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NGC 3521 AS THE MILKY WAY ANALOGUE: SPECTRAL ENERGY 
DISTRIBUTION FROM UV TO RADIO AND PHOTOMETRIC VARIABILITY

We studied the multiwavelength properties of NGC 3521, the Milky Way galaxy-twin, from UV- to radio, exploring the data from 

GALEX for UV-, SDSS for optical, 2MASS, WISE, MIPS (Spitzer) and PACS, SPIRE (Herschel) for IR-, and NRAO VLA for radio 

ranges. To obtain the spectral energy distribution (SED), we exploited the CIGALE software and constructed SEDs without (model A) 

and with (model B) AGN module. The type of nuclear activity of NGC 3521 is confirmed as the LINER. 

We also present the results of the  photometric data processing. Exploring the ZTF observations in 2018—2024, we found, for the 

first time, a weak photometric variability of the nuclear activity, where the correlation between g – r color indices and g-magnitude 

for long-term timescale shows a BWB trend (bluer-when-brighter) with a Pearson coefficient r(g – r) = 0.56, which is a medium 

correlation. To detect the variability of NGC 3521 during the day (IDV), we provided observations using a Zeiss-600 telescope with an 

aperture size of 8″ at the Terskol observatory. The data obtained in the R-filter with an exposure of 90 sec for three hours on Feb 11, 

2022, serve in favor of a trend towards an increase in brightness with the amplitude of variability of 0.04 ± 0.001 mag. 

According to the results of the simulations, the best fit to the observed SED is provided by model А, which considers the contribution 

to the radiation from all galaxy components, assuming that the galaxy nucleus is inactive. Within this model, we derived the stellar 

mass Mstar = 2.13 × 1010 MSun , the dust mass Mdust = 8.45 × 107 MSun, and the star formation rate SFR = 1.76 MSun/year with 

χ2/d.o.f = 1.8. Also, based on the HIPASS radio data, we estimated the mass of neutral hydrogen to be MH I = 1.3 × 1010 MSun , which 

is an order of magnitude greater than the mass of the stellar component. 
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1. INTRODUCTION

The NGC 3521 is a nearby   spiral flocculent galaxy 

at z = 0.002672. Its morphological type is SAB(rs)

bc according to de Vaucouleurs classification, i.e., 

this galaxy has an intermediate bar structure, a weak 

inner ring, and moderately to loosely much-wound 

structure of spiral arms. A type of its nuclear activity 

is classified as H II LINER [15].

Rotation curve. It is difficult to reveal a bar struc-

ture of NGC 3521 because of a high position angle of 

163° and strong patchiness [54, 36] in the central re-

gion (Figure 1). The first estimations by Burbidge et 

al. in 1964 [7] allowed determining a) the mass from 

measures of the H and [N II] emission lines with-

in about 170ʺ of the center as about 8  1010 MSun, 

and b) specific rotation curve parameters. Later on, 

Casertano and van Gorkom [9] discovered this speci-

ficity of the rotation curve, which decreases with dis-

tance at the periphery. Dettmar and  Skiff [16] in their 

photometric studies explored that NGC 3521 at low 

surface brightness levels has declining rotation curves 

with the typical signs of interaction or even merging. 

Zeilinger et al. [65] confirmed that NGC 3521 traces 

a specific counter-rotating population as well as ex-

hibits asymmetric kinematic properties of gas and 

stars along its major and minor axes. Such a feature 

of NGC 3521 can be explained not only by the past 

merger but also in the frame of an axisymmetric dy-

namo concept, when density wave flows have spiral 

magnetic fields with a substantial radial component, 

amounting to 40—60 % of the azimuthal field in a 

differentially rotating flocculent galaxy [31]. 

Isolation criteria. NGC 3521 (= KIG 461) is an 

isolated galaxy (see, the Catalogue of Isolated Ga-

la xies by Karachentseva [28]). Vavilova et al. [59] 

considered the isolation criterion as the first neces-

sary condition to be a candidate for the Milky Way 

galaxy-analogue (MWA). The galaxy group around 

NGC 3521, together with the groups around NGC 

3115 and NGC 2784, are part of a diffuse elongated 

Leo Spur structure in the large-scale web of the Lo-

cal Volume [34]. At the same time, the properties of 

NGC 3521 and NGC 3115 have often been com-

pared with those of the Milky Way and M 31, includ-

ing their galaxies-satellites. Our Galaxy and M 31, 

more plausible, had a close flyby in the past 7—10 

Gyr ago, and the study of their neighborhood brings 

clarity to understanding their evolution and hierar-

chical clustering. For instance, Haslbauer et al. [23] 

studied the Magellanic Clouds systems-analogues in 

the highest resolution TNG50 simulation using their 

stellar masses and distances in MW-like halos. They 

obtained that the Magellanic Clouds and their sys-

tems-analogues formed in physically unrelated ways 

in the CDM model. Recently, investigating a neigh-

boring group of galaxies around NGC 3521, which 

have six satellites, Karachentsev et al. [27] found four 

new likely satellites of low surface brightness in the 

projected area 750  750 kpc of the DECaLS survey 

(these objects have no yet the distance estimations). 

