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Abstract: The galaxy NGC 7469 is a bright infrared source with an active galactic nucleus (AGN) and an
intense star-forming region with a radius of approximately 500 parsecs, where the star formation rate is
estimated to be 20-50 M, yr~!. This study presents the results of spectral and photometric observations
carried out during the period from 2020 to 2024 at the Fesenkov Astrophysical Institute (Almaty;,
Kazakhstan) and the Nasreddin Tusi Shamakhy Astrophysical Observatory (Shamakhy, Azerbaijan).
Photometric data were obtained using B, V, and Rc filters, while spectroscopic observations covered
the wavelength range of A 4000-7000 A. Data reduction was performed using the IRAF and MaxIm DL
Pro6 software packages. An analysis of the light curves revealed that after the 2019-2020 outburst, the
luminosity level of NGC 7469 remained relatively stable until the end of 2024. In November—December
2024, an increase in brightness (~ 0.3-0.5 magnitudes) was recorded. Spectral data shows variations of
the Ha fluxes and an enhancement of them in the end of 2024. On BPT diagrams, the emission line
flux ratios [OIII]/H B and [NII]/H « place NGC 7469 on the boundary between regions dominated by
different ionization sources: AGN and star-forming regions. The electron density of the gas, estimated
from the intensity ratios of the [SII] 6717, 6731 A lines, is about 800-900 cm 3. Continued observations
will help to determine whether the trend of increasing brightness and emission line fluxes recorded at
the end of 2024 will persist.

Keywords: Seyfert galaxy; spectral observations; photometric observations; light curves; emission
lines; broad emission components

1. Introduction

Active galactic nuclei (AGN) emit energy due to the accretion of matter onto supermassive black
holes (SMBHs) located at their centers. It is widely accepted that the primary source consists of an
optically thick, geometrically thin accretion disk (peaking in the optical/UV range) and a hot region
known as the corona in the innermost part of the system, which emits X-rays [1]. The central region is
surrounded by two zones: the Broad-Line Region (BLR), which is located closer to the nucleus and
is responsible for the formation of broad emission lines, and the Narrow-Line Region (NLR), which
extends up to several kiloparsecs and contains gas of lower density [2]. According to the unified model
of AGN, the main differences between Seyfert galaxies of types Syl and Sy2 are explained by different
viewing angles with respect to the observer. Other factors, such as the accretion rate and the influence
of the host galaxy, also play a role [3]. The relationship between optical and X-ray spectra, as well
as the similarities and differences in the spectral properties of various types of Seyfert galaxies, are
discussed in [4-6].

The multi-wavelength campaign [7] dedicated to the study of NGC 7469 focuses on the physical
structure of the active galactic nucleus (AGN) wind using high-resolution X-ray spectroscopy with
Chandra HETGS and photoionization modeling. The authors concluded that variations in the ionizing
continuum lead to changes in the ionization state of the wind components [7]. The existence of
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changing-look active galactic nuclei (CL. AGN) is confirmed by the appearance and disappearance
of broad emission lines over time intervals of 100-5000 days, which are shorter than those predicted
by traditional accretion disk models. The term CL AGN was initially introduced to describe systems
that change their X — ray spectra from weakly or non-absorbed to heavily absorbed or Compton-thick
states [8]. However, in recent years, this term has been widely used to describe changes in optical
spectra, particularly variations in the width of emission lines during transitions from type 1 to type 2
(or 1.8, 1.9) and vice versa [9,10]. Such changes impose strict constraints on the physics of the outer
accretion disk, the BLR, and the coronal region.

