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A B S T R A C T 

We pr esent r esults fr om int ensiv e ( ×3 daily) 3-month-long X-ray, UV, and optical monitoring of the bright Seyfert active 
g alactic nucleus (AGN) MC G + 08–11–11 with Swift , supported by optical–infrared ground-based monitoring. The 12 
resultant well-sampled light curves are highly correlated; the X-ra y -to-UV correlation r max = 0 . 85 is the highest yet 
r ecor ded in a Seyfert galaxy. The lags increase with wav elength, as expect ed from reprocessing of central high-energy 
emission by surrounding material. Our lag spectrum is much shallower than that obtained from an optical monitoring 
campaign conducted a year earlier, when MCG + 08–11–11 was appr o ximately four times brighter. After filtering out long- 
term trends in the earlier optical light curv es w e recov er short er lags consist ent with our own, demonstrating concurrent 
r everberation signals fr om differ ent spatial scales and the luminosity dependence of the measured lags. We use our lag 
spectrum t o t est sev eral physical models, finding that disc r epr ocessing models cannot account for the observed ‘e x cess’ 
lags in the u and r–i bands that are highly indicative of the Balmer and Paschen continua produced by reprocessing in the 
br oad-line r egion (BLR) g as. The structur e seen in both the variable (rms) and lag spectra, and the large time delay between 

X-ray and UV variations ( ≈ 2 d) suggest that the BLR is the dominant r epr ocessor. The har d X-ray spectrum ( � ≈ 1 . 7 ) and 

faint red UV–optical spectrum indicate that the Eddington accretion ratio is low: ˙ m E ∼ 0 . 03 . The bolometric luminosity 
then r equir es that the black hole mass is substantially gr eater than curr ent r ev erberation mapping estimat es. 

Key wor ds: accr etion, accr etion discs – galaxies: active – g alaxies: individual: MC G + 08–11–11 – galaxies: Seyfert. 
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 INTRODUCTION  

etermining the inner structure of active galactic nuclei (AGN), 
nd how that structure might vary with parameters such as black 
ole mass and accretion rate, is a topic of major importance
n astrophysics. How ev er, with the e x ceptions of M87 and Sgr
 ∗, whose very inner regions have been mapped by very high-
esolution radio interferometry (Event Horizon Telescope Collab- 
ration 2019 , 2022 ), almost all other AGN are too small for their
 E-mail: daniel.kynoch@port.ac.uk 
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tructures to be determined by direct imaging. A more widely 
pplicable indirect method of determining AGN inner structures 
s ‘reverberation mapping’ (RM; J. N. Bahcall, B.-Z. Kozlovsky 
 E. E. Salpeter 1972 ; R. D. Blandford & C. F. McKee 1982 ).
nder the assumption that low-energy photons ar e pr oduced by
 epr ocessing of high-energy photons from near the black hole,
y surrounding material, the structure of that material can be 
educed from the time lags between wavebands. 
RM was first envisaged as a means to probe the size scale

nd geometry of line-emitting gas (i.e. the broad-line region or 
LR gas) by measuring the delayed response of emission lines to
ariations in the photoionizing UV continuum, assumed to come 
 This is an Open Access article distributed under the terms of the 
/by/4.0/ ), which permits unrestricted reuse, distribution, and 
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rom the inner accretion disc, very close to the black hole (e.g . B .
. Peterson 1993 ; B. M. Peterson et al. 2004 ). Mor e r ecently, high-

adence photometric monitoring campaigns have concentrated
n measuring the lags between the continuum X-ray and UV,
ptical and infrared (UVOIR) wavebands (e.g. I. M. M 

c Hardy
t al. 2014 , 2018 ; B. J. Shappee et al. 2014 ; R. Edelson et al. 2015 ,
019 ; E. M. Cackett et al. 2018 ; E. M. Cackett, M. C. Bentz & E.
ara 2021 , and many others). The lags have been compared with

he e xpectations fr om r epr ocessing on a variety of surrounding
tructur es. Until r ecently, the standar d paradigm has been that
he dominant r epr ocessor was the accr etion disc ar ound the black
ole, usually assumed to have the temperatur e pr ofile described
y N. I. Shakura & R. A. Sunyaev ( 1973 ), which depends on the
lack hole mass ( M BH ), spin ( a � ), and accretion rate (which is
ommonly e xpr essed as the ratio between an A GN’ s bolometric
uminosity and its Eddington luminosity, i.e. ˙ m E ≡ L bol /L Edd ).
ow ev er, although the lags ( τ ) usually increase with wavelength

 λ) roughly in agreement with the expectation of disc reprocess-
ng of τ ∝ λ4 / 3 (E. M. Cackett, K. Horne & H. Winkler 2007 ), there
re a number of discrepancies. 
First, the lags should depend on the size and structure of 

he central X-ray source. How ev er, under the assumption that
his source can be approximated by a lamppost geometry,
ith a height of ∼ 10 R g , similar to that deduced from X-ray

ntr aband reverber ation (e.g. D. Emmanoulopoulos et al. 2014 ),
he observed lags usually e x ceed the theoretical expectations,
eading to speculation that perhaps the disc is clumpy, not smooth
I. M. M 

c Hardy et al. 2014 ). Numerical disc modelling (e.g. I. M.
 

c Hardy et al. 2014 , 2018 ) usually leads to smaller discrepancies
factor ∼ 2 ) than analytic formulae (factor 3 or gr eater, e.g . M.
. Fausnaugh et al. 2016 ; R. Edelson et al. 2019 ). More detailed
isc modelling, including general relativistic effects, larger X-ray
ource heights ( > 10 R g ), and a large disc colour temperature
orr ection, suggests that ther e is no discr epancy (e.g . E. S.
ammoun et al. 2021 ) – although these models have not yet been

ully e xplor ed. 
Secondly, the lag between the X-rays and the near UV is usually

actors of at least 5 greater than the lag e xpected fr om e xtrapo-
ation of the lag spectrum between the optical and UV down to
-r ay w avelengths (e.g . I. M. M 

c Har dy et al. 2018 ). How ev er, that
xtrapolation is based on the assumption that a relationship of 
he form τ ∝ λ4 / 3 describes the true shape of the lag spectrum. It
as been shown that if there is an edge to the r epr ocessing r egion
f the disc, perhaps caused by a disc wind arising at large radii
hat obscures the outer part of the disc, then the lag spectrum will
atten at long wavelengths (I. M. M 

c Hardy et al. 2023 ). Thus an
xtrapolation of the long- w avelength lag spectrum to short wave-
engths will naturally lead to an apparent X-ray to UV lag e x cess.
Thirdly, although the UVOIR bands are always well correlated
ith each other, the correlation with the X-ray band is much
eaker and sometimes no UV–X -ray correlation is found (e.g.
. Kara et al. 2021 ). For example, in a study of 21 AGN with
wift X-ray and UV data, a statistically significant correlation
etween the X-ray and UV light curves was found in only nine
 GN (D . J . K. Buisson et al. 2017 ). How ev er, I. M. M 

c Hardy et al.
 2014 ) and M. Pahari et al. ( 2020 ) noted that removal of long-term
rends in light curves, as recommended by W. F. Welsh ( 1999 ), can
ead to stronger correlations and a much clearer detection of a
 epr ocessing signatur e in the lags. Also, C. Panagiotou, E. Kara &
. Dov ̌ciak ( 2022 ) showed that a corona with varying height will

 educe the X-ray/UVOIR corr elation str ength while maintaining
he basic principles of the lamppost model. E. Gardner & C. Done
NRAS 546, 1–24 (2026) 
 2017 ) suggested that an inflated inner disc might scatter and
elay the hard X-ray photons, which are then reprocessed into
oft X-ray/far-UV photons, which then illuminate the rest of the
isc. Thus an additional delay is added to the hard X-ray/UVOIR
ag and the hard X-ray/UVOIR correlation is diluted. 
Fourthly, the lags, particularly in the u band (e.g. E. M. Cackett

t al. 2018 ) but also, to a lesser extent, in the i band (e.g. J. A.
iller et al. 2023 ), are larger than expected compared to the lags

n surrounding bands. These lags pr obably arise fr om a contri-
ution to the light in those wavebands from Balmer and Paschen
ontinua, r espectively, caused by r epr ocessing in the mor e distant
LR (K. T. Korista & M. R. Goad 2001 , 2019 ). Fr equency-r esolved
ag analyis also suggests a response originating from larger size
cales, consistent with the BLR (E. M. Cackett, A. Zoghbi & O.
lrich 2022 ; C. Lewin et al. 2023 ). The questions now are what

raction of the r epr ocessed light comes from the BLR (possibly
ll?: H. Netzer 2022 ); and, does that fraction vary between AGN?
Ther e ar e also other questions concerning r epr ocessing fr om a

isc. For example, why are the UV/optical light curves so smooth,
ompared to the X-rays? For MR 2251–178 P. Arévalo et al. ( 2008 )
how that an X-ray source height of 100 R g is required to produce
mooth enough optical light curv es. How ev er, such a height leads
o larger X-ray to optical lags than are observed. The more rapidly
 arying X-r ay light curv es also lead t o low peak X-ray/optical
r oss-corr elation coefficients, although some smoothing of the X-
ay light curves can increase the peak coefficient (E. M. Cackett
t al. 2020 ). 
To be able t o discriminat e betw een different physical models

or the origin of the variability, and hence obtain a good under-
tanding of the inner structures of AGN via RM, it is necessary to
easure the lags between wavebands with high accuracy. Mea-

urements with large uncertainty are not really very useful. Thus
t is necessary t o observ e AGN that are very bright across all wave-
ands from X-ray to near-IR and that have established patterns
f variability showing large-amplitude variations on time-scales
hat are well suited to the existing observational facilities. The
arget of the present investigation, MCG + 08–11–11, fulfils these
riteria e xtr emely w ell, as w e describe below. 

.1 The source MCG + 08–11–11 

he subject of this study is the bright nearby ( z = 0 . 0205 ) Seyfert
 alaxy MC G + 08–11–11 (also known as UGC 3374). It contains
n X-ray bright nucleus and was the first Seyfert galaxy to be
iscovered by its X-ray emission (J. Ward et al. 1977 ). It is known
o be strongly variable over all X-ray, UV, and optical wavebands.
In several spectroscopic observations made since 2004
CG + 08–11–11 has been shown t o hav e a flat X-ray spectrum

 � ≈ 1 . 8 ; estimat ed ov er various energy bands betw een 0.5 and
50 keV; G. Matt et al. 2006 ; S. Bianchi et al. 2010 ; A. R. Patrick
t al. 2012 ; K. D. Murphy & M. A. Nowak 2014 ; A. Tortosa et al.
018 ). G. Matt et al. ( 2006 ) measured the X-ray flux (2–10 keV,
nabsorbed) as 4 . 63 × 10 −11 erg s −1 cm 

−2 , corresponding to a
uminosity log (L X / erg s −1 ) = 43 . 6 . MCG + 08–11–11 is bright in
ven hard X-rays (14–195 keV) and has been det ect ed by Swift -
AT, with its luminosity reported as log (L X / erg s −1 ) = 44 . 13 (A.
. Lien et al. 2025 ). 1 It is known to be variable in X-rays over a
ange of time-scales: significant variability of its X-ray flux over

https://swift.gsfc.nasa.gov/results/bs157mon/
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 period of 18 months was det ect ed by the Ariel V Sky Survey
nstrument (B. A. Cooke et al. 1978 ) and modest variability 
n shorter time-scales ( ∼ 10 per cent variability in 38 ks) was
et ect ed in an XMM–Newton observation in 2004 (G. Matt et al.
006 ). 
In the optical, MCG + 08–11–11 is a bright ( V ≈ 14 . 2 mag)
GN, spectroscopically classified as a Seyfert 1.5 (having broad 
nd narrow emission lines of comparable strength; D. E. Os- 
erbrock & J. M. Shuder 1982 ). Its high optical brightness and
ariability have made the source an ideal target for both pho-
ometric and spectroscopic RM campaigns (e.g. S. G. Sergeev 
t al. 2005 ; M. M. Fausnaugh et al. 2017 , 2018 ; C. Fian et al.
023 ). M. M. Fausnaugh et al. ( 2017 ) reported a black hole mass
f 2 . 82 × 10 7 M �, derived from optical line reverberation, with
n optical continuum-H β lag of ≈ 15 d. They note a factor of 
 uncertainty in the mass. The H β lag is in e x cellent agr ee-
ent with the expectation based on its 5100 Å luminosity and 

he BLR radius–luminosity relation of M. C. Bentz et al. ( 2013 ).
. Ma et al. ( 2023 ) determine a very similar lag for H α ( ≈
7 d) from photometric monitoring data. The Eddington accre- 
ion ratio, ˙ m E , is less certain. From the 5100 Å luminosity, and 
ssuming a bolometric correction factor of 10 and a mass of 
 . 82 × 10 7 M �, M. M. Fausnaugh et al. ( 2018 ) report ˙ m E = 0 . 054 .
ow ev er, from cream modelling of the optical light curves,

he same authors report ˙ m E = 0 . 234 . We return to this point in
ection 4 . 
MCG + 08–11–11 has been the subject of previous optical con- 

inuum RM studies, which show it to be highly variable on ∼few
ay to month time-scales across all optical bands. S. G. Sergeev 
t al. ( 2005 ) presented lag measurements between the B and V,
 and I bands based on a ∼ 2 -yr campaign beginning in 2001,
ith 69 sets of observations and typical sampling of ∼ 3 d. They
nd roughly wavelength-dependent lags with the R band lagging 
he B band by about 5 d. M. M. Fausnaugh et al. ( 2018 ) mea-
ured lags between the ugriz and 5100 Å bands. Their total num-
er of observations is slightly fewer than those of S. G. Sergeev
t al. ( 2005 ), but with better sampling of ∼ 1 d. They also find
oughly wavelength-dependent lags, but shorter than those of S. 
. Sergeev et al., with the i band lagging the g band by ∼ 1 . 5 d.
ost recently, C. Fian et al. ( 2023 ) presented results from optical
hot ometric monit oring of MCG + 08–11–11 with appr o ximately
ightly cadence over 6 months in 2019–20 with the C18 telescope 
t the Wise Observatory. They robustly detected wavelength- 
ependent optical interband lags of up to 7 d (at 8025 Å relative to
250 Å). They noted that the measured wavelength dependence 
f these lags, τ ∝ λ4 . 74 , is v ery much st eeper than the τ ∝ λ4 / 3 

redicted for a standard thin accretion disc. Furthermore, the 
ong lags imply an accretion disc appr o ximately thr ee t o sev en
imes larger than predicted by standard thin disc theory. 
The observations discussed above show that MCG + 08–11–

1 is indeed a very bright AGN across all optical wavebands 
nd that with a more intense observing campaign, it was very 
ikely that good enough lags could be measured to allow for
ccurat e modelling. How ev er, none of those studies included 
ontempor aneous X-r ay observ ations, which are essential for 
roper modelling of the emission geometry, since in the disc 
everber ation par adigm it is the X-rays that drive short-time-scale
ariability at longer wavelengths. In this paper, we present the 
 esults fr om just such an RM campaign, covering a very wide
 ange of w avelengths from X-r ays t o near-IR, ov er a 3-month
eriod, with much more int ensiv e sampling (better than twice 
aily) than previous studies. 
This paper is structured as follows. In Section 2 we describe the
bservations of MCG + 08–11–11, including our new Swift , Las
umbres Observatory (LCO), and Zowada data. In Section 3 we 
erform timing analyses to assess the target’s variability proper- 
ies and determine its lag spectrum, τ (λ) . In Section 4 we inves-
igate the multiwavelength spectral energy distribution (SED) of 
he source and estimate its Eddington accretion ratio, ˙ m E . In Sec-
ion 5 , informed by our SED and ˙ m E estimat e, w e model τ (λ) with
hin- disc ( 5.1 ), flared- disc ( 5.2 ), and radiation-pr essur e-confined
RPC) cloud ( 5.3 ) models. Finally, in Section 6 we discuss our
ndings, and in Section 7 we summarize our conclusions. 