The total mass MT = (0.90 ± 0.42) 1012 MSun , the ra-

tio MT/LK = (7 ± 3) MSun/LSun , and peculiarities of 

the rotation curve [16] point out a shallow potential 

well and low mass of the dark halo of NGC 3521. 

Structural and multiwavelength properties. The iso-

lated galaxies of the Local Volume exhibit a faint lu-

minosity in spectral ranges, especially in radio- and 

X-ray [48, 56, 58, 60], and a weak nuclear activity 

as compared with galaxies in the dense environment 

[17, 40, 47, 62].

Below, we have collected several general results 

about NGC 3521 to picture the specific structural 

and multiwavelength features that this galaxy tra-

ces. Studying surface density profiles and size-mass 

relation, McGaugh [39] was the first to recognize 

Figure 1. A central part of the spiral barred galaxy NGC 3521 

(the Bubble Galaxy) with extensive star-forming regions. 

Image is taken with the NASA/ESA Hubble Space Telescope 

in 2015 (file usage on Commons)
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NGC 3521 as a Milky Way galaxy-twin based on the 

similarity of such parameters as the baryonic matter 

mass, rotation curve, and scale length of this galaxy. 

Subsequently, detailed studies of the spectral charac-

teristics of NGC 3521 were performed by Pilyugin et 

al. [46]. By comparing the morphology, radial distri-

butions of oxygen content, and rotation curves of the 

Milky Way and NGC 3521, these authors concluded 

that NGC 3521 is a twin of the Milky Way. 

The most precise results on the structural proper-

ties in the optical range were obtained with the fiber-

based Integral Field Unit instruments. For example, 

the high spectral resolution observations by Fabricius 

et al. [20] with the VIRUS-W not only confirmed a 

counter rotation of NGC 3521. Their investigations 

of the kinematics and metallicities [12] revealed a 

higher velocity dispersion in the bulge as well as a 

slower rotation compared to the disc. Identifying 

three main stellar populations by location and age, 

they proposed that the evolution of NGC 3521 began 

7 Gyr (older stellar population), followed by a sec-

ond burst of star formation or a merging about 3 Gyr 

ago when the bulge was firmed (intermediate stellar 

population), and undergone a new star formation 

burst in the disc  1 Gyr (young stellar population).

Asymmetries in the distributions of both stars and 

gas in the outermost regions are confirmed by the ra-

dio observational CO and H I data as well as the dif-

ferences in the molecular gas properties and distribu-

tion along the major axis were mapped after process-

ing the data of the Arizona Radio Observatory Survey 

[61]. Scaling relations for the giant molecular clouds 

in spiral arms and interarms based on the CO emis-

sion data in the PHANGS-ALMA survey with 90 pc 

resolution show that spiral arms clouds show slightly 

lower median virial parameters and their mass scale 

of 2.5 larger than interarm clouds [50]. The H II 

regions with enhanced and reduced chemical abun-

dances are found distributed throughout the disc, 

and radial metallicity profiles have weak evidence of 

azimuthal variations [22].

NGC 3521 was included in several observational 

surveys, i.e., The H I Nearby Galaxy Survey of nearby 

galaxies (THINGS) in the H I line, which is based on 

data from the NRAO Very Large Array (VLA) [63]; 

the Nearby Galaxies Legacy Survey for the James 

Clerk Maxwell Telescope [64]; the Spitzer Infrared 

Nearby Galaxies Survey. It allowed determining the 

distance d = 10.7 Mpc by Tully-Fisher relation, radi-

us R = 4.16ʹ, isophotal radius R
25

 = 12.94 kpc. Using 

such a range of multiwavelength data, Warren et al. 

[64] examined the star formation properties, warm/

dense molecular gas content, and dynamics on sub-

kiloparsec scales. 

Exploring the H I data from THINGS, Elson [19] 

found  an anomalous diffuse and slow rotating H I 

component with M
H I

 = 1.5 109 MSun 
(20 % of a to-

tal H I mass) and circular rotation speed, which is to 

lag the regular H I component by 25—125 km/s. It 

is located in a thick disc (scale height 3.5 kpc) and 

coincident with the inner regions of the stellar disc 

in the radial direction. This anomalous H I struc-

ture can be a slow-rotating halo gas component. The 

higher star formation rate in inner disc regions gives 

an explanation for a “galactic gas fountain” from the 

disc into the halo of NGC 3521. In turn, the radial 

profiles of stellar CO and 8 μm emission from poly-

cyclic aromatic hydrocarbons (PAHs) obtained by 

Regan et al. [49] demonstrate that this galaxy has a 

central excess above the inward extrapolation of an 

exponential disc, in other words, the gas inflow rate 

into the central regions exceeds the star formation 

rate.