The Seyfert galaxy NGC 7469, located at coordinates 23" 03™ 15.6° + 08° 52/ 26", is classified as
a type Sy 1.0. It exhibits high luminosity in the infrared wavelength range. The central source is
surrounded by a star—forming region with a radius of about 500 parsecs and a star formation rate of 20—
50 Mg yr~! [11-13]. The spectral and photometric variability of NGC 7469 has been studied by many
authors. In particular, light curves over different time intervals are presented in [14-18]. Observations
of NGC 7469 conducted in 2016-2019 with the Zeiss — 600 telescope of the Shamakhy Observatory
recorded three flares in the B, V, and Rc filters [19]. Results of spectral studies in the optical range
are reported in [20-23]. The time lag between the response of optical emission lines and changes in
X — ray and UV radiation allows for an estimation of the size of the BLR region. This parameter has
been repeatedly determined by various authors [1,24-27]. In [1], the authors, during a four-month
monitoring campaign, observed variations in the time lag depending on the wavelength and time.
One of the reasons for these changes is the varying contribution of short-wavelength emission sources
at different epochs—for instance, the involvement or enhancement of emission from the hot corona
or the star—-forming region. The interaction between the galactic nucleus and the star-forming zone
is discussed in [28]. High-angular-resolution imaging and infrared observations showed that the
nucleus has minimal influence on the star-forming region. Studies using the VLT /MUSE integral
field spectrograph revealed the presence of two types of outflows in the circumnuclear region: a slow
one intersecting the star—forming ring and a faster one detected in the [O III] line, likely driven by
AGN activity [29]. Recent observations with the James Webb Space Telescope (JWST) identified 36 new
star-forming regions in the center of NGC 7469, confirming ongoing star formation activity [30].

This paper presents the results of spectral and photometric observations of NGC 7469 carried
out at the Fesenkov Astrophysical Institute (Almaty, Kazakhstan) and the Nasreddin Tusi Shamakhy
Astrophysical Observatory (Shamakhy, Azerbaijan).

2. Observations and Data Reduction

The primary spectral observations of NGC 7469 were carried out using the AZT—8 telescope
(D =70 cm). A diffraction spectrograph equipped with an STT-3200 CCD camera (2184 x 1472) was
used. The width of the entrance slit was 8”. The spectral resolution was approximately 1.1 A (R ~
11,000 near Ha and 8,000 near Hp). For flux calibration, spectra of standard stars with known energy
distributions were obtained immediately before or after the object spectrum. The observational data
were processed using IRAF [31] software packages, with the application of DARK and FLAT calibration
frames. A He-Ne—Ar lamp spectrum was used for wavelength calibration. All results were corrected
for atmospheric extinction and redshift. Several spectra of NGC 7469 were also obtained with the
1.5-meter AZT-20 telescope at the Fesenkov Astrophysical Institute. Its innovative spectrograph is
equipped with volume phase holographic gratings and an EMCCD camera. Additional spectral
observations of the galaxy were conducted using the 2—meter telescope at the Shamakhi Astrophysical
Observatory.

Since 2016, photometric observations in the optical wavelength range have been conducted at
the Tian Shan Astronomical Observatory (TShAO) of the Fesenkov Institute. The 1— meter Carl
Zeiss telescope equipped with an Alta F16M CCD camera (4096 x 4096 pixels, 9 p), and a set of
BVRc filters has been used. The field of view (FOV) is 20’ x 20’, with a scale of 0.76' /pixel. Field
stars with known BVRc magnitudes were used as standards for differential photometry (Table 1).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Image processing was performed using Dark and Flat frames. The galaxy’s brightness was measured
using a 7" aperture and the method of differential photometry with the MaximDL Pro6 [32] software
package. To convert instrumental magnitudes to the standard BVRc photometric system, appropriate
transformation equations were applied [18].

Table 1. Characteristics of reference stars used for photometric studies of NGC 7469.

Designation | B | V [ R
Reference star

GSC 1160:1473 (TYC 1160-1473-1) | 12.644 | 11.806 | 11.280
Check stars

GSC 1160:784 13.210 | 12.770 | 12.280
GSC 1160:585 14.000 | 13.460 | 13.150

3. Results of Photometric and Spectral Studies

The results of our photometric observations from 2020 to 2024 are presented in Table 2. The light
curve of the galaxy NGC 7469 for the period 2013-2024, based on our data, is shown in Figure 1.

Table 2. B, V, Rc magnitudes of NGC 7469 obtained in 2020-2024.

