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Abstract—We present the results of observations of a sample of isolated lenticular galaxies, performed
at the SCORPIO and SCORPIO-2 spectrographs of the 6-meter BTA telescope of the SAO RAS in
the long-slit mode. By direct spectra approximation, using the evolutionary synthesis models, we have
measured the radial profiles of the rotation velocity as well as the dispersions of velocities, average age, and
average metallicity of stars in 12 objects. The resulting average ages of the stellar population in bulges and
discs fill an entire range of possible values from 1.5 to 15 Gyr which indicates the absence in the isolated
lenticular galaxies, unlike in the members of groups and clusters, of a certain epoch when the structural
components are formed: they could have been formed at a redshift of z > 2 as well as only several billion
years ago. Unlike the SO galaxies in a more dense environment, isolated galaxies typically have the same
age of stars in the bulges and discs. The lenses and rings of increased stellar brightness, identified from
the photometry of 7 of 11 galaxies, do not significantly differ from the stellar discs by the properties of
stellar populations and velocity dispersion of stars. We draw a conclusion that the final arrangement of the
morphological type of a lenticular galaxy in complete isolation is critically dependent on the possible modes

of accretion of the cold external gas.

DOI: 10.1134/81990341314020011

Key words: galaxies: elliptical and lenticular—galaxies: stellar population—galaxies: evolution

1. INTRODUCTION

The problem of the scenarios of formation and
evolution of galaxies is the key issue in modern ex-
tragalactic astronomy and observational cosmology.
The galaxies are formed under the influence of a large
number of physical factors, which are often insuffi-
ciently known by the theorists in detail. The main
issue here is to identify the most important factors
which are crucial during the formation and evolution
of galaxies of the given morphological type.

The type of lenticular (S0) galaxies was proposed
by Edwin Hubble as hypothetical in 1936 [1] in or-
der to fill in the intermediate position between the
elliptical and spiral galaxies. It was assumed that the
objects of this type have large-scale stellar discs as
observed in the spiral galaxies but do not have any no-
ticeable star-forming regions and spiral pattern in the
stellar discs. Their smooth reddish view and probably
an old average age of stars makes them similar to the
elliptical galaxies. An intermediate position of lentic-
ular galaxies between the purely spheroidal stellar
systems and spiral galaxies, in which the contribution

"E-mail: katkov . ivan@gmail.com

of the bulge to the total luminosity monotonically
decreases with the transition from early to late types
(from left to right along the morphological Hubble
sequence), gives rise to a natural assumption that the
SO galaxies should possess large bulges. However,
the detailed surface photometry of the images of SO
galaxies has shown that the bulges in them can be
both very large and tiny [2]. Stemming from these
results, the old idea of Van den Bergh [3], stating that
the lenticular galaxies should be forming a sequence
parallel to the spiral galaxies in the Hubble diagram
and the connection between the (close) position in the
diagram of the SO (a, b, ¢) and spiral galaxies of the
corresponding subtypes is given by the “bulge/disc”
luminosity ratio [4, 5], becomes increasingly popular.
[t would seem that such a turn in the understanding
of the evolutionary sense of the Hubble sequence
would only reinforce the conventional wisdom about
the formation of lenticular galaxies via the cessation
of star formation in spiral galaxies: the evolutionary
stage of transformation of the progenitor galaxy to
the resulting SO galaxy is much easier to imagine
when both galaxies have the same bulge/disc ratio.
However, it should be noted that if the contribution
of the bulge to the total luminosity in an SO galaxy
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is the same as in the spiral galaxy located nearby on
the morphological diagram, then this leaves open the
possibility of reverse transformation, the transforma-
tion of an SO galaxy into a spiral which would have
been quite impossible in the presence of a larger bulge
in the SO galaxy.

The literature discusses a considerable number of
physical processes that could cease star formation in
the disc of the spiral galaxy. Here are some of them:

(1) direct collisions of galaxies [6, 7];

(2) tidal effects from the dark halo of the clus-
ter/group [8];

(3) “harassment,” or the gravitational tidal influ-
ence of galaxies on each other at a sufficiently fast

flyby [9];

(4) ram pressure of the hot intergalactic medi-
um[10, 11];

(5) “starvation,” or termination of star formation as a
result of the disappearance of the external reserves of
gas, previously maintaining the gas accretion onto
the disc of the galaxy and feeding the processes of
star formation [12].

These processes are closely related to the dense
environment of galaxies, because only the clusters
and rich groups of galaxies with their massive dark
haloes can provide the necessary density of the hot
intergalactic medium for the ram pressure and close
mutual locations of galaxies for the appearance of
tidal effects.

We know that lenticular galaxies are the domi-
nant population of the nearby clusters of galaxies,
where their fraction reaches up to 60% [13]. How-
ever, the number of SO galaxies is quite noticeable
among the field galaxies as well: according to the
APM survey [14], the fraction of lenticular galax-
ies in the nearby Universe is about 15%, and they
are the second by the frequency of occurrence after
the spirals. Furthermore, there are examples of com-
pletely isolated lenticular galaxies [15]. There appears
a question which has not yet been raised about the
origin of such galaxies. Under the effect of which
physical mechanisms they were formed, and how do
these mechanisms differ from those that work in the
dense environment?

Despite the apparent deficit of mechanisms re-
sponsible for the morphological transformation of
isolated galaxies compared to the members of clusters
and groups, it is wrong to assume that the isolated
galaxies evolve completely independently, as in the
“closed box” scenario. Some recent studies point
at this. In our work [16] we have demonstrated
that a completely isolated early-type spiral galaxy
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NGC 7217 over the last 5 Gyr experienced at least
two events of companion merger. In a locally isolated
S0 galaxy NGC 4124 we also found traces of minor
merging, which had apparently occurred 2—3 Gyr ago
and provoked a central burst of star formation [17].
Furthermore, it was recently found out that lenticular
field galaxies often possess significant amounts of
gas. Moreover, it is exactly in the rarefied environment
that a galaxy often reveals different kinematics of
stars and gas, pointing to the external origin of
gas [18]. Thus, the studies of the properties of isolated
lenticular galaxies would allow to concentrate on the
evolutionary mechanisms, connected either with the
internal disc instabilities or just the external accretion
of gas and/or companions. It should be noted that the
accretion of gas and/or minor merging events may
not only cease the star formation in the disc but, on
the contrary, provoke it [19, 20].

The objects presented in this paper are the nearby,
strongly isolated lenticular galaxies, for which we
have conducted the spectroscopic observations with
the aim to determine the properties of their stellar
populations as well as kinematics of stars and gas.
The properties of ionized gas in the investigated ob-
jects are discussed in a separate paper [21], while in
this paper we concentrate only on the properties of
stellar populations.

