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A B S T R A C T 

We present the results of a new X-ray to near-IR photometric and spectroscopic monitoring of the changing look active galactic 
nucleus NGC 2617 carried out from March 2022 to March 2024. We found significant variability at all wavelengths and in the 
intensities and profiles of the broad Balmer lines. Reverberation mapping was carried out for three observing seasons during 

2021–2024. We obtained time delays of ∼4 d for the response of the H β line to optical continuum variations. The X-ray 

variations correlate well with the UV and optical, with a few days lag for longer wavelengths. The K band lagged the B band 

by ∼ 15 d during the last three seasons, which is significantly shorter than the delays reported previously by the 2016 and 

2017–2019 campaigns. Near-IR variability arises from two different emission regions: the outer part of the accretion disc and a 
more distant dust component. The H K-band variability is go v erned primarily by dust. The H β/H α ratio variations (for broad 

components only) correlate with the X-ray and UV fluxes. The spectral type changed from type 1.8 to type 1.9 during 2023 

October–2024 January and then a more rapid change to type 1.5 occurred in 2024 February. We interpret these changes as a 
combination of two factors: changes in the accretion rate as a dominant cause but also the sublimation or reco v ery of dust along 

the line of sight. 

K ey words: galaxies: acti ve – galaxies: individual: NGC 2617 – galaxies: Seyfert – optical: galaxies – X-rays: galaxies – UV. 

1

A
c
r
f
E
e
A  

b
w
b

�

b  

c  

c
H  

1
b  

g
t

 

A  

a  

o  

©
P
C
p

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/536/3/2089/7919727 by H
aifa U

niversity Library user on 02 January 2025
 I N T RO D U C T I O N  

ctive galactic nuclei (AGNs) can be classified into two broad 
ategories (Antonucci 2012 ): ‘thermal’ AGNs with high Eddington 
atios where the energy output is dominated by thermal emission 
rom an accretion disc, and ‘non-thermal’ AGNs with much lower 
ddington ratios where the energy output is dominated by mechanical 
nergy in jets. Khachikyan & Weedman ( 1971 ) classified thermal 
GNs on the basis of their optical spectra into type-1 AGNs, where
oth broad and narrow permitted lines are seen, and type-2 AGNs 
here only narrow lines are seen. This classification was refined 
y Osterbrock ( 1981 ) to add subclasses with properties intermediate 
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etween type 1 and type 2: type 1.5 (Sy1.5) – objects which have
learly composite profiles of H I lines with strong narrow and broad
omponents; type 1.8 (Sy1.8) – objects with an easily visible broad 
 α component, but only a very weak broad H β component; type
.9 (Sy1.9) – objects with an easily visible broad H α component, 
ut with broad H β not visible at all. At present, there are no
enerally accepted numerical parameters for dividing objects into 
hese intermediate classes. 

Keel ( 1980 ) made the important disco v ery that type-1 and type-2
GNs differ in orientation. From this, he deduced that there was
n obscuring disc close to the AGNs such that the innermost parts
f an AGN could be obscured but not the surrounding stars and
xtended emission. Keel pointed out that an obscuring ring with 
 polar half-opening angle of 60 deg and seen at various incli-
ations could explain the orientation difference he found between 
is is an Open Access article distributed under the terms of the Creative 
h permits unrestricted reuse, distribution, and reproduction in any medium, 
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Table 1. The WIRO and CMO H β fluxes (in units of 10 −13 erg 
s −1 cm 

−2 ). (Note: This table is available in its entirety in 
machine-readable form.) 

J.D.-2450000 Flux in H β Observatory 

9640.81 0.915 ± 0.046 WIRO 

9641.74 0.974 ± 0.049 WIRO 

9642.76 0.932 ± 0.047 WIRO 

9649.68 1.014 ± 0.051 WIRO 

9654.62 1.094 ± 0.055 WIRO 

... ... ... 
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ype-1 and type-2 AGNs. Keel’s disco v ery led to the now standard
ccepted orientation-dependent unification model of thermal AGNs
see Antonucci 1993 for a re vie w). In this picture, all thermal
GNs are essentially the same but we do not see the accretion
isc ( AD ) and broad-line region (BLR) directly if we are viewing
rom far off axis. An AGN appears to be a type 1 when viewed
lose to the axis of symmetry and a type 2 when viewed far off
xis. 

Although the orientation unification picture has long been ac-
epted, spectral variability presents a major challenge. In the basic
icture, such as the ‘straw-person model’ of Antonucci ( 1993 ),
ariation of the spectral class was not expected due to the long
ynamical time-scales involved. Ho we ver, Lyutyj, Oknyanskij &
huv ae v ( 1984 ) disco v ered that NGC 4151, which normally has
NRAS 536, 2089–2102 (2025) 

igure 1. Variation of the H β flux in units of 10 −13 erg s −1 cm 

−2 in 2017–2024 (
CMO, triangles–SAAO). The (a) panel also demonstrates the variation of the relat
n optical spectral appearance of a type-1 AGN, looked like a type-2
GN when at minimum light. Such a change is called a ‘changing

ook’ (CL). The CL phenomenon is now recognized to be very
ommon and many examples can be found in the literature. In recent
ears, the number of observ ed CL ev ents has e xceeded 100, and
L ev ents hav e started to be considered a not-too-rare phenomenon.
he CL AGNs give us a view of extreme changes in the AGN state
panning a few weeks to years, which may provide insight into the
ajor open questions about the nature of possible sources of fuel and
GN evolution. 
A number of CL AGNs have a long history of investigations

hat reveals r ecurr ent extreme variability of such objects. Examples
nclude NGC 1566 (Pastoriza & Gerola 1970 ; Oknyansky et al.
019a , 2021 ), NGC 3516 (Andrillat & Souffrin 1968 ; Shapo valo va
t al. 2019 ; Okn yansk y, Mikailo v & Huse yno v 2020a ; Okn yansk y
t al. 2021 ), NGC 4151 (Lyutyj et al. 1984 ; Penston & Perez 1984 ;
huv ae v & Oknyanskii 1989 ), Mrk 6 (Khachikian & Weedman 1971 ;
ronik & Chuv ae v 1972 ; Chuv ae v 1991 ), Mrk 590 (Denney et al.
014 ; Raimundo et al. 2019 ; Lawther et al. 2022 ), and other sources.
he investigation of such recurrent CL events is the main goal of

