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ABSTRACT

Two lenticular galaxies with counterrotating stellar components in their disks have been studied with the
Multi-Pupil Fiber Spectrograph of the 6 m telescope (at the Special Astrophysical Observatory). In NGC
4138 the nucleus is certainly chemically distinct, with the central concentration of magnesium enhancement
marginally exceeding that of iron. The ionized gas within R = 4” of the nucleus rotates circularly in an
inclined ring, perhaps a kind of a circumnuclear polar ring surrounding a compact stellar minibar. NGC
4550 exhibits complex extended structures in its center that can be identified by enhanced levels of magnesium
and iron indices; the stellar population of the unresolved nucleus is younger than that of the circumnuclear
region. We conclude that although NGC 4550 does not possess a chemically distinct nucleus in the ordinary
sense of the term, there are nevertheless clear signatures of a secondary star formation burst confined perhaps
to the counterrotating stellar gaseous disk. We argue that the inclination of the counterrotating disk differs
from that of the main stellar disk, implying that the two disks are not coplanar. Both galaxies seem to have
possessed bars, either actually present or already dissolved.
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1. INTRODUCTION

It was back in 1992 that we first reported the existence of
chemically distinct (metal enriched) stellar nuclei in early-
type disk galaxies (Sil‘chenko, Afanasiev, & Vlasyuk 1992).
A preliminary statistical analysis implied that as much as
half of all Sa or Sb galaxies and at least a quarter of all SOs
may possess such nuclei (Sil‘chenko 1994). We now know
about two dozen well-studied cases. Recently a new French-
Dutch-British project of the two-dimensional spectrograph
SAURON has started at the 4.2 m William Herschel Tele-
scope (WHT), and one of the first attempts to map absorp-
tion-line indices in the centers of nearby early-type galaxies
has led to a discovery of a chemically distinct nucleus in
NGC 3384 (de Zeeuw et al. 2002). What may be an origin of
the chemically distinct nuclei? We noted that the phenom-
enon of chemically distinct nuclei is often accompanied by
that of multiple kinematical subsystems. For example, we
found chemically distinct nuclei in NGC 7331 (Sil‘chenko
1999b) and NGC 7217 (Sil‘chenko & Afanasiev 2000) where
counterrotating stellar subsystems had been reported earlier
by Prada et al. (1996) and Merrifield & Kuijken (1994),
respectively, as well as in NGC 4826 (Sil‘chenko 1996) and
NGC 7332 (Sil‘chenko 1999a), which contain counterrotat-
ing gas (Rubin 1994; Rix et al. 1995; Fisher, Illingworth, &
Franx 1994; Plana & Boulesteix 1996). As for a very regular
Sb galaxy NGC 2841, we began by finding there a chemi-

1 Partly based on observations collected with the 6 m telescope (BTA) at
the Special Astrophysical Observatory of the Russian Academy of
Sciences.

2 Guest investigator of the UK Astronomy Data Centre.

706

cally distinct nucleus and a circumnuclear polar gaseous
disk (Sil‘chenko, Vlasyuk, & Burenkov 1997b), followed by
a counterrotating stellar component, which we later discov-
ered in its bulge (Afanasiev & Sil‘chenko 1999). Circumnu-
clear polar gaseous disks in noninteracting spiral galaxies
are quite a new phenomenon, which might also be related to
chemically distinct nuclei; besides NGC 2841, we found
them in NGC 6340 (Sil‘chenko 2000) and NGC 7217 (Zasov
& Sil‘chenko 1997; Sil‘chenko & Afanasiev 2000). Chemi-
cally distinct nuclei might be in some way genetically
related to multiple kinematical subsystems. To further
explore this idea, we undertook a special study of stellar
population properties in the centers of two early-type disk
galaxies with counterrotating global stellar disks: NGC
4138 and NGC 4550. Table 1 summarizes the global param-
eters of these galaxies.

The most comprehensive analysis of the regular SO/a gal-
axy NGC 4138 has been performed by Jore, Broeils, & Hay-
nes (1996), who investigated the H 1 distribution and
kinematics, broadband ([ filter) morphology, and differen-
tial photometry, and made long-slit kinematic observations
of stars and ionized gas, which make up the most impressive
part of their work. The above authors found that gas—both
neutral and ionized—counterrotates with respect to the
major stellar component; however, there is also a counterro-
tating stellar component, which exhibits disklike velocity
dispersion and is concentrated toward the gaseous ring of
radius 22" (1.7 kpc). Also noteworthy are line-of-sight
velocity variations along the minor axis shown by the ion-
ized gas within +5” of the center: even though the whole
counterrotating matter is confined to the global galactic
disk as Jore et al. (1996) argue, there is a violation of circular
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TABLE 1
GLOBAL PARAMETERS OF THE GALAXIES

Parameter NGC4138 NCG 4550
Type (NED)...oovoovveiiiiiieieieeee SA(r)0* SBO
Ry5(kpc) (LEDA) oo 6.4 8.1
BY (RC3) e 12.08 12.36
Mp .o —18.94 —18.7
(B— V)% (RC3) 0.83 0.84
(U—=B)7 (RC3) i 0.31 0.38
V(radio) (LEDA) (kms~').............. 907 381
Distance, Mpc (LEDA, 14.6 17 (Virgo)

Hy = 75kms~ " Mpc™) .o

Inclination (LEDA) (deg).......cccc...... 61 90
P.A phot (LEDA) (deg) ....covevnnnnne. 150 178

character of rotation or of a well-settled planar distribution
in the very center. It also remains to carefully verify the
results of the photometric analysis by Jore et al. (1996), who
claim NGC 4138 (B/D =0.13) to be a globally disk-
dominated galaxy despite its very early morphological type.
The I-band brightness profile of NGC 4138 reported by Jore
et al. (1996) fits well a single exponential law at R > 10",
and the bulge of the galaxy is very compact and also expo-
nential. At the same time Baggett, Baggett, & Anderson
(1998) analyzed the V-band brightness profile of NGC 4138
and found a much more prominent de Vaucouleurs bulge
with r, = 22" and an inner cutoff of the exponential disk at
R =19". The morphology of the galaxy remains quite
unclear. We must add only that the galaxy possesses a ring
of H 11 regions at R ~ 22" (Pogge & Eskridge 1987) while
being morphologically unbarred.