Date JD-2400000 B op v oy Rc ORc
19.08.2020 59080 13464 | 0.003 | 12918 | 0.001 | 12.268 | 0.001
07.09.2020 59099 13.420 | 0.003 | 12.892 | 0.003 | 12.252 | 0.002
15.10.2020 59137 13.530 | 0.001 | 12959 | 0.003 | 12.300 | 0.002
17.10.2020 59139 13.541 | 0.005 | 12968 | 0.003 | 12.310 | 0.002
07.09.2021 59464 14.025 | 0.007 | 13.337 | 0.003 | 12.639 | 0.002
23.09.2021 59480 14200 | 0.019 | 13.439 | 0.004 | 12.723 | 0.002
25.09.2021 59482 14.169 | 0.007 | 13.423 | 0.004 | 12.715 | 0.003
02.10.2021 59489 14.066 | 0.003 | 13.386 | 0.002 | 12.701 | 0.002
06.11.2021 59524 14.076 | 0.009 | 13.345 | 0.008 | 12.635 | 0.007
09.12.2021 59557 13.865 | 0.006 | 13.259 | 0.006 | 12.582 | 0.006
31.10.2022 59883 14.044 | 0.007 | 13.366 | 0.007 | 12.652 | 0.006
13.11.2022 59896 14.026 | 0.006 | 13.351 | 0.007 | 12.638 | 0.006
02.12.2022 59915 13.962 | 0.006 | 13.307 | 0.006 | 12.613 | 0.006
06.12.2022 59919 13.942 | 0.006 | 13.281 | 0.005 | 12.588 | 0.005
09.08.2023 60165 14.152 | 0.009 | 13.425 | 0.009 | 12.706 | 0.007
03.10.2023 60220 14.013 | 0.007 | 13.348 | 0.007 | 12.644 | 0.006
14.10.2023 60231 14.054 | 0.007 | 13.375 | 0.007 | 12.666 | 0.006
19.10.2023 60236 13.964 | 0.009 | 13.299 | 0.010 | 12.576 | 0.009
02.11.2023 60250 13.956 | 0.007 | 13.303 | 0.007 | 12.614 | 0.006
21.11.2023 60269 14.096 | 0.008 | 13.393 | 0.007 | 12.676 | 0.006
01.12.2023 60279 14.036 | 0.007 | 13.350 | 0.008 | 12.649 | 0.007
19.07.2024 60510 14.043 | 0.008 | 13.365 | 0.008 | 12.659 | 0.007
29.07.2024 60520 13.969 | 0.007 | 13.318 | 0.006 | 12.634 | 0.006
07.08.2024 60529 13.980 | 0.005 | 13.327 | 0.004 | 12.625 | 0.004
07.09.2024 60560 13.828 | 0.008 | 13.230 | 0.006 | 12.565 | 0.006
28.09.2024 60581 13.869 | 0.006 | 13.257 | 0.006 | 12.572 | 0.005
01.10.2024 60584 13.829 | 0.007 | 13.191 | 0.009 | 12.459 | 0.008
03.11.2024 60617 13.788 | 0.007 | 13.199 | 0.006 | 12.529 | 0.006
16.11.2024 60630 13.788 | 0.007 | 13.208 | 0.007 | 12.525 | 0.006
02.12.2024 60646 13.783 | 0.008 | 13.193 | 0.006 | 12.523 | 0.005
22.12.2024 60666 13.788 | 0.006 | 13.194 | 0.007 | 12.326 | 0.003

Since 2017, a gradual brightening has been noted, with a significant increase by the end of 2019.
A high brightness level persisted until the end of 2020 [22]. Subsequently, the galaxy’s brightness
remained stable at a relatively low level until October 2024. An increase of approximately ~ 0.3-0.5
magnitudes occurred during the last two months of the previous year (Figures 1).

Based on the plot shown in Figure 2, it can be concluded that NGC 7469 exhibits a "bluer-when-
brighter" (BWB) trend. That is, as the brightness of the object increases (i.e., V magnitude decreases),
the color indices decrease, indicating a shift toward the blue end of the spectrum.

r(s). Distributed under a Creative Commons CC BY license.
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Figure 1. Light curves obtained in B (blue), V (green), Rc (red) filters during 2013-2024. The X-axis shows
Date—2,400,000, and the Y-axis represents stellar magnitudes. Crosses denote data from [17], other points are FAI
data.
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Figure 2. Dependence of color indices on V magnitudes. X-axis: Viuag; Y-axis: (B — V) (blue) and (V — Rc) (red).

