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Abstract. The regular isolated Sab galaxy NGC 7217 has be@able 1.Global parameters of NGC 7217

studied with the Multi-Pupil Fiber Spectrograph of the 6m tele-
scope of the Special Astrophysical Observatory RAS (Nizhmijubble type  (R)SA(r)ab

Arkhyz, Russia) in two spectral ranges, the blue one including, 9.3 kpc
the strong absorption lines Mgand Fe and the red one in- BY, 10.53
cluding the emission lines dd and [NIT]A6583. We confirm Mg -20.5

the existence of a circumnuclear gaseous polar disk with a (&— V)3 0.77
dius of 3’ which we reported earlier. The same area, with@ — B)7  0.25

radius of 3—4", elongated orthogonally to the line of nodes, i§" 952km - 57" B B
distinguished by high values of the Lick indéxe) and shows a Distance 16.4 Mpclo=75km - 5= - Mpc™)
Mg/Fe ratio lower than solar. This implies that there were at leg&¢/%") 35

two discrete star formation bursts in the circumnuclear regic,l\jr'fél(phm) 95

with a temporal separation of a few Gyrs. We relate this pair of
bursts to the complex structure of the global brightness profile

. B T
of the galaxy, which may be decomposed into three exponen égdre_(:]allillé(e:t 56:'5 3139\()‘8)i’|'((-::r?:r:t|<60ag te; a& 91(?79:)’():".L:]|t:\|t'Ge (r:dl';k?S
segments with different scalelengths. —€9. | ) 1997a) or |

(Ryder et al. 1998), decoupled circumnuclear stellar disks (e.g.
Key words: galaxies: kinematics and dynamics — galaxies: N?Eﬁg%ggﬂsglilﬁéﬂ:;g';936)1’$2|2E; Fz:ci)rlglrjrgnisuec:?(laﬁrilsik-s
structure — galaxies: spiral — galaxies: evolution — galaxies: -9- o ‘ — . P
clei — galaxies: photometry — galaxies: individual: NGC 7217rql,arms (e.9.in NGC 5248, Laine et al 1‘)99.’ orin NQC 488,
Sil'’chenko 1999), etc. In some early-type spiral galaxies, e.g.
in NGC 4138 |(Jore et al. 1996) and in NGC 7217 (Merrifield
& Kuijken[1994), the existence of counterrotating stars in their
1. Introduction global disks was claimed. This may mean that discrete catas-
trophic events, such as minor mergers or gas accretion from a
A careful investigation of the inner parts in normal spiral galaxgtejite, govern the evolution of even quite regular galaxies.
ies with modern techniques reveals almost always a compligt there may also exist some intrinsic evolutionary processes,
cated structure which cannot be described by a classical Wt as bar formation and dissolution due to disk instabilities or
component model consisting of a centrally concentrated, ojgass concentration in the center, that can provide the same set
red, smooth de Vaucouleurs’ bulge and a more extended, yougGaroperties without any external action. We cannot yet prove
blue exponential disk with spiral arms. Among recent fingsither of these hypotheses because of the lack of detailed inves-
ings which may have serious implications for a global evolyiyations of even nearby galaxies. So any new, careful analysis
tionary picture we can mention papers on exponential bulggsSihe dynamics, structure, and stellar populations in normal

: ) _ spiral galaxies gives an additional chance to understand their
Send offprint requests 1@.K. Sil’chenko (olga@sai.msu.su) ;
N . ) volution.
Partly based on observations collected with the 6m telescope ofﬁwe Here. we present a detailed studv of the reqular isolated
Special Astrophysical Observatory (SAO) of the Russian Acade ' P y 9

of Sciences (RAS) which is operated under the financial supportrgﬁb galaxy NGC 7217, the global parameters of which are

Science Department of Russia (registration number 01-43) and on diieN in Table 1. The galaxy has a prominent bulge and a

from the ING Archive and the HST Archive. truly flocculent spiral structure: unlike some other flocculent
** |saac Newton Institute of Chile, Moscow Branch galaxies, e.g. NGC 2841 _(Block et al. 1996) or NGC 5055
*** UK Astronomy Data Centre, Guest Investigator (Thornley & Mundy 1997) which unveil grand design in the

T Isaac Newton Institute of Chile, SAO Branch NIR K-band, NGC 7217 preserves its non-wave appearance
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Table 2. Spectral observations of NGC 7217

Date Telescope Configuration Exposure Scale Spectral range  Dispersion  PA(top)