 O B S E RVAT I O N S  

.1 2020-21 continuum reverberation mapping campaign 

he structural conclusions r eg ar ding MC G + 08–11–11, which we
resent later in this paper (Sections 4 and 5 ) are based on timing
nalysis (Section 3 ) of light curves obtained during a major co-
rdinat ed monit oring campaign on MCG + 08–11–11 conducted 
etween 2020 January and 2021 November. In this section we 
escribe these data. 
The principal observations were obtained by the Neil Gehrels 

wift Observatory (hereafter Swift ) in a period of int ensiv e moni-
 oring betw een 2021 February and May (Section 2.1.1 ), although
he source has been regularly monitored by Swift with low ca-
ence for several months both before and after this period. The
wift observations were supported by ground-based optical-IR 

hot ometric monit oring conduct ed by the L C O network (Sec-
ion 2.1.2 ) and the Dan Zowada Memorial Observatory (Sec- 
ion 2.1.3 ). Regular ground-based observations were conducted 
ver the whole 2020–21 season when the target was at sufficiently
ow airmass during the night; the last 3 months of the ground
bserving seasons coincided with the int ensiv e Swift monitoring 
eriod. In this work we have also made use of archival data from
he NuSTAR and XMM–Newton Observatories, as described in 

ection 2.2.1 and 2.2.2 , respectively. A forthcoming paper (Keeley 
t al. in preparation) will present an analysis of the longer term
ariability of MCG + 08–11–11. In this paper we focus on the 3-
onth period of int ensiv e Swift monitoring. 

.1.1 Neil Gehrels Swift Observatory 

he Swift sat ellit e is equipped with an X-ray Telescope (XRT; D. N.
urrows et al. 2005 ) and Ultra-Violet/Optical Telescope (UVOT; 
. W. A. Roming et al. 2005 ; T. S. Poole et al. 2008 ). As sum-
arized in Table 1 , MCG + 08–11–11 was int ensiv ely monit ored
y Swift between 2021 February 7 and May 7, with three visits
er day during this 3-month period (Cycle 17 proposal 1720061; 
I M 

c Hardy). During each visit, measurements were made in X-
ays (0.3–10 keV) as well as six UV/optical bands: UVW2, UVM2,
VW1, U , B , and V (see Fig. 1 ). The data were reduced using

ools included in heasoft (HEAS AR C 2014 ); the pr ocedur e is
escribed in R. Edelson et al. ( 2015 ). 
In addition to the X-ray light curve, we obtained a time-

veraged Swift - XR T spectrum covering the period 2021 February
 to May 6 (MJD 59252–59340 inclusive) using the online Swift
ata products generator 2 (P. A. Evans et al. 2009 ). The deadtime-
MNRAS 546, 1–24 (2026) 
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M

Table 1. Summary of observations made during the Swift int ensiv e monit oring period. 

Observatory Filter First obs. Last obs. N obs Cadence 
(MJD) (MJD) (d) 

Swift X-ray 2021 Feb 7 (59252) 2021 May 6 (59340) 259 0.34 
Swift UVW2 ‘ ‘ 218 0.41 
Swift UVM2 ‘ ‘ 202 0.44 
Swift UVW1 ‘ ‘ 192 0.46 
Swift U ‘ ‘ 194 0.45 
Swift B ‘ ‘ 216 0.41 
Swift V ‘ ‘ 238 0.37 
L C O + Zowada u 2021 Feb 8 (59253) 2021 Apr 21 (59325) 83 0.87 
L C O + Zowada g 2021 Feb 7 (59252) 2021 May 2 (59336) 91 0.92 
L C O + Zowada r ‘ 2021 May 1 (59335) 87 0.95 
L C O + Zowada i ‘ ‘ 89 0.93 
L C O + Zowada z ‘ 2021 Apr 23 (59327) 83 0.90 

c  

1

2

T  

(  

M  

d  

d  

L
C  

s  

t  

s  

t  

p  

T
h  

t  

V  

t  

V  

p  

A  

s  

i  

m  

A  

e  

t  

c  

b

2

T  

C  

W  

w  

p  

3
4

e  

h  

m  

b  

i  

w  

a
 

D  

p  

p  

r  

r  

s  

t  

o  

b  

r  

p  

o  

b  

b  

i  

a  

o

2

2

A  

b  

H  

9
o  

o
M  

d  

w  

T  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/546/3/stag025/8419708 by guest on 02 June 2026
orrected on- source time is 215 ks and the spectrum contains
14 070 counts in the 0.3–10 keV range. 

.1.2 Las Cumbres Observatory 

he L C O (T. M. Br own et al. 2013 ) is a network of 25 small
0.4–2 m) telescopes located at seven sites around the globe.
CG + 08–11–11 has been monitored by the LCO with 4 d ca-
ence since 2020 January, with the cadence intensifying to 1 d
uring the int ensiv e Swift campaign. Sinistro cameras on the
 C O 1-m telescopes were used on each visit to take a pair of 
CD images per filter, enabling internal consistency checks for
tatistical errors and facilitating the identification of outliers due
o cosmic ray hits or other anomalies. Exposure times were 120
 in the u band, 30 s in the B, g, V, r, and i bands, and 60 s in z s ,
ypically yielding photometric uncertainties of appr o ximately 1
er cent, as estimated from the light curves of comparison stars.
he r educed C CD images wer e obtained fr om the L C O Ar chive, 3 
aving undergone standard bias subtraction and flat-field correc-
ion. Phot ometric measurements w ere extract ed using the AGN
ariability Archive (AVA) pipeline. 4 Detailed procedures for pho-
ometric extraction and absolute calibration are described in J.
. Hernández Santisteban et al. ( 2020 ). In summary, aperture
hotometry was carried out using sextractor (E. Bertin & S.
rnouts 1996 ), with a 5 arcsec radius aperture chosen to balance
ignal-to-noise ratio (S/N) and seeing variations across the mon-
toring campaign. Zero-points for individual images were deter-
ined by cross-matching field stars with the APASS catalogue (A.
. Henden et al. 2018 ) and PAN-STARRS (for z s H. A. Flewelling
t al. 2020 ). A bootstr apping simulation w as employ ed t o estimat e
he zero-point and its associated 1 σ uncertainty. These zero-point
orr ections wer e applied t o all light curv es prior t o the int ercali-
ration described below. 

.1.3 Dan Zowada Memorial Observatory 

he Dan Zowada Memorial Observatory (hereafter Zowada: R.
arr et al. 2022 ) is a fully robotic 0.5 m telescope operated by
ayne Stat e Univ ersity and which, at the time of this campaign,
as situated in New Mexico , US A. It is capable of providing
hot omet ery in the Sloan bands u 

′ , g ′ , r ′ , and i ′ (M. Fukugita
NRAS 546, 1–24 (2026) 
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t al. 1996 ) and the Pan-STARRS z s band (J. L. Tonry et al. 2012 );
ereaft er w e simply refer t o these bands as u , g, r, i , and z. Zowada
onitor ed MC G + 08–11–11 with appr o ximately daily cadence
etw een 2020 Sept ember and 2021 April, ov erlapping with the
nt ensiv e Swift monit oring mentioned abov e. The e xposur e times
ere 300 s, with two e xposur es per visit in g, r, and i , three in z,
nd four in u . 
The data reduction pipeline is described in R. Carr et al. ( 2022 ).
iffer ential apertur e photometry was performed following the
r ocedur e outlined in J. A. Miller et al. ( 2023 , 2025 ). Briefly,
hotometry was performed using a circular source aperture with
adius 5 pixels, and a background annulus with inner and outer
adius of 20 and 30 pixels. The total flux from three comparison
tars was assumed to be constant over time in order to determine
he light curve of the AGN in each band. Given the high cadence
f the observations from each facility during our campaign (Ta-
le 1 ), we were able to flux-calibrate the Zowada light curves with
espect to the LCO ones in each matching filter. This involved
reforming a simple linear interpolation on to a common series
f times, then determining the flux offset and scaling factor to
e applied to the (normalized) Zowada light curves in order to
ring them into agreement with the L C O ones (in mJy). Hav-
ng then conv ert ed the Zowada light curv es t o mJy, the L C O
nd Zowada light curv es w er e merged. The r esulting combined
ptical–infrared light curves are shown in Fig. 2 . 

.2 Archiv al observ ations 

.2.1 NuSTAR 

 25 ks hard X-ray observation of MCG + 08–11–11 was made
y the Nuclear Spectr osc opic Telesc ope Array ( NuST AR ; F . A.
arrison et al. 2013 ) on 2021 December 18 (observation ID:
0701640002), appr o ximately 7 months after the conclusion of 
ur int ensiv e Swift monit oring period. These data w ere originally
btained for a study of the X-ray and mm intr aday v ariability of 
CG + 08–11–11 by P. O. Petrucci et al. ( 2023 ). We reduced these
ata with up -to - date software ( nustar data analysis soft-
are v2.1.1) and calibration files (CALDB version 20210315).
he source spectra for each focal plane module (FPMA and
PMB) wer e e xtracted fr om cir cular r egions of radius 60 arcsec
entred on the source. The background spectra were extracted
r om 120 ar csec -radius r egions away fr om the sour ce. The net 3–
0 keV source count rates were 1 . 047 ± 0 . 007 and 0 . 967 ± 0 . 006

http://archive.lco.global
http://alymantara.com/ava
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Figure 1. Swift XRT (top panel) and UVOT (lower panels) light curves from the 3-month period between 2021 February 5 and May 7. 
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ounts s −1 in FPMA and FPMB, respectively. We model these 
pectra in Section 4.1 . 

.2.2 XMM–Newton 

 38 ks X-ray observation of MCG + 08–11–11 was made by the
MM–Newton Observatory (F. Jansen et al. 2001 ) on 2004 April
0 (observation ID: 0201930201). G. Matt et al. ( 2006 ) reported ≈
0 per cent X-ray flux variations and no spectral variations during
he observation. The authors then modelled the time-averaged 
PIC-pn spectrum with a power -la w continuum plus Compton 

eflection model. They found a relatively hard continuum spec- 
rum, � ≈ 1 . 8 , and substantial soft X-ray absorption by both neu-
ral ( N H = 1 . 8 × 10 21 cm 

−2 ) and ionized ( N H = 1 . 1 × 10 22 cm 

−2 )
MNRAS 546, 1–24 (2026) 
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Figure 2. The combined Zowada and LCO light curves from the 8 months between 2020 September and 2021 May. The beginning and end of the 
int ensiv e 3-month Swift monitoring period are indicated by vertical grey dashed lines. The Swift UVOT U -band light curve is shown in the top panel 
(offset by 1 mJy) for comparison. 
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 as within MC G + 08–11–11. N o e x cess soft X-ray emission above
he power -la w continuum was det ect ed, and r elativistic br oaden-
ng of the Fe K α fluorescence line was ruled out. We employ these
rchival data in Section 4.2 . 

 T I M I N G  ANALYSES  

s can be seen by eye in Figs 1 and 2 , substantial flux variability
an be seen in all of the light curves. The light curves are clearly
orrelated, and the same variability patterns are apparent at all
avelengths. We ther efor e perform timing analyses t o charact er-

ze the observed variability, assess the degr ee of corr elation, and
et ermine the wav elength dependence of time lags betw een the
ifferent bands. 
These timing analyses will provide empirical links between the

bserved multiband light curves. By quantifying the variability
mplitudes, inter-band correlations, and wavelength-dependent
elays, we can later test whether the observed behaviour is con-
istent with a pure disc or BLR r epr ocessing (if either). The re-
ulting parameters form the basis for the physical interpretation
eveloped in Sections 4 and 5 . 
NRAS 546, 1–24 (2026) 

F  
.1 Flux–flux analysis and fractional variability 

n this subsection we separate the variable AGN emission from
he constant host-galaxy light so that we can more accurately
etermine the strength of the reverberation signal. 

.1.1 Flux–flux analysis and AGN/host galaxy decomposition 

n order to separate the variable and constant components within
he light curv es, w e fit the multiband flux densities ( F ν[ λ, t] in
Jy) as a function of wavelength and time in the form 

 ν (λ, t ) = A ν (λ) + S ν ( λ)X( t ) , (1) 

here X(t ) is a dimensionless light curve scaled such that 〈 X 〉 = 0
nd 〈 X 

2 〉 = 1 ; A ν (λ) r epr esents the mean spectrum, i.e. F ν (λ, t )
hen X(t ) = 0 ; and S ν (λ) is the rms spectrum, i.e. the variable
omponent. An it erativ e decomposition pr ocedur e is used to de-
ermine A ν (λ) and S ν (λ) , as described in Appendix A . 
The results of this flux–flux analysis are shown in Fig. 3 , and

he values are given in Appendix A (Table A1 ). The linear flux–
ux relations for each photometric band (the left-hand panel of 
ig. 3 ) indicate that there is little or no colour change in the
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Figure 3. lux–flux analysis of the Swift UVOT, LCO and Zowada data, used t o separat e the variable and constant components of the light curves. The 
left-hand panel shows the observed flux densities against a dimensionless light curve shape X( t), which is normalized to mean 0 and rms 1. A linear 
r egr ession e xtrapolates the flux–flux r elations back to X gal , at which point the variable component is zer o and the values of F ν (λ, t ) give the spectrum 

of the constant, host galaxy, component. The right-hand panel shows the galaxy component as a the deep red line and thin open diamonds. (The thin 
purple line shows the t emplat e spectrum of a barred spiral ‘Sb’ g alaxy, r eddened for comparison with the other observed spectra.) The right-hand panel 
also shows the average SED, A ν (λ) , i.e. F ν (λ, t ) where X(t ) = 0 , as a blue line with open circles. The grey envelope, evaluating the linear model at X max 
and X min , shows the AGN flux range seen during the campaign. The difference between the average SED, A ν (λ) , and the galaxy component represents 
the average spectrum of the observed variable AGN component, shown as a solid pink line and wide pink diamonds. The dashed pink line shows the 
average AGN component corrected for Galactic reddening ( A V = 0 . 568 mag). The rms of the variable AGN component, S ν (λ) , is shown as an orange line 
with open squares. The dotted grey line shows a canonical optical accretion disc spectrum with F ν ∝ ν1 / 3 scaled to match the dereddened AGN spectrum 

in the IR. 
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ariable component as it brightens and fades. A simple model 
ombining a variable flux component plus a constant flux com- 
onent, both of fixed spectral shape, is ther efor e a reasonable
 epr esentation of the observations. 
The values of F ν (λ, t ) in the different wav ebands, extrapolat ed

ack to where F ν (λ, t ) is 1 σ above zero in the bluest waveband
UVW2), provide the SED of the constant, host galaxy, compo- 
ent. The difference between the mean overall spectrum, A ν (λ) ,
nd the host galaxy gives the mean spectrum of the variable AGN
omponent. These spectra are shown in the right-hand panel of 
ig. 3 . We see that, as expected, the AGN component is bluer
han the galaxy component. The total spectrum is dominated by 
he host galaxy longward of the g band ( ≈ 4500 Å) but by the
GN at short er wav elengths. In Fig. 3 w e also show the t emplat e
pectrum of a barred spiral galaxy (appropriate for MCG + 08–11–
1: G. de Vaucouleurs et al. 1991 ) taken from the SWIRE tem-
late library (M. Polletta et al. 2007 ). Our flux–flux derived galaxy
pectrum matches the template reasonably well in the optical–
nfrared but less so in the ultraviolet, in which the t emplat e is
enerally redder (although the differences are exaggerated by the 
ogarithmic scale of the plot). The bluest point (UVW2) of the
alaxy spectrum lies below the t emplat e since, by construction,
e assume the galaxy flux here is near zero (see Appendix A ). The
hape and scale of the blue end of the spectrum clearly depend
n the choice of where to set X gal . It is also possible that the
ux–flux pr ocedur e does not pr oduce a pr ecisely corr ect spectral
ecomposition, a point we return to in Section 6 . Similar to what
e see here, R. Prince et al. ( 2025 ) also find that their flux–flux
 i
alaxy spectrum is a poorer fit in the ultraviolet to a t emplat e
elected for NGC 7469. 
Having estimated the constant host galaxy spectrum, we can 

ow assess the variability of the AGN emission in isolation. 