The paper is structured as follows: Section 2 is
devoted to the description of the selection of studied
objects; the features of the spectral observations, re-
duction, and data analysis are discussed in Section 3;
Section 4 presents the results on each galaxy; Sec-
tions 5 and 6 contain the discussion of the results and
conclusions of the study.

2. SAMPLE SELECTION

We have compiled a sample of the nearby iso-
lated lenticular galaxies using an approach that
has recently been developed in the Laboratory of
Extragalactic Astrophysics and Cosmology of the
SAO RAS by Karachentsev, Makarov, and their co-
authors. This approach was proposed and applied
to the galaxies of the Local Supercluster and its
surroundings with a view of their association into
pairs [22], triplets [23], and groups [24], as well as
for the identification of isolated galaxies [25]. The
data on the radial velocities, apparent magnitudes,
and morphological types of galaxies were taken
from the updated HyperLeda database! and the

NED database? supplemented by the radial velocity
measurements from the SDSS, 6dF, HIPASS, and

"http://leda.univ-lyoni.fr/
http://ned.ipac.caltech.edu/
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ALFALFA surveys. Clustering was carried out for
the galaxies with the radial velocity relative to the
Local Group of Vig < 4000 kms~! and galactic
latitude of |b| > 10°. A peculiarity of the clustering
algorithm proposed by the authors is to account for
the individual characteristics of galaxies, specifically,
the indicator of the galaxy mass—the K-band lumi-
nosity. Uniting the galaxies in systems pairwise, the
authors suppose that each virtual pair has to satisfy
the negative total energy condition and the condition
of finding its components within the “zero velocity
sphere,” i.e., the galaxies of the pair do not recede
from each other as a result of the Hubble expansion of
space. The clustering algorithm involves an iterative
revision of all galaxies of the original sample for their
further integration of the bound pairs of galaxies that
have common members in the groups or clusters. The
details of the algorithm are given in the above papers.
One of the intermediate products of the algorithm
is a list of paired isolation indices between any two
galaxies of the sample. The isolation index (IT1) of
two galaxies is the value characterizing the dynamic
mutual influence of both components on each other.
In the case of an unbound pair, log I1 is positive
and equal to the logarithm of the number of times
by which it is necessary to increase the mass of one
of the components so that the pair would meet the
given association criteria. And conversely, in the case
of a bound pair, log IT is negative and equal to the
logarithm of the number of times by which the mass
has to be reduced to become unbound. The same
value of the isolation index may be realized for a wide
pair of galaxies of comparable luminosity and for a
tight pair consisting of a giant galaxy and a nearby
but faint companion.

The authors of this approach have kindly provided
us the information about mutual isolation indexes for
all galaxies of the Local Supercluster and its environs.
Using this information, we have selected for our study
the lenticular galaxies having II > 2.5 both for the
galaxies of higher and lower luminosity as compared
to the considered one.

We have conducted the spectroscopic observa-
tions of 12 galaxies from the resulting list in order
to study the properties of stellar populations. Table 1
shows the five most influential neighbors of higher
and lower luminosity for each studied galaxy as well
as the information about the morphology, radial ve-
locities, and absolute magnitudes. In the cases of the
NGC 16 and NGC 3098 galaxies, the restrictions on
the isolation from the potential companions of lower
luminosities are not met. Both galaxies have a low-
luminosity neighbor with 17 = 1.9, but due to a very
large luminosity difference 0 Mg ~ 5 of values (the
masses differ by about 100 times), we believe that
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the companions cannot have a significant gravita-
tional effect on large galaxies, so these galaxies do not
egress from the generally accepted selection criteria
for isolated galaxies.

3. OBSERVATIONS AND DATA ANALYSIS
3.1. Observations

The observations of the sample of studied galax-
ies were carried out in the prime focus of the 6-m
BTA telescope of the SAO RAS over the period of
2011—2012. The spectral data for all the galaxies,
except NGC 6615 and NGC 6654, were obtained us-
ing the SCORPIO-2 focal reducer [26] in the long-
slit mode with the slit size of 6/x1”. In the obser-
vations we have used the VPHG 1200@540 holo-
graphic grating (the grism), which provides a spectral

resolution of FWHM ~ 4 A in the operating range

of 3800—7300 A. This spectral range includes both
the strong absorption lines, like Mg, Fe, G-band,
and a number of emission lines (Ha, Hg, [OIII],
[NII], etc.) that allows to explore both the kine-
matics, age, and chemical composition of the stellar
component and the kinematics of ionized gas, and
at the same time to diagnose the excitation mech-
anisms of ionized gas. The detector used was an
E2V CCD 42-90 with the chip sized 2k x4k which
at the 1x2 binning mode readout provides a spatial
scale along the slit of 07357 per pixel and disper-

sion of 0.86 A per pixel. Unlike the other galax-
ies, NGC 6615 and NGC 6654 were observed in an-
other instrumental configuration, namely, with the
SCORPIO instrument [27] and the VPHG 2300G
holographic grating that provided a spectral resolu-

tion of 2.2 A in the range of 4800—5600 A, and the use
of the EEV CCD 42-40 detector with the chip sized
2k x2k gave the same scale along the slit with the

dispersion of 0.37 A per pixel. During the observa-
tions the slit was oriented along the major axes of the
galaxies. The log of observations (Table 2) gives the
dates of observations, total exposures, average seeing
during the exposure of each galaxy, and the position
angle of the slit.

3.2. Initial Data Reduction

[nitial data reduction was performed using the
original programs, written in the IDL environment,
and contained the following steps: accounting for
the registration system bias by subtraction of the
averaged zero exposure frame from all the images;
accounting for the uneven illumination and inhomo-
geneities in the CCD sensitivity by the spectra of
the flat-field calibration lamp; removal of the traces
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of cosmic particles by using the L.A.Cosmic [28] al-
gorithm, implementing the Laplacian filter for particle
detection, and by addition of spectra; construction of a
two-dimensional dispersion equation by the spectrum
of the helium-neon-argon calibration lamp and the
further linearization of spectra with the characteristic

accuracy of 0.03—0.06 A depending on the grating
used; subtraction of the background spectrum of the
night sky; conversion of the instrumental fluxes in the
absolute ones using the spectra of spectrophotomet-
ric standard stars. During the observations in semi-
darkness the night sky contribution is large enough
and varies with time. In such cases we performed the
night sky subtraction before the spectrum addition to
fit the parameters of the procedure for each spectrum
the best way possible. The final result of the primary
data reduction were not only the spectra of the ob-
jects but also the frames of the error level that were
calculated based on the Poisson photon statistics and
readout noise and were transformed along with the
images of the object spectra at each reduction stage.