he CL monitoring project (Oknyanskij et al. 2016 ) of which the
resent study is part. The common properties of the CL AGNs have
een discussed by Shappee et al. ( 2014 ), Okn yansk y ( 2022 ), Ricci &
rakhtenbrot ( 2023 ), and some others. 
The CL phenomenon is clearly high-amplitude AGN variability,

ut there is little that is understood about AGN variability. Hence,
ittle is understood about the physical nature of the CL AGN
a) and in 2021–2024 (b) (points correspond to the WIRO data, open circles 
ive intensity in the UV W1 (filled circles). 
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NGC 2617 at deepest minimum during 2022–2024 2091 

Table 2. The B photometry obtained with the 0.6-m telescope 
(DAS), the RC600 telescope (CMO), the 0.7-m telescope of 
the Wise observatory (Wis), and the Swift B photometry (Swi). 
All data are reduced to the Swift B system. (Note: This table is 
available in its entirety in machine-readable form.) 

J.D.-2450000 Mag 

9640.900 15.593 ± 0.046 Swi 
9641.340 15.501 ± 0.018 CMO 

9642.820 15.475 ± 0.034 Swi 
9643.280 15.476 ± 0.018 CMO 

9645.298 15.513 ± 0.019 CMO 
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henomenon. When the first CL events in AGNs were disco v ered
Khachikian & Weedman 1971 ; Pronik & Chuv ae v 1972 ; Lyutyj et al.
984 ), two possible mechanisms were suspected to be responsible 
or these dramatic changes of the spectral type: (1) accretion- 
ate variability and (2) variable obscuration. The latter possibility 
s disfa v oured for some cases based on the time-scale of the
ransition (see e.g. LaMassa et al. 2015 ; MacLeod et al. 2016 ),
ut it could be responsible for other cases of CL behaviour. The
wo mechanisms could also act together, if we take into account 
he possibility of fast (occurring on a time-scale much shorter than 
he dynamical time-scale) sublimation or (and) reco v ery of dust
n some clouds along the line of sight, which follows (with some
elay) the strong UV-flux variations (as the primary reason; see 
.g. Okn yansk y, Gaskell & Shimano vskaya 2015 ; Okn yansk y et al.
017a ; Okn yansk y, Malanchev & Gaskell 2018 ; Kokubo & Minezaki
020 ; Okn yansk y & Gaskell 2024 ). It is possible that there are two
ifferent subclasses of CL AGNs (Ricci & Trakhtenbrot 2023 ). 
Gaskell & Klimek ( 2003 ) raise the question of whether AGNs have

hat they call variability ‘personalities’ (i.e. intrinsically different 
ariability properties) or whether we are just seeing ‘moods’ (e.g. 
here are only some time intervals when there is greater or lesser
ariability). The same question applies to so-called CL AGNs. Thus, 
t is not clear if the objects with observed CL events form a separate
ubclass of variable AGNs or are similar objects but caught at 
he most extreme moments of their variability (see discussion and 
eferences in Runnoe et al. 2016 ; Okn yansk y et al. 2017a , 2019a ,
021 , 2023a ; MacLeod et al. 2019 ; Ruan et al. 2019 ; Wang &
on 2020 ; L ́opez-Navas et al. 2023 ; Veronese et al. 2024 ). Klimek,
askell & Hedrick ( 2004 ) found that narrow-line Seyfert 1s (NLS1s),
hich hav e v ery high Eddington ratios, are less variable than lower
ddington ratio A GNs. Similarly, CL A GNs have low Eddington 

atios (usually a few per cent or less). They also tend to be relatively
-ray brighter than the o v erall type-1 population. 
To investigate these questions, we have been carrying out long- 

erm, multiwavelength monitoring of NGC 2617 (Okn yansk y et al. 
017a , 2023a , hereinafter Papers I and II, respecti vely). Intensi ve
ultiwavelength observations of NGC 2617 were triggered by the 

isco v ery (Shappee et al. 2014 ) of a CL event in 2013 (Mathur
t al. 2013 ; Tsygankov et al. 2013 ; Yang et al. 2013 ; Shappee et al.
013b ; Fausnaugh 2017 ; Giustini et al. 2017 ; Sheng et al. 2017 ;
kn yansk y et al. 2017a , b ; F ausnaugh et al. 2018 ; Olson et al.
020 ; Feng et al. 2021 ; Yang et al. 2021 ). From the first mention
f NGC 2617 by Edouard Jean–Marie Stephan back in 1885 until 
013, it was observed very rarely and only two optical spectra were
ublished (Moran, Halpern & Helfand 1996 ; Paturel et al. 2003 ).
hese two spectra gave a classification of type 1.8 (see Osterbrock 
987 ). Subsequent spectroscopic observations allowed Shappee et al. 
 2014 ) to detect a large change of spectral type (i.e. a CL event) over
he period 2003 to 2013, from type 1.8 in the old spectra to type
. We proposed (using the MASTER photometry; Okn yansk y et al.
017a ) that the type change had probably occurred between 2010
ctober and 2012 February, which was also independently suspected 
y Sheng et al. ( 2017 ) using mid-IR photometry. 
We began spectroscopic and photometric (IR J H K , optical 
V RI ) monitoring of NGC 2617 in 2016 January to trace potential

ecurrent state changes (see details and references in Paper I) and
ublished our results of long-term monitoring in Paper II. The 
resent work is a continuation of Papers I and II; it is based mostly
n unpublished data and focuses on the variability of NGC 2617
uring the last three observing seasons (2021–2024), when the object 
eturned to a very low state which can be classified as type 1.9, and the
-ray flux reached the lowest value ever observed (Oknyansky et al.
023b ). Such an event was expected since 2013 after the significant
rightening and CL event was disco v ered by Shappee et al. ( 2014 ).
e also compare the recent deep minimum with the previous one

hat occurred at the end of 2017. 
We here present our new observational data on the X- 

ay/UV/optical/IR continuum and optical emission-line variability 
f NGC 2617 obtained by the Swift satellite, at the Caucasian
ountain Observatory (CMO) of SAI MSU, the Wyoming Infrared 
bservatory (WIRO), the Dibai E.A. Astronomical Station (DAS) 
f SAI MSU, and at the Wise Observatory from March 2022 till
024 February. We also perform reverberation mapping (RM) of the 
021–2024 data to investigate time lags between variable emission 
omponents at different wavelengths, including those associated with 
he H β broad emission line. 