Among other multiwavelength properties of NGC 

3521, we note the discovery of an ultrasonic X-ray 

source [SST2011] J110545.62 + 000016.2 by Heida 

et al. [24]. It was later analyzed by Lopez et al. [37] 

with VLT X-shooter and Chandra data. They found 

a connection of the ULX source with an adjacent H 

II region at 138 pc to the NE and obtained its X-ray 

luminosity in the 0.3—7 keV range as (1.9 ± 0.8)  

1040 erg/s cm2.

We chose this galaxy for a detailed multiwave-

length analysis to determine its main characteristics 

by modelling the spectral energy distribution (SED) 

and accumulate the data on how the SEDs of galax-

ies can be indicators for the search of the Milky Way 

galaxies-analogues (MWAs).

The structure of our article is as follows. We describe 

the data from sky surveys in Section 2 and the main 

modules of the CIGALE software, which we used for 

the multiwavelength analysis, in Section 3. The re-

sults for the spectral energy distribution models with 

and without the AGN module are presented in Sec-
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tion 4, as well as on the photometric studies obtained 

with the Zeiss-600 telescope at the Terskol observatory 

in 2021—2022 and with the Zwicky Transient Facility 

in 2018—2024 in Section 5. A summary of the results 

with a brief discussion is given in Section 6.

2. THE MULTIWAVELENGTH DATA

We used the data from various publicly available sky 

surveys for the multiwavelength analysis. Most of 

them are collected in the NED (NASA/IPAC Extra-

galactic Database). To cover the different bands, we 

used GALEX for ultraviolet (UV), SDSS for optical, 

2MASS, WISE, MIPS (Spitzer) and PACS, SPIRE 

(Herschel) for infrared (IR), and NRAO VLA for ra-

dio data. Altogether they formed a multiwavelength 

range from 135 nm to 21 cm.

NGC 3521 is a nearby large galaxy. So, the stan-

dard apertures for which the fluxes are calculated 

in these surveys are much smaller than the galaxy 

size. For this reason, in our work, we used the fluxes 

obtained from the aperture of 263 by 56 from the 

Spectral Energy Distribution atlas for 129 nearby 

galaxies [5] in the range from UV to near-IR. The 

data from the Herschel telescope (PACS and SPIRE) 

were taken from the work [14]: the region from which 

the fluxes were obtained was an ellipse with axes 926 
by 455. Observational fluxes from the Spitzer tele-

scope were obtained for the entire visible part of the 

galaxy [43] as well as the radio data from [13]. 

3. MAIN MODULES IN THE CIGALE SOFTWARE 

The flexibility of the CIGALE software [4] allows 

working with the data from various sky surveys and 

telescopes. As part of the CIGALE data processing, 

we consider various components of the galaxy’s ra-

diation: stellar population, dust and gas emission, ac-

tive galactic nuclei. To do this, we used the following 

independent modules.

Figure 2. NGC 3521 in the ultraviolet, visible, and infrared ranges. The images were taken with the Aladin software [3]
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Figure 3. NGC 3521. Best-fit SED from the UV to radio ranges using model A. Red dots are the model fluxes; purple dots are the ob-

served fluxes. The green colour describes the nebular emission; the yellow colour describes the stellar component without attenuation; 

the blue dashed lines describe the stellar component with attenuation; the red colour describes the dust emission; and the brown colour 

describes the synchrotron emission from star-forming regions. The black continuous curve is the resulting model SED

The sfhdelayedbq module represents the model for 

describing the history of star formation in the gal-

axy — the so-called modified, delayed star formation 

rate model with an optional exponential explosion 

[11]. It allows us to consider the recent decay of the 

star formation rate as

      
 

0

0 0

exp /          ,
   ,SFR

t t t t
SFR t

r SFR t t t t
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 (1)

where t
0
 is the time of the rapid decrease in the SFR, 

 is the time when the SFR reaches its maximum. 

The parameter rSFR in Eq. (1) is the ratio between 

SFR (t > t
0
) and SFR (t = t

0
):

 
0

0
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
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The SFR (Eq. (1)) is determined by four parame-

ters: the age of the stellar population, the exponential 

decay time of the model, the star formation time of 

the main stellar population, and the age of the out-

burst or extinction episode, rSFR (Eq. (2)).