In addition to the spectra of objects and spec-
trophotometric stellar standards, the spectra of dawn
or twilight sky were also analyzed in the process
of data reduction, which, in the essence, represent
the solar spectrum convoluted with the instrumental
profile of the spectrograph. Therefore, the analysis of
the spectra of the dawn or twilight sky allows to de-
termine the behavior of the instrumental profile of the
spectrograph along the spectrograph slit and along
the direction of dispersion. The former is important
to subtract the contribution of the night sky, and the
latter allows to accurately determine the parameters
of the kinematics of galaxies. The spectra of the dawn
sky were reduced in the same manner as the spectra
of the objects. The reconstruction of the instrumental
profile and its use in analyzing the galaxies are de-
scribed in detail in the following Section 3.3.

3.3. Subtraction of Night Sky Contribution

In the analysis of objects of low surface brightness,
special attention should be given to the careful sub-
traction of the contribution of the night sky, underes-
timation of which may lead to the systematic errors
in determining the parameters of stellar populations
of the studied objects [29]. In this paper we determine
the properties of stellar populations of the structural
components of the galaxy, including the stellar discs
of low surface brightness. Therefore, we believe it is
necessary to describe in detail the procedure of the
night sky spectrum subtraction.

We have previously proposed a refined technique
for subtracting the spectrum of the night sky for the
long-slit spectroscopy of the low surface brightness
objects in case of strong variations of the instrumental

ASTROPHYSICAL BULLETIN Vol.69 No.2 2014

Table 2. Log of observations

No Name Date Exposure,|Seeing,| PA,
s arcsec | deg
1 [C875| Apr 23,2012 2700 2.5 -30
2 IC 1502|Nov 19, 2011| 2700 2.5 52
3 NGC16|Nov 20,2011| 1800 2.0 16
4 INGC2350|Dec 13,2012] 6000 1.6 —73
5 [NGC3098| Apr18,2012| 5400 1.2 -90
6 |NGC3248| Apr22,2012| 2700 3.0 —45
7 INGC6615|Sep 19,2012| 7200 1.0 —15
8 [NGC6654|Sep 20,2012 6600 1.3 0
9 INGC6798|Nov 20,2011| 5400 2.5 -30
10 INGC7351|Nov 19,2011 3600 2.0 0
11 |UGC4551|Dec 12,2012 8400 2.0 —67
12 |UGC9519| Apr 24,2012 4500 20 |-105

profile along the slit [29]. In that procedure the sky
model is constructed by recalculating the spectrum of
the sky from the edge regions on the slit to the region
containing the spectrum of the object, applying the
deconvolution procedure to the reference spectrum.
The spectrum of the dawn/twilight sky, which carries
the data on the variations of the instrumental pro-
file, is supposed to be used as a reference spectrum.
Unfortunately, during the observations the spectra
of the dawn/twilight sky were not always observed
due to a sudden worsening of weather conditions.
The standard method, which does not require the
use of a reference spectrum and accounts in the zero
approximation for the profile variations along the slit,
consists in the approximation of the sky spectrum by
the low-power polynomial (2—4) in each column of
the spectrum image and its recomputation for the area
of the object. This method works well for the spectra
of non-extended objects. However, this condition is
not always fulfilled in the long-slit observations of
galaxies.

Therefore, we propose another way to build the
spectrum of the night sky, which is based on the
extrapolation procedure in the frequency domain. The
spectrum of the night sky at a given position on
the slit y—S(A,y) can be written as a convolution of
the “true” spectrum of the night sky Sp(\) with the
instrumental profile L(\, y):
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In the frequency domain the convolution procedure
becomes the multiplication procedure. Hence, if we
perform a one-dimensional Fourier transform along
the direction of dispersion, then

FET[S(A,y)] = FFT[So(M)] FFTIL(A, 9)].  (2)

As the analysis of the spectra of the dawn and twilight
sky has shown, the shape of the instrumental pro-
file of the SCORPIO/SCORPIO-2 spectrographs
varies rather monotonously along the slit, therefore its
Fourier transform FFT[L(\,y)] varies along the slit
as monotonously. The first factor in the Fourier trans-
form of the night sky spectrum is a constant function,
hence in general the Fourier transform of the night
sky along the slit varies monotonously. Using this fact
and applying the standard polynomial extrapolation
procedure to the spectrum of the night sky in the fre-
quency domain, i.e., to its Fourier transform, and per-
forming the subsequent inverse Fourier transform, we
can construct the model of the spectrum of the night
sky. The Fourier transform of the spectral image is a
complex value, this is why the extrapolation should
be performed separately for the real and imaginary
parts of the Fourier transform. In this version of the
model of the night sky, the reference spectrum of the
dawn/twilight sky is not required. At the same time
the quality of the model is comparable to the method
based on the deconvolution procedure [29].

3.4. Data Analysis

Before the analysis of the spectra of galaxies,
we analyzed the spectrum of the dawn sky in or-
der to determine the variation of the parameters of
the spectrograph instrumental profile (LSF—Line
Spread Function) along and across the direction of
dispersion which is required to correctly determine
the internal kinematics of stars and gas in the
galaxies. To do this, we have split the image of the
dawn sky spectrum into many areas: 32 intervals
along the slit and 7 segments along dispersion; in
each section the dawn sky spectrum was summed
to achieve the typical signal-to-noise relationship
S/N =100 per pixel. Next, we approximated the
spectra from each area by the high-resolution solar
spectrum, taken from the ELODIE 3.1 stellar spectral
library [30], using the ppxf procedure of the per-pixel
approximation of spectra [31]. In the approximation
of the dawn sky spectrum, the instrumental pro-
file has been parameterized by the Gauss—Hermite
series of orthogonal functions [32]. As a result of
approximation, we have obtained the instrumental
profile parameters for different spectral regions. The
mean characteristic width of the instrumental profile
(in terms of velocity dispersion) for the observational
mode with the VPHG 2300G and VPHG 1200@540

grating is oty = 65 kms™! and oyser = 90 kms™1
respectively.