NGC 4550 is an SO galaxy seen almost edge-on. Rubin,
Graham, & Kenney (1992) have noted in it two counter-
rotating stellar disks of comparable strength. Rix et al.
(1992) carefully analyzed a long-slit major-axis spectrum of
this galaxy and showed its counterrotating stellar compo-
nents to have identical exponential radial brightness distri-
butions at R > 6" and uniformly low stellar velocity
dispersion of less than 60 km s~!. Though the disky nature
of both counterrotating stellar components is beyond
doubt, the morphology of this galaxy remains ambiguous,
as is that of NGC 4138. Rix et al. (1992) and Fisher, Franx,
& Illingworth (1996) noted a small de Vaucouleurs bulge
seen only inside R =~ 5", with B/T estimates ranging from
0.16 to 0.3; Gavazzi et al. (2000) confirmed the predomi-
nance of the global disk component (B/T = 0.21) but
reported an exponential radial brightness distribution in the
bulge in the H filter. However, the sophisticated two-dimen-
sional decomposition of the V-image of NGC 4550 by
Scorza et al. (1998) yielded an exponential disk fully
embedded into a de Vaucouleurs bulge and everywhere
fainter than the latter (the total B/D = 5); similar results
were obtained by Baggett et al. (1998), who analyzed a one-
dimensional V-band brightness profile in terms of exponen-
tial and de Vaucouleurs law for the disk and bulge, respec-
tively: the disk was found to be everywhere fainter than the
bulge. Finally Simien & Michard (1990) and Caon,
Capaccioli, & D’Onofrio (1993) concluded that the bright-
ness profile of the dominant component in NGC 4550, be it
bulge or disk, is neither exponential nor de Vaucouleurs; it
can be best fitted by the Sersic law with n = 1.7. After all, we
do not yet know whether this galaxy is disk- or bulge-

dominated; if the latter is true, the question arises immedi-
ately: Why do Rix et al. (1992) see no kinematical signatures
of the bulge along the major axis? The very center of the gal-
axy within R = 3” (Rix et al. 1992) also exhibits a rather
unusual kinematical behavior: the stellar component with a
zero rotation velocity and a velocity dispersion of only 80
km s~! combined with rather rapidly rotating ionized gas.
Where is the kinetic energy of stars? Is the system not
virialized?

2. OBSERVATIONS AND DATA REDUCTION

The spectral data that we analyze in this work were
obtained with three different integral field spectrographs.
Integral field spectroscopy is a rather new approach, which
was first suggested by G. Courtes some 15 years ago (see
Bacon et al. 1995 for a description of the underlying idea of
the instrument). This technique allows one to obtain simul-
taneously a set of spectra covering a wide spectral interval
from an extended sky area, for example, from a central part
of a galaxy. A two-dimensional array of microlenses pro-
vides a set of micropupils, which are put onto to the entry of
a spectrograph. A reduction of a full set of spectra corre-
sponding to individual spatial elements yields a list of con-
tinuum and emission-line fluxes, line-of-sight velocities for
stars and ionized gas, and equivalent widths of absorption
lines, which are usually expressed as indices in the well-
defined Lick system (Worthey et al. 1994). The resulting list
can be transformed into two-dimensional maps of the
parameters mentioned above for the central part of the gal-
axy under study. This approach offers, besides the well-
known benefits of field observations, a unique opportunity
to superpose various two-dimensional distributions without
bothering about positioning problems. Two spectral ranges
are usually exposed, green (4800-5600 A) and red (6200
6900 A). The green spectra are used to calculate the Lick
indices HB, Mg b, Fe 5270, and Fe 5335, which are suitable
for determining metallicity, age, and the Mg/Fe ratio of old
stellar populations (Worthey 1994), and to cross-correlate
the galaxy spectra with the spectrum of a template star, usu-
ally of a KO IT1I-K3 III spectral type, to derive the line-of-
sight velocity field for the stellar component and in some
cases the map of stellar velocity dispersion. The red spectral
range contains the strongest optical emission lines Ha and
[N 11] A6583, which are used to derive the line-of-sight veloc-
ity field of ionized gas. The detailed log observations of
NGC 4138 and NGC 4550 galaxies made with three differ-
ent two-dimensional spectrographs is given in Table 2.

The observations in 1998 January were made with the old
variant of the Multi-Pupil Field Spectrograph (MPES) of
the 6 m telescope (Afanasiev et al. 1996). The instrument
operated in two modes with 8 x 12 or 8§ x 16 micropupil
arrays, supported by 520 x 580 and 1040 x 1160 CCD
detectors, respectively, with a spatial scale of 1”3 per micro-
lens and a reciprocal dispersion of 1.6 A per pixel (the spec-
tral resolution was 4-6 A and varied slightly over the
frame). We performed wavelength calibration by using sep-
arate exposures for the spectrum of the hollow-cathode
lamp filled with helium, neon, and argon; the internal accu-
racy of linearization was typically 0.25 and 0.1 A in the
green and red ranges, respectively. However, we checked the
accuracy and absence of systematic shifts in the velocity
scale by measuring strong night-sky emission lines [O 1]
A5577 and [O 1] A6300. In this variant of two-dimensional
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TABLE 2
TwO-DIMENSIONAL SPECTROSCOPY OF NGC 4138 AND NGC 4550

Exposure Spectral Range
Date Galaxy (min) Configuration Field (A) Seeing
1998 Jan 21 ....... NGC4138 60 BTA/MPFS+CCD 520 x 580 10" x 16” 47005400 274
1998 Jan 23 ....... NGC 4550 40 BTA/MPFS+CCD 1040 x 1160 117 x 21" 4200-5600 272
1999 Jun6......... NGC 4550 60 BTA/MPFS+CCD 1024 x 1024 16" x 15” 42005600 177
1999 Jun9......... NGC 4550 30 BTA/MPFS+CCD 1024 x 1024 16" x 15" 58007200 2”5
1999 Dec 12....... NGC4138 45 BTA/MPFS+CCD 1024 x 1024 16" x 15" 4200-5600 370
1999 Dec 15....... NGC4138 45 BTA/MPFS+CCD 1024 x 1024 16" x 15" 5800—7200 271
1999 Feb 21........ NGC 4550 120 WHT/SAURON+CCD 2000 x 4000 33" x 41” 48005400 370

spectroscopy, we also made a separate exposure of a blank
sky area several arcminutes from the galaxy, because we
needed sky subtraction to calculate properly the equivalent
widths of the absorption lines. We checked the consistency
of our index system with the Lick system by observing nine
standard stars from the list of Worthey et al. (1994) and
found our indices to be in excellent agreement with those
tabulated by the above authors, with the mean deviations
being less than 0.05 A.

