GHz of the steep thermal
dust emission in the far-infrared (FIR) (Izumi et al. 2015).

At low radio frequencies, NGC 7469 is very bright, e.g. F1.4GHz =
134 mJy (Unger et al. 1987), which poses a concern of stellar
contamination. The VLBI map of the inner region at 1.67 GHz
shows several resolved and unresolved components associated with
the AGN, each of order 10 mas (i.e. 3 pc) in size; the identi�cation
of the central AGN, however, is unclear (Lonsdale et al. 2003,
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3526 E. Behar et al.

Figure 2. Radio to mm SED of NGC 7469. Numbers indicate beam size in
arcseconds. VLA high-resolution data (A array) are plotted as full circles,
lower resolution data (B�C�D arrays) as ×�s. Very high resolution data
(MERLIN and VLBI) are shown with hollow circles. In the mm, present
IRAM data are represented by squares, earlier CARMA data by diamonds;
red lines indicate the range of variability in each campaign (see the text). The
ALMA measurement is the triangle. Fitting the A-array VLA data results in
the dashed-line spectral slope of �0.89. IRAM, ALMA, and some CARMA
points at �90 GHz fall above this slope, and may therefore represent a
different AGN spectral component.

�g. 2 therein). Each of these point sources emits a few mJy for a
total of �15 mJy in the central �0.1 arcsec (Lonsdale et al. 1993,
2003). VLBI apparently is insensitive to additional diffuse 15�
20 mJy in that �eld, which MERLIN does detect within �0.15
arcsec (Thean et al. 2001; Lonsdale et al. 2003). Interestingly,
these are also the scales of the strong X-ray out�ow of NGC 7469,
which is estimated to be around 30 pc or less (Peretz et al. 2018;
Mehdipour et al. 2018). Thus, extended, optically thin synchrotron
emission is in fact expected from that region. If NGC 7469 varies
at 95 GHz on time-scales of days to weeks, as presently monitored,
this mm component would be distinct from the low-frequency
component, which seems to be the case, based on the SED (Fig. 2) as
well.

At higher frequencies, F350GHz = 5.19 – 0.09 mJy was measured
with ALMA from an unresolved 0.5 arcsec core (Izumi et al. 2015),
which those authors conclude is due to thermal dust, because it is
much above the extrapolated steep-slope power law. However, the
350 GHz �ux may also contain a contribution from the optically
thick mm-wave spectral component that is dominant at 100 GHz.
Additionally, Izumi et al. (2015) measure an internal slope around
350 GHz of � = +2 – 1, while dust would usually have � = 3.5.
Extrapolating this slope down to the present band of 90�150 GHz
yields �ux densities that are much below the measured 10�11 mJy,
even for � = 1.

A similar SED, with mm-wave excess above the low-frequency
steep slope, and above the modelled dust from the FIR, is observed
for another Seyfert galaxy NGC 3227 (Alonso-Herrero et al. 2019,
�g. 4 therein), whose ALMA observations show a rather complex
structure of different spectral slopes �1 < � < +2 between 230�
350 GHz in the central few arcseconds (�g. 3 therein). This likely
indicates several components are contributing to the core emission,
both in NGC 3227 and in NGC 7469.

2.4 Swift

During the entire mm-wave monitoring period, NGC 7469 was
also observed daily for 1500 s with the XRT and the UVOT on
board Swift. Exposures with each of the six UVOT �lters are
for 5 min. Data were reduced using XSELECT within the heasoft
software package.1XRT was operated in PC mode. Source counts
were extracted from a 20 pixel radius circle around the source and
background from an annulus up to 30 pixels. XRT uncertainties are
dominated by count statistics and are typically only a few per cent.
The light curves from all Swift instruments are presented in Fig. 3.
The X-rays, measured between 0.3�10 keV can be seen to vary
dramatically with no obvious trend, while the six UV/optical light
curves feature a rather uniform, slow and monotonous increase with
time over the monitoring period.