The further analysis consisted of the approxima-
tion of the observed absorption spectra of galaxies
by the high-resolution models of stellar popula-
tion. To do this, we used the NBursts software
package [33, 34], which is an extension of the ppxf
per-pixel spectrum approximation method [31]. The
applied approach allows to retrieve the information
about the stellar component from all the available
spectral regions simultaneously, in contrast to the
analysis of the Lick indices of individual lines—the
indicators of the properties of stellar populations. The
approach of per-pixel approximation of the spectra of
galaxies allows to easily exclude from the analysis the
regions around the strong emission lines of ionized
gas, it allows to avoid their systematic effect on
the estimates of the stellar population parameters
which is impossible when analyzing the Lick indices.
Chilingarian et al. ([33, 34]) have shown that the
per-pixel spectrum approximation method provides
a 1.5—2 times higher accuracy of finding the stellar
population parameters compared to the approach of
the Lick indices.

The procedure of determining the parameters of
the stellar population consists in the nonlinear min-
imization of the quadratic difference (x?) between
the observed and model spectra. We have used syn-
thetic spectra of stellar populations as model spec-
tra. They were computed with the Pegase.HR [35]
evolutionary code based on the ELODIE 3.1 high-
resolution stellar spectral library [30] for the simple
star formation history in the form of one short burst
(SSP, Simple Stellar Population). The SSP stellar
population model is set by the age of the star forma-
tion burst 7' (Gyr) and metallicity [Z/H] (dex), while
the Salpeter initial mass function [36] is considered
to be fixed in the model. To determine the stellar
kinematics of the galaxy, the line-of-sight velocity
distribution (LOSVD), which is given as the Gauss—
Hermite quadrature [32], is entered in the model spec-
trum. Furthermore, the multiplicative continuum is
included in the model which allows to consider the
effect of the interstellar extinction on the shape of the
spectrum of the galaxy as well as the errors of absolute
calibration of the fluxes both in the observational data
and in the stellar library, based on which the stellar
population models were considered. To take into ac-
count the effect of the spectrograph on the spectrum
of the galaxy, before the approximation of the observed
spectra we convoluted the grid of stellar population
models with the previously determined instrumen-
tal profile. The presence even of the weak emission
lines and/or the residues from the subtraction of the
strongest lines of the night sky can offset the stellar
population parameter estimates. Hence, to eliminate
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Table 3. Table of averaged parameters of the bulges, discs, lenses/rings

PROPERTIES OF STELLAR POPULATIONS IN ISOLATED LENTICULAR GALAXIES

Galaxy Averaagrié]sgegange’ of mIe\]al;TrlszZents g’ [Zd/H]’ [M(%/FE]’ k Vo1
yr eX eX ms
Bulge
IC 875 4-7 10 4.3%07 | _0.16%0-05| 0.20%0-04 | 110%°
IC 1502 — 11 17.670-9|—0.041006) (. 3+01  |168+16
NGC 16 2—5 10 5.4%08 | _0.04%0-05| (0,19%0-04 | 172+6
NGC 2350 - 8 1.6%03 | —0.13%0-08 — 103+1°
NGC 3098 4—7 8 5.4%0-4 1 _0,10%0:02| 0.00*0-02 | 736
NGC 3248 4—7 10 4.8%0-6 | _(,11%0:05| 000005 | 77%5
NGC 6615 - 8 10.8F151—0.26%0:05| (.24%0-03 | 129+5
NGC 6654 2—5 9 12.2+141-0,19+0:07| ,23+0.04 | 158+5
NGC 6798 - 8.0F19 | —0.20%0:05| (.13%0-04 | 11547
NGC 7351 4-7 10 2.2%0:5 | 0, 37+0.08| _0,03+0.06| 29+11
UGC 4551 4-7 8 10.0F19]—0.28+0:08| 0,15+0.03 | 158+11
UGC9519 4—7 9 2.5+0-1 1 _(,12+0:06] ( 04%0-03 | 76+3
Disc
IC 875 13—45 16 2.9%09 | _0.32%0-18| (0.26+0-07 | 134+27
IC 1502 7—25 11 16.7+1:61-0.13%0-10 (,42%0-01 |130+25
NGC 16 6—30 18 1.6%12 | —0.19%0-15| .16%0:02 | 127+18
NGC 2350 10—40 15 1.3%92 1 -0.00%0-07| 0.06+007 | 86+14
NGC 3098 25—60 18 5.1%15 1 -(,2240:06] ( 0g+0-02 | 57£26
NGC 3248 10—39 31 3.9%14 1 0.21%0:09] _(,04%0-03| g5+17
NGC 6615 40—60 0 — — — —
NGC 6654 35—60 3 5.8%0:6 | _0.06%0-14| 0.40%0-20 | 44%5
NGC 6798 8—55 18 7.3%43 | —0.27%0-15| (,11%0-12 | 119+17
NGC 7351 17—45 4.4%23 | _0.57%0-19| _0,02%0-15| 72440
UGC 4551 38—80 10.9%4:3] —0.74%0-39] 0.25%0-25 | 107%20
UGC 9519 16—30 4 2.9%0:9 1 _(,32+0.17) 0 15%0-20 | gg+15
Lens/Ring
IC 875 — 0 - — — -
IC 1502 — 0 - — — -
NGC 16 12—21 16 3.3%2:9 | —0.25%016 — 104+16
NGC 2350 20—26 1 4.9%0-0 | _(,33+0.00 — 97+0
NGC 3098 15—20 14 4.8%1:3 | —(0.13%0:05| 005001 | 57+12
NGC 3248 — 0 — — — —
NGC 6615 20—40 3 12.8%24| _0.52%+016| (0. 21%0.06 | 56+5
NGC 6654 — 0 — — — —
NGC 6798 14—22 10 5.2%21 | _0.30%0-14| .13%0-04 | g7+15
NGC 7351 — 0 - — — —
UGC 4551 17-35 12 3.3%22 | —0.47%0-23| (.23%0-03 | 117%25
UGC 9519 7—15 22 2.7%0:5 | _0,22%0.07| (,05%0-02 | 77+9
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this effect, we have masked the regions sized 10—15 A
around them. As a result of the x? minimization the
following parameters are determined: the radial ve-
locity v (kms™1), the line-of-sight velocity dispersion
o (kms™1), the estimates of age T (Gyr), and metal-
licity [Z/H] (dex) of the stellar population.

Spectroscopic observations were carried out with
a long slit, which was oriented along the major axis
of the studied galaxies. Since the surface brightness
of galaxies greatly decreases with distance from the
center, the spectra of the outer regions of the galaxy
have a low S/N ratio. To increase it, we used the
adaptive binning procedure, which consists in the
summation of the spectrum in the intervals along the
slit of variable size, set so that the S/N ratio is not less
than the preassigned value (typically about 20—30) in
each interval.

After subtracting the stellar component model
from the observed spectrum of the galaxy, we got a
purely emission spectrum of the galaxy. Every line
was approximated by the Gaussians to obtain the line
fluxes, velocities, and velocity dispersions of ionized
gas. In this paper we only consider the properties of
stellar populations, while[21]is dedicated to the study
of the properties of ionized gas in the galaxies.