 OBSERVATIONS,  INSTRU MENTS,  A N D  DATA  

E D U C T I O N  

n Papers I and II, we reported the results of spectroscopic and
hotometric monitoring o v er the period 2016 January–2022 Febru- 
ry. In the present study, we combine our old data with new data
btained partly with the same telescopes, but with some differences 
nd additions. 

.1 Spectroscopy 

he 2.3-m telescope at WIRO provided 281 epochs of spectroscopy 
n 2016–2022 (published in Paper II) and 58 new epochs in 2022–
023. Our methods and procedures are the same as previously re-
orted (see Du et al. 2018 ). Additionally, the 2.5-m telescope at CMO
rovided 23 epochs of spectroscopy during 2020–2022 (published in 
aper II) and 43 new epochs in 2022–2024. The instrumentation 
nd methods are as previously reported (see Okn yansk y et al.
021 , 2023a ). Finally, the 1.9-m telescope at SAAO (South Africa)
rovided four epochs of spectra in 2017–2018 and one additional 
pectrum in 2024. Okn yansk y et al. ( 2019b ) provides more detailed
nformation about the data from this facility. 

Due to different apertures at the dif ferent observ atories, we have
ade some corrections for consistency. In particular, we used a linear

egression to reduce the H β fluxes to be consistent with the WIRO
ystem. Table 1 gives the new data, and Fig. 1 presents the H β flux
ight curve during the last three seasons (2021–2024) along with the
ombined H β light curve for 2017–2024. 

.2 Swift X-ray, UV, and optical data 

apers I and II present 120 epochs of Swift data obtained between
une 2016 and January 2022, which includedboth X-ray fluxes and 
MNRAS 536, 2089–2102 (2025) 
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Figure 2. Multiwavelength observations of NGC 2617 in 2021–2024. Top panel: The Swift /XRT 0.5–10 keV X-ray flux (in units of erg cm 

−2 s −1 ). Middle 
panel: The Swift data for a 10-arcsec aperture (diameter) are shown with triangles connected by a dashed line for the UV W1 data and a dashed line for the 
B data. Besides the Swift data (triangles), the B data obtained at different observatories are also shown: DAS (open circles), CMO (nightly mean estimates), 
and Wise (crosses). All the B magnitudes were measured in an aperture of 10 arcsec and reduced to the Swift B system. The narrow-band NB5200 photometry 
obtained at Wise (the data are given in magnitude scale with arbitrarily selected zero-point) is shown with points connected by a dashed line. Bottom panel: The 
near-IR light curves in J , H and Kobtained at CMO (for an aperture (diameter) of 5 arcsec). 
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Table 3. The NB5200 photometry with 10-arcsec aperture obtained with the 
0.8-m telescope of the Wise observatory. The data given on a magnitude scale 
with an arbitrarily selected zero-point as presented at Fig. 2 . (Note: This table 
is available in its entirety in machine-readable form.) 

J.D.-2450000 Mag 

9992.475 16.013 ± 0.012 
9993.271 16.009 ± 0.015 
9994.280 16.025 ± 0.023 
9995.444 16.010 ± 0.013 
9997.283 15.994 ± 0.009 
... ... 
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Table 4. J H K photometry obtained with the 2.5-m telescope (CMO). (Note: 
This table is available in its entirety in machine-readable form.) 

J.D.-2450000 Mag Band 

9679.219 12.110 ± 0.018 H 

9679.219 12.820 ± 0.010 J 

9679.227 11.590 ± 0.022 K 

9693.191 12.860 ± 0.012 J 

9693.195 11.570 ± 0.041 K 

... ... ... 
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V/optical photometry. We give here more recent Swift observations 
rom March 2022 to March 2024: X-ray (XRT, 131 epochs), 
V W 1 (UV O T, 110 epochs), and B (UV O T, 106 epochs). The
ethods were the same as in Papers I and II, but we used updated

alibrations and software and the older data were reprocessed for 
niformity. It should be noted that the Swift UV O T data obtained
hrough the last two seasons often had problems due to poor 
tabilization of the observatory. Therefore, we visually inspected 
he quality of the images and did not use photometry with low-
uality data. All optical and UV Swift photometry corresponds to 
 10 arcsec aperture (hereinafter, the diameter of the aperture is
eant). 

.3 Ground-based optical photometry 

e present new optical photometry in Table 2 and Fig. 2 . Ob-
ervations were obtained with the 0.6-m telescope at CMO (124 
pochs) and the 0.6-m telescope at DAS of SAI MSU (37 epochs)
 v er the period March 2022–February 2024. Details about the 
ethods and instruments can be found in Paper II. Additionally, 
Table 5. Results of the RM analysis with the MCCF code. The lags for the
days. A positive lag means that variability of data set X follows that of data
lags of the peak and centroid together with their confidence limits. Our pref
system. See the text for details. 