Later in 1998, a new variant of the MPFS became opera-
tional in the prime focus of the 6 m telescope.’ Compared
with the old variant, the new MPFS has a larger field of view
and wider total spectral range. This became possible
because of the use of optical fibers transmitting to the spec-
trograph slit the light from 16 x 15 square elements of the
galaxy image and another 16 fibers transmitting sky back-
ground light taken outside the galaxy, thus eliminating the
need for separate sky exposures. The size of one spatial ele-
ment was approximately 1”7 x 1”7. The detector used was
1024 x 1024 TK CCD with a reciprocal dispersion of 1.35
A per pixel and a rather stable spectral resolution of 5 A.
The wavelength calibration was performed in the same way
as in the previous variants of the MPFS observations. To
calibrate the new MPFS index system onto the standard
Lick one, we observed 15 stars from the list of Worthey et
al. (1994) during four observational runs. Figure la com-
pares the indices calculated directly from the new MPFS
spectra with those tabulated in Worthey et al. (1994). The
data points can be seen to form tight linear relations, which,
however, deviate slightly from bisectors. We have calculated
the linear regression formulae to transform our index meas-
urements into the Lick system; the rms scatter of data points
in Figure la about these linear relations is ~0.2 A for all
four indices considered and is therefore within the observa-
tional errors quoted by Worthey et al. (1994). We corrected
our index measurements for the broadening due to stellar
velocity dispersion, which usually differs substantially from
zero in the centers of early-type galaxies. We determined the
correction values by artificial Gaussian broadening of the
spectrum of the standard star HD 97907 by using various o
values. We then fitted fourth-order polynomials to the
derived dependencies of index corrections on o and applied
the resulting corrections to the measured index values prior
to reducing them into the Lick system. A typical correction
for stellar velocity dispersion is about 0.4 A in the spectral
indexato = 200 kms~!,

The third two-dimensional spectrograph whose data we
use in this work is the new SAURON instrument operated

3 See http://www.sao.ru/~gafan/devices/mpfs,/ .

at the 4.2 m William Herschel Telescope of La Palma
Observatory (see Bacon et al. 2001 for a detailed descrip-
tion). We retrieved the data for NGC 4550 obtained with
this instrument in 1999 February from the open Isaac
Newton Group (ING) Archive of the UK Astronomy
Data Centre. This instrument has a field of view of
41” x 33" and each spatial element has size 0794 x 0794,
Sky background is exposed simultaneously with the target
object 2’ from the center of the galaxy. The data cover the
spectral range 4800-5400 A with a reciprocal dispersion of
1.11-1.21 A, which varies from the left to the right edge of
the frame. Neon spectrum is used for comparison and linea-
rization is performed to an accuracy of 0.1 A by using a sec-
ond-order polynomial. The consistency of the resulting
index system with the Lick system is checked using seven
stars from the list of Worthey et al. (1994). Figure 15 com-
pares the indices measured directly from the SAURON
spectra with the values tabulated by Worthey et al. (1994).
The two index systems agree to within an rms scatter of 0.3
A, and therefore we apply no correction to the index system,
based on the SAURON data. This example demonstrates
that index systems usually depend on the shape of the con-
tinuum rather than on spectral resolution: the spectral reso-
lution of SAURON, which is equal to 3.5 A, differs more
from the standard Lick resolution of 8 A than does that of
the new MPFS of 5 A, whereas the SAURON index system
is closer to the standard one, perhaps because of the flat
spectral response of the instrument.

The exposure times for the galaxies observed with both
variants of the MPFS were chosen to be long enough to
achieve signal-to-noise ratios of no less than 60 (per ang-
strom unit) in the nuclei and <20 near the frame edges;
according to Cardiel et al. (1998), this level of signal-to-
noise ratio provides an accuracy of line indices ranging from
0.15 A in the center to 0.6 A for the individual spatial ele-
ments in the outer part of the galaxy. To keep the accuracy
constant along the radius, we also co-added the element
spectra obtained with every two-dimensional spectrograph
within concentric circular rings centered on the nuclei and
then studied the radial dependencies of the stellar popula-
tion properties by comparing our azimuthally averaged
absorption-line indices to evolutionary synthesis models of
old stellar populations by Worthey (1994). We estimate the
typical accuracy of our azimuthally averaged indices to be
better than 0.1 A.

For NGC 4138 we used in addition to the two-
dimensional spectral data some photometric data, namely,
the 200 + 160 s exposures made with the Hubble Space
Telescope Wide Field Planetary Camera 2 (HST WFPC2)
on 1997 July 7, using the F547M, which we retrieved from
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the HST Archive, and broadband BRIK images of the gal-
axy obtained within the framework of the Ursa Major Clus-
ter Survey of Tully, which we adopted from the CD-ROM
collection of the Canadian Astronomy Data Center.

All the data, spectroscopic and photometric, except those
obtained with the new MPFS, were reduced with the soft-
ware developed by V. V. Vlasyuk in the Special Astrophysi-
cal Observatory (Vlasyuk 1993). Primary reduction of the
data obtained with the new MPFS was performed using
IDL-based software developed by one of us (V. L. A.). The
Lick indices were calculated with our own FORTRAN pro-
gram and a FORTR AN program of A. Vazdekis.

3. NGC 4138
3.1. Nuclear and Circumnuclear Stellar Populations

We measured radial variations of the Lick indices Hf,
Mg b, Fe 5270, and Fe 5335 in the central part of NGC 4138
twice, in 1998 January with the old MPFS operating with a
8 x 12 microlens array and in 1999 December with the new
MPEFS and a 16 x 15 microlens array. Figure 2 compares
two sets of azimuthally averaged measurements within
R =9". No significant systematic discrepancies between
index measurements are in evidence here despite quite differ-
ent spectrographs and slightly different spectral resolutions.
Both sets of measurements yield rather accurate indices,
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and one can even note the poorer spatial resolution in 1999
December to show up in the Mg b profile.

Figure 3 shows a diagram of (Fe) versus Mg b [(Fe) =
(Fe 5270 + Fe 5335)/2], where we compare our measure-
ments to simple models of old stellar populations by
Worthey (1994). The indices are already corrected for the
broadening due to stellar velocity dispersion as measured by
Jore et al. (1996). One can see that the radial variations of
metal indices in NGC 4138 are roughly parallel to model
sequences, implying that the stellar populations in the
center of NGC 4138 are mildly magnesium-overabundant
([Mg/Fe]l ~ +0.2), and this magnesium-to-iron ratio
remains almost constant along the radius. The behavior is
similar to that of giant elliptical galaxies (Worthey, Faber,
& Gonzalez 1992), although NGC 4138 is more often classi-
fied as an SO-Sa galaxy and its bulge is of a very moderate
luminosity. Unfortunately, the strong contamination by
emission prevents the use of the Hf index for determining
the mean age of stellar population and disentangling age
and metallicity effects in this particular case. Nonetheless,
strong nucleus-to-bulge variations of mean metallicity show
up in the (Fe) versus Mg b diagram: the nucleus and the
bulge are closer to the models with above-solar and subsolar
metallicities, respectively. If we assume that the ring at
R = 5"-7", taken as a representative bulge area, lies beyond
the region affected by the nucleus under our moderate seeing
quality, the nucleus-to-bulge metal index differences are
AMg b =144 +£0.20 and A(Fe)=0.92 £ 0.13, corre-
sponding to a total metallicity difference of 0.6 dex, or a fac-
tor of 4, if equal mean ages are assumed for both stellar
populations. A relatively younger nucleus compared with
the bulge, which is typical for chemically distinct nuclei
(Sil‘chenko 1999a, 1999b; Sil‘chenko & Afanasiev 2000),
should imply an even greater metallicity difference.