The Pegase.HR stellar population models were
calculated based on the library of stars of the solar
vicinity, possessing the solar a-element abundance.
The resulting models are hence only computed for the
solar abundance ratio. The methods for construct-
ing the stellar population models are currently being
developed taking into account non-solar a-element
abundances (see, e.g., the studies [37] and [38]); how-
ever, the obtained models are calculated for a quite
rare and limited grid of parameters and are so far infe-
rior in quality to the models with the solar abundance
of a-elements. The relative abundance of a-elements
bears information on the duration of the star forma-
tion burst which has engendered the bulk of stars. If
the burst was very short, shorter than 1 billion years,
then the stellar population will be revealing an excess
of a-elements with respect to iron in comparison
with the solar chemical composition. Given a long
history of star formation, the ratio of abundances
of iron and a-elements, specifically magnesium, be-
comes solar [39, 40]. To estimate the abundance of
a-elements in the stellar population of studied galax-
ies, in addition to the per-pixel approximation method
we have applied to the spectra a more classical Lick
index approach that allows to estimate the magne-
sium abundance (the a-process element). For the
spectra of galaxies we have obtained the Lick Hf,
Mgb, Fe 5270, and Fe 5335 indices, determinations
of which were taken from [41, 42]. A comparison of
the obtained indices with the model values, calculated

in the framework of stellar population synthesis mod-
els [43], allowed us to estimate the Mg/Fe ratio.

4. RESULTS

As a result of the spectral analysis, we have ob-
tained for each studied galaxy the line-of-sight veloc-
ity profile of stars v, stellar velocity dispersion o, and
the properties of stellar populations: age T" and metal-
licity[Z/H](Fig. 1). In addition, we have analyzed the
available photometric data for the considered galax-
ies and identified the areas where the disc begins
to dominate, where the more complex morphological
structures such as rings and lenses are present, and
where in the center of the galaxy the region of the
bulge dominance is present (where the nuclear region
is excluded). For this, we used data from the public
archive of the SDSS, DR9 survey, the r filter (for most
galaxies), or, if the galaxies are not observed in the
SDSS survey, we used the 2MASS survey data, the
J, H, K filters (for NGC 2350, NGC 6798, 1C 1502)
and white-light images obtained at the SCORPIO-2
in the mapping mode before the spectral observa-
tions (NGC 6798, 1C 1502). For the NGC 6798 and
[C 1502 galaxies the image analysis results in the
near infrared range and in the white light have coin-
cided. For each galaxy we have conducted an isophote
analysis and then treated the profiles of azimuthally
averaged brightness. The outer regions well described
by the exponential law of the surface brightness decay
where constant ellipticity of the isophotes is notice-
able were considered as the disc dominance regions.
The local brightness excesses were sometimes visi-
ble in them, which we believe to be rings or lenses.
To estimate the bulge parameters, we used a fixed
range of radii, 4”—7". Over the regions isolated this
way, we made the averaging of stellar population pa-
rameters with weights inversely proportional to the
squares of individual estimate errors, w; = 1/6p§. The
averaged parameter values for the bulges, discs, and
rings or lenses are listed in Table 3. A graphical com-
parison of the derived parameters is demonstrated
in Figs. 2, 3, and 4.

4.1.1C875

In the HyperLeda and NED databases this galaxy
is classified as lenticular SO, and hence it got to our
sample. However, it proved to possess a sufficiently
low rotation velocity. If we adopt the
inclination as ¢=>50° from the NED, then
Viot = AV0s/ sini ~ 65 kms~! at the velocity dis-
persion of o &2 110 kms™!, this gives the ratio of the
rotation velocity to the velocity dispersion
Vinax/o = 0.6. The ratio of the large and small axes,
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Fig. 1. The results of analysis of long-slit spectra of the studied galaxies. Each column corresponds to one galaxy. The panels
with radial profiles of the line-of-sight velocity of stars net of the systematic velocity, velocity dispersions of stars, age, and
metallicity are located from top to bottom. The distance from the center of the galaxy in arcseconds is plotted along the z-axis.
The gray slashes mark the areas of the averaging of the bulge parameters (\) and the exponential disc parameters (/), the
horizontal lines (—) are the regions of the lens or the ring, if present. The systematic velocity corresponds to the measured
radial velocity of the galaxy’s center, i.e., the brightest part, except for IC 875 where this is the center of symmetry of the central

part of the velocity profile.

taken from NED, gives the ellipticity estimate of
€ = 0.25. These values fall in the diagram of Kor-
mendy (Viax/o—¢) on the line of isotropic spheroids
supported by rotation, which also contains elliptical
low-luminosity galaxies [44]. IC 875 is probably an
elliptical galaxy, we hence eliminated it from consid-
eration, and it was not included in the construction of
diagrams and distributions by the parameters for the
isolated SO galaxies.

4.2.1C 1502

According to the NED, this galaxy is classified as
SOT. It has a sufficiently large inclination i = 64°,
according to the HyperLeda. The radial velocity pro-
file indicates regular rotation. The main feature of

ASTROPHYSICAL BULLETIN Vol.69 No.2 2014

this galaxy is that at the solar metallicity of stars
the average age of stars is about 15—17 Gyr over the
whole measured scope of the galaxy. The fact that
this age is larger than the cosmological age of the
Universe should not be confusing. The main com-
ponents of the models are the isochrones of stars,
which are the result of the stellar evolution theory and
the empirical library of stellar spectra. It should be
borne in mind that the stellar population models used
do not contain the information about the cosmology
of the Universe and give an absolutely independent
channel of information about the age of the dominant
stellar population in galaxies. The radial profiles of the
parameters reveal the central kinematically detached
region, which manifests itself as a slight increase



132 KATKOV et al.

..=1912kms’ NGC 2350

4

v, =1424 kms' NGC 3098 v,

=1510kms’ NGC 3248

200 F

|

) |

"» 100 F '\ |
|

m
m

\
)

VU, ki

-100

-200 F

200

150 F ! 1 F

¥
100F § }ig{iﬁq‘% ﬂ%##}{i{ -
t

o, km s-1

a
o
T

L+
*
%
£

%
)

T, Gyr
I\)QOAU‘I\IS 75 o

o

=
T
1
T

[Z/H], dex
66 oo
A D O D
- o
e

o ¢
(o2}

T

1

T

Lo
o ®
T
| e
1
T

[
o
'
N
o
-
o
o

10 20 30 -40 -20
R, arcsec

Fig. 1

in the velocity gradient and a small decrease in the
stellar velocity dispersion. The metallicity profile re-
veals a slight dip. This is probably the evidence of
the evolutionary isolation of the nuclear star cluster,
although by the age of stellar population it does not
excel within the measurement error.