X Y J.D.-2450000 

I( UV W1) I(X-ray) 9478–10381 2021 

I( B)(CMO) I(X-ray) 9495–10382 2021 O

I( B)(all) I(X-ray) 9495–10382 2021 

H β (WIRO + CMO) I(X-ray) 9517–10364 2021 

H β (WIRO + CMO) I(X-ray) 9517–9698 2021 

H β (CMO) I(X-ray) 10237–10364 2023 

H β/H α (CMO) I(X-ray) 9517–1036 2021 

I( B)(all) I( UV W1) 9495–10382 2021 

H β (WIRO + CMO) I( UV W1) 9517–10364 2021 

H β (WIRO + CMO) I( UV W1) 9517–9698 2021 

I( J ) (CMO) I( B) (CMO) 9514–10316 2021

I( H ) (CMO) I( B) (CMO) 9514–10337 2021 

I( K) (CMO) I( B) (CMO) 9514–10316 2021 

H β (WIRO + CMO) I( B) (CMO) 9517–10364 2021 

H β (WIRO + CMO) I( B) (CMO) 9517–9698 2021 

H β (WIRO + CMO) I( B) (all) 9517–10364 2021 
e present 12 epochs of new B-band photometry obtained at the
ise Observatory with the 0.7-m Centurion 28 (C28IL) telescope 

see details in Brosch et al. 2015 ) and 69 epochs of narrow-band
B5200 observations made with the newly-commissioned 0.8-m 

80 telescope (see filter definition in Pozo Nu ̃ nez et al. 2017 ).
he narrow-band NB5200 photometry on a magnitude scale with 
n arbitrarily (for clarity) selected zero-point is given in Table 3 and
ig. 2 . All optical photometry corresponds to a 10-arcsec aperture.
ll B-band photometric data were reduced to the Swift B system (see
able 1 ). 

.4 Near-IR photometry 

apers I and II reported 194 epochs of near-IR J H K data obtained
n 2016–2022 with the ASTRONIRCAM camera of the 2.5-m CMO 

elescope (Nadjip et al. 2017 ) using a 5-arcsec aperture (see Table 4 ).
e present further photometry from 2022 to 2024 in Table 4 and

ig. 2 : 29 epochs in the J band, 26 epochs in the H band, and 25
pochs in the K band. The observations were obtained with the same
quipment and processed in the same way as previously. 
MNRAS 536, 2089–2102 (2025) 

 X data sets are measured with respect to the Y data and expressed in 
 set Y. The peak correlation coefficient, R max , is given along with the 
erred τpeak values are given in bold. All delays are reduced to the rest 

Date MCCF 
R max τpeak τc e nt 

Sep–2024 Mar 0.856 1 . 9 + 1 . 3 −0 . 4 0 . 6 + 1 . 3 −0 . 5 

ct –2024 Mar 0.839 2 . 2 + 0 . 3 −0 . 4 2 . 3 + 0 . 2 −0 . 2 

Oct–2024 Mar 0.780 2 . 3 + 0 . 2 −0 . 2 2 . 0 + 0 . 1 −0 . 2 

Oct–2024 Mar 0.844 7 . 3 + 0 . 7 −0 . 7 6 . 6 + 0 . 3 −0 . 3 

Oct–2022 Apr 0.889 6 . 9 + 1 . 6 −0 . 4 6 . 3 + 0 . 7 −0 . 6 

Oct–2024 Mar 0.945 5 . 8 + 0 . 9 −1 . 4 5 . 8 + 1 . 7 −1 . 1 

Oct–2024 Mar 0.670 7 . 0 + 2 . 3 −1 . 7 5 . 5 + 1 . 3 −0 . 2 

Oct–2024 Mar 0.834 1 . 1 + 0 . 3 −0 . 1 1 . 1 + 0 . 5 −0 . 8 

Oct–2024 Mar 0.804 4 . 6 + 3 . 1 −1 . 9 4 . 2 + 2 . 1 −2 . 3 

Oct–2022 Apr 0.855 5 . 0 + 2 . 0 −2 . 0 4 . 3 + 1 . 8 −1 . 8 

 Oct–2024 Jan 0.725 5 . 4 + 2 . 6 −2 . 0 5 . 2 + 0 . 8 −0 . 8 

Oct–2024 Jan 0.773 15 . 1 + 3 . 4 −2 . 9 15 . 3 + 2 . 2 −2 . 1 

Oct–2024 Jan 0.769 14 . 2 + 3 . 5 −2 . 2 15 . 5 + 1 . 7 −2 . 1 

Oct–2024 Mar 0.758 4 . 4 + 2 . 6 −0 . 4 3 . 3 + 1 . 5 −1 . 5 

Oct–2022 Apr 0.882 5 . 0 + 1 . 3 −1 . 7 4 . 6 + 0 . 8 −0 . 9 

Oct–2024 Mar 0.769 4 . 1 + 1 . 6 −0 . 6 3 . 6 + 1 . 0 −0 . 9 

7 by H
aifa U

niversity Library user on 02 January 2025



2094 V. L. Oknyansky et al. 

M

Figure 3. Some sample cross-correlation functions obtained with the MCCF 
method. Panel (a): ( W1 -X) – I( UV W1) from I(X-ray), (H β-W1) – H β lagging 
I( UV W1), (H β-X) – H β lagging I(X-ray). Panel (b): ( J - B ) – I( J ) lagging 
I( B), ( H - B ) – I( H ) lagging I( B), ( K - B ) – I( K) lagging I( B). All the data used 
for this plot are from CMO. For I( J ), one can see two peaks (at the delays 
of about 5.5 and 15 d), marked by arrows (see the Discussion section for 
details). 
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 L I G H T  C U RV E S  A N D  TIME-SERIES  

NALY SIS  

.1 Light cur v es 

he H β light curve for 2017–2024 is presented in Fig. 1 a together
ith the UVW1 intensity variation, and an enlargement of the 2021–
024 segment is shown in Fig. 1 (b). The H β data obtained at
if ferent observ atories are in a good agreement and correlate with
V variations on short and long time-scales. As it is well seen from

he plots, the H β and UV variations demonstrate fast variability on
NRAS 536, 2089–2102 (2025) 
 time-scale of weeks, as well as a long-term trend of decreasing
ntensity on a time-scale of a few years. 