Figure 3 zero LAG values obtained from cross—correlation analysis between the B, V, and Rc
filters confirm the synchronous brightness variations at different wavelengths. However, the low
cadence of observations significantly reduces the accuracy of our estimates.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 3. Lag—correlation between brightness values in the B and V filters, as well as Rc and V, for the galaxy
NGC 7469 during the period 2013-2024.

Spectral observations of the galaxy NGC 7469 were carried out using several telescopes. Figures
4 and 5 show examples of spectra obtained with different instruments. These spectra cover various
wavelength ranges and have different resolutions. Data reduction was performed using a unified
methodology with the IRAF [31] software package.
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Figure 4. Spectrum of NGC 7469, in the spectral range from A4000 A to A7000 A , obtained at the 2-m telescope
(Shamakhy, Azerbaijan).
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Figure 5. Spectra of NGC 7469 in the spectral range from 16200 A to A7200 A , obtained at the 1.5-m, 70 cm and
1-m telescopes of FAL

During the processing of the spectral observations, fluxes in the emission lines and the spectrum
were obtained.

Figure 6 shows a trend of gradual increase of fluxes in H « emission line, that the observed flux
variations are driven by variations in the broad components of the emission lines. In the spectrum on

November 16, 2023, the [S II] emission lines at 6717 and 6731 A are well resolved. The electron density,

estimated from the intensity ratio of these lines, is 800-900 cm 3.
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Figure 6. Variations in the emission line fluxes of HB and Ha. The X-axis shows Date—2,400,000, and the Y-axis
shows absolute fluxes HB and Ha.he Hp fluxes are shown. The data from Lu et al.[25] are marked with blue

asterisks.
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Table 3. Fluxes in the emission lines and continuum in the spectrum of NGC 7469.
Date Line!  F{ont: Fline oFline EQW FWHM Somaope:
ergem2s 1A' ergem 257! ergem 257! A A
06Nov2020 Ha+[NI] 72 x10-15 21 %1012 8.2 %104 29014 3744 %Eﬁ)
[s11] 6.5 x 1071 15x 1013 6.1x 1014 24+1 2543
10Nov2020 Hp 15x 1014 39x10°1B 13x 1014 27+1 1942 (TlS;I)AO
[or1] 1.7 x 10714 1.4 x 10713 4.6 x 10718 8+0.3 5+0.5
[or1] 1.7 x 10714 40x10713 13x10714 24+0.9 6+0.6
Ha+[NII] 3.7 x 101 8.0x10°1 47 x 1071 220+16 36+4
[sI1] 25 % 10712 8.1 x 1071 4.8 x 10715 3242 3443
19Nov2020 Hp 13 x 10" 51x 101 14x 104 38+1.2 2943 (TlSE)AO
[or11] 1.6 x 10714 1.6 x 10713 42 %1071 100.3 7+0.7
[or11] 14 %1071 49 x 10713 13x 10714 35+1.1 7+0.7
[O1] 6.4 x 10715 44 x10"14 1.4 x 1071 7+0.3 9+0.9
Ha+[NII] 1.2 x 1071 28x10712 85x 1071 23629 37£0.6
[s] 1.2 %1071 95x 1071 29 %1071 8+0.3 7+0.7
[s1] 12 %1071 8.8 x 1071 2.7 %1071 7+0.3 60.6
20 0ct2022  HB 13x 101 45x 10713 1.7 x 10~ 33£1.5 1942 Z;OZE;E)
[om1] 14 x1071 1.8x10°1 6.6 x 1071 13+0.6 9+0.9
[om1] 14 x1071 55x 10713 2.1 x 1074 39+1.8 9.5+0.9
25jul2023  [O]] 1.6 x 101 17 x 1013 6.4 %1015 1005 1842 %Eﬁ)
Ha+[NII] 2.4 x 10~ 43 x 10712 1.6 x 1013 183+8 40+4
[s11] 24 %1071 5.9 x 10~13 22 %1071 25+1.2 2843
14 Aug2023  Hy 24 %1071 22x 10713 6.7 x 1071 9+0.3 3243 ShAO (2 m)
HB 24 %1074 58 x 10713 1.8 x 10714 25+0.9 2543
[om1] 24 %1071 3.0x 10713 9.3 x 1071 12+0.5 14+1
[om1] 24 %1071 9.2 x 10713 2.8 x 10714 38+1.4 13+1
Ha+[NII] 2.1 x 10714 3.6 x 10712 1.1x10°1 1756 38+4
[s11] 2.0 x 10714 3.8 x 10713 12x1071 19+0.7 1943
09 Oct2023  [OI] 15x 101 5.7 x 10714 13x 1015 4+0.1 7+0.7 %Eﬁ)
Ha+[NII] 1.6 x 10~ 3.8 x 1012 8.4 x 10~ 23546 38+4
[st] 15x 101 42 x 10713 93 %1071 29+0.8 24424
03Nov2023 [O]] 31x10° % 2.8 x 10713 1.6 x 10714 9+0.6 18+2 éozf{%
Ha+[NII] 3.4 x 10714 53 x 10712 3.0x10°12 157£11 3944
[s] 32x107% 69 %1071 39 x 10714 29+1.5 2143
16Nov2023 Hp 25x 101 6.1x10°1 8.6 x 1071 2444 131 QZSTI;SO
[O111] 23 x 1071 3.1x10°13 44 x10714 132 7+0.7
[O111] 24 %1071 9.7 x 10713 1.4 %1071 40+7 7+0.7
[o1] 1.5 x 1071 85x 1071 1.0 x 10714 60.8 141
Ha+[NII] 2.0 x 10714 41x 10712 49 x 10713 204+30 36.+0.9
[s1] 1.8 x 10714 1.9 x 10713 23x 1074 1115 10+0.9
[s1] 1.8 x 1071 1.9 x 10713 23x 1074 10+1.5 9+0.9
30 A —14 —12 —13 AZT-8
ug2024 Ha+[NII] 2.6 x 10 34x10 22 %10 131210 3443 (70 cm)
[s11] 2.1 x 1071 45 x 10713 29 x 10714 2242 2312
—14 —12 —13 AZT-8
09 Oct2024  Ha+[NII] 2.8x10 49 %10 1.6 x 10 175+7 37+4 (70 em)
[s11] 22 %1071 6.7 x 10~13 2.1 %1071 30+1 30+3
—14 —12 13 AZT-8
27Nov 2024  Ha+[NI] 3.8 x10 6.8 x 10 1.8 x10 1796 39+4 (70 cm)
[sI] 39 %1071 6.8 %1071 1.8x 1071 18+0.6 2543