4.3. NGC 16

This galaxy has a small bar, oriented perpendic-
ularly to the major axis of the galaxy, and a faint,
Amp = 4™, late-type companion [45] 500 kpc from
it. The isolation index between the companion and the
galaxy is II = 1.9, but as the mass difference is about
two orders of magnitude, we consider NGC 16 to be
isolated from the external tidal effects. The galaxy has
a very noticeable solid-body growth of the rotation
curve of up to 10” from the center, where the rotation
velocity goes on the plateau, and a dynamically hot
enough disc, o > 100 kms~!. The stellar component

R, arcsec R, arcsec

.(Contd.)

has an intermediate age, while the bulge and the disc
do not differ from each other in the mean, although
individual age estimates in the bins have a sufficiently
large scatter.

4.4. NGC 2350

This very poorly studied galaxy was unfortunately
omitted by the field of view of the SDSS. According
to the HyperLeda and NED, it is classified as S0O/a.
On the direct image obtained by the SCORPIO-2,
we can see a complex distribution of stellar brightness
in form of bright spots on the edges of the bar, the
so-called “ansae” phenomenon. In addition, as we
have found by analyzing the emission component of
the spectrum, the galaxy has an extended disc of
ionized gas. According to the location of the emission
line ratios on the diagnostic diagrams, it was excited
mainly by the radiation of young stars [21], i.e., this
lenticular galaxy is currently undergoing the star for-
mation across the entire disc. Correspondingly, the
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average age of stars within the area bordered by the
“ansae” is pretty young: individual estimates in the
bins are between 1 and 2 Gyr. In the central region
of the galaxy the stars have a very low metallicity.
This may be due to the earlier event of an infall on
the galaxy of a metal-poor companion. At the same
time this region is a little different in the rotation
curve and the velocity dispersion distribution, but to
our surprise it does not stand out in the age profile.
According to our estimates, the metallicity of gas is
weakly subsolar even in the region of a very low stellar
metallicity. Therefore, the gas in this galaxy is prob-
ably not connected in its origins with a potentially
possible merging, the traces of which are embodied
in the nuclear stellar component.

4.5. NGC 3098

A very well-known isolated lenticular galaxy, ori-
ented to the observer edge-on. Its photometric struc-
ture was studied in [46]. It was noted that the bulge

ASTROPHYSICAL BULLETIN Vol.69 No.2 2014

of the galaxy is small and compact, and between
the bulge and the disc, approximately at the radius
of 15”, we observe a ring of enhanced stellar bright-
ness. Our results (Fig. 1) confirm a small mass of
the bulge—the rotation velocity growth in the center
of the galaxy is quite hollow—and demonstrate a
homogeneous age of the stellar population of 5—8 bil-
lion years across the galaxy as well as a sharp drop
in metallicity of the stars in the transition from the
central part of the galaxy to the region of dominance
of the large-scale stellar disc. At that, the disc looks
dynamically cold, o < 60 kms™!.

4.6. NGC 3248

Starting at a distance of 100 kpc, the galaxy is sur-
rounded by a dozen of faint companions, the brightest
of which is only 3™ fainter than the host galaxy. The
central region of the galaxy, R < 15", was investi-
gated in detail by the panoramic spectroscopy at the
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SAURON spectrograph within the ATLAS-3D sur-
vey [, 18]. The galaxy proved to contain a lot of gas,
both ionized and molecular, and this gas counter-
rotates with respect to the stellar component. We
have extended the kinematic profiles to the distance
of 30” from the center and confirmed the counter-
rotation of gas concentrated in the central region of
the galaxy. The gas excitation is shock-type, there
are no signs of ongoing star formation. The age of
the stellar population both in the center and in the
galactic disc is intermediate, but the central regions
are significantly more metal-rich than the disc.

4.7. NGC 6615

The galaxy is classified as barred in the databases.
Visual analysis of the SDSS images confirms that a
compact bar is present and oriented almost perpen-
dicularly to the major axis of the galaxy. The surface
brightness profile reveals a very noticeable extended

lens with a flat brightness distribution, the exponen-
tial disc itself starts at the radii greater than 40”. The
sensitivity of our spectroscopy with a high-resolution
VPHG2300 holographic grating (the grism) was not
enough to reach the disc, we have identified the char-
acteristics of the stellar population only in the bulge
and in the lens. The age of the stellar population is
uniformly old throughout the entire measured part of
the galaxy. It is possible that between bulge/bar and
the lens a relatively younger narrow ring is present.
The metallicity is below solar everywhere, while in the
lens it is significantly lower than solar, at least 3—4
times. The gas in the galaxy has not been detected,
but the lens is dynamically relatively cold.

4.8. NGC 6654

Quite a large galaxy with a large-scale bar and a
disc of low surface brightness. The NED database

classifies it as (R")SB(s)0/a. We have borrowed the
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Fig. 3. A comparison of the velocities, age, and metallicity dispersion with relative enrichment of o elements ([Mg/Fe]) for

different structural components of the galaxies.

analysis of the photometric structure of the galaxy
from [2]. The outer edge of the disc reveals an emis-
sion gas ring of star formation. Apart from this outer
ring, the gas is only present in the central region of
the galaxy, where it demonstrates impact excitation
and rotates too fast for the plane of symmetry of the
galaxy, inclined at an angle of 45° to the line of sight
(according to the HyperLeda). In our work [21] we
have speculated that central gas rotates in the plane
inclined to the main plane of symmetry of the galaxy.
The characteristics of the stellar population (Fig. 1)
indicate that the disc is younger and richer in metals
than the bulge. Keeping in mind the residual star
formation at the periphery of the disc, we can state
that the NGC 6654 is a rare type of lenticular galaxies,
where a rejuvenation (or secondary star formation)
took place in the disc but not in the central re-
gion. Moreover, given the noticeable overabundance
of magnesium relative to iron in the disc (Table 3), this
rejuvenation had a character of a very brief burst in the
expanding wave of star formation.
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4.9. NGC 6798

Another galaxy after NGC 3248 which was in-
vestigated within the ATLAS-3D survey [5, 18] and
in which a large-scale counter-rotating gaseous
disc was found, while the neutral hydrogen in this
galaxy continues to counter-rotate far beyond the
stellar disc. Analyzing the photometric structure of
the galaxy in the white-light image obtained with
the SCORPIO-2, we noted the presence of a ring
within 15”—=20". This ring is aged 5 & 2 Gyr which,
accounting for the error bar, almost coincides with the
age of the disc of 7+ 4 Gyr. It is also slightly colder
dynamically which is consistent with its possibly
younger age. At the same time the metallicity of stars
throughout the galaxy is homogeneous, being half-
solar.