The X-ray, UV, optical ( B and λ5200 narrow band), IR ( J H K),
nd H β light curves during the last three seasons are given in Fig. 2 .
s can be seen from the optical light curve during 2021–2024, the B 

rightness was mostly low with low-amplitude (0.2–0.4 mag during
021–2022 and then ∼ 0.05 mag during 2023–2024) fast and short
ariations on a time-scale of weeks. Over the same interval the X-ray
ux varied significantly – by more than 20 times, and the amplitude of
VW1 variations was larger than 1.5 mag. The variations at different
avelengths (from X-ray to near-IR) are well correlated at short

weeks) and long (a few years) time-scales. During the last season, the
ux at all these wavelengths reached the lo west le vel e ver observed
 v er the entire period of monitoring. The X-ray flux at minimum was
bout two orders of magnitude lower than it was at maximum in 2013
Shappee et al. 2014 ). The UV W 1 brightness dropped down by more
han 3 magnitudes relative to the same maximum. The variability
mplitude in the optical bands was lower (mostly due to a significant
ontamination from the host galaxy to the aperture photometry), but
t was still more than one magnitude in the B band. One can well see
 long-term significant decrease in 2021–2024 at all wavelengths on
 time-scale of a few years in combination with fast brightenings on
 time-scale of weeks. A significant fast X-ray brightening (by more
han 30 times relative to minimal level) was detected in February
024, which was followed by brightening at longer wavelengths
nd H β. Unfortunately, the maximal level in UV of the last fast
rightening was missed due to the problems with the Swift /UV O T
ata. Ho we ver, taking into account the high correlation of UV and
-ray variations, we estimate that the brightening in UV W 1 was

bout 1 mag. 

.2 Reverberation-mapping method 

o investigate lags between continuum variations at different wave-
engths as traced by broad-band photometry from X-ray through UV
nd optical to near-IR, as well as between continuum and broad
 β, we used the modernized cross-correlation function (MCCF)
ethod (Oknyanskii 1993 ), which is an upgraded version of the

raditional interpolation cross-correlation function (ICCF; Gaskell &
park e 1986 ; Gask ell & Peterson 1987 ; Gask ell 1988 ) technique for

wo unevenly spaced data sets. The methodology of our analysis is
ostly the same as described in our previous papers (see details and

eferences, e.g. in Paper I). In this study, we use a publicly available
YTHON code implementing the MCCF (PyMCCF; see e.g. details
n Paper II and Oknyansky & Oknyansky 2022 ). A small difference
n the methodology compared to the previous paper is that we have
e-trended all the light curves using a quadratic polynomial, which
emo v es the substantial long-term decreasing trend (see Figs 1 –2 ).

e need to remo v e such trends because, if there is a strong trend in
he series, the correlation coefficient is high o v er a wide lag interval.
his leads to problems in our standard method of estimating errors

or time delays since the errors are based on points with correlation
oefficients larger than 0.8 R max (see e.g. Peterson et al. 1998 ). 

.3 T ime-delay measur ements 

he results of RM are presented in Table 5 and some of the results
re plotted in Figs 3 and 4 (in combination with previously published
esults). 

The X-ray flux led variations in the continuum at longer wave-
engths and broad-line emission during 2021–2024: the UV W 1
ariations lag by ∼ 2.0 d, B by ∼ 2.3 d, and H β by ∼ 7.3 d. These
ags are in agreement with what was found in Paper II for 2017–2022.



NGC 2617 at deepest minimum during 2022–2024 2095 

Figure 4. Lag-wavelengths relation relative to the X-ray flux based on the constraints reported in Table 5 , and in previous publications. Open circles: Values 
from Fausnaugh et al. ( 2018 ). Filled circles: Values from Shappee et al. ( 2014 ) with omitting delays for H and K (see comments in Paper I). Time delays from 

our study: Paper I – crosses, Paper II – stars and this work – pluses. The horizontal dashed line marks the position of the average delay for H β obtained in Papers 
I and II. The best fit with the form τ = a ∗ λ4 / 3 + b combining all the available data (omitting J H K delays) is shown as a bold line with the error marked as a 
grey area). 
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lso, the UV flux variability was followed in ∼1.1 d by the optical
ontinuum variations ( B) and in ∼ 4.6 d by the H β variations. The
ptical variations ( B) were followed by the near-IR variability in ∼
.5 d in J and ∼ 15 d in H K , in ∼ 4.4 d by H β. The H β time
elay is formally smaller than found in Paper II ( ∼ 6 d) and by Li
t al. ( 2024 ) ( ∼5.8 d), but the difference is not very significant. Time-
elay measurements were also carried out for a few shorter intervals 
within individual seasons), but revealed no significant differences 
rom the results for the three seasons combined. As it is shown in
ig. 4 , the time delay for H β is bigger than for UV/Optical continuum
ut a few times smaller than for H K . 

 E VO L U T I O N  O F  T H E  X - R AY / U V  RELATI ON  

N D  T H E  X - R AY  SPECTRUM  

n Paper II, we found a significant decrease of the F( UV W 1) to F(X-
ay) ratio when NGC 2617 transitioned to the lower state. To trace the
volution of the UV/X-ray flux ratio, we plot the relation (see Fig. 5 )
or the last three seasons compared to the previous period 2017–
019 (see details in Paper II and Fig. 5 ). Evidently, the UV/X-ray
atio continued to decrease. 

To trace the evolution of the X-ray spectrum of NGC 2617, we
erformed in Paper II a specific procedure. Here, we repeat the 
ame analysis for the more recent seasons using specific Swift /XRT
bservations at very low-flux levels (see Fig. 6 ). The amplitude of
he photon-index variations is not large for NGC 2617 (see Paper
I) compared to other CL AGNs (see e.g. Okn yansk y et al. 2021 for
GC 3516). Ho we ver, we noted some decrease of the photon index

rom ∼ 1 . 85 to ∼ 1 . 30 which followed the decrease in the X-ray
ux from the high state to the deep minimum at the end of 2017
see Paper II). We observed minima of the X-ray flux in 2023 that
ere several times lower than previously. For two of these epochs

he exposures were sufficient to derive a photon-index value of 1.85
0.15. At a confidence level of 95 per cent, this photon index is

igher than 1.30, and at a confidence level of 99 per cent, we saw no
ifference from the photon index defined for the high state. That is
n agreement with the expected ‘softer-when-fainter pattern’ at the 
ery lowest count rates (Komossa et al. 2020 ). 