2.5 XMM–Newton optical monitor

XMM–Newton observed NGC 7469 six times during the IRAM
monitoring period. NGC 7469 varies in X-rays within hours, hence
XMM–Newton probes much shorter time-scales than we can cur-
rently monitor in the mm with IRAM. The XMM–Newton X-ray
spectra were described in detail elsewhere (Behar et al. 2017; Peretz
et al. 2018). Here, we focus on the XMM–Newton optical monitor
(OM). The OM observed NGC 7469 for 4 ks with each of its six UV
and optical �lters, which are the same as those of Swift/UVOT. OM
data were reduced using the XMM Science Analysis System (SAS)
pipeline and the measurements are presented in Fig. 3 as red points.
As expected, there is very good agreement between Swift/UVOT
and XMM–Newton/OM in all �lters.

2.6 WISE Observatory

Optical observations in Bessel V, R, and I �lters were carried
out with the 28 arcsec Jay Baum Rich telescope at the WISE
Observatory, Israel. An FLI ProLine PL16801 CCD was used as
a detector with a pixel scale of 0.834 arcsec pixel�1. NGC 7469
was observed for 5 min in each �lter once a night. On some nights
several exposures were carried out in each �lter and averaged into
one data point per night. The data were reduced using standard
IRAF2 procedures. The broad-band light curves in the three �lters
are produced by comparing their instrumental magnitudes to those
of constant-�ux stars in the �eld (e.g. Netzer et al. 1996). Absolute
photometry calibration was achieved by using stars with known
magnitudes in the �eld of NGC 7469. The WISE light curves are
shown in the three bottom panels of Fig. 3 with blue data points; the
V band is overplotted on the Swift OM V band, for comparison. We
suspect these ground observations, when (slightly) discrepant from
the space observations, are �awed due to atmospheric effects.

3 RESULTS AND DISCUSSION

3.1 Variability

The summary of the variability parameters for the various light
curves is given in Table 2. For each light curve we list the mean
�ux density �F�� and its standard deviation (STD). The �2 of the

1https://heasarc.gsfc.nasa.gov/lheasoft/
2IRAF (Image Reduction and Analysis Facility) is distributed by the National
Optical Astronomy Observatories, which are operated by AURA, Inc, under
cooperative agreement with the National Science Foundation.
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Millimetre-wave and X-ray monitoring of NGC 7469 3527

Figure 3. Swift light curves in X-rays and in six UV�optical bands (black
points). Red triangles indicate (6) epochs measured with the XMM–Newton
OM. Monitoring from the ground with the WISE Observatory is shown in
the bottom three panels (blue squares). Lines are drawn just to guide the
eye. All the data are listed in Appendix A.

light curve with respect to a constant �F�� is also listed. In the
IRAM light curves, there are N = 36 data points, hence N � 1 = 35
degrees of freedom for the reduced �2. The associated p-values,
computed from �2 and the degrees of freedom, give an idea of
the signi�cance of the variability in each light curve, and can be
thought of as the probability for no-variability, given the data and
�2. These p-values in the IRAM light curves range from 10�7 to
0.1. The clearest indication of variability comes from the combined
95 GHz light curve E090. The least signi�cant variability is in the
E150U (151 GHz) light curve, but after combining with E150L,
to give E150 (143 GHz), it indicates variability is highly likely

(p = 3 × 10�5). Computing the various mm-band correlations
among themselves, yields nothing but a peak at zero, indicating
this entire band, which we refer to loosely as the AGN mm-wave
component, more or less varies together. The signi�cance of the
present variability is comparable and even higher (with twice as
many data points) than that of the peak-�ux light curve measured
with CARMA (Baldi et al. 2015, see also Table 2 below), despite
the order of magnitude disparity in beam size, which implies the
dominant variability of the unresolved core.