4.10. NGC 7351

A lenticular dwarf galaxy with a low velocity dis-
persion of stars both in the center and in the disc,
and with a low rotation velocity. Its kinematics was
previously investigated in[47]. In relation with the low
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Fig. 4. Left: a comparison of the stellar velocity dispersion in the disc and in separate structures—rings or lenses. Right: a
comparison of the stellar velocity dispersion in the bulge and in the disc structures.

luminosity of the galaxy, the metallicity of its stars is
below solar, but if in the center it is lower than solar by
a factor of 2.5, it is 4 times lower in the disc. The age
of the stellar population monotonically increases from
the center to the edge of the galaxy, from 1.5 Gyr in
the nucleus to 5—8 Gyrin the disc. A comparison with
the features of the gaseous component of the galaxy
we studied in[21] has shown that in the center the gas
rotates with the stars and is excited by the current star
formation, and outside the central region the gas exits
from the plane of the galactic disc, and its kinematics
gets sharply mismatched with the stellar kinematics.
In this case accretion of external gas has obviously
taken place from a highly inclined orbit, while the
stationary conditions for star formation (rejuvenation)
have emerged only in the center of the galaxy, where
the gas has accumulated and consolidated.

4.11. UGC 4551

Another galaxy with a counter-rotating gas com-
ponent, which may rotate in the opposite direction to
stars right in the plane of the galactic disc [21]. Never-
theless, both the center of the galaxy and its external
disc contain a uniformly old, 7' > 10 Gyr, stellar pop-
ulation (Fig. 1). A lens with a flat brightness profile
is observed between the bulge and the disc. Here,
in the lens, stellar population is significantly younger
than in the disc and bulge. From the dynamic point
of view both the lens and the disc look quite “hot,”
o > 100 kms™t.

4.12.UGC 9519

The galaxy, although having an almost face-on
orientation to the line of sight (¢ = 23°, HyperLeda),
rotates very rapidly (Fig. 1). We [21] have noted the

apparent mismatch of the kinematics of gas and stars
in the long-slit observations. The panoramic spec-
troscopy data of the ATLAS-3D survey [5, 18] rather
testifies in favor of the internal polar gas disc in this
galaxy. As in the case of NGC 7351, the average age
of stars monotonically increases along the radius of
the galaxy, from 1.5 Gyr in the nucleus to about 5 Gyr
in the disc. The disc, being the oldest component
of the galaxy, is also the most dynamically hot,
o ~ 100 kms~!. Itis also the most metal-poor, about
twice poorer than the solar chemical composition. In
the center of the galaxy a slightly higher than solar
metallicity is observed given the recent additional star
formation activity.

5. DISCUSSION

Now we have to compare the stellar population
parameters of different components of the galaxies:
the ratio of average ages of stellar populations will
help build a sequence of basic evolutionary stages in
the life of the galaxy, while the magnesium-to-iron
abundance ratio will allow to limit the duration of the
main events of star formation. The main theoretical
paradigm to date, the Lambda-CDM model of the
evolution of the Universe, predicts that the classical
bulges of the early-type disc galaxies are the first
ones to get formed in the major merging events, and
only then the large-scale discs have to be assembled
around them by a smooth accretion of cold gas. How-
ever, there are observational facts contradicting these
predictions: one after another, the surveys on surface
photometry of galaxies consistently demonstrate a
correlation between the characteristic sizes of bulges
and discs. Interestingly, the presence of this correla-
tion does not depend on whether the given samples
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of galaxies are dominated by the classical or pseudo-
bulges [2, 48, 49]. Thus, it seems like the formation of
bulge and disc structures in galaxies is synchronized.

This is exactly what we can see in Fig. 2. A com-
parison of the average ages of stellar populations of
the bulges and flat components, namely, the discs
and lenses, shows that our objects are grouped to the
bisector, i.e., on the average the ages of the stellar
population in the bulge and disc are the same. How-
ever, there are two objects in which the age of the
disc is confidently shorter than the age of the bulge.
This is the essential difference between the properties
of the evolution of our isolated lenticular galaxies:
on the same diagram for the galaxies in denser envi-
ronments, built by Sil’chenko et al. [50], the objects
are grouped in the left upper corner, above the bi-
sector, i.e., the ages of discs are either equal or older
compared with the bulge age. It was quite natural to
expect this physical difference between the galaxies
in groups and isolated galaxies: all the mechanisms
of the external effects on the galaxy associated with
a dense environment, both gravitational and gas-
dynamic, lead to the “inflow” of gas to the galactic
center, thus provoking the secondary star formation
bursts exactly in the central areas, in the regions
dominated by the bulge [51, 52]. Interestingly, the
bulges and discs prove to possess equal magnesium-
to-iron relations. This means that either the star for-
mation ends quickly in both structures or that it goes
on for billions of years here and there. This result,
namely, the equality of both the average ages, and
the Mg/Fe ratio allows us to strengthen the thesis
of the synchronous formation of bulges and discs:
the star formation in both starts and ends quasi-
simultaneously. At that, the average metallicity of
stars in the discs is lower than that in the bulges. Does
this mean that the accretion of metal-poor gas mainly
occurs in the disc, and the “fuel” for star formation in
the bulge gets there after its enrichment by the heavy
elements in the disc?

Figure 3 compares the Mg/Fe ratio, character-
izing the duration of the last star formation episode,
with the other characteristics of stellar population for
all three types of structural components. Again, we
see an impressive synchronicity of the evolution of
bulges and discs: in all the dependencies the points for
different structural components are uniformly mixed
in the graphs. The correlation of the magnesium-to-
iron ratio with the stellar velocity dispersion, char-
acterizing the local density of gravitating mass, is
well known for the elliptical galaxies and bulges [53]
and is considered to be the proof of the relationship
between the star formation efficiency and the potential
well depth. However, the leit panel of Fig. 3 reveals
us for the first time that this correlation is also true
for the discs of isolated galaxies, and it is very nearly
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better than the one for the bulges. By analogy, it
can be assumed that the deeper is the local potential
well in the galactic plane, the higher is the accretion
rate of the external gas, while a higher accretion rate
provides for a more efficient star formation.The middle
panel of Fig. 3 compares the Mg/Fe ratio and age of
the stellar system. We can see the linear envelope on
the right (the dotted line), which focuses most of our
galaxies. These are probably the stellar systems that
have begun their formation in the early Universe at
the same time, at z = 2—3, and have finished it dif-
ferently: those that finished it quickly have a high av-
erage age of the stellar population and a high Mg/Fe
ratio, and those where the star formation continued
for many billions of years have evolved to the solar
Mg/Fe ratio. However, the distribution in the middle
panel of Fig. 3 has a diffuse tail to the left of the
dotted line of the main sequence, and this tail contains
both discs and bulges. These are the stellar systems
where the last star formation episode took place later
than in the general population of galaxies. Indeed, in
order to have both [Mg/Fe] = 40.2 and the average
stellar population age of 1.5—3 Gyr, they needed to
undergo their 1.0—1.5 Gyr of active star formation
much later than at z = 0.5 redshift. Therefore, it turns
out that the star formation episodes in isolated lentic-
ular galaxies may take place at different times and
have different durations.