.1.2 Fractional variability 

e calculate the relative amount of variability in each band, 
oth in the raw and host galaxy subtracted light curves, informed
y the results from our flux–flux analysis above. The fractional 
ariability F var is defined in the standard way: given a set of fluxes

f with uncertainties σ f and variance S 

2 , 

 var = 

√ 

S 

2 − 〈 σ 2 
f 〉 

〈 f 〉 2 (2) 

nd the associated uncertainty is calculated following S. Vaughan 

t al. ( 2003 ). We calculate F var for both the raw light curves and
gain after subtracting the (constant) host galaxy flux, as deter- 
ined above. Both sets of F var values are listed in Table 2 . As

xpected, the fractional variability in X-rays ( ≈ 0 . 32 ) is much
reater than that in the UVOIR bands ( � 0 . 15 ). When measur-
ng F var of the raw light curves, there is a pronounced drop in
ariability with increasing wavelength up to the r band, beyond 
hich we find the i and z bands have similar F var to r ( ≈ 0 . 04 ).
his decrease in the fractional variability is likely due to the di-
ution by the (constant) host galaxy flux, which has an increas-
ng contribution at longer w avelengths. Subtr acting the flux–
MNRAS 546, 1–24 (2026) 
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Table 2. X-ray, UV, optical, and infrared fractional variabilities, and inter-band correlations and observed-frame lags. 

(1) (2) (3) (4) (5) (6) (7) (8) 
Filter λeff F var F var r max C C CD lag CCPD lag javelin lag 

( Å) gal. sub. (d) (d) (d) 

X-ray – 0 . 317 ± 0 . 004 – 0.85 −1 . 8 ± 0 . 2 −1 . 8 +0 . 8 
−0 . 2 −1 . 7 +0 . 2 

−0 . 3 
UVW2 2083.95 0 . 142 ± 0 . 002 0 . 143 ± 0 . 002 – – – –
UVM2 2245.03 0 . 127 ± 0 . 004 0 . 131 ± 0 . 004 0.92 +0 . 1 +0 . 3 

−0 . 4 −0 . 1 ± 0 . 4 +0 . 1 ± 0 . 2 
UVW1 2681.67 0 . 094 ± 0 . 003 0 . 102 ± 0 . 003 0.94 +0 . 6 +0 . 3 

−0 . 2 +0 . 5 +0 . 6 
−0 . 7 +0 . 7 ± 0 . 2 

U 3520.88 0 . 100 ± 0 . 002 0 . 114 ± 0 . 002 0.95 +1 . 2 ± 0 . 2 +1 . 1 +0 . 4 
−0 . 5 +1 . 3 ± 0 . 1 

u 3608.04 0 . 082 ± 0 . 003 0 . 114 ± 0 . 005 0.95 +1 . 4 ± 0 . 3 +1 . 3 +0 . 4 
−0 . 7 +1 . 3 +0 . 1 

−0 . 2 
B 4345.28 0 . 082 ± 0 . 001 0 . 112 ± 0 . 002 0.92 +1 . 2 ± 0 . 2 +1 . 2 ± 0 . 5 +1 . 4 ± 0 . 2 
g 4671.78 0 . 060 ± 0 . 001 0 . 127 ± 0 . 002 0.96 +1 . 2 ± 0 . 2 +1 . 2 +0 . 4 

−0 . 3 +1 . 2 ± 0 . 1 
V 5411.45 0 . 054 ± 0 . 001 0 . 139 ± 0 . 004 0.90 +1 . 6 ± 0 . 2 +1 . 5 +0 . 8 

−0 . 6 +1 . 8 ± 0 . 2 
r 6141.12 0 . 037 ± 0 . 001 0 . 121 ± 0 . 004 0.96 +2 . 3 ± 0 . 3 +2 . 3 +0 . 3 

−0 . 4 +2 . 4 ± 0 . 1 
i 7457.89 0 . 043 ± 0 . 001 0 . 119 ± 0 . 004 0.95 +2 . 6 ± 0 . 3 +2 . 5 ± 0 . 3 +2 . 6 +0 . 1 

−0 . 2 
z 8922.78 0 . 041 ± 0 . 001 0 . 118 ± 0 . 006 0.92 +2 . 9 ± 0 . 4 +2 . 6 +0 . 4 

−0 . 6 +2 . 7 +0 . 4 
−0 . 1 

Note. All values relat e t o the 3-month period of int ensiv e Swift monit oring (2021 February–May). The correlation 
coefficient and lags ar e measur ed with respect to the Swift UVW2 band. Columns: (1) phot ometric filt er; (2) effectiv e 
wavelength of the photometric filter; (3) fr actional v ariability of the raw light curve; (3) fractional variability of the 
host galaxy flux subtracted light curve; (5) maximum correlation coefficient; (6) C C CD lag; (7) C CPD lag; (8) the lag 
determined by javelin . 
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light curve and has the highest S/N (Fig. 1 ). It also makes comparisons 
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ux model host galaxy fluxes obviously makes little difference
n the UV bands, but results in fairly constant F var across the
ptical and infrared bands ( ≈ 0 . 12 ), with an excess in the g and V
ands around 5000 Å. Additionally, we note that in the 6 months
receding the int ensiv e Swift monit oring period the mean, host
 alaxy subtracted flux es in the optical–infrar ed bands wer e ≈
2 per cent greater and, during this period, the fractional vari-
bility of the light curves decreases progressively with wavelength
rom 0 . 131 ± 0 . 03 in u to 0 . 082 ± 0 . 003 in z. 
Overall, the flux–flux analysis confirms that the variable com-

onent is nearly colour-independent. After subtracting the host
alaxy contribution to the light curves, the intrinsic AGN frac-
ional variability remains roughly constant across the UVOIR
ange. 

.2 ICCF interband lags 

aving characterized the variability amplitudes, we next measure
 emporal relationships betw een the bands t o det ermine any cor-
elations and time delays between variations. We first calculate
he cr oss-corr elations and lags between our light curves using the
nt erpolat ed cr oss-corr elation function (IC CF) method described
y B. M. Peterson et al. ( 1998 ) (we use a Python implementation
f that r outine: PyC CF; 5 M. Sun, C. J. Grier & B. M. Peterson
018 ). The method creates many Monte Carlo simulations of the
ata; in each realization a random subset of the data points are se-
ected (‘random subset selection’: RSS, estimating the uncertainty
n the results due to sampling) and each data point has its flux
odified by random noise on the scale of the flux uncertainty

‘flux randomization’: FR, estimating the uncertainty on the re-
ults due to flux errors). The centroid (above 80 per cent of peak
orrelation) and peak of each simulated ICCF is recorded and the
ag (and its uncertainty) is then calculated from the location (and
idth) of both the cr oss-corr elation centr oid distribution (C C CD)
nd the cr oss-corr elation peak distribution (CCPD). Generally,
NRAS 546, 1–24 (2026) 
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ag measur ements fr om the C C CD ar e pr eferr ed (B . M. Peterson
t al. 1998 ). 
We used the Swift UVW2 band as the r efer ence light curve 6 

nd, using an interpolation time step of 0.1 d and 10 4 Monte
arlo it erations, w e searched for lags in the range ±30 d. We find
 strong correlation between the X-ray and UVW2 light curves
 r max = 0 . 85 ) and very str ong corr elations between UVW2 and
he longer- w av elength light curv es ( r max � 0 . 90 ). Both the C C CD
nd the CCPD indicate an X-ray lag of ≈ −1 . 8 d (i.e. variations in
he X-ray light curve lead variations in the UV by ≈ 1 . 8 d). Lags
or the longer wavelength bands are all positive (or are consistent
ith zero) and generally increase with wavelength up to ≈ 3 d for

he z band. The full r esults ar e r ecor ded in Table 2 and the ICCFs
nd C C CDs ar e shown in Fig . 4 . 
In summary, we measure strong correlations between all light

urves and find a clear increase of lag with wavelength, with
he X-rays leading the UV by ≈ 1 . 8 d and the z-band by ≈ 5 d,
onsistent with pr ogr essively larger r epr ocessing radii at longer
avelengths. 

.3 javelin interband lags 

o verify the IC CF r esults and obtain statistically robust uncer-
ainties on the lag measurements, we repeated the lag analysis
sing the model-based javelin approach (Y. Zu et al. 2016 ).
avelin assumes that the AGN variability can be appr o ximated
y a damped, random walk (DRW). It creates a statistical model
f the specfied driving light curve and uses this as a prior to
odel each lagged light curve, assuming that each is a smoothed,

caled, and time-shift ed v ersion of it. In the following t ext, w e
ave used version 0.35 of javelin in spectroscopic RM mode. In
his mode, javelin fits for the scale and amplitude of the DRW
ith the javelin analysis easier, since – because of the assumptions made 
n its modelling – javelin r equir es the leading (or ‘driving’) light curve to 
e input as the r efer ence, and we e xpect variations at shorter wavelengths 
o lead those at longer wavelengths. 

http://ascl.net/code/v/1868
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Figure 4. Results from the time series analyses of the MCG + 08–11–11 int ensiv e continuum RM campaign. All measurements are relative to the Swift 
UVW2 band (2084 Å). The left-hand panels show the ICCFs, with their maxima r max given in the inset text. The corresponding right-hand panels contain 
the C C CDs, shown as solid histograms. Also shown are the javelin -derived lag distributions (open histograms). The filled and open triangles indicate 
the centroid lag τ for the ICCF and javelin methods, respectively; the inset text quotes each lag and its uncertainty. 
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odel (determined from the driving light curve) and then for 
he lag, scale, and the width of the smoothing function for each
onger wavelength light curve. 
To determine the X-ray lead, we input the X-ray light curve as

he driving light curve for the UVW2 band. For all other measur-
ents, w e hav e used the UVW2 light curve as the driving light

urve, as was the case for the ICCF analysis. Informed by the
CCF analysis (Section 3.2 ), we searched for lags in a narrower
ange ( ±5 d). Since we expect the smoothing to be of the order
f the lag, we also restricted the width of the smoothing top-hat
unction to < 5 d. 
The javelin lags are reported in Table 2 , and the lag distri-

utions derived from its MCMC sampling are shown as open 

istograms in Fig. 4 . The javelin lags are in very good agreement
ith the IC CF ones, ag ain r evealing an X-ray lead of ≈ 1 . 7 d and

ags relativ e t o UVW2 increasing with wav elength up t o ≈ 3 d
n the near-infrared z band. In the UVOIR bands, the javelin
ag uncertainties are smaller than the corresponding ones deter- 
ined by the ICCF method, which can be seen by eye in Fig. 4 .
hese smaller uncertainties are expected, since tests performed 
n simulated light curves have demonstrated that javelin pro- 
uces lower and more accurate error estimates than the ICCF 

ethod (e.g. J. Li et al. 2019 , Z. Yu et al. 2020 ), provided that
he simplest underlying assumptions of reverberation are valid. 
dditionally, since w e adopt ed the RSS pr ocedur e in calculating

he ICCF lags (which is not essential for well-sampled light curves
uch as ours) the associated uncertainties will be increased as a
esult of not using the full data sets. 
The close agreement between javelin and ICCF lags rein- 

orces that the observed correlations relate to genuine reverbera- 
ion delays rather than artefacts of the sampling. We discuss this
urther in Appendix B . 

.4 Reanalysis of the 2019–20 Wise Observatory light 
urves 

n the preceding subsections we determined the X-ray to IR lag
pectrum from the light curves obtained during our int ensiv e
MNRAS 546, 1–24 (2026) 
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 Swift monitoring campaign. Because a prior campaign reported
uch longer optical lags, we revisit those data t o t est whether

he differences reflect sampling effects or physical changes. The
ags we have determined for the intensive Swift monitoring period
re much shorter than those recently reported by C. Fian et al.
 2023 ) following an optical photometric monitoring campaign
n MCG + 08–11–11 conducted between 2019 October and 2020
pril using the C18 telescope at the Wise Observatory in Israel.
hese observations span a period between 16 and 10 months prior
o the beginning of our intensive Swift monitoring. The Wise-C18
bservations were made with approximately nightly cadence in
ve narrow optical bands (centred on 4250, 5700, 6200, 7320, and
250 Å), chosen to sample the optical AGN continuum emission
nd avoiding broad emission lines. Fig. 5 shows that the optical
ariability in the earlier campaign is different in charact er t o that
een during our Swift monitoring period. The Wise light curves
how mainly a slow ( ∼months) smooth rise and subsequent fall
n brightness. In contrast our Swift light curves (Fig. 1 ) exhibit
or e pr ominent fast er variability (ov er ∼days–w eeks). We also
ote that the mean optical flux during the earlier campaign is
ppr o ximat ely a fact or of 4 higher than that w e observ ed: C. Fian
t al. ( 2023 ) report 〈 F 

4250 Å〉 = 8 . 48 mJy , compared with 〈 F B 〉 =
 . 27 mJy during the int ensiv e Swift monitoring period. 7 C. Fian
t al. ( 2023 ) employed several different methods to determine the
ptical interband lags and found that the mean lag of the 8250
band relative to 4250 Å was 7 . 1 ± 1 . 1 d. From Fig. 6 it can be

een that the lag between these wavelengths is only ≈ 1 . 6 d in our
ata. 
We have reanalysed the optical light curves of C. Fian et al.