The amplitude of variability in a light curve with N data points
can be quanti�ed with Fvar (e.g. Edelson et al. 2002; Vaughan et al.
2003):

Fvar =

�
STD2 � �� 2�

�F��2 , (1)

and its uncertainty �Fvar

�Fvar =

����
��

�� 2�
N

•
1

�F��

�2

+

��
1

2N
•

�� 2�
�F��2Fvar

�2

(2)

Fvar represents the intrinsic variability amplitude in excess of
the mean measurement uncertainty �� �. When the latter exceeds
the former, Fvar is not well de�ned, and a value of zero is
given in Table 2. The Fvar values of the combined light curves
E090 and E150 over our 45-d IRAM campaign are both at the
13 per cent – 3 per cent level, very close to the previous CARMA
results. Fvar of the 0.3�10 keV X-ray light curve of Swift/XRT is
twice as high at 25 per cent – 3 per cent, but covers 75 d. For a
better comparison with IRAM we therefore computed Fvar for all
Swift/XRT subsets of 45 d, and �nd Fvar = 23 per cent�26 per cent
for all, so no difference from 75 d.

Markowitz & Edelson (2004) measured Fvar(2�12 keV) to be
16.0 per cent – 0.4 per cent for NGC 7469 over 36 d using light
curves from the RXTE telescope. We computed Fvar for all present
subsets of 36 d, which have at least 20 data points, and still get
Fvar = 22 per cent�26 per cent. Apparently in our Swift/XRT light
curve, Fvar is the same for any time-scale between 30�70 d. This
is consistent with Vagnetti et al. (2016, their �g. 4), who found
excess variance to vary slowly with light-curve duration, as t0.2.
The higher Fvar values in the present work than in Markowitz &
Edelson (2004) are likely due to the more precise (lower �� 2�)
measurements of Swift/XRT, and to the stronger variability in the
soft X-ray band. See Section 3.2 for more discussion on the HR.

Yet another measure of variability amplitude is the ratio of the
highest F max

� to lowest F min
� �ux density (Table 2). In the present

IRAM data, this ratio is between 2 and 4, while those of CARMA
are less than 2 (Table 2). This may not be expected given the larger
IRAM beam size, if there was appreciable extended emission, but
evidently much of the emission is within a few arcseconds. The X-
ray variability amplitude is even higher, reaching a factor of 5, while
it is less than a factor 2 in the UV and down to 10 per cent in the
visible band. Interestingly, strong mm �ux variability by a factor of
2 is observed within a day (Fig. 1). This suggests a 95-GHz source
size of no more than 1 light day, which is just less than 10�3 pc,
and which is approximately the physical size of the NGC 7469
core estimated from the luminosity of a self-absorbed synchrotron
source (Behar et al. 2015). These results call for intraday mm-
wave monitoring, and even better, coordinated mm-wave and X-ray
monitoring on these shorter time-scales.

Variability in the IR through the UV was measured in Seyferts
many times, and speci�cally in NGC 7469. This variability for the
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Table 2. Variability parameters of the various light curves of NGC 7469.

Light curve N � �F�� STD Fvar
F max

�
F min

�
�2 p-value

(per cent)
IRAM (Fig. 1) (GHz) (mJy) (mJy)

E150 36 143 9.7 1.9 12.6 – 3.4 3.0 78.6 3 × 10�5

E090 36 95 11.1 1.8 12.9 – 2.4 2.2 96.9 10�7

E150U 36 151 9.9 2.1 0a 2.6 45.8 0.1
E150L 36 135 9.5 2.1 14.0 – 3.9 3.8 81.6 10�5

E090U 36 103 10.0 1.8 9.7 – 4.1 3.0 56.5 0.01
E090L 36 87 12.1 2.2 13.5 – 2.9 2.4 66.7 10�3

CARMA (Baldi et al. 2015)
F peak

� 18 95 3.0 0.5 12.8 – 3.6 1.9 45.5 2 × 10�4

F tot
� 18 95 8.1 1.0 7.4 – 3.5 1.6 22.4 0.17

Swift/XRT (Fig. 3) h� (keV) (counts s�1) (counts s�1)
Total 57 0.3�10.0 0.91 0.23 25.0 – 2.6 5.0 3172.8 0
Hard 57 2.0�10.0 0.37 1.00 24.3 – 2.6 4.4 1746.9 0
Soft 57 0.3�2.0 0.54 0.16 28.4 – 2.9 5.7 2768.9 0
Hardness ratio 57 �HR� = �0.17 0.06 0a 303.4 10�35