1 Central wavelengths: Hy 4340 A, HB 4861 A, [OI11] 4959 A and 5007 A, [FeVII] 6086 A, Ha+[NII] 6562 A, [SII] 6730 A. 2 AZT-8:
S/N = 22-64; ShAO: S/N = 46; AZT-20: S/N = 10-12; TSHAO: S/N = 24-53.
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Figure 7. The spectral energy distribution (SED) of NGC 7469 on different observation dates. The X-axis represents
log(A), and the Y-axis represents log(AF(A)).

The low continuum level at the end of 2020 corresponds to the photometric measurements and
indicates a decline in AGN activity following a flash. Subsequently, in 2022-2023, an increase in the
continuum is observed. Finally, during late 2023-2024, the rise in brightness and continuum level,
along with the increase in emission line fluxes, may indicate the onset of a new active phase. The galaxy
NGC 7469 has a complex circumnuclear structure. The central source is surrounded by a ring-like
star—-forming region with a radius of about 500 parsecs. One of the challenges associated with such
objects is identifying the dominant source of ionizing photons. In addition to the central source, the
accretion disk, hot corona, and star-forming region can also contribute to ionization. The BPT diagram
is used to identify the main sources of ionization and to investigate the relationship between AGN
ionizing radiation and the contribution from star-forming regions [33,34]. Table 4 presents the flux
ratios of the emission lines HB, Ha, [O111] 5007 A, [N 11] 6583 A, and [S11] 6717+6731 A. These lines
were chosen because they are the strongest emission features in AGN spectra, and the corresponding
ratios are only weakly affected by extinction.

Table 4. Line ratios and their logarithms for NGC 7469.