The stellar emission is computed using the bc03 

stellar population synthesis [6]. This library covers 

a wide range of metallicity values (0.0001, 0.0004, 

0.004, 0.008, 0.02, and 0.05). The input parameters 

for calculating the stellar population spectrum — the 

metallicity of the stars and the mass function describ-

ing the different components of the galaxy — were 

considered in [10]. Massive OB stars ionize the gas 

around them. This gas re-emits energy through emis-

sion lines and a continuum (caused by free-free, free-

bound, and two-photon transitions). This radiation is 

important for studying recent star formation through 

the hydrogen lines and radio continuum and the me-

tallicity of the gas through the metal lines. We used 

the nebular module based on nebula templates from 

[26] to model the nebular emission. They are param-

eterized by the ionization coefficient U and the gas 

metallicity Z. The electron density is assumed to be 

constant and equal to 100 cm3. The ionization pa-

rameter is the ratio of the flux of ionized photons to 

the density of hydrogen atoms [44] and is expressed 

as Eq. (3):

 0

2
  1

4e

ionizing photon flux dU L
cn r h







 

  . (3)

Dust in galaxies absorbs shortwave radiation very 

efficiently. The energy absorbed from the UV to the 
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near-IR is re-emitted in the mid- and far-IR.The 

dustatt_modified_starburst module is based on the 

starburst decay curve obtained by Calzetti et al. [8] 

and extended by Noll et al. [45] to add dust features 

in the vicinity of 220 nm. The resulting expression of 

the corresponding attenuation coefficient is given in 

Eq. (4), where the change in flow as a result of inter-

action with the medium is taken into account:

      0.410 lE B V k
intr obzF F     , (4)

where Fintr() is the absorption-corrected flux, 

Fobz() is the observational flux, El(B – V ) = f ·E(VB) 

is the reddening in the line, which is obtained by 

multiplying the stellar extinction by the coefficient f. 

The standard value is f = 0.44.

 

 
 

0( / 550 nm)  starbars E B V
k D k

E B V


  




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
, (5)
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bumpE
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 

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where the latter expression for D is the DRUID 

profile, which characterizes the UV bump in the gal-

axy spectrum. The DRUID profile depends on the 

wavelength corresponding to the maximum intensity 

(
0
), FWHM (), and amplitude (Ebump). The nature 

of the bump is still unknown. k
starbars is the effec-

tive stellar continuum attenuation curve normalized 

by the gas extinction coefficient.  is the slope of the 

UV continuum. For dust clouds around young stars, 

in general, BC = 1.3, for the interstellar medium 

ISM = 0.7. The dust cloud and the interstellar me-

dium attenuate radiation from stars younger than 10 

Myr; stars that are older than 10 Myr attenuate only 

in the interstellar medium. 

Cosmic dust not only attenuates but can also emit 

radiation [18]. The module describing this radiation 

is dl2014. This module is based on a study of radiation 

from a mixture of amorphous silicate dust, graph-

ite grains, and PAHs. One of the critical features of 

this module is the division of dust emissions into two 

components. The first model is the diffuse radiation 

of dust heated by the total stellar population. Here, 

the dust is illuminated by a single radiation field 

U
min

. The second model simulates dust closely as-

sociated with star-forming regions. In this case, the 

dust is illuminated by a variable radiation field in the 

range from U
min

 to U
max

 and is given by Eq. (6):

    min1dust
dust

dM M U U
dU

     
 

  
 

 min max

1
dustM U

U U


 





,  (6)

where dMdust is the mass of dust heated by radiation 

in the interval [U, U + dU ], Mdust  is the total mass 

of dust, (1 ) is the fraction of the dust mass that is 

exposed to the starlight intensity U
min

, and  is the 

power law exponent. In the model, U
max

 = 107. The 

last parameter of this model is qPAH, the mass fraction 

of surfactants common to the two components.

Radiation in the radio range is described using 

the radio module, which is implemented in the CI-

GALE software [4]. The model can include the syn-

chrotron component’s contribution from the AGN 

and star formation regions. Due to a large number 

of parameters, the radio module uses the correlation 

between the radio and infrared bands qIR, which was 

proposed in [25], the power spectral slope , and 

the assumption that at a wavelength of 21 cm, the 

spectrum is mainly dominated by non-thermal ra-

diation. The correlation coefficient qIR is defined as 

qIR = (FFIR/3.75  1012 Hz) / Sp(1.4 GHz), where 

FFIR = 1.26  1014  [2.58 f(60 μm) + f(100 μm)] f 

is given in Jy, and FFIR in W m2; 3.75  1012 Hz is the 

frequency value at a wavelength of 80 μm. Given the 

modelled IR data, the correlation parameter qIR is 

used to estimate the flux at a wavelength of 21 cm. On 

the other hand, the radio data can help estimate IR 

radiation if no other data are available in this range. 

To describe the active nucleus, we used the fritz2006 

module, which is based on the model by Fritz et al. 