 2023 ) using the ICCF method and javelin and confirm their
ag determinations and very steep lag spectrum. In some previous
onitoring observations it has been found that the presence of 

hort lags can be obscured if there are also longer term trends in
he light curves (W. F. Welsh 1999 ; I. M. M 

c Hardy et al. 2014 ; M.
ahari et al. 2020 ). R emov al of such trends can reveal the shorter
ags. Here w e fitt ed the long-t erm trends in the light curv es using
 Locally Weighted Scatterplot Smoothing (LOWESS) filter with a
idth of ≈ 45 d. This fit results in smoothed optical light curves

hat contain the variability on ≈month time-scales. Subtracting
he smoothed light curves from the observed ones leaves behind
ust the faster variability (Fig. 5 ). We then determined the lags
etween these filtered light curves using both the ICCF method
nd javelin . The results of these tests are contained in Table 3 .
he lags between the filtered light curves are much shorter than
hose reported by C. Fian et al. ( 2023 ) and (as shown in Fig. 6 ) are
ntirely consistent with our own lags from the 2021 data set. 
In Appendix C we further investigate the effects of detrend-

ng the light curves on the r ecover ed lags. We conclude that the
hort er lags det ermined following the detr ending pr ocedur e do
ot result simply from the removal of the low-frequency com-
onents of a single br oad r esponse. Rather, it appears that the
ltering distinguishes two separate components in the signal: a
ast r epr ocessing component and slower large-amplitude tr end of 
nknown origin (possibly resulting from slow-moving tempera-
ure fluctuations across the disc, e.g. J. M. M. Neustadt & C. S.
ochanek 2022 ). In summary, the earlier long lags were largely
he result of slow large-amplitude trends in the light curves;
NRAS 546, 1–24 (2026) 

 Both estimates of the flux density have had the host galaxy contribution 
ubtracted. C. Fian et al. ( 2023 ) also note that their optical flux es ar e also 
 factor 2 higher than those reported by M. M. Fausnaugh et al. ( 2017 ). 

b  

l  

u
e
t  
hort er lags, consist ent with our own, ar e r etrievable in the earlier
ata following detr ending . Having verified our lag measurements
e next assemble a full lag spectrum and conduct a first pass at
omparing it to a physical model. 

.5 Combined lags and preliminary modelling 

e now combine all lag measur ements fr om the abov e t o con-
truct a complete lag-versus- w avelength spectrum and make a
rst comparison with a simple standar d accr etion disc model.
his will inform us how well our data conform to basic assump-
ions about the reverberation process and whether more detailed
odelling is r equir ed. In Fig . 6 we pr esent all the observed lags,

elativ e t o the Swift UVW2 band, deriv ed using both ICCF (blue
quares) and javelin (red circles) for all of the Swift , LCO, and
owada light curves from the season of int ensiv e observation. We
lso present the javelin lags from the de-trended Wise Observa-
ory observations, with their zero-point being adjusted so that the
250 Å -band has a lag of 1.36 d, which is the javelin lag of the
wift B band (4345 Å) relative to UVW2. Because these bands are
lose in wavelength, further interpolation would alter the lag neg-
igibly, and given the uncertainties around that wavelength, no
urther adjustment is w arr anted. These Wise lags are shown only
or comparison and are not used in the subsequent modelling. 
In Fig. 6 we show model lags calculated using the same nu-
erical code used by I. M. M 

c Hardy et al. ( 2018 ) (based on il-
umination of an accretion disc with a temperature profile as
escribed by N. I. Shakura & R. A. Sunyaev 1973 ) who compared
he observed and model lags of five AGN. Here we take a mass
f 2 . 82 × 10 7 M �, an accretion rate of 20 per cent of Eddington
based on cream modelling of the optical light curves by M. M.
ausnaugh et al. 2018 ), an illuminating luminosity of 2 . 7 × 10 44 
rg s −1 , based on a factor of 2 extrapolation of the Swift BAT 14–
95 keV observed luminosity (A. Y. Lien et al. 2025 ), an albedo of 
.2, and a lamppost source model with a height of 10 R g . These
arameters are similar to those used by I. M. M 

c Hardy et al.
 2018 ); small changes in source height or illuminating luminosity
ave little effect on the UV–optical lags. Neither that work nor
he present model includes a colour-correction factor, which can
nfluence the lag spectrum, although I. M. M 

c Hardy et al. ( 2023 )
ound that NGC 4395 r equir ed almost none. We return to this
oint in more detailed modelling. 
Predicted lags for a non-rotating Schwarzschild black hole

solid green line) and a maximally rotating Kerr black hole
dashed orange line) are shown in Fig. 6 . They are calculated
elativ e t o the X-r ays, r ather than UVW2 as our data; how ev er, for
 source height of 10 R g , the resulting offset of 0.03 d is negligible.
I. M. M 

c Hardy et al. ( 2018 ) found that the ratio between the
bserved and model lags, between the UV and V bands, was
etw een a fact or of 1 and 2 for a non-rotating black hole. Looking
roadly at the overall shape of the lag spectrum we find the same
 esult her e with a ratio of ∼ 2 . 5 . How ev er, and ag ain in agr eement
ith I. M. M 

c Hardy et al. ( 2018 ), we find a larger discrepancy
etw een the observ ed and model lags between the X-ray and UV
ands. 
In detail, how ev er, w e see that the observed lag spectra do

ot agree well with this simple model. Besides the discrepancy
etween the amplitude of the observed and model X-ray to UV
ags, the curvature of the lag spectrum does not agree with the
pwardly curving shape with increasing wavelength of τ ∝ λ4 / 3 

 xpected fr om simple disc r epr ocessing . In fact the gradient of 
he lag spectrum decreases with increasing wavelength, with the
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Figure 5. Swift X-ray and Wise Observatory narrow band optical light curves of MCG + 08–11–11 in the period 2019 October to 2020 April. Top : the Swift 
XRT light curve (left) and hardness ratio (right; using 0.3–1.5 and 1.5–10 keV bands) are shown for comparison. Left : the original light curv es present ed 
by C. Fian et al. ( 2023 ) in which long-term trends (solid red lines) have been estimated using the LOWESS method with a 45 d smoothing window. (The 
optical fluxes have been normalized t o hav e a mean of 0 and standard deviation of 1.) Centr e : the filt ered light curv es, fr om which the long -term tr end 
has been subtracted. Right: the ICCF and lag distribution for each filtered light curve relative to the 4250 Å band. The solid and open histograms show 

the ICCF centroid javelin lag distributions, respectively. 
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ags approaching an asymptotic value. It is actually well described 
 χ2 = 6 . 7 , d . o . f. = 8 , P = 57 per cent using the IC CF centr oid
ags) by τ ∝ λ0 . 5 over all observed wavebands. Although not ex- 
ctly the same, a similar approach of the lags to an asymptotic
alue at long wavelength was seen in NGC 4395 (I. M. M 

c Hardy
t al. 2023 ) and int erpret ed as an indication that there was an edge
o the r epr ocessing r egion. In fact a decr ease in the gradient of the
odel lag spectra can be seen at the very longest wavelengths as

he model contains a disc edge at 4800 R g at the dust sublimation
emperatur e (her e, 2000 K) on the surface of the disc. 
How ev er the most prominent features of the observed lag spec-

rum, which are not expected from disc reprocessing, are the 
wo large bumps, where the lags are in excess of the lags in the
urrounding bands, one centred around the u band and the other
ear the i band. These bumps are indicative of the Balmer and
aschen continua r espectively, e xpected fr om r epr ocessing in the
LR (K. T. Korista & M. R. Goad 2001 , 2019 ; H. Netzer 2020 ).
hese bumps have been seen pr eviously (e.g . E. M. Cackett et al.
018 ; H. Netzer 2022 ) but the present examples are perhaps the
ost prominent and clearest yet presented. 
In summary, the combined lag spectrum follows a form 

oughly τ ∝ λ0 . 5 , flatter than the canonical τ ∝ λ4 / 3 . Additional 
omplexity includes the excesses around the u and r –i bands that
ay be indicative of r epr ocessing of the driving continuum by the
LR. These features motivate more detailed physically informed 
odelling. In Section 5 we will examine the origin of this complex

ag spectrum in more detail. In order to calculate the most accu-
at e models, w e r equir e the best available estimates of physical
arameters such as the Eddington accretion ratio ( ˙ m E ) and the
ED of the ionizing radiation, which we discuss in Section 4 . 

 S E D  SHAPE  AND  DE  T E R M I N  AT I ON  OF  ˙ m E 
ND  MASS  

aving established the temporal behaviour in the preceding 
ection, we now use our time-averaged and archival multi- 
avelength data to analyse the spectra and broad-band SED of 
CG + 08–11–11 t o det ermine important physical paramet ers,
articularly its Eddington accretion ratio ( ˙ m E ), and mass, param- 
t ers, which det ermine both the geometry and ther efor e the lag
pectrum of the source. 

.1 The hard X-ray spectrum and ˙ m E 

he hard X-r ay spectr al index is an indicator of ˙ m E (e.g. A.
ubota & C. Done 2018 ), with harder spectra being associ-
MNRAS 546, 1–24 (2026) 
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M

Figure 6. The lag spectrum of MCG + 08–11–11 from the int ensiv e Swift and L C O monitoring in 2021. All lags are measured relative to the Swift UVW2 
band (2084 Å). The red filled circles are lags measured using javelin and the blue filled squares are the ICCF centroid lags. The lag distributions for 
the individual bands are shown in Fig. 4 . The solid green line is a simple numerical model fit to the lags expected from X-ray reprocessing from a disc 
ar ound a non-r otating black hole of mass 2 . 82 × 10 7 M � and accretion rate of 20 per cent of Eddington. The dashed orange line is for r epr ocessing fr om 

a disc around a maximally rotating Kerr black hole. The open grey stars are the lags derived from the observations by C. Fian et al. ( 2023 ) at the Wise 
Observat ory aft er filt ering out long-t erm trends in the light curv es. 

Table 3. Optical band lags for the 2019–20 Wise Observatory data. 

Unfiltered Filtered ︷ ︸︸ ︷ ︷ ︸︸ ︷ 
Filter ICCF javelin javelin ICCF javelin 

(centroid) (spectro.) (photo.) (centroid) (spectro.) 

NB5700 1 . 0 +1 . 1 
−1 . 0 1 . 3 ± 0 . 3 2 . 2 +1 . 6 

−0 . 8 0 . 55 +0 . 98 
−0 . 88 0 . 77 +0 . 58 

−0 . 62 
NB6200 2 . 1 +1 . 0 

−1 . 1 2 . 7 ± 0 . 3 2 . 8 +0 . 8 
−0 . 7 0 . 96 +0 . 83 

−0 . 81 1 . 17 +0 . 58 
−0 . 52 

NB7320 5 . 1 +1 . 3 
−0 . 8 3 . 8 ± 0 . 4 4 . 1 +0 . 7 

−0 . 6 1 . 54 +0 . 90 
−0 . 98 1 . 71 +0 . 54 

−0 . 56 
NB8025 7 . 4 +1 . 4 

−1 . 1 5 . 3 ± 0 . 6 7 . 3 +1 . 5 
−1 . 2 1 . 44 +1 . 41 

−1 . 29 1 . 90 +0 . 61 
−0 . 66 

N ote. All lags ar e measur ed r elativ e t o the narrow-band 4250 Å filt er. The lags for the ‘unfilt ered’ light curv es 
wer e measur ed fr om the original data and wer e r eported by C. Fian et al. ( 2023 ). The ‘filt ered’ lags hav e been 
determined from the modified light curves, after removal of the long-term ( ∼ 1 month) trends (see Section 3.4 in 
the text for details). 
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ted with lower accretion ratios. Here, we fit the time-averaged
wift - XR T spectrum from our campaign, together with the
rchiv al NuSTAR spectr a r ecor ded in 2021 December. To mini-
ize the complications from absorption and emission-line fea-

ures seen in previous observations, we fit only the 2–5.5 and
.5–50 keV data with a simple power law for which we obtain
 photon index � = 1 . 697 ± 0 . 008 and χ2 = 1206 / 1121 d . o . f =
NRAS 546, 1–24 (2026) 

ν

 . 08 (Fig. 7 ). The cross-normalization factors applied to the
uSTAR FPMA and FPMB spectra are similar at 0 . 96 ± 0 . 01
nd 0 . 94 ± 0 . 01 , respectiv ely. We calculat e the flux t o be
og (F 2 −10 keV / erg s −1 cm 

−2 ) = −10 . 302 ± 0 . 003 , corresponding to
 2 −10 keV = 4 . 79 × 10 43 erg s −1 ≈ 1 . 3 per cent of the Eddington lu-
inosity, assuming a mass 2 . 82 × 10 7 M � (M. M. Fausnaugh et al.
017 ). Using the luminosity-dependent X-ray bolometric correc-
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Figure 7. A power -la w fit to the time-a veraged Swift - XR T (black) and 
NuSTAR FPMA (red) and FPMB (green) spectra. Data in the shaded grey 
r egions wer e e x cluded fr om the fit. The upper panel shows the unfolded 
spectrum and model. The lower panel shows the ratio of the data to the 
model. 
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Figure 8. The green dotted lines show accretion disc + diffuse BLR 

continuum spectra for Eddington ratios ˙ m E = 0 . 1 , 0.2, and 0.5. The disc 
spectra ar e pr edicted by the model qsosed and the diffuse BLR continua 
are scaled to these disc spectra according to K. T. Korista & M. R. Goad 
( 2019 ). In pink diamonds we show the mean AGN spectrum from our 
flux–flux analysis, corrected only for Milky Way reddening A 

MW 

V = 0 . 57 
mag. The orange pentagons show the spectrum additionally corrected for 
intrinsic reddening with A 

int 
V = 0 . 70 mag using the SMC Bar extinction 

curve of K. D. Gordon et al. ( 2003 ). The blue hexagons show the spectrum 

additionally corrected for intrinsic reddening with A 

int 
V = 1 . 05 mag using 

the AGN extinction curve of C. M. Gaskell et al. ( 2004 ): this appr o ximately 
matches the disc + BLR spectrum for ˙ m E = 0 . 2 . 
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ion of F. Duras et al. ( 2020 ), we estimate ˙ m E = L bol /L Edd ≈ 0 . 23 .
e return to this in Section 4.4 and Appendix D , where other
ultiwav elength indicat ors of ˙ m E ar e compar ed. 