 OPTI CAL  SPECTRAL  VARI ABI LI TY  

.1 Broad emission-line profile variations and changing-look 

vents 

he large variation in the H β intensity (see Fig. 1 and fig. 2 in Paper
I) was accompanied by significant changes in the line profile from
017 to 2024 (see Figs 7 –8 here and figs 8–9 in Paper II). Similar
ariations can be noted in broad H γ and a broad emission blend in
MNRAS 536, 2089–2102 (2025) 
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Figure 5. The relative intensity I( UV W1) versus ( Swift ) X-ray flux relation 
for two intervals: 2017 April–2019 No v ember (open circles) and 2021 
September–March 2024 (filled circles). The X-ray flux is given in units 
of 10 −10 erg s −1 cm 

−2 . The I( UV W1) relative intensity is given in units 
I(15 m ) = 1 and is corrected for the host galaxy contamination. The straight 
lines (the blue line for the first interval and the red line for the second 
one) show regressions obtained by the least-squares method that minimize 
dispersion at I( UV W1). 
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Figure 6. (a) Unfolded X-ray spectra of NGC 2617 obtained with Swift /XRT 

in the bright (ObsID 00032812008, 2013 May; (1) – blue points), mean-low 

(ObsID 00032812241–00032812246, December 2017; (2) – red points) and 
low (ObsID 00 010 549 158 and 00010549170, 2023 No v ember–December; 
(3) – magenta points) states. The best-fitting models are shown with solid 
lines. The additional soft emission component in the bright state is shown 
with the dashed line. (b) Deviations of data from the absorbed power law with 
soft emission component in the bright state. (c) Deviations of data from the 
absorbed power law in the mean-low state. (d) Deviations of data from the 
simple absorbed power law in the low state. The (1), (2), (b), and (c) are the 
same as in fig. 15 of Paper II. 
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he region of He I λ5876. Broad H α varied in the similar way but did
ot disappear at minimum (e.g. 06.01.2024) as did the broad H β

see Fig. 7 ). 
H β profiles derived from the CMO spectra for the maximum,
inimum, and the re-brightening states are presented in Fig. 8 .
e hav e remo v ed narrow components as described in Paper II. As

een in the plot, the broad component of H β is barely detectable
t minimum (2024 January 6 cf. 2021 October 29 when the object
as at maximum), but became significant again after re-brightening

2024 February 20). These profiles illustrate two CL events: the first
ne – from type 1 (see Fig. 8 b) (Shappee et al. 2014 ) to type 1.9, and
hen a rapid change to 1.5 on a time-scale of a month. 

.2 Variations of the H β/H α ratio 

he variation of the broad H α/H β ratio based on the spectroscopic
ata obtained at WIRO and CMO in 2018–2022 was discussed in
aper II (fig. 13) where its anticorrelation with the UV flux was
hown. Here in the Fig. 9 , we prefer to show the variation of the broad
 β/H α ratio because of very low H β flux at minimum (see Fig. 1 ).
e show this variation with the corresponding X-ray flux since some

f the UV data were lost at particularly rele v ant brightening epochs
ue to problems with Swift /UV O T. The UV-flux variation is well
orrelated with the X-rays (see Fig. 3 a), but with a short time-delay.
o, even though we want to compare the H β/H α ratio variation
ith the X-ray flux variation, this should correspond closely to a

omparison with the UV flux variation. As one can see from Fig. 9 ,
he H β/H α ratio and X-ray flux show correlations. We find a delay
f ∼ 7 d for this (see Table 5 ). This behaviour is in agreement with
heanticorrelation between the H α/H β ratio and the UV flux found
n Paper II. There is an apparent correlation with both fast variations
NRAS 536, 2089–2102 (2025) 
n a time-scale of weeks and longer variations on a time-scale of a
ew years. 

 DI SCUSSI ON  

he phenomenon of a single galaxy changing between types 1 and
 characteristics at different time, as seen in NGC 2617, is indeed
ntriguing. NGC 2617 was observed to transition from a type 1.8
o a type 1 after an outburst in 2013, and then change back to
 type 1.8/1.9 (with some strong variations) during the following
ecade, before returning quickly (on the time-scale of a few weeks)
o a Sy 1.5 type after a strong and fast X-ray outburst in 2024
ebruary. Such variability is not understood, but as discussed in the
ntroduction section, it challenges the simplest orientation unification
odel of thermal AGNs. Ob viously, CL ev ents cannot be explained

y changing orientation which needs cosmological time, and so this
henomenon needs some other mechanism. 
For NGC 2617 to undergo such a transformation, several scenarios

ave been proposed: 

(1) Non-steady-state AD : A significant increase or decrease in the
ate at which material is transferred through the disc and falls on to
he supermassive black hole (SMBH) that alters the luminosity and
he shape of the ionizing continuum, and thereby the appearance of
he AGN. 



NGC 2617 at deepest minimum during 2022–2024 2097 

Figure 7. The H β–H α region of the selected spectra obtained at CMO. Spectra are normalized to the [O III ] λ5007 intensity and offset vertically for comparison. 
The bold lines show spectra with narrow lines blended with H β and H α remo v ed. The remo v ed narro w components are sho wn by the thin lines. The dashed 
line below each spectrum indicates the zero flux level. 
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(2) Variable obscuration due to line-of-sight motions: Changes to 
he dust and gas columns that obscure the central region, which result
rom motions across the line of sight, revealing or hiding the BLR
nd AD . 

(3) Variable obscuration induced by strong luminosity variations: 
hanges to the dust column along the sightlines resulting from dust

eco v ery and/or sublimation, which is induced by fast and strong
ariations in luminosity, with the latter being the dominant driver for
he CL event. 

(4) Tidal disruption event (TDE): A star passing too close to the 
lack hole could be torn apart, leading to a temporary change in the
nflow rate of the accreted material, and to a change in the AGN’s
roperties. 
(5) Stellar stripping: An event involving a more gentle (compared 
o a TDE) tidal stripping of stars (Ivanov & Chern yako va 2006 ;
ampana et al. 2015 ), which can occur more frequently than TDE. 