[21]. It explicitly considers three components of 

radiation: from a source located n the torus, scat-

tered by dust, and thermal radiation from dust. This 

module is determined by a set of seven parameters: 

rradio is the ratio of the maximum to the minimum 

radii of the dust torus,  is the optical thickness at 

9.7 μm,  and  describe the dust density distribution 

( r · e|cos|), where r is the radius, and  is the 

opening angle of the dust torus,  is the angle be-

tween the axis of the AGN and the visual beam, and 

the fraction of the AGN fracAGN . Also, the redshift-

ing module was applied to all the models to account 

for the redshift.
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4. THE SPECTRAL ENERGY 
DISTRIBUTION MODELS FOR NGC 3521

4.1. SED from UV to radio ranges without taking into 
account the AGN module. The best statistical agree-

ment between the observed and theoretical energy 

distributions was obtained with a value of 2/d.o.f = 

= 1.8. The resulting values of the stellar mass Mstar =  

= 2.13  1010 MSun , dust mass Mdust = 8.45 107 MSun, 

and star formation rate SFR = 1.76 MSun/year. In this 

model, the star formation rate is the closest to the 

values obtained in other studies. We will discuss this 

in more detail in the next section. We also note that 

we have selected the best value of the ionization pa-

rameter lgU = 3 from those listed in Table 1. 

Since none of the models used allows us to esti-

mate the gas mass from the available observational 

data, we used the equation obtained by van Gorkom 

[55] to derive the observed mass of H I, which is also 

recommended for use on the VLA portal1: 

  
5 2

H I 2.36 10  ,SunM D S V M        (7)

where M
H I

 is the observed mass of neutral hydrogen, 

D is the distance to the galaxy, and SV is the H I 

line area in units of Jy km/s. We took the value of 

SV from the catalogue [1]. Thus, the mass of H I for 

this galaxy, according to the observational data in the 

radio range, is M
H I

 = 1.31010 MSun , which is of an 

order of magnitude larger than the mass of the stellar 

component.

4.2. SED f   rom UV to radio ranges with taking into 
account the module of AGN. NGC 3521 was classified 

as a galaxy with an active nucleus of the LINER type 

1 https://science.nrao.edu/facilities/vla/docs/manuals/

oss2013B/performance/referencemanual-all-pages

Table 1. NGC  3521. Input parameters of the SED model A

Parameter Values

Star formation history, sfhdelayedbq

E-folding time of the main stellar population model, in Myr 500, 1000.0, 2000.0, 5000

Age of the main stellar population in the galaxy, in Myr 5000, 10000, 13000

Age of the burst/quench episode, in Myr 10, 25, 50, 100

The ratio of the SFR after/before age_bq 0.001, 0.01, 0.1,0.5, 1, 2.5, 5, 

10, 50

Stellar population, bc03

Initial mass function [18]

Metallicity 0.02, 0.05

Age in Myr of the separation between the young and the old star populations 10

Nebular emission, nebular

Ionisation parameter –3.0

Gas Metallicity 0.02, 0.051

Dust attenuation, dustatt_modified_starburst

Ei(B – V), the colour excess of the nebular lines light for both the young and 

old population

0.3, 0.5, 0.75, 1

Slope delta of the power law modifying the attenuation curve –1.3, –0.7, 0.0

Dust emission, dl2014

Mass fraction of PAH 0.47, 1.12, 2.5, 3.90, 5.95

Minimum radiation field 2, 5, 10, 25

Power-law slope dU/dM  U 1, 2, 3

Fraction illuminated from U
min

 to U
max

0.1, 0.25, 0.5

Synchrotron radio emission, radio

The value of the FIR/radio correlation coefficient for star formation 2.58

The slope of the power-law synchrotron emission is related to star formation 0.8
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using IR observational data [53]. The same classi-

fication is reported in several other studies, see, for 

example, [22]. However, in the work by Serote Roos 

et al. [52] this classification was not confirmed based 

on the spectra obtained in the optical range for the 

central part. At the same time, Moustakas and Ken-

nicutt [41] performed several spectrophotometric 

observations in the optical range for different regions 

of NGC 3521 (see, Figs 4 and 5). To clarify the activ-

ity class of NGC 3521, we constructed the Baldwin-

Phillips-Terlevich diagram  [2] The relation for this 

separation was derived by Kewley et al. [30], where a 

combination of photoionization and stellar popula-

tion synthesis models was used to establish a theoret-

ical upper limit on the location of galaxies with star 

formation outbursts in BPT diagrams:

 
 

 

lg( O III 500.7 nm / H
0.61 1.19.

lg( N II 658.5 nm / H ) 0.47

)



  

 
  

 (8)

Figure 6. BPT diagram with values for the galaxy NGC 3521. 

The red line is the upper limit of galaxies with active star for-

mation (curve 8), the blue dashed line is the active star for-

mation partition curve (curve 9), the green dashed line is the 

empirical ratio for the Seyfert-LINER partition (curve 10).