.2 X-r ay v ariability mass estimates 

e next use the short-time-scale X-ray variability properties of 
CG + 08–11–11 to obtain an estimate of the black hole mass

ndependent of optical reverberation-based methods. Black hole 
asses can be estimated from X-ray power spectral density (PSD) 
arameters, either from a bend in the PSD or from the normal-
zation of the high-frequency part of the PSD (I. M 

c Hardy 1988 ;
. M. M 

c Hardy 2013 ). We compute the e x cess variance of the 38
s XMM–Newton observation of G. Matt et al. ( 2006 ), binned at
50 s following G. Ponti et al. ( 2012 ), as 0.218 (counts s −1 ) 2 and a
ean count rate of 15.09 counts s −1 , giving a normalized e x cess

ariance σ 2 
rms = 9 . 57 × 10 −4 . Using the 40 ks σ 2 

rms –M BH relation
f G. Ponti et al. ( 2012 ) we obtain M BH = 5 . 9 +3 . 5 

−1 . 8 × 10 7 M � (here
he uncertainties in the mass are derived from the scatter in the
elationship). This is more than twice the optical RM mass re-
orted by M. M. Fausnaugh et al. ( 2017 ) but is consistent with
hat lower mass within the uncertainties. 
We also combined the archival XMM–Newton light curve 
ith that of our Swift campaign to construct a PSD spanning

og (ν/ Hz ) = −7 to −3 , which we fit with a bending power -la w
sing psresp (P. Uttley, I. M. M 

c Hardy & I. E. Papadakis 2002 ).
ince we expect the slope below the PSD bend to be poorly de-
ermined by our observations we fix that slope to −0 . 8 , similar to
hat found in better sampled observations (e.g. I. M. M 

c Hardy et
l. 2004 ). The high-frequency slope is well constrained at −2 . 0 ±
 . 5 (90 per cent confidence bounds), with no measurable bend
t low frequencies. In an attempt to better localize the bend 
requency we fixed the high-frequency slope at −2 . 0 and refit
he PSD. The resulting fit is very good ( P = 0 . 93 ) although no
end was found in the observed frequency range ( > 10 −7 Hz).
e searched for a bend in the range 10 −9 to 10 −5 Hz as a bend
elow the observed frequencies will have a flattening effect on the
SD in the lowest observable frequencies. The best-fitting bend 
requency was almost at the limit of the frequencies searched 
 2 . 2 × 10 −9 Hz) although the 90 per cent confidence region ex-
ends up to 1 . 5 × 10 −6 Hz. We adopt the bolometric luminosity
erived from L 

5100 Å by M. M. Fausnaugh et al. ( 2017 ) and ap-
ly the I. M. M 

c Hardy et al. ( 2006 ) relation between PSD bend
requency, luminosity and mass, finding M BH ∼ 5 –70 × 10 7 M �.
The lower end of this mass range relates to the upper uncertainty
ound on the bend frequency and is consistent with the mass
erived from the normalized excess variance.) We conclude that 
lthough the present X-ray data are not good enough to provide a
r ecise measur ement of the black hole mass, there are indications
hat the mass may be towards the upper limit of the range quoted
y M. M. Fausnaugh et al. ( 2017 ), i.e. ≈ 8 . 3 × 10 7 M �. 
Having now assessed both the spectral and timing properties 

f the X-ray data, we turn our attention to the UVOIR spectrum
nd overall SED to further refine our estimates of mass and ˙ m E . 

.3 The UVOIR continuum: reddening and ˙ m E 

e next characterize the shape of the AGN UVOIR emission to
stimate the intrinsic reddening within MCG + 08–11–11, which, 
n turn, affects our estimate of ˙ m E . 
Fig. 8 shows in pink the AGN UVOIR spectrum output by the

ux–flux analysis (Section 3.1 ) corrected only for Galactic red- 
ening assuming the extinction curve of J. A. Cardelli et al. ( 1989 )
ith A V = 0 . 568 mag (E. F. Schlafly & D. P. Finkbeiner 2011 ). The
bserved spectrum is much redder than the expected F ν ∝ ν1 / 3 ,
uggesting either a cool disc or substantial intrinsic r eddening .
trong X-ray extinction (e.g. G. Matt et al. 2006 ; S. Bianchi et al.
010 ; A. R. Patrick et al. 2012 ) and UV resonance-line absorption
re evidence of a substantial amount of gas within MCG + 08–
1–11 along our line of sight to the nucleus, so dust may also
e present. G. W. Jaffarian & C. M. Gaskell ( 2020 ) estimated
MNRAS 546, 1–24 (2026) 
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(B − V ) = 0 . 65 mag from the optical Balmer decrement, further
otivating our test of reddening here. 
We compare the empirical UVOIR spectrum with model disc

pectra for ˙ m E = 0 . 1 , 0.2, and 0.5 from qsosed (A. Kubota & C.
one 2018 ), assuming the M. M. Fausnaugh et al. ( 2017 ) mass of 
 . 82 × 10 7 M � t o which w e hav e added a diffuse BLR component,
ppropriately scaled following K. T. Korista & M. R. Goad ( 2019 ).
ather than performing a formal fit, this was a simple heuristic
 x er cise intended to identify plausible combinations of the in-
rinsic reddening and accretion rate. Dereddening the observed
pectrum using two extinction curves (a ‘flat’ AGN curve from
. M. Gaskell et al. 2004 and the ‘steep’ SMC-Bar curve of K.
. Gordon et al. 2003 ), we find that the flat curve provides a
easonable mat ch t o the ˙ m E = 0 . 2 disc + BLR model for A 

int 
V =

 . 05 mag, while the SMC curve over corr ects the UV flux (Fig.
 ). Assuming the C. M. Gaskell et al. ( 2004 ) curve is appropriate,
he dereddened UVOIR spectrum is consistent with ˙ m E ≈ 0 . 20 ,
s implied by the X-ray spectrum. The flux correction factors for
his curve and A 

int 
V are given in Table A1 . 

N e xt, in Section 4.4 , we combine the UVOIR and X-ray spectra
o produce an overall SED from which we make our best estimates
f the mass, ˙ m E , and r eddening . 

.4 Broad-band SED modelling: mass, ˙ m E , and reddening 

ith estimates of the intrinsic UVOIR and X-ray spectra in hand,
e next attempt to obtain a self-consistent fit to the whole broad-
and SED using the models qsosed and agnsed (A. Kubota &
. Done 2018 ). Our aim is to determine the combination of mass,
˙  E , and reddening, which best explain the overall SED. 
We begin by assuming a non-spinning black hole with the
ass fixed to the value 2 . 82 × 10 7 M � given by M. M. Fausnaugh

t al. ( 2017 ). qsosed assumes a stratified accretion flow geometry
onsisting of (i) a spherical hot corona around the black hole that
r oduces har d X-rays; (ii) a warm Comptonizing inner disc that
roduces the soft X-ray excess emission; and (iii) a standard cold
uter accretion disc from which the UVOIR spectrum arises (see
g. 2 of A. Kubota & C. Done 2018 ). In qsosed some parameters,
uch as the accretion rate and X-ray spectral inde x, ar e physically
inked. agnsed assumes the same underlying geometry but is
or e fle xible and some of the assumptions of qsosed can be

 elax ed. 
Fig. 9 shows the qsosed model for ˙ m E = 0 . 2 and M BH =

 . 82 × 10 7 M � (based on the analyses in Sections 4.1 and
.3 ). This model matches the dereddened UVOIR spectrum
blue) but underpredicts the hard X-ray flux considerably, giving
og (F 2 −10 keV / erg s −1 cm 

−2 ) ≈ −10 . 67 and has a much softer X-ray
pectrum that the observed one. 
Using the more flexible model agnsed we therefore perform

 fit to only the hard X-ray continuum regions as in Section 4.1
nd determine � = 1 . 72 (consistent with the simple power -la w
odel), ˙ m E = 0 . 18 and corona radius R hot = 22 . 6 R g . In nei-

her our own preliminary X-ray analysis nor that of previous
 esear chers (G. Matt et al. 2006 ; S. Bianchi et al. 2010 ; A. R. Patrick
t al. 2012 ) has a soft X-ray e x cess been found. We ther efor e set
he radius of the warm corona equal to that of the hot corona, so
hat no soft X-ray e x cess component was produced. The resultant
odel is shown by the solid black line in Fig. 9 and is a reasonable
at ch t o both the X-rays and the dereddened UVOIR spectrum. 
Although the above agnsed fit does match the X-ray spectral

nde x, the accr etion ratio has t o be high t o account for the X-ray
uminosity, and this combination of spectral index and accretion
NRAS 546, 1–24 (2026) 
atio is not seen in the three AGN modelled by A. Kubota & C.
one ( 2018 ) or in the large sample studied by S. Hagen et al.

 2024 ). It is not expected in the original qsosed model where
ccretion ratio and X-ray spectral index are physically linked.
he agnsed fit also r equir es substantial r eddening to r educe the
xpect ed UVOIR continuum t o the observ ed lev els. We there-
or e consider ne xt the possibility that the observed UVOIR spec-
rum (corrected only for Galactic reddening, i.e. the pink line in
ig. 9 ) is actually the true source spectrum, and that it is not
eddened by dust in MCG + 08–11–11. This possibility requires
 low ˙ m E ≈ 0 . 03 . In the qsosed model we also r equir e a higher
lack hole mass ( 8 . 4 × 10 7 M �) in order to produce the observed
-ray luminosity. This model does, how ev er, produce a weak soft
-ray e x cess. A similar high-mass model with a gnsed , set ting
 warm 

= R hot , is also a reasonable match to the data with the hot
nner cor ona e xt ending t o ≈ 120 R g , yielding little UV emission
nd no soft e x cess. 
In summary, adopting the RM mass 2 . 82 × 10 7 M � implies that

˙  E ≈ 0 . 2 (Appendix D ) and r equir es substantial intrinsic red-
ening to explain the observed UVOIR spectrum. Alternatively,
 higher mass ( ≈ 8 × 10 7 M �) and lower ˙ m E ≈ 0 . 03 can explain
he faint red UVOIR spectrum without additional dust. This latter
cenario may more naturally explain the slope of the hard X-ray
pectrum, and the apparent lack of a soft X-ray excess, which A.
ubota & C. Done 2018 show disappears for ˙ m E � 0 . 02 . 
For either mass and accretion ratio scenario, the observed
GN UVOIR spectrum has a shape unlike that e xpected fr om a
ure disc, but quite similar to that expected from reprocessing
n the BLR (see e.g. D. Lawther et al. 2018 ). In particular it rises
owards longer wavelengths and, although the spectral resolution
s limited, it has bumps at 3000–4000 Å, and at ∼ 7000 –8000
, wher e emission fr om the Balmer and Paschen continua,
 espectively, ar e e xpected. Given also the very high correlation
etween the X-ray and other wav ebands, w e conclude that the
ost likely source of the UVOIR variations is the BLR, which
as a direct line of sight to the X-ray source. 

 P H Y S I C A L  L AG  M O D E L S  

n this section w e t est whether the observed lag spectrum can
e r epr oduced by theor etical r epr ocessing models. Using the
ED and ˙ m E estimates from Section 4 , we evaluate several ge-
metries to determine which physical scenario best explains the
avelength-dependent delays. Although the evidence presented
bov e indicat es that the most likely source of the UVOIR radi-
tion is the BLR, we also briefly consider here disc r epr ocessing
Section 5.1 ), which, until recently, was considered to be the ‘gold
tandard’ model. We also consider reprocessing from a ‘bowl’
eometry (Section 5.2 ), which att empts t o fit simultaneously both
he lag spectra and the SED before concluding with a short discus-
ion of r epr ocessing fr om the BLR in the form of the RPC clouds
odel (Section 5.3 ). 

.1 KYNreverb disc model 

e first examine the standard thin-disc model as a baseline for
ure disc reprocessing. The fully relativistic UV–optical disc ther-
al reverberation code package KYNreverb has been used by E.
. Kammoun et al. ( 2021 ) to perform an in-depth exploration of 
GN accretion disc lag spectra. To model the MCG + 08–11–11

ag spectrum we set most of the parameters to the fiducial values
iven by E. S. Kammoun et al. ( 2021 ) so that the disc inner radius
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Figure 9. The broad-band SED of MCG + 08–11–11. The black lines show model SEDs for a fixed black hole mass 2 . 82 × 10 7 M �: the dashed black line 
shows the simple qsosed SED for an accretion ratio ˙ m E = 0 . 20 ; the solid black line shows the agnsed SED for ˙ m E = 0 . 18 , fit to the X-ray spectrum and 
e x cluding a soft X-ray e x cess component (see Section 4.4 for details). The orange lines show model SEDs for a fixed black hole mass 8 . 4 × 10 7 M �: the 
dot ted or ange line shows the qsosed SED for ˙ m E = 0 . 03 ; the dot–dashed orange line shows the agnsed SED for ˙ m E = 0 . 03 . The pink curve shows the 
host–galaxy emission- subtract ed UVOIR spectrum, correct ed for Galactic dust reddening; the blue curve is additionally corrected for intrinsic reddening 
as described in Section 4.3 . The blue quadrilateral marks the 3 σ uncertainty region for a power -la w fit to the 2–50 keV X-ray continuum, described 
in Section 4.1 . 
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s determined by the innermost stable circular orbit, the corona 
eight h = 10 R g , and the system inclination is 40 ◦. Following
. S. Kammoun et al. ( 2021 ), we set the disc colour temperature
orrection fact or t o f col = 2 . 4 across the whole disc. The colour
emperatur e corr ection factor modifies both the shape and lu-
inosity of the disc spectrum and was described in detail by C.
one et al. ( 2012 ). 8 In turn f col modifies the lag spectrum: higher
 alues of f col give gener ally longer lags and greater curvature in
he lag spectrum, with a much steeper UV–optical rise (see the
iscussion in section 4.2 of I. M. M 

c Hardy et al. 2023 ). In addition
 o fixing f col t o a specific value across the whole disc, it is also
ossible to implement a more physically motivated scheme in 

hich f col changes across the disc according to its temperature 
t each radius (following the prescription of C. Done et al. 2012 ).
fter some experimentation, we determine that a constant f col = 

 . 4 fits our observations best, since the additional curvature helps
 o mat ch both the st eep X-ray t o UV lag and the flatt ening of 
he lag spectrum towards the infrared. Models without any such 

orrection ( f col = 1 ) or following the C. Done et al. 2012 prescrip-
ion were unable to appr o ximate the lags across the full observed
 avelength r ange. 
We run the models for both spin a � = 0 and 1 and in each

ase we simulate for a range of outer disc radii between 2000
nd 10 000 R g . The lags for our assumed mass and accretion ratio
re shorter than the observed ones. The black hole mass is the
 Although the form of f col was derived in the context of stellar-mass 
lack hole binary discs, its application was t est ed against full radiative 
ransfer models for AGN discs and reasonably good agreement between 
he resultant disc spectra was found: see section 2 of C. Done et al. ( 2012 ). 