Taking into account that CL events happen recurrently in NGC 

617 as well as in several other CL AGNs (see e.g. Okn yansk y 2022 ,
nd references therein), we can reject the TDE mechanism (4) as a
lausible scenario for most CL events. Also, a TDE is inconsistent
ith the time-scales of the CL events observed in this object, and

he strong long-term variations following the outburst in 2013 (as it
s predicted the TDE event has to produce in the light curve a short
lateau in maximum with a steep decline (see e.g. details Chan,
iran & Krolik 2020 ; Ricci & Trakhtenbrot 2023 ), which is not
MNRAS 536, 2089–2102 (2025) 
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Figure 8. Panel (a) profiles, on a velocity scale, of broad H β for the 
maximum (29.10.2021), minimum (06.01.2024), and post-minimum re- 
brightening states (10.02.2024) with the narrow components remo v ed show- 
ing intrinsic variations of the line (data from CMO). The vertical dashed lines 
(1–2) mark the range of integration. See the text for details. Panel (b) profiles 
of H β at minimum (CMO) and maximum (APO; Shappee et al. 2014 ). The 
flux is in units erg s −1 cm 

−2 Å−1 . 
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he case for this object). For a TDE, strong helium emission lines
ust be present, but this is not the case for NGC 2617. Therefore,
 more frequent mechanism than a tidally disrupted star is required
o explain CL events, such as stellar stripping (5), which can also
xplain the recurrent nature of the phenomenon. Stellar stripping
an also be a triggering mechanism for AD instabilities (1) leading
o significant brightening of the source, and may also account for
GN fuelling. Stellar stripping can be one of the possible general
echanisms of AGN variability on a time-scale tens of years or more.
ote that this scenario has not yet received sufficient theoretical

esearch. 
NRAS 536, 2089–2102 (2025) 
Understanding the high-amplitude variability of AGNs is crucial
or our comprehension of the processes occurring in the vicinity
f active SMBHs, as they drive the system away from equilibrium,
otentially exposing non-linear effects and hinting at the natural
cales of the system. Changes in the energy generation in AGNs
re common, but the mechanism(s) driving the changes are not
nderstood (see discussion and references on the topic of variability
f CL AGNs in Gaskell & Klimek 2003 ; Gaskell 2008, ; Runnoe
t al. 2016 ; Okn yansk y et al. 2017b , 2019b , 2021 ; MacLeod et al.
019 ; Ruan et al. 2019 ; Hon et al. 2022 ). 
Variable obscuration due to dust clouds moving across our line

f sight (2) cannot be a dominant cause for the variability of NGC
617 due to the discrepancy between the time-scales predicted by the
odel ∼ 7 yr (see e.g. details in Feng et al. 2021 ) and the observed

nes (changing from type 1.8 to type 1.9 during about 1 yr and then
o type 1.5 during about a few weeks). Also, clear evidence that X-
ay variations drive continuum and emission-line variability at longer
avelengths cannot be explained by variable obscuration. For a more
etailed discussion of the possible mechanisms underlying the CL
henomenon and for additional references, see Paper II. 
The CL Seyfert galaxy NGC 2617 has been the subject of e xtensiv e

tudy o v er the last decade (after the realization of its CL nature by
happee et al. 2014 ) due to its large-amplitude variability. The X-
ay and UV/optical variability of NGC 2617 is not unusual for a
L AGN. There are dramatic changes in the X-ray flux, varying by
bout two orders of magnitude. These changes are correlated with
ariations at UV, optical wavelengths and broad emission lines with
ome delays. 

The relationship between X-ray flux of thermal AGNs and the flux
t lower energies (in the UV and optical) is complicated. As Gaskell
 2006 ) summarized, short-term variations of the X-ray and optical
uxes can be correlated but they can also be un correlated. Periods
f correlation and lack of correlation (or even anticorrelation) can be
ound in the some AGNs. 

Not surprisingly, the UV/X-ray ratio can dramatically change
n some CL AGNs during the type transition processes. Variable
bscuration due to reco v ering of the dust in low state may explain
he decrease of the UV/X-ray flux ratio found in our study and some
revious work: NGC 2617 (Paper II) and NGC 1566 (Okn yansk y
t al. 2020b ). 

Short time lags indicate that rapid variability across different
avebands (from X-rays to UV/optical) in AGNs is primarily
riven by variable illumination of the AD by soft X-rays, although
he detailed variability often does not match up (see fig. 3 in
askell 2006 ). In summary, NGC 2617’s behaviour aligns with the

ypical characteristics of thermal AGNs in general and CL AGNs
n particular, and its variability is influenced by the interaction
etween X-rays and the accretion disc (see Fig. 4 ). Our RM
esults are in agreement with the disc reprocessing model, which
redicts an increase in lag with wavelength and a high correlation
etween X-ray and UV/optical variability. We have found a time
elay between X-ray and UV variations of about 2 d (which is
n agreement with previously published results; Shappee et al.
014 ; Kammoun, Papadakis & Dov ̌ciak 2021 ) and a relatively
hort lag of ∼ 1 d (or less, see Paper II) delay between UV and
ptical band variability. This result (combination of too long X-
ay to UV delay with short UV/optical lag) is in contradiction
ith the simplest, commonly-invoked ‘lamp post’ model (see e.g.
etails in Cackett, Horne & Winkler 2007 ). This problem is well
nown (see e.g. our discussion in Paper II and Shappee et al.
013a ; McHardy et al. 2014 ; Shappee et al. 2014 ; Buisson et al.
017 ; Edelson et al. 2017 ; Okn yansk y et al. 2017b , 2020b , 2021 ;
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Figure 9. Panel (a): Variation of the H β/H α ratio (broad) during 2021–2024 (points–WIRO, open circles–CMO). The WIRO data were reduced to the CMO 