Figure 4 demonstrates two-dimensional maps of the Lick
indices H3, Mg b, and (Fe) for the small central region of
NGC 4138 according to our MPFS measurements of 1999
December smoothed by a Gaussian with FWHM = 2”3,
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FiG. 4—MPFS index maps for NGC 4138. Green (A5000 A) continuum is superposed by isophotes; the second brightness peak northwest of the nucleus is

due to a foreground star.

The map of Hi absorption-line index tells us little about the
properties of stellar populations: throughout the entire cen-
tral region of NGC 4138 it is contaminated by Balmer emis-
sion, and the strongest contamination is observed near the
major axis of the continuum isophotes. But as far as metal
line indices are concerned, both Mg b and (Fe) maps reveal
the chemically distinct nature of the nucleus (the second
continuum brightness peak on the major axis northwest of
the nucleus and the corresponding minima in all indices are
due to a bright blue foreground star). However, the Mg b
and (Fe) indices can be seen to exhibit different behaviors:
magnesium is centrally peaked, whereas the maximum of
the iron index shows up as a resolved elongated feature. We
have already seen similar ““iron-rich circumnuclear disks”
in galaxies with chemically distinct nuclei, e.g., in the SO gal-
axy NGC 1023 (Sil‘chenko 1999a) or in the Sb galaxy NGC
7331 (Sil‘chenko 1999b), but it is for the first time that this

Ay, (arcsec)
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-6 —4
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structure is elongated in a direction close to the minor axis
of the continuum isophotes.

3.2. Central Kinematics of Stars and lonized Gas

Jore et al. (1996) performed a detailed analysis of the kin-
ematics of stars and ionized (as well as neutral) gas in this
galaxy, but this work is based only on observations made
with a long slit oriented along the major and minor axes.
We used a two-dimensional field spectrograph, and there-
fore our results shed additional light onto the peculiar kine-
matics of NGC 4138.

Figure 5 shows two-dimensional velocity fields for stars
and ionized gas (the latter is based on [N 1] A6583 emission-
line measurements). Both velocity fields look quite regular:
stars demonstrate a rigid rotation pattern, and the rotation
of ionized gas shows marginal local maxima of relative

Ay, (arcsec)

-6 -4 -2 0 2
Ax, (arcsec)

-}

Fic. 5.—Line-of-sight velocities of the stellar and gaseous components in the center of NGC 4138 (isolines), superposed on the green and red continuum

images.
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FiG. 6.—[N 11] A\6583 emission-line surface brightness distribution (isolines) superposed on the red (A6500) continuum image in the center of NGC 4138 (left)
and for comparison an HS7T WFPC2 image at the same scale and with the same orientation (right).

velocity 5”—6” from the center. In a rough sense, stars and
ionized gas counterrotate, as reported by Jore et al. (1996):
the receding side of the stellar rotation curve is the one
northwest of the center, and that of the gas rotation curve,
southeast of the center. But we now report a feature that is
of greatest, we would even say crucial, importance: the kine-
matical major axis (the direction of maximum line-of-sight
velocity gradient) of the stellar subsystem does not coincide
with this of the ionized gas subsystem, implying that the two
systems may rotate in different planes. Averaging over two
measurement sets and three radial bins yields for stars a kin-
ematical major-axis orientation of P.A.gx = 327° + 3° in
the 2”5-5" radial interval. The fact that the line of nodes of
the galactic global disk inferred from the orientation of the
outermost isophotes does not deviate strongly from this
direction (330° and 332° according to the Lyon-Meudon
Extragalactic Database [LEDA] and to our own photomet-
ric measurements reported in § 3.3., respectively) leads us to
conclude that stars within R = 3”-5" rotate axisymmetri-
cally in the global symmetry plane of NGC 4138. As for ion-
ized gas, its kinematical major axis in the same radius range
has a position angle of P.A,, = 116° £ 4° (according to
the line-of-sight velocity fields based on [N 1] A6583 and
[O 1] A5007 emission-line measurements) and thus deviates
by 35° from the line of nodes.

To what plane can we attribute this circumnuclear ion-
ized gas? Or does it experience strong noncircular motions?
Figure 6 (left) shows the surface brightness distribution in
the [N 1] A6583 emission line. The major axis of the inner-
most emission-line isophotes has a position angle of
P.A. =~ 113°, which is very close to that of the kinematical
major axis [the emission isophote deviation from the line of
nodes is even more pronounced in the more outer part at
R > 7", where P.A.(major axis) =~ 100°]. The coincidence of
the kinematical and photometric major axes is indicative of
planar axisymmetric rotation. The central angular rotation
velocity of stars, as estimated from the velocity field shown
in Figure 5,iswsini = 11.3 4 0.7 km s~! arcsec™!; the maxi-
mum central line-of-sight velocity gradient for ionized gas is
12.3 + 1.6 km s~ ! arcsec™!. The comparable velocity disper-
sions of stars and ionized gas (~150 and ~120 km s~!,

respectively; Jore et al. 1996) in the center of NGC 4138 and
the fact that the inclination of the gaseous disk implied by
the ellipticity of the emission-line isophotes shown in Figure
6 (left) does not differ strongly from that of the global stellar
rotation plane lead us to interpret the coincidence of the
maximum central line-of-sight velocity gradients for stellar
and ionized gas subsystems as conclusive evidence of cir-
cumnuclear ionized gas being confined to and rotating cir-
cularly in a plane inclined with respect to the global
symmetry plane of the galaxy. This point can be illustrated
by an F547W-band image of the central part of NGC 4138
obtained with the HST WFPC2 (Fig. 6, right). One can see a
straight dust lane crossing the center of the galaxy and
extending to a radius of at least 3”; the orientation of this
dust lane is P.A. = 115°—the same as that of the kinemati-
cal and photometric major axes of the gaseous emission.
The circumnuclear gaseous disk appears to contain a signifi-
cant amount of dust. The overall appearance of Figure 6
(right) gives the impression that the dust lane crosses the
central elongated structure at a right angle. If so, continuum
isophotes should be strongly twisted in the center. Or per-
haps this might be a false impression caused by the complex
distribution of dust? To answer this question, in the next
subsection we analyze the photometric structure of NGC
4138

3.3. Photometric Structure

To investigate the photometric structure of NGC 4138,
we used BRIK images of the galaxy taken from the survey of
the Ursa Major Cluster of galaxies by Tully (CD-ROM col-
lection at Harvard). The images were taken under good see-
ing conditions, FWHMx = 078/0"”9, and their analysis can
reveal a number of interesting details. Figure 7 shows the
variations of isophotal characteristics along the radius. One
can see that both the position angle of the major axis and
the ellipticity remain more or less constant at R > 25", and
we therefore may adopt these asymptotic values (the posi-
tion angle of the line of nodes of P.A.y ~ 150° and the incli-
nation of about 50°, which corresponds to an ellipticity of
0.36) for the entire global stellar disk. Inside R = 25" meas-
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Fic. 7.—Radial variations of isophote parameters in NGC 4138

urements made in different passbands are somewhat dis-
crepant in the systematic sense; these data must be obvi-
ously affected by the large amount of dust, with the K-band
measurements being the least sensitive. Strong variations of
the isophote parameters are observed inside R = 3”. The
blue-band isophote ellipticity increases toward the nucleus
and we may interpret this rise as a dust effect. However, the
major axis verges to the north-south direction consistently
in all filters, implying that this turn cannot be interpreted in
terms of clumpy absorption. The position angle of the cir-
cumnuclear continuum isophotes is close to P.A. ~ 13°,
leading us to conclude that the galaxy should have a com-
pact circumnuclear minibar or a minidisk around which a
quasi-polar gaseous ring rotates (because P.A.j, ~ 115%
see § 3.2).