5

I  

m
w  
arameter that has the greatest effect on the scale of the lags,
nd the estimated mass for MCG + 08–11–11 is quite uncertain (a
actor ≈ 3 , M. M. Fausnaugh et al. 2017 ). Ther efor e, in addition
o performing calculations for the fiducial mass 2 . 82 × 10 7 M �,
e additionally perform runs with the mass increased by a factor
 and 3. The range of predicted lags for each mass and outer
isc radius are shown in Fig. 10 , for both spins a � = 0 , 1 . For
 � = 0 , a mass twice as large as the RM estimate and an outer
isc radius R out ≈ 2500 R g (the orange dashed line in Fig. 10 )
e obtain a reasonable match to the scale and shape of the ob-
erved lag spectrum. Increasing the spin decreases the lag at each
avelength, so for a � = 1 an even higher mass can appr o ximately
at ch the observ ed lag spectrum with R out ≈ 2000 R g (the green
ashed line in Fig. 10 ). The fact that higher masses produce lag
pectra that are closer to the observations is consistent with the
rguments earlier based on the overall SED, the X-ray spectrum, 
he accretion ratio, and the X-ray variability properties, which 

lso argue in favour of a higher mass, from a different perspective.
In summary, the RM derived black hole mass appears too low

o r epr oduce the observed lag spectrum using a GR thin disc
amp-post r epr ocessing geometry. A dopting a higher mass to-
ether with a large disc colour–temperatur e corr ection can yield
ags of comparable overall scale, but the detailed wavelength de- 
endence remains poorly matched. In the following subsection, 
 e inv estigat e an alt ernativ e disc geometry. 

.2 Bowl model 

n the KYNreverb model, the combination of a high black hole
ass, large colour correction factor, and small disc outer radius 
er e r equir ed to match the shape of the observed lag spectrum
MNRAS 546, 1–24 (2026) 
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M

Figure 10. Lag spectra predicted by the model KYNreverb (coloured 
r egions) compar ed with the empirical lags determined by javelin (black 
points). Lag spectra are calculated for the assumed black hole mass 
2 . 82 × 10 7 M � (blue) as well as masses a factor of 2 and 3 greater (orange 
and gr een, r espectively). The scale of the lags increases with mass. For 
each mass, lag spectra are generated for both zero spin (top panel) and 
maximum spin (bottom panel) and for a range of outer disc radii between 
2000 and 10 000 R g . The dot–dashed orange line shows the predicted 
spectrum for a mass 5 . 6 × 10 7 M � and R out = 2500 R g in the zero spin 
case and dot–dashed orange line shows the predicted spectrum for a mass 
8 . 4 × 10 7 M � and R out = 2000 R g in the maximum spin case. 
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Figure 11. Bowl model analysis. The top panel shows the disc spec- 
trum and the bottom panel shows the model lag spectrum (blue) com- 
pared with the measured one (black stars). The assumed black hole mass 
is 2 . 8 × 10 7 M � and the input faint and bright AGN SEDs have been 
dereddened for both Galactic and intrinsic reddening as described in 
Section 4.3 . The red and blue curv es giv e SED and lag predictions for the 
faint and bright states. The green curves give bright-state lags and SEDs 
separately for the flat disc and for the steep rim, inside and outside of the 
temperature minimum. 
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steep at short w avelengths, flat tening at long). Another way to
chieve this shape with a standard disc is with an alt ernativ e
eometry, such as a ‘bowl-shaped’ accretion flow consisting of a
at disc that flares into a larger scale height wall beyond a certain
adius (e.g. D. A. Starkey et al. 2023 ; R. Edelson et al. 2024 ). We
ssume the M. M. Fausnaugh et al. ( 2017 ) mass estimate ( 2 . 82 ×
0 7 M �) and run the model with the disc inner radius set to 6 R g ,
he corona height to 10 R g , and the system inclination to 45 ◦. The
isc rim height rises with radius as H ∝ R 

100 . Fits to our ‘faint’
nd ‘bright’ AGN SEDs [evaluated at X min and X max (Section 3.1 )
nd dereddened as described in Section 4.3 ] are shown in Fig. 11 .
his model predicts a disc truncation radius of 5 . 90 ± 0 . 60 light
ays ( ≈ 4000 R g ) and a temperatur e ther e of ∼ 2000 K, appr o xi-
ately the dust sublimation temperature (R. Barvainis 1987 ). The
odel fit to the faint SED gives an upper limit on the accretion

ate ˙ M < 0 . 153 M � yr −1 and L/L Edd < 0 . 198 . The modelled lag
pectrum is shown in the lower panel of Fig. 11 . The model is able
o r epr oduce the scale of the observed lags and the overall spec-
rum shape but still produces a smooth lag–w avelength relation-
hip in contrast to the more complex pattern observed. A forth-
oming version of this model includes an opacity-dependent rim
eight allowing the Bowl model to produce Balmer and Paschen
dges in the lag spectrum (Sinha & Horne in preparation). 
NRAS 546, 1–24 (2026) 
Since none of the disc models presented so far can account
or the u - and i -band e x cess lags, we next test a model with an
dditional r epr ocessing component. 

.3 Radiation pr essur e confined clouds 

n this subsection w e t est a model that also includes a r epr o-
essing contribution from the BLR that can introduce additional
tructure into the lag spectrum. K. T. Korista & M. R. Goad ( 2001 ,
019 ) have shown that incident high-energy emission, r epr o-
essed in the BLR, can give rise not only to str ong br oad optical–
R recombination lines (the Balmer and Paschen series lines of 
ydrogen), but also a significant thermal diffuse continuum com-
onent (DC), which at UV–optical wavelengths is dominated by
ydr ogen fr ee–bound r ecombination continuum (the Balmer and
aschen continuum), with a weaker contribution from free–free
mission, and a strong Rayleigh scattering feature that dominates
he diffuse continuum in the vicinity of Ly α. For e xample, in fig . 5
f K. T. Korista & M. R. Goad ( 2001 ), they show the lags that might
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Figure 12. A fit to the lag observed spectrum (green points) with an RPC 

cloud model (similar to the models presented by H. Netzer et al. 2024 for 
Mrk 817). The full model lag spectrum (blue solid line) is dominated by 
the BLR. The black points show the mean model lags in several broad 
bands, for easier comparison with the observed ones. 
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e expected in the w avelength r ange 1000–7000 Å from NGC 5548
uring two HST and IUE monitoring campaigns. 
Recently H. Netzer ( 2020 , 2022 ) has calculated similar lags un-

er the assumption that the BLR is made up of RPC clouds. The
louds are irradiated by a combination of UV emission from the
isc and X-ray emission from the central source. H. Netzer ( 2022 )
howed that, for a small sample of AGN, most of the observed
ags could be r epr oduced by modelling the response of the BLR
louds, with only a minor contribution from the accretion disc 
if any). A more detailed model of this type, applied to Mrk 817,
s shown and discussed in H. Netzer et al. ( 2024 ). In Fig. 12
e show the full model prediction for MCG + 08–11–11 over all
avelengths as a blue line. Our observed lags are shown as green
ircles. To allow easier comparison to our observations, the model 
ags averaged over the wavelength ranges of our observational 
ands are shown in black. In this RPC cloud model, the lags are
alculat ed relativ e t o the ionizing UV radiation and assuming an
ffset of 1 d relative to the 1100 Å continuum. In Fig. 12 the
bserv ed lags hav e been shift ed by 1.2 d so that the shortest-
 avelength lag (UVW2 2084 Å) appr o ximately matches the rel-
vant calculated lag in that band. 
Over the UVOIR range covered by the modelling, and normal- 

zed to the UVW2 lags, the RPC cloud model and observed lags
r e in r easonable agr eement. They agr ee particularly well in the
egions of the Balmer and Paschen continua. 
Taken together, the modelling in this section shows that a 

hin disc alone cannot r epr oduce the observed lag spectrum. The
 x cess lags ar ound u and i ar e highly suggestive of r epr ocessing
y gas in the BLR. The flattening of the lag spectrum towards
onger wavelengths may be due to a high colour temperature 
orrection factor, or the onset of a large scale-height disc wind 
r flared disc. We discuss the implications our findings below in
ection 6 and conclude in Section 7 . 

 DISCUSSION  

n this paper we have presented 12 very high-quality light curves
f the bright Seyfert 1.5 AGN MC G + 08–11–11 fr om X-ray to
ear-IR. Over a 3 month period we obtained on average more
han two observations per day with Swift (X-ray and UV/optical) 
nd better than daily cadence with ground-based observatories 
optical and near-IR bands). From these data w e hav e det ermined
ne of the best-defined AGN lag spectra yet produced. We mea-
ured lags relativ e t o the Swift UVW2 band using two different
ethods (ICCF and javelin ) and obtained very consistent 

 esults. Fr om flux–flux analysis of the light curves we have
istinguished the separate SEDs of a constant galaxy component 
nd a variable AGN component. We have analysed the combined 
wift - XR T data from our observations with archival NuSTAR
ata to provide a 0.3–50 keV spectrum, which we have combined
ith the UVOIR AGN data to provide a multiband SED. 
Many of the observational results are common to those from 

imilar campaigns on other AGN. These include (i) UVOIR lags 
hat increase with wavelength; (ii) a lag spectrum that is flatter
han predicted by a simple disc r epr ocessing model; (iii) an X-
ay/UV lag that is longer than one would expect from an ex-
rapolation of the UVOIR lags (see Fig. 6 ); and (iv) ‘e x cess’ lags
n bands covering the Balmer and Paschen jumps. However, in 

trong contrast to many previous studies, the X-ray and UVOIR 

ight curves of MCG + 08–11–11 are highly correlated. We find
 max = 0 . 85 between the X-ray and UVW2 bands, which is, to
he best of our knowledge, the strongest such correlation yet 
eported for an AGN. Additionally, while previous similar studies 
ave found that the variable component has a shape consistent 
ith a canonical, blue disc spectrum (e.g. E. M. Cackett et al.
020 ; I. M. M 

c Hardy et al. 2023 ), here we find a much redder
 ariable spectrum. If the v ariable spectrum relat es t o the AGN
ccretion disc, then this finding implies that either the disc is cool
likely requiring a high black hole mass), or that the emission is
ubstantially reddened by dust within the host galaxy. Below, we 
riefly discuss the most important findings from this study. 

.1 The shape of the lag spectrum 

n Section 3 we determined the lags between photometric bands 
sing two methods: ICCF and javelin . The lags produced by the
wo methods are almost identical. Particularly for our very well 
ampled data, we find no reason why the assumptions built into
avelin , such as interpolation assuming DRW variability, should 
r oduce incorr ect lags. How ev er, w e discuss this matt er in more
etail in Appendix B . 
We then modelled the lag spectrum with disc and bowl models.

oth r equir e an edge, e.g . pr oduced by an obscuring g aseous or
erhaps dusty disc wind, t o flatt en the lag spectrum at longer
avelengths. The disc model r equir es a high colour correction

actor of 2.4 to introduce sufficient curvature in the lag spectrum
o that it can fit both the rapid increase in lags at short wave-
engths and the slower increase at long wavelengths. The effect 
f a disc edge and of the colour correction factor are discussed
n detail following observations of NGC 4395 by I. M. M 

c Hardy
t al. ( 2023 ). We also refer readers to E. S. Kammoun et al. ( 2021 )
here the effects on the lag spectrum of the variation of many
arameters, including the outer disc radius, are discussed. We 
nd that, to obtain a good fit to the lags with the disc model, a
ass of two or three times greater than the optical RM mass of 
. M. Fausnaugh et al. ( 2017 ) of 2 . 82 × 10 7 M � is r equir ed (i.e. at

he upper end of the RM mass uncertainty range). 
Both disc and bowl geometries can provide a reasonable de- 

cription of the overall scale and shape of the lag spectrum but
hey cannot explain the most prominent features, i.e. the excess 
ags in the u and r − i bands. These e x cesses ar e, how ev er, eas-
ly explained as the Balmer and Paschen continua, arising from 

 epr ocessing in the BLR gas (K. T. Korista & M. R. Goad 2001 ;
. Lawther et al. 2018 ; K. T. Korista & M. R. Goad 2019 ; H.
MNRAS 546, 1–24 (2026) 
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9 How ev er, see S.-J. Chen et al. ( 2025 ) for a discussion of the significance 
of this correlation. 
10 In addition the high line- of- sight Galactic column density, N H ≈ 2 ×
10 21 cm 

−2 , is a hindrance to the detection of the soft e x cess. 
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 etzer 2020 , 2022 ). Her e we obtain a good fit using the RPC cloud
odel of H. N etzer ( 2022 ). Repr ocessing in the BLR, which is
ore distant than the disc regions associated with UVOIR repro-

essing, has the advantage that the large lag between the X-ray
ariations and the UV variations, which is hard to explain in disc
 epr ocessing without the maximum 2.4 colour correction factor,
s automatically explained. 

.2 The shape of the broad-band SED 

n Section 4.1 we modelled the time-averaged X-ray spectrum us-
ng data from our campaign, together with archival NuSTAR spec-
ra observed at a similar time. We measured the X-ray spectral in-
ex up to 50 keV, finding a hard spectrum with � = 1 . 697 ± 0 . 008
nd determined the 2–10 keV X-ray luminosity. In Section 3.1 we
sed the flux–flux method to decompose the multiband photom-
try into constant and variable components, taken to r epr esent
he host galaxy and AGN emission, respectively. The lack of cur-
ature in the flux–flux plots is most easily explained if the spectral
hape of the variable component does not vary with luminosity.
imilar linear flux–flux plots have been shown in many other
tudies (e.g. M. M. Fausnaugh et al. 2016 ; D. Starkey et al. 2017 ; I.
. M 

c Hardy et al. 2018 ; J. V. Hernández Santisteban et al. 2020 ;
. M. Vincentelli et al. 2021 ; R. Prince et al. 2025 ). How ev er,
. Netzer et al. ( 2024 ) showed that variations in HST STIS

pectra in Mrk 817 w ere consist ent with a bluer-when-brighter
nterpretation of the variable component, although E. M. Cackett
t al. ( 2023 ) had previously found no curvature in the flux–flux
lots derived from Swift light curves. In the case of MCG + 08–
1–11 there is no requirement for spectral variability in the
ariable component to explain our flux–flux plots. Therefore, as
e do not have any spectra to allow for deeper investigation, we
roceeded with the flux–flux decomposition as the best available
espoke determination of its AGN and host galaxy spectra. 
In Section 4.3 we noted that the AGN UVOIR spectrum ob-

ained from our flux–flux analysis was much fainter and redder
han the canonical disc spectrum of a bright AGN of this RM
ass. The soft X-ray spectrum of MCG + 08–11–11 is known to be
eavily absorbed beyond purely Galactic extinction and absorp-
ion featur es ar e seen in optical r esonance lines, both indicating
he presence of substantial gas within the host galaxy along our
ine of sight. Since dust may also be present along with this gas,
 e att empt ed t o ‘correct’ the UVOIR spectrum for reddening
ue to dust inside MCG + 08–11–11. After some experimentation,
e found that extinction correction using a flat reddening curve
ith intrinsic A V = 1 . 05 mag could correct the flux–flux UVOIR
pectrum to a blue disc spectrum with ˙ m E ≈ 0 . 2 . (We note that
he determination of the intrinsic UVOIR SED is quite uncertain,
ince it incorporates both the limitations of the flux–flux analysis
o produce the ‘observed’ spectrum, discussed above, and uncer-
ainty in the dereddening procedure mentioned in Section 4.3 .) 
In Section 4.4 we combined the UVOIR and X-ray spectra