Swift/UVOT (Fig. 3) � (¯) (10�14erg s�1cm�2¯�1) (10�14erg s�1cm�2¯�1)
w2 54 1928 2.44 0.35 14 – 1.4 1.7 2651.9 0
m2 49 2246 2.12 0.26 12 – 1.3 1.6 1249.7 0
w1 53 2600 2.34 0.22 9.1 – 0.9 1.5 1045.0 0
U 52 3465 1.76 0.15 8.1 – 0.9 1.4 792.5 0
B 48 4392 1.43 0.06 3.9 – 0.5 1.2 235.7 6 × 10�27

V 49 5468 1.42 0.04 1.8 – 0.5 1.1 80.7 2 × 10�3

WISE (Fig. 3)
V 51 5510 1.39 0.04 2.1 – 0.3 1.1 193.1 10�18

R 52 6580 2.18 0.09 3 – 0.5 1.2 133.4 3 × 10�9

I 52 8060 1.86 0.07 2.8 – 0.5 1.2 159.3 4 × 10�13

Notes: aSee the text after equation (1).
The data of the light curves are listed in their entirety in Appendix A.

most part is of small amplitude, as in Fig. 3, clearly distinct from that
of the X-rays and the mm bands, which therefore likely arise from
a different AGN component. None the less, monitoring over many
years reveals occasional signi�cant drops in �ux within months.
Interestingly, in the IR, the longest wavelengths (L band) vary most,
and in the optical it is the shortest wavelengths (U band, Glass
1998). This is likely because those arise from and gas closer in to
the centre, but the time-scales imply it is still much farther away
than the X-ray and mm sources.

3.2 X-ray variability

Swift /XRT covers the broad energy band from 0.3 to 10.0 keV.
It is bene�cial to study the hard (2.0�10.0 keV) and soft (0.3�
2.0 keV) bands separately, as they could come from separate spectral
components of the corona. The hardness of the spectrum can be an
indication of the physical state of the source, and is therefore often
also measured for its variability (McHardy, Papadakis & Uttley
1999; McHardy et al. 2006; Peretz & Behar 2018). We denote here
the hardness ratio in terms of Swift/XRT count rates (counts s�1)
HR = (H � S)/(H + S), where H and S are the count rates in the
hard and soft bands, respectively. Consequently, �1 < HR < 1. In
Fig. 4, we present the Swift/XRT light curves in the two separate
bands as well as that for HR. From inspection of Fig. 4 and Table
2, it can be seen that the soft band is slightly more variable.

X-ray variability can be caused by varying photo-electric ab-
sorption, rather than by genuine coronal variability. In that case,
the source would become harder when dimmer (Mehdipour et al.

Figure 4. X-ray light curves of NGC 7469 in the hard (2.0�10.0 keV), soft
(0.3�2.0 keV), and full bands. The light curve of the HR = (H � S)/(H + S)
is also plotted.

2017). This behaviour is not seen in the present case, where both
bands vary relatively in unison, and HR varies relatively little.

Recently, Mehdipour & Costantini (2019) found in a sample
of RL AGNs that radio loudness scales inversely with X-ray
column density, so those sources are indeed more absorbed in X-
rays (harder) when dimmer in the radio. Following that work, we
checked for a correlation between the present E090 light curve
(Fig. 1) and the X-ray HR light curve (Fig. 4), which could be
a proxy of absorption. We �nd only a weak correlation (cross-
correlation coef�cient, CCF � 0.5) at t = 0. If signi�cant, this would
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