We averaged surface brightness over elliptical rings with
P.A. =152°and 1 — b/a = 0.36 and fitted the outer part of
the profile within galactocentric distances of R = 25"-67"
by an exponential law. We found that at R > 8" the galaxy
is dominated by a global exponential disk; the exponential
scale length of this disk varies from 16”3 in B to 13”8 in K,
which is consistent with the /-band scale length of
15”8 + 0”1 (Jore et al. 1996). The central surface brightness,
By = 19.9, is very high compared with the canonical value
of 21.7 for most of the disk galaxies (Freeman 1970).
Figure 8 shows the residual K-band image after subtracting
the global exponential disk; the residual map is deprojected
onto the galactic plane with the line of nodes lying horizon-
tally. A prominent stellar ring is immediately apparent at

20

Yy, arcsec
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FiG. 8.—Residual K-band image of NGC 4138 after subtraction of the
global exponential disk. The image is deprojected to the face-on view with
the line of nodes aligned horizontally.

R = 21", which coincides exactly with the H 11 ring noted by
Pogge & Eskridge (1987); the brightness distribution is not
uniform along the ring, and its shape is not perfectly circu-
lar. We also constructed a B— R color map, which shows the
ring to be a very blue feature; a red half-ring at R = 15" bor-
ders the inner southeastern edge of the blue ring, and spiral
arms emerge from its outer edge and end at another red ring
at R ~ 35”. Outside R = 35" the global disk is featureless.

The residual K-band map shows an almost spherical
bulge inside R = 8” (Fig. 8); this region is also distinguished
by high stellar velocity dispersion, which exceeds 100 km s—!
(Jore et al. 1996). However, although the inner feature of
NGC 4138 is an obvious bulge, its radial brightness profile
can be well fitted to an exponential law with ry = 1”76 and
Ky = 14.2 and cannot be satisfactorily fitted to de Vaucou-
leurs law, which should be more appropriate for the bulge
of an early-type galaxy. Jore et al. (1996) obtained the same
result: they report an exponential bulge with a scale length
of 179 £+ 0”1 from the analysis of an I-band image of NGC
4138.

4. NGC 4550
4.1. Lick Indices in the Central Part

Our two-dimensional distributions of Lick indices and
azimuthally averaged radial variations of indices in NGC
4550 are based on three sets of wide-field spectroscopic data,
including two original ones obtained with the old and new
variants of the MPFS and the third set obtained with the
SAURON instrument. Therefore we compare in Figure 9
the radial profiles of indices based on all three data sources.
Also plotted are two integrated values—the Mg b and Fe
5335 indices—in the central 2” x 4” aperture and the Mg b
index in the bulge (4” £+ 2”5 from the center along the minor
axis) adopted from Fisher et al. (1996). The agreement is
excellent after proper index calibration, with no significant
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systematic shifts. We must point out only two important
details: the scatter of neighboring ring estimates is maximal
for the 1998 January MPFS data and the poor spatial reso-
lution of SAURON (seeing 3”) results in noticeable smooth-
ing of the HZ and Mg b profiles. We therefore consider the
1999 June MPFS data set to have the best quality among all
considered here; however, although the index distributions
based on SAURON data lack subtle details, they neverthe-
less cover a more extended area and therefore better reveal
large-scale trends of stellar population properties in the cen-
ter of NGC 4550. It can be seen from Figure 9 that the 1999
June MPFS data set is the only one to show a bona fide peak
of the HB absorption-line index in the center of the galaxy;
the slightly poorer resolution of the other data sets smooths
this feature out completely, thereby indicating the very com-
pact size and relative faintness of the distinct nucleus in
NGC 4550. Figure 10 shows diagnostic diagrams Fe 5270
versus Mg b and HJ3 versus [MgFe] = (Mg h(Fe))!/2 with
the evolutionary stellar population models of Worthey
(1994), which are used as a reference frame for the azimu-
thally averaged data of the 1999 June MPFS set. Figure 10a
demonstrates a quasi-solar magnesium-to-iron ratio for
stars 7” from the center. The unresolved nucleus has a mar-
ginally higher Mg/Fe ratio than the circumnuclear region
because of a mild depression of Fe 5270 in the very center.
However, on the one hand this magnesium overabundance
is very small, less than +0.1 dex, and on the other hand Fe
5335 has on the contrary a peak in the center, so the average
iron index, (Fe) = (Fe 5270 + Fe 5335)/2, is not indicative
of even a small magnesium overabundance of the nucleus.
Adopting the solar Mg/Fe ratio in the center of NGC 4550,
we would like to use the models of Worthey (1994) to esti-
mate the luminosity-weighted ages of the stellar populations
at different radii. However, Figure 105 shows that all the
measurements lie well below the ““ oldest ” model sequence,
implying that our measurements of the H3 absorption-line
index are strongly contaminated by the Balmer emission
line. We therefore can make only qualitative conclusions or
relative estimates. The point corresponding to the nucleus
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FiG. 10.—Diagnostic diagrams for the stellar population in the center of NGC 4550: (@) iron vs. magnesium diagram in which the nucleus and the
azimuthally averaged MPFS 1999 June data are plotted; (b) hydrogen vs. metals diagram with the same data for NGC 4550. Worthey’s (1994) models for old
stellar populations of various ages with [Mg/Fe] = 0 are plotted as a reference; the metallicities of Worthey’s models are (right to left) +0.50, 4+0.25, 0.00,

—0.22, —0.50, —1.00,—1.50, and —2.00.
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FiG. 11.—MPEFS index maps for NGC 4550. Green (A5000 A) continuum is superposed by isophotes

stands well above the compact cloud of the circumnuclear
measurements; at the same time, as we show below, emis-
sion lines, at least [O m] A5007 and [N 1] A6583, are stron-
gest in the nucleus, implying that the correction for the
depression of Lick H3 index due to emission must be maxi-
mal in the nucleus. This leads us to conclude that the true
Hp index in the nucleus is certainly higher than that in the
surrounding region, and given that metal line indices remain
approximately constant along the radius (Fig. 9), higher Hf3
index should imply lower age. If interpreted in terms of the
models of Worthey (1994), the 0.35 A difference between
Hp indices in the nucleus and in the circumnuclear region
implies a minimum age difference of 8 or 4 Gyr, if the aver-

index HB

1.0 1.2 14 16 1.8 20 3.0 3.2

index Mglb

34 36

age age of the nuclear stellar population is on average older
or younger than 8 Gyr, respectively. The final point of this
brief logical excursion is that the very compact (unresolved)
nucleus of NGC 4550 is certainly distinguished by the lower
mean age of its stellar population. Now the very last remark:
if the nuclear stellar population is on average younger than
that of the nucleus neighborhood, equal metal line indices
imply higher mean metallicity in the nucleus.