o model the broad-band SED. We used the simple prescriptive
sosed model t o det ermine the expected SED for the RM mass
nd ˙ m E ≈ 0 . 2 . By design this SED matches the Galactic + intrin-
ic dereddened UVOIR spectrum well, but it completely fails to
atch the X-ray data, predicting a much fainter and softer X-

ay spectrum. It is possible to obtain a good fit to the broad-band
ata using the more flexible model agnsed , in which the X-ray
hoton index is a free parameter. This model is shown by the
olid black line in Fig. 9 . This solution is energetically possible
NRAS 546, 1–24 (2026) 
s the variable UVOIR power is less than the variable driving X-
ay power, although the SED shape is unusual. 
It has been established that the X-ray photon index is positively

orrelated with ˙ m E (e.g. G. Rizaliti, M. Young & M. Elvis 2009 ;
. Kubota & C. Done 2018 ) 9 and this relationship is hard-wired

nto the qsosed model. The hard X-ray photon index we measure,
= 1 . 697 , suggests a low accretion ratio of ˙ m E ≈ 0 . 03 (G. Risaliti

t al. 2009 ), similar to the estimate of 0.05 from M. M. Fausnaugh
t al. ( 2016 ) based on the 5100 Å luminosity. Given the inferred
olometric luminosity of MCG + 08–11–11 (from hard X-rays and
ther indicators: see Appendix D ), this much lower value of ˙ m E 
s only possible if the black hole mass is in fact a factor of a few
reater than the RM estimate of M. M. Fausnaugh et al. ( 2017 ). A
igher mass and low ˙ m E naturally explain the observed SED shape
without requiring substantial additional reddening) since the
ntrinsic UVOIR spectrum will be fainter and redder as the result
f a dimmer and colder disc, and the expected X-ray spectrum
ill be much harder. 
Giv en the fact or ≈ 3 uncertainty in the RM black hole mass, we

roduce SED models for a mass at the upper end of this range,
nd ˙ m E ≈ 0 . 03 . The qsosed prediction (the dotted orange line
n Fig. 9 ) does not quite match the data (the UVOIR spectrum
orrected only for Galactic reddening, shown in pink), being too
right and blue in the UVOIR band and slightly underluminous
n X-rays. With agnsed we are able to increase the radius of 
he hot inner accretion flow to increase the X-ray luminosity at
he expense of the UV, thereby achieving a bett er mat ch t o the
ata. This best overall fit, constrained mainly by the X-ray part
f the SED, adopts a mass of 8 . 4 × 10 7 M � a fact or ≈ 3 great er
han that of M. M. Fausnaugh et al. ( 2017 ), but consistent with
ome other indicators such as the X-r ay v ariability properties (see
ection 4.2 ). A. Kubota & C. Done ( 2018 ) find that an accretion
atio of ˙ m E ∼ 0 . 02 , close to our current best estimate, is the ap-
r o ximate limit below which the soft e x cess and strong blue disc
mission disappear, which may explain our observations 10 (e.g.
. Matt et al. 2006 ; A. R. Patrick et al. 2012 ). The lack of a strong
isc component is perfectly consistent with the deduction, from
he shapes of both the lag spectrum and the AGN SED as deduced
y flux–flux analysis, that the large part of the variable UVOIR
mission is r epr ocessed radiation from the BLR. 
So, in summary, our analysis for Fig. 9 presents two possibili-

ies: 

(i) the RM mass is accurate, so the bolometric luminosity
mplies ˙ m E ≈ 0 . 2 , for which the observed X-ray spectrum would
e unusually hard and bright. Luminous UVOIR disc emission
 ould be expect ed and so, t o reduce that luminosity to the
bserv ed lev els, substantial intrinsic reddening (abov e Galactic)
ould be r equir ed. Or, 
(ii) the X-ray photon index is a reliable indication of a low

ccretion ratio ( ˙ m E ≈ 0 . 03 ), which requires that the black hole
ass is at the upper end of the uncertainty range on the RM

stimate. The broad-band SED is closer to the expectations for an
GN of this (higher) mass and (lower) ˙ m E . The expected UVOIR

uminosity would be much lower, consistent with the observed
alues without any reddening above Galactic and consistent
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ith a large fraction of the UVOIR luminosity arising from 

 epr ocessing of X-rays in the BLR. 

.3 Proposed geometry 

e propose that MCG + 08–11–11 is not, as was thought previ-
usly, a high accretion ratio AGN but is a low accretion ratio AGN
 ˙ m E ≈ 0 . 03 ) with a relatively high mass, approaching 10 8 M �. We
ound that the AGN UVOIR spectrum was faint and red, while the
-r ay emission w as relativ ely luminous. Without inv oking red-
ening within MCG + 08–11–11 to explain the faint, red UVOIR 

pectrum we can instead appr o ximate the broad-band SED with a
odel in which the standard (geometrically thin, optically thick) 
isc does not extend all the way down to the innermost stable
ircular orbit. Instead, the inner flow is taken up by a relatively
arge hot X-ra y -emitting region, meaning the standard disc is
ntrinsically UV-faint. The very high correlation between the X- 
ays and other wavebands shows that there is a direct line of sight
o the r epr ocessor(s) and the shape of the lag spectrum and AGN
ED show that the main r epr ocessor is the BLR. The hard X-ray
pectrum is strongly absorbed below ≈ 2 keV. Additionally, brief 
harp drops in X-ray flux are observed along with a hardening
f the 0.3–10 keV spectrum (e.g . Fig . 5 ), likely as the result of 
ncreased obscuration by dense gas on small spatial scales. At 
east part of the absorption then probably occurs near the inner
adius of the BLR where the gas density is high. The absorbing
as may be part of a failed radiatively accelerated dusty outflow
B. Czerny & K. Hryniewicz 2011 ): around the dust sublimation
adius in the disc, a dusty wind is launched. The transition to
ust-free clouds marks the onset of the inner BLR. Alt ernativ ely
he wind could be a line-driven gaseous wind (D. Proga & T.
. Kallman 2004 ) as suggested for NGC 4395 (I. M. M 

c Hardy
t al. 2023 ). The large scale height of the outflow/BLR presents
 large solid angle to the primary continuum source, leading to a
igh luminosity in r epr ocessed radiation, and strong correlations 
etween the driving and r epr ocessed continuum light curves. 
This geometry is different to that suggested for NGC 5548 and 
GC 4151 despite these two AGN having similar masses and ac- 
retion ratios to MCG + 08–11–11 ( M BH ∼ 4 × 10 7 M � and ˙ m E ∼
 . 01 : R. Edelson et al. 2017 , A. Kubota & C. Done 2018 ). Int ensiv e
wift monitoring of other AGN, including these, has revealed that 
he delay of UV variations behind X-rays is often longer than
redicted by a simple extrapolation of the UVOIR lag spectrum 

o the X-ray band (e.g. R. Edelson et al. 2017 ; I. M. M 

c Hardy et al.
018 ; R. Edelson et al. 2019 ). For both NGC 5548 and NGC 4151
n inflated inner accretion disc has been in vok ed, which might
catter and delay the incident X-rays, r epr ocessing them into far-
V, which then illuminates the outer ‘standard’ disc (R. Edelson 

t al. 2017 ; E. Gardner & C. Done 2017 ). Similarly, in MCG + 08–
1–11 we see an X-ray/UV lag ( ≈ 2 d) that is too long to be plausi-
ly int erpret ed as simply the light trav el time betw een the corona
nd inner accretion disc. How ev er, an int ermediat e r epr ocessor
esults in w eak-t o-modest X-ray/UV correlations that ar e seen in
GC 5548 and NGC 4151 ( r max ≈ 0 . 4 –0.7) but not in MCG + 08–
1–11 in which the X-ray/UV correlation is very strong ( r max ≈
 . 85 ), r equiring dir ect illumination of the r epr ocessor (BLR) by
he X-rays. 
We find evidence for multiple r epr ocessing components in 

C G + 08–11–11, with differ ent components dominating at dif-
erent times, possibly linked to changes in luminosity. C. Fian et 
l. ( 2023 ) monitored MCG + 08–11–11 for 6 months. Their 2019–
0 light curves show large-amplitude long-time-scale variations 
Fig. 5 ), unlike ours (Fig. 1 ). C. Fian et al. also reported longer
ptical lags than those we measured and a luminosity four times
igher. Detrending light curves can remove biases in the mea- 
ured lags (W. F. Welsh 1999 ) and reveal short-term lags that
ould otherwise be obscur ed (e.g . I. M. M 

c Hardy et al. 2014 , 2018 ;
. Pahari et al. 2020 ; F. M. Vincentelli et al. 2021 ; C. Lewin et al.

023 ; R. Edelson et al. 2024 ). Detrending the light curves of C.
ian et al. ( 2023 ) did indeed reveal shorter lags that are consistent
ith ours. Detrending was unnecessary for our light curves, as 

hey showed no significant long-term trends. This analysis shows 
hat both short and long lags wer e pr esent c oncurr ently during
he 2019–20 campaign although with the longer lags dominating 
uring that bright er phase. How ev er, the short er lags dominated
uring our fainter 2021 observations. A fourfold increase in lu- 
inosity could double the inner radius of the BLR (e.g. M. C.
entz et al. 2013 ), leading to longer lags and smoother light-
urve variations and, if due to an increase in accretion rate, the
nner disc radius might also reduce, allowing for shorter disc lags.
imilar luminosity-dependent lag behaviour has been observed 
n other AGN, such as in Mrk 110 (F. M. Vincentelli et al. 2021 ,
022 ), where two variable components (attributed to the disc and
LR) showed increasing lags with higher ionizing luminosity, 
onsistent with an expanding BLR. 

 CONCLUSIONS  

e monitored the AGN MCG + 08–11–11 int ensiv ely for a period
f 3 months with Swift (in X-rays and UV/optical bands) and
round-based observatories (in optical and infrared bands). The 
orrelations between all observed wavelengths were strong and in 

articular the X-ray/UV correlation ( r max = 0 . 85 ) is, as far as we
r e awar e, the str ongest yet r eported for an AGN. This implies an
nimpeded line of sight between the X-ray corona and the UVOIR
 epr ocessor(s). 
Throughout our monitoring period the target was relatively 

aint and the UVOIR lags we measured were shorter than those
easured in a recent optical campaign during which the source 
as appr o ximat ely four times bright er (C. Fian et al. 2023 ). We

ound that short lags (consistent with those we measured) were 
lso present in those earlier data, after filtering out the longer
erm trends. These observations demonstrate that more than one 
ource of UV/optical variability is present within MCG + 08–11–
1: at least one of these sources must be associated with r epr o-
essing in the BLR, giving rise to the structure seen on short
ime-scales in both the lag spectrum and the rms flux spectrum.
he origin of the longer term variations is unknown but may be
ssociated with the temperature fluctuations observed in AGN 

ccretion discs by J. M. M. Neustadt & C. S. Kochanek ( 2022 ). 
We found that pure disc r epr ocessing models could not r epr o-

uce the complex shape of the lag spectrum, whereas an RPC
loud model (appr o ximating the r epr ocessed emission from the
LR) broadly matched the observations. If indeed emission from 

he BLR dominates the lags, the long ( ≈ 2 d) lag between X-ray
nd UV light curves is more easily explained than in the disc
 epr ocessing scenario, which would r equir e either an e xtr eme
orona height or an int ermediat e r epr ocessor, which is inconsis-
ent with the very strong X-ray/UV correlation. 
If the optical RM black hole mass estimate of MCG + 08–11–11

 M BH = 2 . 82 × 10 7 M �) is accurate, then its bolometric luminos-
ty implies an Eddington accretion ratio ˙ m E ≈ 0 . 2 , which should
roduce a high UV disc luminosity that is not seen. In this case,
uch of the UV disc emission must be ‘hidden’ by substantial
MNRAS 546, 1–24 (2026) 
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eddening within MCG + 08–11–11. The X-ray spectrum should
lso be much softer and less luminous than is observed (A. Kub-
ta & C. Done 2018 ). Alt ernativ ely, if the hard X-ray spectrum is a
eliable indicator of the accretion ratio, it suggests a much lower
˙  E ≈ 0 . 03 in which case the black hole mass must be at the upper
nd of the RM mass uncertainty range (i.e. M BH � 8 × 10 7 M �).
his low accretion ratio is consistent with the value ( ˙ m E ∼ 0 . 02 )
elow which A. Kubota & C. Done ( 2018 ) predict that the inner
ptically thick part of the disc disappears, drastically reducing the
VOIR contribution from any remaining parts of the disc. This
rediction is in good agreement with our conclusion that the large
ajority of the shorter time-scale UVOIR variability comes from

 epr ocessing in the BLR. 
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P P E N D I X  A:  F L  UX–FL  UX  ANALYSIS  

RO C E D U R E  

n Section 3.1 we separated the variable and constant spectral 
omponents by performing a flux–flux analysis. We initially cal- 
ulate the mean spectrum A ν (λ) and the rms spectrum S ν (λ) from
he data and its uncertainties F ν (λ, t ) and σ (λ, t ) , respectively. We
efine 

( λ, t ) ≡ F ν ( λ, t ) − A ν (λ) 
S ν ( λ) 

(A1) 

nd estimate the light-curve shape X(t ) by taking a weighted 
v erage ov er all wav elengths: 

(t ) = 

∑ 

X(λ, t ) W (λ, t ) / 
∑ 

W (λ, t ) , (A2) 

here the inverse-variance weights W (λ, t ) = (S ν[ λ] /σ [ λ, t]) 2 .
(t ) is then scaled such that 〈 X 〉 = 0 and 〈 X 

2 〉 = 1 . N e xt, X(t ) is
xed so A ν (λ) and S ν (λ) can be estimated by linear r egr ession.
he algorithm then it erat es through calculating X(t ) assuming 
 ν (λ) and S ν (λ) are known, then calculating A ν (λ) and S ν (λ)
ssuming X(t ) is known, until convergence. 
We can then extrapolate the flux–flux relations to a lower 

rightness level than sampled by the data. The vertical line X gal 
n Fig. 3 indicates the point at which the flux in the bluest band
UVW2) is just 1 σ above zero. Reading off the other band fluxes
MNRAS 546, 1–24 (2026) 

ax. AGN Galaxy Dered Gal Dered int 
(6) (7) (8) (9) (10) 

.849 0 . 608 ± 0 . 012 < 0 . 012 5.083 3.833 

.904 0 . 586 ± 0 . 021 0 . 099 ± 0 . 021 4.952 3.822 

.855 0 . 994 ± 0 . 026 0 . 490 ± 0 . 026 2.958 3.798 

.149 2 . 298 ± 0 . 037 0 . 990 ± 0 . 037 2.318 3.606 

.667 2 . 045 ± 0 . 055 0 . 856 ± 0 . 055 2.294 3.569 

.782 2 . 272 ± 0 . 043 1 . 659 ± 0 . 042 2.042 3.211 

.047 2 . 452 ± 0 . 036 2 . 677 ± 0 . 036 1.920 3.047 

.404 2 . 404 ± 0 . 066 4 . 101 ± 0 . 065 1.720 2.701 
.801 3 . 521 ± 0 . 079 7 . 962 ± 0 . 079 1.602 2.410 
.251 4 . 159 ± 0 . 137 7 . 535 ± 0 . 136 1.437 1.972 
.994 4 . 711 ± 0 . 217 9 . 519 ± 0 . 215 1.297 1.627 

ame. Column (3) is A ν , the mean spectrum; Column (4) is S ν , the rms 
olumn (7) is the AGN component and Column (8) is the constant host 
he observed fluxes to correct for Galactic reddening ( A 

MW 

V = 0 . 568 mag 
0) gives the multiplicative factor to be applied to the observed fluxes to 
sing the curve of C. M. Gaskell et al. 2004 : see Section 4.3 for details). 
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Figure C1. Lags resulting from detrending the 4250 and 7320 Å Wise 
light curves with a moving-average bo x car. The filled black cir cles ar e the 
lags from the detrended light curves and the open r ed squar es ar e the lags 
from the smoothed light curves. The dashed green line is the lag mea- 
sur ed fr om the original un-detrended light curves with the uncertainty 
shown by the single green errorbar, whose position on the x -axis has no 
relevance. 
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t X gal , we are able to obtain an estimate of the host galaxy SED
shown in dark red in the right-hand panel of Fig. 3 ). The average
GN SED is then the average component minus the host galaxy
ED (this is shown in pink in the right-hand panel of Fig. 3 ). The
esulting SEDs for MCG + 08–11–11 are given in Table A1 . 