Figure 4. NGC 3521. The spectrum of the galaxy for a region of 190 by 360 angular seconds was obtained using the Boller-

Chivens spectrograph on the 2.3-meter Bok telescope at Kitt Peak Observatory [41]

Figure 5. NGC 3521. The spectrum of the region close to the nucleus for an area of 2.50 by 2.50 angular seconds was obtained 

using the Boller-Chivens spectrograph on the 2.3-meter Bok telescope at Kitt Peak Observatory [41]
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An empirical relation for the distinction of AGNs 

is introduced by Kauffmann et al. [29]:

  lg( O III 500.7 m H )n /      

   
 

0.61 1.3.
lg( N II 658.5 nm / H ) 0.05

 
  

  (9)

In Figure 6, the area between curves 8 and 9 is the 

region of the so-called composites, i. e., those galax-

ies that have the characteristic radiation of both star-

forming galaxy and galaxy with active nucleous. The 

empirical division of active galaxies into Seyfert and 

Table 2. NGC 3521. Input para meters of the SED model B (with AGN module)

Parameter Values

Star formation history, sfhdelayedbq

E-folding time of the main stellar population model, in Myr 500, 1000.0

Age of the main stellar population in the galaxy, in Myr 7000, 10000

Age of the burst/quench episode, in Myr 10, 25, 50, 100

The ratio of the SFR after/before age_bq 0.001, 0.01, 0.1,0.5, 1, 2.5, 5, 10

Stellar population, bc03

Initial mass function Chabrier [18]

Metallicity 0.02, 0.05

Age in Myr of the separation between the young and the old star populations 10

Nebular emission, nebular

Ionisation parameter –3.0

Gas Metallicity 0.0004, 0.02

Dust attenuation, dustatt_modified_starburst

Ei(B - V), the colour excess of the nebular lines light for both the young and old 

population

0.5, 0.75, 1, 1.6

Slope delta of the power law modifying the attenuation curve –1.3, –0.7, 0

Dust emissio n, dl2014

Mass fraction of PAH 0.47, 1.12, 2.5, 3.90, 5.95

Minimum radiation field 2, 5, 10, 25

Power-law slope dU/dM  U 1, 2, 3

Fraction illuminated from U
min

 to U
max

0.1, 0.25, 0.5

AGN, fritz2006

The ratio of the maximum to minimum radii of the dust torus 60

The full opening angle of the dust torus 60

The angle between the equatorial axis and line of sight 0.001, 89.99

AGN fraction 0.01

E(B-V) for the extinction in the polar direction in magnitudes 0.25, 0.5, 0.7

Synchrotron radio emission, radio

The value of the FIR/radio correlation coefficient for star formation 2.58

The slope of the power-law synchrotron emission is related to star formation 0.8

The radio-loudness parameter for AGN 5

The slope of the power-law AGN radio emission (assumed isotropic) 0.7

LINERs is introduced by Schawinski et al. [51] and 

presented in Eq. (10):

  lg( O III 500.7 nm / H )   
   1.05 lg( N II 658.5 nm / H ) 0.45.      (10)

To determine the class of NGC 3521, we used the 

calculated fluxes from the catalogue [42] (the data 

taken from the table6.dat “Nuclear emission-line 

fluxes”). Having the flux ratio, we constructed a BPT 

diagram for NGC 3521. The resulting location of 

NGC 3521 on the BPT diagram based on the above 
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observations allows us to classify it as a LINER-type 

galaxy with an active nucleus (Fig. 6). 

Since we do not know the characteristics of the 

AGN, we consider various variations as input param-

eters in the fritz2006 model, including the angle at 

which we observe the active nucleus. It is also worth 

noting that the computational capabilities of the 

computer limit the number of possible combinations 

for each module. We explored the same approach 

as for 18 2MIG isolated galaxies with active nuclei, 

which were modeled with CIGALE [32].

Most of these parameters do not vary; we changed 

their values during different test runs, and here we 

present the combination that gives us the best statisti-

cal result with 2/d.o.f = 2.8 for the model with the 

AGN. The corresponding mass of dust is Mdust = 8.05  

107 MSun , the mass of stars Mstar = 3.34  1010 MSun, 

the star formation rate SFR = 2.17 MSun /year, and 

the contribution of the AGN to the total radiation 

fracAGN = 0.01. Compared to the results obtained 

with model A, the model B with AGN module led to 

a slight increase in 2/d.o.f. The parameters obtained 

in both models were similar in value and order.

5. PHOTOMETRIC VARIABILITY OF NGC 3521 
BY THE DATA WITH ZWICKY TRANSIENT 
FACILITY AND THE ZEISS-600 TELESCOPE 
AT THE TERSKOL OBSERVATORY

Due to the close location of NGC 3521 to the 

celestial equator, it is visible for a short time from 

both hemispheres mostly at the beginning of the year 

that complicates regular observations and monitoring 

of activity of its nucleus.  