The azimuthally averaged radial profiles of absorption-
line indices in the center of NGC 4550 appear very smooth,
flat, and almost constant, thereby casting doubt on our
expectation of finding a chemically distinct nucleus in this
kinematically peculiar galaxy. However, two-dimensional
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FiG. 12.—Same as Fig. 11, but SAURON index maps
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distributions of the same indices reveal a very complex
structure of stellar subpopulations even in the very center,
within the zone of zero rotation. Figures 11 and 12 shows
the index maps obtained with the new MPFS and SAU-
RON, respectively. The former have spatial resolution twice
as high as the latter because of better seeing (1”7 versus
370), and therefore the smaller element-to-element scatter
of SAURON maps might be due to poorer spatial resolu-
tion; however, SAURON maps cover a larger area. One can
see a ~5”-long elongated feature in the very center of Figure
11 aligned along the position angle P.A. ~ 30°-50°. This
feature is characterized by enhanced H{ levels (indicative of
the younger age of the stellar population?), as well as by
higher Mg b and (Fe) indices (higher metallicity?). Also one
can note a slight asymmetry along the east-west direction in
the distributions of H3 and (Fe), although it does not look
very impressive. However, SAURON maps, which cover
more extended areas, reveal a very conspicuous asymmetry
with respect to the major axis in the distribution of the same
indices: the eastern half of the galaxy shows higher Hf and
lower Fe 5270 than the western one. When the map of [O 1]
emission-line intensity, which is also asymmetric (Fig. 16,
left), is taken into account, we can suggest the following
interpretation for this spectacular phenomenon. We have a
stellar gaseous circumnuclear disk, which is less inclined to
the line of sight than the main disk of the galaxy but has
approximately the same line of nodes. In this case we
observe the western half of the bulge mostly through the
ionized gas of this disk, resulting in a stronger contamina-
tion of the absorption-line index H{ by emission. At the
same time, the higher iron abundance of this disk, which
may have formed during a prolonged secondary star forma-
tion burst, results in higher Fe 5270 index levels west of the
nucleus. The spatial smoothing of SAURON data trans-
forms the elongated Mg-rich structure in the very center of
NGC 4550, which is seen in the MPFS Mg b map, into a
kind of Mg-rich two-armed spiral (Fig. 12); despite the
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rather low contrast of this feature (AMgb ~ 0.2 A), its regu-
lar shape looks very impressive and quite inexplicable. The
direction of the Mg-enhanced minibar in the SAURON Mg
b map is close to P.A.~ 60° and is thus intermediate
between the major and minor axes and consistent with the
MPFS Mg b map.

4.2. Central Velocity Fields of Stars and Ionized Gas

The main peculiarity of NGC 4550 is its two equal-
weighted counterrotating stellar disks, and therefore the
stellar line-of-sight velocity field for this galaxy is of particu-
lar interest. Figure 13 shows the stellar velocity field for the
center of NGC 4550 calculated via a formal single-Gaussian
fit to the cross-correlation peaks; Figure 13 (right) shows the
stellar velocity dispersion field obtained from the SAURON
data via the same fit. As expected based on previous kine-
matical studies of this galaxy, the circumnuclear stellar
velocity field appears very smooth and flat with no obvious
signs of rotation. However, because of a higher spatial reso-
lution of the MPFS data, a “ red ”” spot can be seen in Figure
13 (left) 2"-3" west of the nucleus. The asymmetry of the
same sign, albeit of lower contrast, can also be seen in Fig-
ure 13 (middle). A formal cosine law fit to the azimuthal var-
iations of the line-of-sight velocity gradient yields the
kinematical major-axis position angles of P.A.j = 310°
(MPFS) and P.A.; = 300° (SAURON) in the radius inter-
val 175-3"0, with cosine amplitude estimates of 1.4 + 2.3
km s~! arcsec™! (MPFS) and 1.0 £ 1.8 km s~! arcsec™!
(SAURON). The corresponding position angles for the
radius interval 370472 are equal to P.A.j = 270° (both
MPEFES and SAURON), and cosine amplitudes are equal to
1.7 £ 2.2 (MPFS) and 1.4 £ 1.2 (SAURON). Although the
inferred cosine amplitudes are on the order of their standard
errors, the agreement of the kinematical major axis orienta-
tions based on independent observational data sets is
impressive; we believe that the velocity field asymmetry is
real. Recall that, according to our conclusions in § 4.1, the
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F1G. 13.—NGC 4550: Stellar line-of-sight velocities and velocity dispersion (gray scaled) calculated in the approximation of a single Gaussian LOSVD com-

ponent; A5000 A continuum is superposed by isophotes.
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F1G. 14.—NGC 4550: Results of Gaussian decomposition of the LOSVDs based on SAURON data.

western side of the circumnuclear region is the region of the
best visibility of the moderately inclined circumnuclear disk;
the shallow minimum of stellar velocity dispersion seen in
Figure 13 (right) in the same direction from the nucleus con-
firms this hypothesis. In a flat kinematical subsystem the
cosine azimuthal dependence of line-of-sight velocities with
a maximum at the P.A. orthogonal to the line of nodes
implies purely radial motions. Since in this particular case
the western side of the disk is the nearest to us, the “red”
spot there means contraction in the inner part of the circum-
nuclear stellar disk with a radial velocity of about
1-3kms~!.

However, we know from the previous kinematical studies
of NGC 4550 made with a long slit aligned along the major
axis and with a higher spectral resolution compared with
our measurements that the cross-correlation peaks in this
galaxy indeed consist of two Gaussians with roughly sym-
metrical positions with respect to the systemic velocity of
the galaxy (Rubin et al. 1992; Rix et al. 1992). We therefore
performed Gaussian analysis of the cross-correlation peaks,
assuming that there are two components everywhere except
at the very center where the low formal stellar velocity dis-
persion, which implies too small a separation between the
velocity components, prevents the application of this proce-
dure. Hereafter we refer to the velocity component that is
the strongest on the major axis 10”-15" from the center (one
can see corresponding light and dark spots in Fig. 13, mid-
dle) as ““the main,” and the velocity component with the
opposite sense of rotation as the ““secondary.” Figure 14
shows the smoothed velocity fields of the main and secon-
dary components. At first glance, they secem to be almost
perfect mirror images of each other. However, a closer
inspection reveals that the secondary stellar component is
more extended in the east-west direction (orthogonally to
the major axis) than the main one. This impression is fur-

ther confirmed by the fact that in Figure 13 (middle),
where the cross-correlation peaks are fitted by a single
Gaussian, which therefore reflects the dominant kinematical
component, one can see that the sense of rotation changes
abruptly when it recedes east or west from the major axis by
more than 6”. The appreciable extension of the secondary
velocity component in the direction orthogonal to the major
axis (along the z-direction) implies first and foremost its
possible relation to the moderately inclined circumnuclear
disk, which we feel shows up in the distributions of Lick
indices.