system for broad H β and H α). The horizontal reference (narrow) line shows the level H β/H α = 0. Panel (b): Variation of the ( Swift ) X-ray flux (triangles) in 
the range of 0.5–10 keV during 2021–2024 in units of 10 −10 erg s −1 cm 
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awther et al. 2022 ; Oknyansky 2022 ). Furthermore, the ∼ 2 d
elays between X-ray and UV/optical bands are significantly larger, 
y nearly an order of magnitude, compared to the predictions of
 standard irradiated thin AD (Fian et al. 2022 , and references
herein), if the observed optical luminosity of the source of ∼
 × 10 42 erg s −1 is a representative nuclear luminosity (Shappee 
t al. 2013b ). Similar, albeit somewhat smaller discrepancies have 
een noted also for non-CL AGNs (Gaskell 2017 ; Chelouche, Pozo
u ̃ nez & Kaspi 2019 ; Fian, Chelouche & Kaspi 2023 , and references

herein). 
One of the possible solutions (Gaskell 2017 ) to this ‘accretion-

isc-size problem’ is simply that the luminosity of AGNs has 
MNRAS 536, 2089–2102 (2025) 
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een substantially underestimated by ignoring significant internal
xtinction (see especially Gaskell et al. 2023 ). Alternatively, this
roblem can be probably solved in the revised lamp post model
see e.g. Starkey et al. 2023 ). There are at least three other possible
echanisms that have been discussed in literature: (1) an X-ray

ource at a large height (about 2 light-days) from the SMBH,
2) a truncated (at the inner edge) AD in analogy with black-
ole binaries (e.g. Done, Gierli ́nski & Kubota 2007 ), and (3) a
odel with a soft-excess emitting region at the inner edge of

n AD which completely hides the hard X-ray corona (Edelson
t al. 2017 ; Gardner & Done 2017 ). These options were con-
idered by Noda et al. ( 2016 ) who preferred explanation (2). In
aper II, we find model (3) to be consistent with our data for
GC 2617 (as well as for NGC 3516) implying soft variable
lack-body components in the X-ray spectra, which agree with
he model’s predictions (see details in Paper II and Oknyansky
022 ). 
An additional option to resolving the accretion-disc-size conun-

rum is the contamination of the UV and optical bands by a delayed
arying flux component originating from diffuse continuum emission
rom the BLR leading to longer delays (Korista & Goad 2001 ; Cackett
t al. 2018 ; Lawther et al. 2018 ; Chelouche et al. 2019 ; Netzer 2022 ).
t is unclear how important this mechanism is for NGC 2617 in
ts low state given that its small UV bump is not conspicuous in
ndividual spectra (and the root mean square spectrum is of poor
uality). Similarly, it is unclear whether this process can explain the
V-to-optical delays (in the low state, however may work in the high

tate as suggested by Netzer 2022 ). 
The near-IR variability of NGC 2617 is also typical for AGNs.

ime delays in near IR ( H K) are relativ ely wav elength independent
see e.g. Okn yansk y et al. 2019a ) and a few times longer than the
elays in broad Balmer emission lines. For the shortest near-IR
avelengths ( J ) we found two different time delays (Fig. 3 b): a

ong one of about 15 d is about the same as for H K (which is
uspected to be connected with thermal re-radiation by the dust),
nd the shortest delay is about 6 d (probably connected with
adiation from the edge of the AD ). This delay is in agreement
ith that found by Shappee et al. ( 2014 ) who considered it as

n estimate of the AD size. As for the UV-to-optical time-delays,
he implied AD size is a factor of ∼ 8 larger than predicted by
tandard AD models. The AD size can be a few times bigger than
s expected in the standard model due to X-ray illumination (see
.g. P apadakis, Do v ̌ciak & Kammoun 2022 ), but it is unlikely
o explain the large factor implied for NGC 2617. The value of
he dust time delay changes with the UV luminosity with some
elay (see e.g. Okn yansk y & Gaskell 2024 , and references therein).
hese properties are also common for AGNs (e.g. NGC 4151, NGC
516). 
The apparent strong variability of the Balmer lines in NGC 2617

s similar to that reported previously for some other CL AGNs. In
ost of the observed CL events the broad H α line is prominent

n the minima when the broad H β line is marginal or absent. At
inima, some CL AGNs change their type to type 1.8–type 1.9
ith a very small H β/H α ratio what is typical for such objects.
pparently strong variability in the Balmer decrement as in NGC
617 is a typical property of CL AGNs (see recent publication
n the subject by Li et al. ( 2024 ), discussion and references in
aper II). This phenomenon can be explained by at least two
ifferent mechanisms: (1) variable dust extinction (Goodrich 1995 ;
ollatschny, Bischoff & Dietrich 2000 ) and (2) ionizing effect (see
.g. Shapo valo va et al. 2010 ; Ili ́c et al. 2012 ). These two mechanisms
an work in tandem as well. Fast variation on a time-scale of a few
NRAS 536, 2089–2102 (2025) 
onths are rather connected with the second option, but variation
n a time-scale of a few years can be connected with variable dust
bscuration. 

 SUMMARY  

sing spectroscopy and multiwavelength photometry, we have
hown that NGC 2617 continued to be mostly in a relatively low-flux
tate in 2021–2024 with the broad H β line being very weak. We
bserved two CL events for the object during this interval: changing
rom type 1.8 (Paper II) to type 1.9 in 2024 January and then changing
ack to type 1.5 in 2024 February. The duration of the high state
nd the continuing variability are not readily consistent with the
uggestion that the type change is due to a TDE. 

We proposed in Papers I and II that (1) the initial change of object
ype (Shappee et al. 2014 ) was the result of increased luminosity
hich caused the sublimation of dust in the inner part of a biconical
usty outflow. This makes its central regions much more visible. (2)
he object has to be in a low state at least for a few years so that the
ust can reco v er and obscure the broad lines more significantly. The
ombination of low luminosity (as a dominant reason) with more
ignificant dust obscuration leads to a CL event, which is what we
bserved as had been predicted and expected before. 
We have found at the interval 2021–2024 that near-IR time delay

ecame significantly shorter (15 d) than it was in 2016 (24 d), which is
lso in agreement with possible dust reco v ery. In the case of variable
bsorption, the UV/X-ray ratio also has to drop down, as it has been
ound here and in Paper II. 
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