Zeiss-600 telescope data. Nevertheless, for reveal-

ing and studying the photometric variability of its 

active nucleus we included it in the observational 

program with the Zeiss-600 telescope with an 8  ap-

erture at the Terskol Observatory in 2021—2022. The 

data processing was carried out using the MaximDL 

software package. Table 3 summarizes the data about 

the variability of NGC 3521, where  is the variability 

amplitude, and Er± is the largest error in the given 

filter; the light curve is shown in Figure 8. 

In order to detect the variability of NGC3521 dur-

ing the day (IDV), several observations were carried 

out with the help of the Zeiss-600 telescope. Namely, 

observation was made in the R-filter with an expo-

Figure 7. The best approximation of the SED from UV to radio ranges using model B. Red dots are model fluxes, and purple dots 

are observed fluxes. The green colour describes the nebular radiation, the yellow colour describes the stellar component without 

attenuation, the blue dashed lines describe the stellar component with attenuation, the orange colour describes the radiation 

from the AGN, the red colour describes the dust radiation, and the brown colour describes the synchrotron radiation from the 

star formation regions and the AGN. The black continuous curve is the resulting model SED
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Figure 9. NGC 3521. The light curves (left) and g – r colour (right) indices according to the data of ZTF observations in 

gr-filters for 2018—2024

Figure 8. Light curves for NGC 3521 as observed at the Terskol Observatory in 2021—2022: in BVR filters (left), in the R 

filter (right) over 3 hours of observation on Feb 11, 2022
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sure of 90 seconds for three hours on Feb 11, 2022. 

We can see in Fig. 8 (right) that there is a trend to-

wards an increase in brightness during three hours, 

the amplitude of variability during observation was 

0.04 ± 0.001 mag.

Zwicky Transient Facility (ZTF) data. We also found 

the available data from the  Zwicky Transient Facility 

[38]. The light curves according to the data of ZTF 

observations in gr-filters for 2018—2024 are shown 

in Fig. 9 (left). NGC 3521 demonstrated variability 

with an amplitude of 0.17 ± 0.023 mag in the g-filter 

and 0.20 ± 0.02 mag in the r-filter (Table 4). The 

g – r colour indices show a BWB trend (bluer-when-

brighter) with a Pearson coefficient r(g – r) = 0.56 

(Fig. 9, right), which is a medium correlation.

  6. SUMMARY

We studied the multiwavelength properties of NGC 

3521 from UV- to radio ranges exploiting the data 

from GALEX for UV-, SDSS for optical, 2MASS, 

WISE, MIPS (Spitster) and PACS, SPIRE (Her-

schel) for IR-, and NRAO VLA for radio ranges. To 

obtain the spectral energy distribution, we exploited 

the CIGALE software and constructed SEDs with-

out (model A) and with (model B) AGN module. To 

confirm the type of nuclear activity of NGC 3521 as 

LINER, we used a BPT diagram.

We also present the results of the photometric 

data processing. Exploring the ZTF observations in 

2018—2024, we found, for the first time, a  weak pho-

tometric variability of the nuclear activity, where the 

correlation between g – r colour indices and g-mag-

nitude for long-term timescale shows a BWB trend 

(bluer-when-brighter) with a Pearson coefficient 

r(g – r) = 0.56, which is a medium correlation. We 

provided observations using a Zeiss-600 telescope 

with an aperture size of 8 at the Terskol observa-

tory im 2021—2022. To detect the variability of 

NGC 3521 during the day (IDV), we observed it in 

the R-filter with an exposure of 90 seconds for three 

hours on Feb 11, 2022. These data show a trend to-

wards an increase in brightness with the amplitude of 

variability of 0.04 ± 0.001 mag. 

According to the results of the simulations, the 

best fit to the observed SED is provided by model 

А, which considers the contribution to the radia-

tion from all galaxy components, assuming that the 

galaxy nucleus (LINER type) is inactive. Within this 

model, we derived the stellar mass Mstar = 2.13  

1010 MSun , the dust mass Mdust = 8.45  107 MSun, 

and the star formation rate SFR = 1.76 MSun /year, 

with the corresponding value of the statistic 

2/d.o.f = 1.8. Compared to the results obtained with 

model A, the model B with AGN module led to a 

slight increase in 2/d.o.f. The parameters obtained 

in both models were similar in value and order. These 

results are in the best agreement with the estimates 

obtained by other methods, for instance, by Leroy et 

al. [35], where the stellar mass lg(Mstar /MSun) = 10.7, 

the neutral hydrogen mass lg(M
H I 

/MSun) = 10.0, 

and the star formation rate SFR = 2.1 MSun /year 

were determined. 

Also, based on the radio data from the HIPASS 

catalogue by Allison et al. [1], we estimated the mass 

of neutral hydrogen to be M
H I

 = 1.3  1010 MSun , 

which is of an order of magnitude larger than the 

mass of the stellar component. This result is com-

parable with the data by Elson [19], who used the 

THINGS and estimated M
H I

 = 7.5  109 MSun and 

found a slow rotating halo H I component with 

M
H I

 = 1.5 109 MSun 
.