Contrary to that in stars, the ionized gas in the center of
NGC 4550 is known to rotate rather rapidly (Rix et al.
1992). We measured its two-dimensional velocity field by
using two emission lines: [N 1] A6583 (the new MPFS) and
[O ] A5007 (SAURON). The results are presented in Fig-
ures 15 and 16. As expected from earlier results (Rix et al.
1992), the rotation sense of the ionized gas generally agrees
with that of the secondary stellar component: the northern
half of the disk is receding. This agreement confirms our
idea that the secondary stellar velocity component is related
to the circumnuclear stellar gaseous disk. But the new detail
is that the kinematical major axis of the ionized gas is not
aligned with the major axis of continuum isophotes. A
cosine law fit to the azimuthal variations of the line-of-sight
velocity gradients within R = 3” yields P.A.y = 40° and the
projected angular rotation velocity wsini = 32.3 4+ 13.0 km
s7! arcsec™! (MPFS data), and P.A,=17° and
wsini = 15.5 + 3.8 km s~ ! arcsec™! (SAURON data); the
MPFS data, which have higher spatial resolution, imply a
local extremum of rotation velocity in 3”— 4" galactocentric
distance interval. The direction of the turn of the kinemati-
cal major axis of the gas component coincides with the
orientation of the Mg-enhanced feature in the center of
NGC 4550. However, the fact that the major axis of contin-
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F1G. 15.—NGC 4550: [N 11] 6583 emission brightness distribution (left, isolines) and the line-of-sight velocity field of ionized gas (right, isolines) superposed

on the red (A6500 A) continuum (gray scaled) from the MPFS data.

uum isophotes exhibits no similar turn in the center of the
galaxy might mean that the kinematics of the gas is indica-
tive of a triaxial (bar) structure, which does not show up in
the morphology because of the edge-on orientation of the
entire galaxy. A global bar in NGC 4550 should inevitably
manifest itself in the form of the radial stellar motions
mentioned above.

5. DISCUSSION

Both NGC 4138 and NGC 4550 are lenticular gal-
axies with lower than intermediate luminosity (Table 1)
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and small bulges, which is quite untypical for early-
type disk galaxies. The bulge of NGC 4138 is undoubt-
edly exponential, whereas the situation with the bulge
of NGC 4550 is less clear and requires further
discussion.

5.1. Minor Mergers?

In § 1 we reviewed the history of bulge-disk decomposi-
tion in NGC 4550 and mentioned that the results were
ambiguous. The complexity of this procedure when applied
to NGC 4550 is due to the edge-on orientation and early
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F16. 16.—NGC 4550: [O 1] A5007 emission brightness distribution (/eft, isolines) and the line-of-sight velocity field of ionized gas (right, isolines) superposed

on the green (A5000 A) continuum (gray scaled) from the SAURON data.
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morphological type of the galaxy, which implies that the
stellar disk is thick and therefore prevents the application of
the usual approach when the bulge brightness profile is suc-
cessfully inferred from the minor axis cross section. Another
method for decomposing edge-on lenticular galaxies into
bulge and disk components was first proposed by Simien &
Michard (1990) and later by Scorza et al. (1998). It involves
the construction of the radial profile of the fourth Fourier
cosine coefficient, a4, of azimuthal brightness variations and
is based on the assumption that bulges have purely elliptical
isophotes. The idea is to subtract an edge-on disk compo-
nent with a positive a4, which is assumed to be superposed
on a spheroidal bulge, until residual brightness isophotes
become pure ellipses. Needless to say, this method does not
work with galaxies that have peanut-shaped (boxy) bulges.
But even if it works and yields something with purely ellipti-
cal isophotes as the final product of decomposition, we can-
not be sure that the residual distribution is that of a bulge.
Let us imagine for an instant that we have two flat circular
disks with different inclinations; then, after subtracting the
disk with the more edge-on orientation by using the above
method, we obtain the brightness distribution of the second,
more face-on disk, as the residual, and its isophotes would
be pure ellipses. We believe this to be the case in NGC 4550.
The component of NGC 4550 that is photometrically domi-
nant in the central part cannot be a bulge: we see no clear
bulge signatures in its kinematics. The low stellar velocity
dispersion of both counterrotating components proves
them to be disks. The fact that the relative intensity of two
counterrotating stellar components varies along the z-axis
(in the direction orthogonal to the line of nodes) is indicative
of different inclinations.

Adopting the hypothesis of two stellar disks with different
inclinations for NGC 4550 allows us to reinterpret the
brightness profiles of the decomposed components obtained
by Scorza et al. (1998): the component that they considered
to be a bulge with a quasi—de Vaucouleurs profile resembles
in fact two exponential segments with different scale lengths
and may be a moderately inclined two-tier disk. Disks with
two exponential scale lengths exist—we have recently found
several such disks in galaxies with chemically distinct
nuclei—NGC 5533 (Sil‘chenko, Burenkov, & Vlasyuk
1997a), NGC 7217 (Sil‘chenko & Afanasiev 2000), and
NGC 615 (Sil‘chenko, Vlasyuk, & Alvarado 2001). We pro-
posed a new scenario to associate the origin of these global
multitier disks with that of chemically distinct nuclei and
thereby with secondary bursts of nuclear star formation.
Our scenario involves catastrophic radial redistribution of
gas in global disks of galaxies during minor merger events,
which in addition triggers secondary bursts of star forma-
tion. According to Lin & Pringle (1987), the exponential
scale length of a gradually forming stellar disk is determined
by the initial size of its gaseous progenitor, implying that the
catastrophic compression of the global gas distribution
toward the center of a galaxy at any intermediate epoch
accompanied by continued global star formation would
produce a global stellar disk with two exponential scale
lengths. Minor mergers are the most popular explanation of
the origin of counterrotating stellar components (Thakar &
Ryden 1996, 1998), and therefore such an event may indeed
have produced a two-tier global disk in NGC 4550, pro-
vided that the global disk of the galaxy still retained some
primordial gas at the time of the minor merger. The secon-
dary gas of the infalling satellite with a different angular
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momentum may in turn provide the material for the forma-
tion of another disk with a different inclination.

5.2. Triaxial Potential?

A global bar may provide an alternative mechanism for
throwing gas toward the center and possibly inducing some
counterrotation in the stellar component (Athanassoula
1996; Wozniak & Pfenniger 1997). Although NGC 4138 is
classified as an unbarred galaxy and one can hardly expect
to note a bar in NGC 4550 because of its edge-on orienta-
tion, both galaxies nevertheless exhibit some characteristic
features that are usually associated with bars. A prominent
H 1 ring at R = 21”7 in NGC 4138, which we also found to
be accompanied by red and IR continuum enhancement, is
a typical signature of the inner Lindblad resonance in a tri-
axial potential (Buta & Crocker 1993). The significant large-
scale warp of the kinematical major axis of neutral gas
observed in this galaxy (Kornreich et al. 2001) leads us to
conclude that the dark halo around NGC 4138 is also
triaxial.