And finally, a few words about the lenses in the
S0 galaxies, which are considered to be genetically
related with the former rings of star formation. Until
now, the prevailing point of view was that the stellar
population in lenses is old, and they are dynamically
hot [54, 55]. However, this view is based on the study
of unitary objects. In our small sample we were able
to determine the properties of the stellar population
in seven lenses/rings. We can confidently state that
the lenses we have studied represent disc structures.
On average, they have the same velocity dispersions
as those in the discs (the left panel of Fig. 4). When
we look at the velocity dispersion profiles, local peaks
can be found in the regions of the photometric profile
dominated by the lens, for instance, in NGC 3098,
NGC 6798, and UGC 4551; however, when perform-
ing the averaging across the entire region of the
lens, the peaks do not substantially contribute to
the resulting averaged velocity dispersion, while by
the magnitude the peaks do not differ by more than
20—30 km s~! from the velocity dispersion in the disc
which is comparable to the typical velocity dispersion
measurement error. The characteristics of the stellar
population in the lenses/rings are generally the same
as in the discs. We have only found one lens, located
in UGC 4551, which is considerably younger than the
surrounding disc. At the same time the lenses of an
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intermediate age, 3—5 Qyr, that agree by their stellar
population parameters with the discs were found in
five galaxies. With regard to the dynamic status of
the bulges, our small sample of isolated lenticular
galaxies proved to have practically the same number
of pseudo-bulges possessing the same stellar veloc-
ity dispersion with their discs, and classical bulges
which are dynamically hot (the right panel in Fig. 4).
This once again confirms that the bulges in lenticular
galaxies can be very different—both by their luminos-
ity and the contribution to the total mass of the galaxy
and by their origin and evolution. And this thesis is
valid even if we consider a sample of isolated lenticu-
lar galaxies, in which the influence of the environment
on the evolution seems to be minimized.

The results obtained for the stellar components of
the sample of isolated lenticular galaxies presented in
this article have confirmed our longstanding suspi-
cions about the influence of the environment’s den-
sity on the evolution of galaxies. Namely, in isolated
lenticular galaxies, unlike what is observed in the
members of groups and clusters, there is no fixed
epoch when the structural components form, they
may be generated at a z > 2 redshiit as well as only
a billion years ago. The scatter of average ages in the
discs of SO galaxies indeed increases with decreas-
ing density of the environment of galaxies [50] and
reaches its maximum among the isolated galaxies.

On what may the morphological “fate” of a given
disc galaxy residing in rarefied surroundings depend?
Why can it prove to be lenticular or spiral in our
epoch? Everything comes to the mode of accretion of
the cold external gas, which usually fuels star forma-
tion in the discs of spiral galaxies over billions of years,
and this mode is likely to be stochastic. A recent study
on finding the faint companions of isolated galax-
ies [56] has revealed an intriguing statistical feature:
in isolated lenticular galaxies the companions have
a systematically larger radial velocity difference with
the host galaxy than the isolated spiral galaxies, while
the isolated lenticular galaxies have no companions
whatsoever with the radial velocity difference of less
than 50 km s~!. Does this dynamic feature mean that
the companions of lenticular galaxies cannot infall
on their hosts in the near future, whereas for the
companions of spiral galaxies the dynamical friction
is enough to achieve their timely accretion? Let us re-
verse the thesis: it is possible that the orbital structure
of the group of faint companions is stochastic, and
those disc galaxies in which the system of the com-
panions is dynamically cold can provide fuel for the
star formation in the disc and become spiral, but those
which happened to have a dynamically hot system
of companions (or they have already long “dropped”
onto themselves all the companions that could be
dropped) stay lenticular. A similar hint has appeared

in the analysis of rotation of gas systems in the disc
galaxies. In virtually all the isolated lenticular galaxies
containing gas, its rotation is mismatched with the
rotation of stars [21]. This means that the gas was
accreted from the orbits inclined to the plane of the
main stellar disc, while in the spiral galaxies the gas
with the “decoupled” kinematics is much more rare.
This might imply that a steady accretion mode in the
disc plane provides stable accumulation of the cold
gas suitable for continuous star formation, while at
the inclined mode of gas infall certain dynamic effects
leading to its turbulence and preventing the star for-
mation can occur. For instance, generation of shock
waves during the passage of the potential well of the
galactic disc [57] or in the collision of the external gas
with the primary gas of the galaxy, already existing
in the disc. This effect, stemming from the geometry
of accretion of the external gas may also affect the
formation of the morphological type of a given galaxy.

6. CONCLUSIONS

In this paper we have presented the results of
spectroscopic observations of a sample of isolated
lenticular galaxies. As a result of observations at the
SCORPIO-2 and SCORPIO spectrographs of the
6-meter BTA telescope of the SAO RAS in the long
slit mode, we have measured radial profiles of the
rotation velocity, velocity dispersion, the average age,
and the average metallicity of stars in 12 objects.
One of them, IC 875, proved to be a low-luminosity
elliptical galaxy; we have analyzed the statistics of
the obtained characteristics of the stellar population
based on the data of the remaining 11 galaxies. The
average ages of the stellar population in our sample
of isolated lenticular galaxies fill the full range of
values from 1.5 to 15 billion years, and, unlike the
S0 galaxies in denser environments, isolated galaxies
tend to have the same ages of stars in the bulges and
discs, i.e., they do not have the capability of separate
bulge rejuvenation. The lenses and rings of increased
stellar brightness, detected in 7 of 11 galaxies, usually
have stellar populations and stellar velocity dispersion
indistinguishable from the stellar populations of the
discs. We have concluded that probably the formation
of the morphological type of lenticular galaxies in
complete isolation critically depends on the possible
modes of accretion of external cold gas.
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