Date [Omi/HB Log(Omil/HB) [Nul/Hae Log(IN1l/Ha) [S11l/Ha  Log([S11]/Ha)
06.11.2020 0.54 -0.27 0.27 -0.56
10.11.2020 2.39 0.38 0.61 -0.22 0.22 -0.66
19.11.2020 2.87 0.46 0.59 -0.23 0.36 -0.45
04.12.2021 2.16 0.33 0.63 -0.20 0.38 -0.42
20.10.2022 2.03 0.31

25.07.2023 0.61 -0.22 0.47 -0.33
14.08.2023 2.54 0.41 0.61 -0.21 0.40 -0.40
09.10.2023 0.58 -0.24 0.35 -0.45
13.11.2023 2.53 0.40 0.62 -0.21 0.41 -0.39
16.11.2023 2.72 043 0.60 -0.22 0.33 -0.49
30.08.2024 0.65 -0.19 0.46 -0.34
09.10.2024 0.57 -0.25 0.33 -0.49
27.11.2024 0.62 -0.21 0.45 -0.35
Average 0.3940.017 -0.2210.007 -0.43+0.05
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Figure 8 shows the positions of different classes of objects based on the intensity ratios of the
emission lines [O1II] /H.
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Figure 8. Relationship between emission line intensity ratios in the spectrum of NGC 7469.
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Figure 9. Relationship between emission line intensity ratios in the spectrum of NGC 7469.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.0227.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 June 2025 d0i:10.20944/preprints202506.0227.v1

10 of 12

On the BPT diagram, the galaxy NGC 7469 is located slightly above and slightly below the
boundary defined by Kauffmann et al. [35], falling within the region of potential model uncertainties
indicated by the authors of [36]. This boundary separates objects where either active galactic nuclei or
star-forming regions dominate the ionization processes. The position of the studied galaxy suggests
that it occupies an intermediate zone. In other words, both ionization sources—AGN and star formation-
may contribute equally to the ionization of the emission-line forming regions.

4. Discussion

After the 2019 outburst, the galaxy’s brightness remained at a low level with fluctuations of
0.3-0.5 mag for three years. During this period, the emission fluxes in the lines and in the continuum
experience synchronous fluctuations. At the end of 2024, an increase in the continuum level and an
increase in the brightness of the galaxy, accompanied by a decrease in color indices, are observed. This
may be the beginning of a new active phase.

The variability of the galaxy NGC 7469 is provoked by the complex multi-component structure
of the circumnuclear region. Analysis of possible sources of ionizing radiation in this galaxy revealed
at least two sources: AGN and a star-forming region. Their efficiency and relative contribution to
gas ionization may change over time. At present, a significant contribution from the active nucleus
is supported by the high values of the emission line intensity ratios. On the other hand, the recent
increase in the number of newly identified star-forming regions suggests a potentially growing role of
star formation in the ionization processes. Moreover, the possible influence of the hot corona on the
degree of gas ionization cannot be completely ruled out.

5. Conclusions

This study presents the results of spectral and photometric observations of the active galaxy
NGC 7469, carried out primarily during 2020-2024 at the Fesenkov Astrophysical Institute (Almaty,
Kazakhstan) and the Nasreddin Tusi Shamakhi Astrophysical Observatory (Shamakhy, Azerbaijan).
Analysis of the light curves and spectral characteristics has revealed key features of the galaxy’s
behavior in the optical range.

After the 2019 outburst, the galaxy’s brightness decreased to a minimum and remained at this
level for about three years with irregular fluctuations within 0™2-0™5. Similar behaviour is typical for
many Seyfert galaxies. All brightness variations occurred synchronously across three filters, thus the
LAG values obtained from cross—correlation analysis between B and V, and V and Rc, were equaled to
zero. During this period changes in emission-line fluxes were observed, possibly caused by changes of
the broad components of emission profiles H g and H «. The electron density Ne[SII] of 800-900 cm 3
was determined. Analysis of BPT diagrams shows that as AGN and star—formation zone may be the
sources of ionizing energy in the galaxy. Active changes in the galaxy: increase in brightness and fluxes
in H «, began at the end of 2024. Perhaps they mark the beginning of a new active stage in evolution of
NGC 7469. Only new observations may confirm or disprove this assumption.
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