As for NGC 4550, the diversity of rotation curves of two
counterrotating stellar disks inside R = 8" is difficult to
explain without invoking bar effects. In the axisymmetric
case both stellar disks, which are dynamically cold, if
observed along the line of nodes should exhibit purely circu-
lar velocities determined by the (common) gravitational
potential. The major-axis cross sections of the line-of-sight
velocity fields of both stellar components should therefore
appear similar if transformed into absolute rotation veloc-
ities that differ only by a factor of sini /sini,. Figure 17
shows rotation curves of both counterrotating stellar disks
of NGC 4550, based on the SAURON data: we used rela-
tive velocities (with respect to the nucleus) along
P.A. = 178° and mirrored the negative values into the posi-
tive ones. The rotation curves can be seen to be quite differ-
ent at R < 8”, with the rotation velocity of the main
component increasing slowly and quasi-linearly up to a
radial distance of R = 10”, whereas the secondary compo-
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FiG. 17.—Rotation curves (multiplied by unknown factors of sin i, ) of
the main and secondary stellar velocity components in NGC 4550 inferred
from the major-axis cross sections of the maps in Fig. 14.
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nent reaches its maximum rotation velocity at the inner edge
of the area decomposed. Rix et al. (1992) obtained the same
pattern of rotation velocities, without, however, discussing
it. Both disks are in the common gravitational field with the
same potential, and therefore discrepant rotation velocities
at the major axis are indicative of noncircular motions in at
least one of the disks. Flat rotation curves are commonly
obtained if measured along major axes of bars, and we
therefore suggest that the bar is hosted by the main disk.

There is yet another property of bars, which was pre-
dicted theoretically and can be now confirmed observatio-
nally: Friedli & Benz (1993) showed via dynamical
numerical simulations that counterrotating gas fueled
toward the center in a barred potential populates an inclined
plane where it remains for a long time as a thin stable fast-
rotating circumnuclear disk. Both galaxies considered here
exhibit such a warp of the gaseous rotation planes near the
center: in NGC 4550 the circumnuclear gaseous disk is
inclined with respect to the main symmetry plane of the gal-
axy by about 20°-40°, whereas in NGC 4138 we observe a
turn of the kinematical major axis of the ionized gas compo-
nent within R ~ 5” from the center, which is consistent with
the apparent orientation of the central gas-dust distribution.
However, the exact orientation of the circumnuclear gas
rotation plane remains ambiguous because of the projection
effect. Since the gas located at greater galactocentric distan-
ces in NGC 4138 is probably confined to the plane of the
main disk (Jore et al. 1996; Haynes et al. 2000), triaxial
potential seems to be the most natural explanation for the
inclined circumnuclear disk of counterrotating gas, at least
in this galaxy. As for the mutual inclination of the counter-
rotating disks in NGC 4550, it may be due to the initial ori-
entation of the angular momentum of the accreting gas, as
well as to the subsequent effect of the bar potential. How-
ever, the observed marginal discrepancy of the rotation axes
of ionized gas and secondary stellar component in the very
center of the galaxy might imply that both factors are
involved.

5.3. Concluding Remarks

After all, what is the answer to the question at the begin-
ning of this paper? Are chemically distinct nuclei mandatory
features in galaxies with multiple kinematical subsystems?
Or, in other words, does there exist a single event that simul-
taneously produces extended kinematically decoupled sub-
systems and centrally concentrated secondary bursts of star
formation?

To sum up our discussion of the galaxies considered, we
conclude that in NGC 4138 the nucleus is certainly chemi-
cally distinct, with the central concentration of magnesium
enhancement marginally exceeding that of iron. The same
pattern is observed in two other galaxies with stellar coun-
terrotation: NGC 7217 (Sil‘chenko & Afanasiev 2000) and
NGC 7331 (Sil‘chenko 1999b). NGC 4550 exhibits complex
extended structures in its center that manifest themselves in
mildly enhanced levels of magnesium and iron indices; the
stellar population in the unresolved nucleus is younger (on
the average) than that in its outskirts. This leads us to con-
clude that although NGC 4550 does not possess a chemi-
cally distinct nucleus in the sense defined previously, there
are clear signatures of a secondary burst of star formation,
which was possibly confined to the counterrotating stellar
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gaseous disk seen more face-on than the main disk of the
galaxy.

As for a single event that may have produced all the pecu-
liar phenomena discussed above, must it certainly be a
minor merger? Recently an interesting hypothesis was pro-
posed: Aguerri, Balcells, & Peletier (2001) suggest that ini-
tially all bulges in spiral galaxies have exponential (surface)
density profiles and only after accreting a dense satellite
some of them acquire the classic de Vaucouleurs shape.
Although the particular numerical simulations performed
by the above authors confirm such an evolutionary sce-
nario, it seems to us that much depends on the amount of
dissipation. Our observational finding of the relation
between chemically distinct nuclei and exponential bright-
ness profiles in the bulges of the early-type disk galaxies
NGC 7217 and NGC 4138 (plus several cases of isolated
compact inner disks) is rather indicative of highly dissipa-
tive evolution of disk galaxies involving catastrophic radial
redistribution of gas after a possible minor merger event.
Such a path of secular evolution is likely to result in expo-
nential profile inner structures. However, whether a minor
merger is indeed needed to cause the catastrophic radial
redistribution of gas and produce counterrotating sub-
systems is still an open question. All these consequences
may be a result of a transient large-scale bar.

Transient bars are very promising objects for the hypoth-
esis of galaxy secular evolution and for our particular cases
of galaxies with counterrotating stellar disks. First of all,
bars provoke gas inflow into the center, providing a supply
for the central star formation bursts. Secondly, a counterro-
tating stellar component can also be formed by a slow evo-
lution of a triaxial potential: for example, Evans & Collett
(1994) explain counterrotation in NGC 4550 by the dissolu-
tion of a bar, and Tremaine & Yu (2000) have proposed a
triaxial halo slowly changing its rotation as a possible cause
of retrograde disk orbits in flattened galaxies that is applica-
ble to NGC 4138. Perhaps in NGC 4550 the global bar still
exists, because its kinematics is very typical for a triaxial
potential, and the absence of a prominent chemically dis-
tinct nucleus may be evidence of persistent bar influence: it
is known that bars smooth all the metallicity variations over
the radius (Martin & Roy 1994).

Certainly, a transient bar may be a by-product of minor
mergers or even of a mere galaxy interaction, and therefore
the two mechanisms may be closely related. However, we
cannot rule out possible spontaneous large-scale bar insta-
bilities in young disks of forming spiral galaxies.
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