Given that the UV, optical, and near-IR observa-

tion area covers only a part of the galaxy, this SED 

region may distort the overall picture. In this context, 

the results obtained by Warren et al. [64] for radio 

range do not contradict what we received. These au-

thors did not find a correlation between the star for-

mation efficiency and the gas surface density; howe-

ver, they found that the star formation efficiency 

of the dense molecular gas is slightly declining as a 

Table 3. NGC 3521. The amplitude of variability 
in BVR-filters by the observational data in 2021—2022 
with the Zeiss-600 telescope at the Terskol observatory

Object B Er± V Er± R Er±

NGC3521 0.116 0.003 0.079 0.088 0.052 0.001

Table 4. NGC 3521. The amplitude of variability in gr-filters 
by the observational data with ZTF in 2018—2024

Object g Er± r Er±

NGC 3521 0.17 0.023 0.20 0.02
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function of molecular gas density. Zibetti et al. stud-

ied NGC 3521 among other nearby galaxies in the 

optical to the mid-IR range [66]. Constructing their 

SED on a pixel-by-pixel basis, they found a discon-

nect between the optical and IR when normalized 

to the near-IR (H band) data. However, due to the 

complex dust geometry and high position angle of 

NGC 3521, these authors could not find a correla-

tion of variations between optical- and IR-dominat-

ed components discovered for other studied galaxies 

but confirmed the well-known optical-IR colour cor-

relations: emission from stars contributes to the opti-

cal range and absorbed by dust, which emits in the IR.

The next stage of our work will be to obtain precise 

spectrophotometric data for apertures sufficient to 

cover the entire visible part of the galaxy from UV to 

radio, including decameter, ranges [33]. Preliminary 

search through available catalogues and sky survey 

[57] shows that there is a significant lack of data to 

construct SEDs of the Milky Way galaxies-analogies 

with a complete set of their multiwavelength proper-

ties. But our results of NGC 3521 altogether with the 

multiwavelength data analysis of other isolated galax-

ies with a weak nuclear activity can help in making 

decision to use SEDs as the MWA indicators.
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NGC 3521 ЯК АНАЛОГ МОЛОЧНОГО ШЛЯХУ: СПЕКТРАЛЬНИЙ РОЗПОДІЛ ЕНЕРГІЇ 

ВІД УФ- ДО РАДІОДІАПАЗОНУ І ФОТОМЕТРИЧНА ЗМІННІСТЬ

Досліджено мультихвильові властивості NGC 3521, галактики-близнюка Молочного Шляху, від ультрафіолетового 

до радіодіапазону, з використанням даних GALEX для ультрафіолетового, SDSS для оптичного, 2MASS, WISE, MIPS 

(Spitzer) і PACS, SPIRE (Herschel) для інфрачервоного та NRAO VLA для радіодіапазону. Для побудови спостережного 

спектрального розподілу енергії (SED) було використано програмне забезпечення CIGALE,  у якому величину SED 

було змодельовано із використанням моделі A без урахування активного ядра і моделі B з модулем активного ядра 

галактики. Для підтвердження типу активності ядра NGC 3521 як LINER побудовано BPT-діаграму. 

Досліджуючи дані спостережень ZTF для NGC 3521 у 2018—2024 роках, ми вперше виявили, що показники кольо-

ру g – r мають тренд BWB (що яскравіший, то синіший) із коефіцієнтом Пірсона r(g – r) = 0.56, що є середнім ступе-

нем кореляції. Додатково у роботі наведено результати обробки фотометричних даних, отриманих нами на телескопі 

Zeiss-600 з апертурою 8″ в обсерваторії Терскол у 2021—2022 роках. Для виявлення змінності NGC 3521 протягом дня 

(IDV) було проведено спостереження у R-смузі з експозицією 90 с протягом трьох годин 11 лютого 2022 року. Дані 

демонструють тенденцію до збільшення блиску з амплітудою змінності 0.04 ± 0.001m. 

За результатами моделювання SED спостережуваним даним найкраще відповідає модель А, яка враховує вне-

сок у випромінювання всіх компонентів галактики, припускаючи, що ядро галактики неактивне. У рамках моделі 

А отримано масу зоряного компонента Mstar = 2.13·1010 MSun 
, масу пилу Mdust = 8.45·107 MSun  та темп зореутворення 

SFR = 1.76 MSun/рік з відповідним значенням χ2/d.o.f = 1.8. На основі радіоданих з каталогу HIPASS було оцінено 

також масу нейтрального водню M
H I

 = 1.3·1010 MSun 
, що за порядком збігається з масою зоряного компонента.

Ключові слова: галактики — багатохвильові властивості, спектральний розподіл енергії, фотометрична змінність; га-

лактики — індивідуальні — NGC 3521.