P P E N D I X  B :  I CC F  AND  javelin 

n Section 3 we determined the lags between photometric bands
sing two methods: ICCF and javelin . Here we briefly comment
n the comparison between those methods. 
To int erpolat e betw een gaps in the observations,

avelin assumes that the variations in the light curves can
e described by a Damped Random Walk (DRW) model. The
SD of a variability process that is described by a DRW is flat at
ow frequencies, bending to a power law slope of index −2 at
igh frequencies. The DRW high-frequency slope is consistent
ith AGN observations in both the X-ray (e.g. I. M. M 

c Hardy et
l. 2004 , 2006 ) and Section 4.2 here, and optical R. F. Mushotzky
t al. 2011 ; H. Guo et al. 2017 ) bands. How ev er, AGN X-ray
SDs have power law slopes of about −1 at low frequencies (I.
. M 

c Hardy et al. 2004 , 2006 ) and we are starting to see the
ame low frequency slopes in optical PSDs (M. W. J. Beard et al.
025 ). How ev er, our present data are very well sampled and any
nterpolation occurs within the high-frequency slope range of 
he PSDs so the use of a DRW should introduce no errors. 
javelin also assumes that the delayed light curves are

moothed (by a top-hat function), linearly scaled and shifted ver-
ions of the driving light curve. The top-hat function would be the
orrect function if the X-ray source were surrounded by a spher-
cal r epr ocessor. While that will not be the case for a pure disc
 epr ocessor, the BLR as a r epr ocessor would be close to that geom-
try. Ther efor e, in the present case, any uncertainty introduced by
ncertainty in the r epr ocessing function is likely to be small. As
ot ed abov e, the IC CF, which mer ely maximizes the corr elation
etw een tw o light curv es and makes no assumptions about the
orm of the variability, gives results that are completely consistent
ith those of javelin (see Fig. 6 ). We ther efor e assume that the
ssumptions that are built into javelin do not substantially affect
ur estimated time lags. 

P P E N D I X  C :  DETRENDING  OF  T H E  2019-20  

IS E  OBSERVATORY  L I G H T  C U RVE S  

n Section 3.4 we reanalysed the 2019–20 Wise Observatory light
urv es, taken a y ear prior t o our Swift campaign. To inv estigat e
hether the longer lags seen in the un-detrended Wise data are
ue to an additional longer time-scale Fourier component of the
ag or whether they are due to an independent cause, we have
easured how the lags change depending on the time-scale used

n the detr ending . For this investig ation we used simple moving-
verage detr ending . We first smoothed the input light curves with
 simple bo x car and then subtracted the smoothed light curve
rom the original. We performed this inv estigation betw een the
250 and 7320 Å light curves. We chose the 7320 Å rather than
025 Å light curve as it is of higher S/N. 
In Fig. C1 we show, as filled black circles, the lags from the

etrended light curves as a function of the full-width of the box-
ar . W e have also measured the lags between the smoothed light
urves, shown as open red squares. We do not include lags from
ight curves smoothed with bo x cars larger than 40 d as there
 ould be few er than fiv e independent data points in the light
NRAS 546, 1–24 (2026) 
urv es. We can, how ev er, use the subtracted light curves resulting
rom longer time-scale moving average subtraction as the number
f independent data points does not change. We also indicate,
s a dashed green line, the lag measured from the original un-
etrended light curves. The uncertainty on that lag is shown by
he errorbar on a single green star. The abscissa value of that
tar has no meaning. We note that, for boxcars up to 80 d, the
ubtracted lags remain at about 1.5 d, exactly the same value as we
btained from the LOWESS filtering with 45 d filtering time. At
he longest, 120 d, bo x car, the lag rises as the effect of the bo x car
ecomes minimal. Meanwhile, the lag from the smoothed light
urves are all longer, around 4.8 d, just below the lag measured
r om unfilter ed light curves. 
If we can assume that the short lags (1.5 d) measured in the

etrended light curves are due to reprocessing, then the fact that
hese lags do not change even when time-scales as long as 80 d
emain in the detrended light curves indicates that the short lags
re not the result of removing longer time-scale Fourier compo-
ents from the lag reprocessing function. The longer lags, which
e see in the un-detrended light curves and in the smoothed

ight curves, are therefore probably the result of an independent
rocess. We do not know what that process might be but J. M. M.
eustadt & C. S. Kochanek ( 2022 ) show that temperature fluctu-
tions can move both inwards and outwards across the accretion
isc producing both positive and negative lags on longer time-
cales than r epr ocessing lags ( ∼ 100 d, similar to those observed
or MCG + 08–11–11: C. Fian et al. 2023 ; Fig. 5 ). Moreover, the
esultant slow flux variations dominate in amplitude over r epr o-
essing variations. This may be the situation that w e observ e here.

P P E N D I X  D:  DE  T E R M I N  AT I O N  OF  T H E  

DDINGTON  RATIO  

he flat X-ray spectrum of MCG + 08–11–11 ( � ≈ 1 . 7 – see Sec-
ion 4.1 ) suggests a lower Eddington accretion ratio than previ-
usly reported for this AGN, ˙ m E ≈ 0 . 03 . Here, we investigate the
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able D1. Archival IR photometry. 

ilter λ Magnitude λF λ
( μm ) ( 10 −11 erg s −1 cm 

−2 )

MASS J 1.24 12 . 33 ± 0 . 05 5 . 7 ± 0 . 3 
MASS H 1.66 11 . 29 ± 0 . 05 6 . 6 ± 0 . 3 
MASS K 2.16 10 . 24 ± 0 . 03 8 . 2 ± 0 . 2 
ISE W1 3.36 8 . 36 ± 0 . 02 15 . 1 ± 0 . 2 
ISE W2 4.60 7 . 34 ± 0 . 02 13 . 7 ± 0 . 2 
ISE W3 11.6 4 . 39 ± 0 . 01 13 . 0 ± 0 . 2 
ISE W4 22.1 1 . 76 ± 0 . 01 23 . 2 ± 0 . 8 

ultiwav elength indicat ors of ˙ m E available for MCG + 08–11–11, 
ssuming the RM mass 2 . 82 × 10 7 M �, as detailed below. The
 esults ar e summarized in Table D2 . 

1 Emission line estimates of L bol 

 arr ow emission lines may be used to estimate the bolomet-
ic luminosities of AGN and the method has been applied to
amples of type 2 AGN for which direct measurements of the
ccretion disc continuum cannot be made. Because the narrow 

mission lines emanate from a large gaseous region beyond the 
 GN’ s dust torus they are less susceptible to extinction by dust

n and around the central engine. How ev er, the large size of 
he emission region therefore means that the lines only give an 

ndication of the Eddington ratio averaged over very long time 
r ames. F rom a fit to the mean optical spectrum of MCG + 08–
1–11 presented by M. M. Fausnaugh et al. ( 2017 ) from the
014 RM campaign, w e det ermine log (L [O iii ] / erg s −1 ) = 42 . 054 ±
 . 002 and log (L H βn / erg s −1 ) = 41 . 20 ± 0 . 02 . (The luminosities
av e been correct ed for Galactic dust extinction with E(B − V ) =
 . 18 : E. F. Schlafly & D. P. Finkbeiner 2011 .) A. Lamastra et al.
 2009 ) provide a bolometric correction factor based on [O iii ]
5007 for log (L [O iii ] / erg s −1 ) in the range 42–44. From this factor
nd our measured L [O iii ] , we derive an Eddington ratio of ˙ m E =
 . 14 . (This is reduced to 5 per cent if using the lower correction
actor for log L [O iii ] in the range 40–42.) Using the luminosity- 
ependent narrow H β bolometric correction factor of H. Netzer 
 2019 ) and assuming a dust-free NLR, we again determine ˙ m E =
 . 15 . 
We not e, how ev er, that both the A. Lamastra et al. ( 2009 ) and
. Netzer ( 2019 ) bolometric conv ersions relat e t o line luminosi-

ies corrected for dust extinction within the NLR. We estimate 
he NLR dust extinction for MCG + 08–11–11 using the Balmer
ecrement. R. D. Cohen ( 1983 ) gives the narrow-line flux ratio
f H α to H β in MCG + 08–11–11 as 5.40. Assuming an intrinsic
arr ow-line Balmer decr ement of 3.1 (D. E. Osterbr ock & G. J.
erland 2006 ), we estimate that E(B − V ) ≈ 0 . 55 mag is r equir ed
o produce the observed ratio. For a Milky Way type reddening
urve (e.g. J. A. Cardelli et al. 1989 ) the intrinsic line luminosities
 [O iii ] and L H β are a factor 5.8 and 6.2 higher than the observed
nes, respectively (i.e. log (L [O iii ] / erg s −1 ) = 42 . 817 ± 0 . 002 and
og (L H βn / erg s −1 ) = 41 . 99 ± 0 . 02 ). The estimat ed Eddingt on ra-
ios are, of course, increased by the same factors. 
2 X-ray estimates of L bol 

rom our fit to the time-averaged Swift X-ray spectrum, combined 
ith the 2021 NuSTAR spectra (Section 4.1 ), we determined the
–10 keV X-ray continuum luminosity to be log (L X / erg s −1 ) =
3 . 68 . Applying the F. Duras et al. ( 2020 ) luminosity-dependent
olometric correction factor we determine ˙ m E = 0 . 23 . 
The Swift BAT 157-month hard X-ray survey (A. Y. Lien et al.

025 ) reports a luminosity log (L X / erg s −1 ) = 44 . 13 in the 14–
95 keV band. This value is derived from the time-averaged spec-
rum generated from first 13 yr of BAT observations (from 2004
ecember). The estimation has the advantage that hard X-rays 
re not susceptible to moderate levels of photoelectric absorption. 
. Koss et al. ( 2017 ) provide a simple bolometric correction factor

bol = 8 for BAT luminosities from which w e det ermine ˙ m E =
 . 31 although we note that this is an appr o ximate corr ection,
ndependent of the source luminosity. 

3 Infrared continuum estimates of L bol 

t is also possible to estimate the bolometric luminosity from 

nfr ared w avelengths which probe the large-scale dust torus sur-
ounding the AGN central engine. The dust readily absorbs and 
e-emits X-ray, UV, and optical photons, which make up the vast
ajority of an A GN’ s radiative output. The dust emission is there-

ore an effectiv e bolomet er for the AGN central engine. Because
he torus is a very large scale structure ( � pc or � 3 light years),
he derived bolometric luminosity is an average over a long time
cale (up to ∼decades) 
We queried the Wide-field Infrared Survey Explorer ( WISE ; E.

. Wright et al. 2010 ) source catalogue and the 2MASS All-sky
oint Source Catalog (R. M. Cutri et al. 2003 ; M. F. Skrutskie
t al. 2006 ), both hosted on the Infrared Science Archive, 13 to
btain IR magnitudes of MCG + 08–11–11. The WISE photom- 
try relat es t o observations taken during the main survey (2009
ecember–2010 August); the 2MASS survey was conducted be- 

ween 1997 June and 2001 February. The IR photometric magni- 
udes are listed in Table D1 . 
We derive infrared luminosities from the WISE W3 (12 μm ) 

nd W4 (22 μm ) magnitudes, and the K-band (2 μm ) magnitude
rom 2MASS. We use the luminosity-dependent infrared bolo- 
etric corrections of J. C. Runnoe et al. ( 2012 ) (see Table D2 )
nd det ermine Eddingt on r atios which decrease with w avelength
rom 0.96 to 0.21. It should be noted that the infrared magnitudes
ave not been corrected for any host galaxy contamination. Al- 
hough it has been noted that for quasars the infrared emission
rom the host galaxy typically becomes dominant only at wave- 
engths longer than 24 μm (J. C. Runnoe et al. 2012 and r efer ences
herein), the same may not be true for Seyferts such as MCG + 08–
1–11 which have much lower AGN luminosities. The apparent 
ncrease of the Eddington ratio with wavelength may then be 
ttribut ed t o increasing host galaxy contribution to the infrared
ux. We may then consider the shorter- w avelength (K and J) IR
stimates of ˙ m E ∼ 0 . 20 to be the more reliable. 

3 https://irsa.ipac.caltech.edu/ 
MNRAS 546, 1–24 (2026) 
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T able D2. V arious estimat es of the Eddingt on ratio ˙ m E . 

Estimator Bolometric correction κbol log (L obs ) log (L bol ) ˙ m E = L bol /L Edd 

22.19 μm (W4) J. C. Runnoe, M. S. Brotherton & Z. Shang ( 2012 ) eqn. 8 16 44.33 45.53 0.96 
12.08 μm (W3) J. C. Runnoe et al. ( 2012 ) eqn. 6 11 44.14 45.20 0.45 
2.16 μm (K) J. C. Runnoe et al. ( 2012 ) eqn. 3 10 43.85 44.86 0.21 
1.24 μm (J) J. C. Runnoe et al. ( 2012 ) eqn. 2 22 43.63 44.98 0.27 
H βn λ4861 H. Netzer ( 2019 ) table 1 3288 (4561) 41.20 (41.99) 44.72 (45.64) 0.15 (1.23) 
[O iii ] λ5007 A. Lamastra et al. ( 2009 ) 454 42.054 (42.817) 44.71 (45.47) 0.14 (0.83) 
2–10 keV F. Duras et al. ( 2020 ) table 1 17 43.68 44.91 0.23 
14–195 keV M. Koss et al. ( 2017 ) 8 44.13 45.03 0.31 

N ote. Luminosities ar e in units of erg s −1 . For an assumed mass of 2 . 82 × 10 7 ˜M � the Eddington luminosity is log (L Edd / erg s −1 ) = 45 . 55 . For H βn 
and [O iii ] numbers in parentheses include a correction for dust extinction in the NLR, as described in Section D1 . 
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