19.08.98 6m BTA MPFS+CCID024 x 1024 60min  170perlens  4250-5608 1.3A/px  215°
19.08.98 6mBTA MPFS+CCD024 x 1024 60min  170perlens  5650-7008 1.3A/px  215°
06.01.91 4.2mWHT ISIS+CCB00 x 1180 25min 0’335 perpx 8000-8844  0.74A/px  240°
07.01.91 4.2mWHT ISIS+CCB00 x 1180 20 min 0”335 per px  5830-668@&  0.74A/px 150°
07.01.91 4.2mWHT ISIS+CCB00 x 1180 20min 0”335 perpx 5830-6684 0.74A/px  240°
06.11.97 4.2mWHT ISIS+CCD024 x 1024  33min  0'335perpx 6150-7008 0.8 A/px 68°

even at2 um (Elmegreen et al. 1999). But it has another pu2. Observations and data reduction

zling morphological feature, namely, three stellar rings at ra(ilri1i 1998 we have undertaken two-dimensional spectroscopy of

of 12, 32", and77”, the innermost of which is accompanied b)N i X e

Lo ' GC 7217 with the Multi-Pupil Fiber Spectrograph (MPFS)
Ha emission enhancement and the outermost also by HI con- . .
centration, so both are sites of intense star formation (Butaol?tthe 6m telescope of the Special Astrophysical Observatory

al.|1995). Such star forming rings are usually treated as reg izhnij Arkhyz, Russia). Two spectral ranges were exposed:

nance loci of a bar. But morphologically NGC 7217 is a pureE(qblue-green one, 4250-56@0 and a red one, 56507060

unbarred galaxy; besides, a bar should produce awave spiral detailed parameters of the spectral observations are given

tern which is not observed in this galaxy. Buta etlal. (1995) trie 1 \?izledz. f‘ %ra:tmglzfi 120r0ig:loofveos p(:r EW; V\;%S used \tArlhIICh
to solve this problem, through a Fourier analysis of the I-bafoV'ided areciprocal dispersion o Bper pixel and a spectra

. o . / .
image of NGC 7217, and found amode m=2; the conclusion resolution of 3A. The seeing of FWHM#Z/6 was estimated

was
that the galaxy has a low-contrast bar aligned alBa~ 60°. f%‘ortl]'r?esst:: ”sare?:):fe?lsc?t::érvations have been made with the new
Perhaps, this bar is observed in the late stage of diSSOIUtienFiant of tﬁe anoramic spectroohotometer which became
as Athanassoula (1996) has discussed, the rings are more IGRGAN P . P b )

I rational at the prime focus of the 6m telescope in the

lived than the bars, which may be destroyed by a central mgg%

concentration. But the most striking peculiarity has been fougr[?OI of 1997. With respect to the previous variants of MPFS

o . ) ; Afanasiev et al. 1990, Afanasiev et al. 1996), the field of view
by Merrifield & Kuijken (1994): they have claimed the emstenc% now increased and the common speciral )range is larger due
of a counterrotating stellar disk. More exactly, from the anat% the use of fibers: thev transmit liaht frol6 x 16 sauare
ysis of stellar line-of-sight velocity distribution (LOSVD) data Iemerlljts of thle gaiaxy )i/mage tol tkll?e slit of tr>1<e spe(iltjrograph
they noted a counterrotating “wing” over the full radius rang 956 fibers) together with the sky background takéh away

H H _ /1 _ /!
which they have studied, namely frof = 10% to 2 = 60" from the galaxy itself (6 fibers). The size of one spatial ele-

H 1 H ” H 0
This “wing” contains 30% of all stars and does not becomrggnt is1” x 1" At the exit of the spectrographl@24 x 1024

weaker with radius; so they conclude that itis not a builge, Eg D registers all 262 spectra simultaneously. The primary re-

a counterrotating fraction of the global disk. Immediately, t . ) L . ;
question has been raised about secondary gas infall or a m'ﬁg)tf‘itleolgir?f thaenga;igs_(;?rigﬁ;’i\gt:; IsDIé.c;tpr\;tee:xtt)lrzcs:tis;r?tfﬁﬁgnt%e
merger, though the galaxy looks quite isolated. 9, P

. L . %CD frame, we linearize and analyse each spectrum individ-
We have already studied this interesting galaxy (Zasov -

. . S . S .ually. The one-element spectral characteristics, such as fluxes
SifchenkolI39V): from the ionized gas kinematics in the cit continuum or in emission lines, redshift, and absorption-line
cumnuclear region and from an analysis of the central isopholi% ces are then combined into t’vvo-dime’nsional arrarl) S corre-
we have detected an inclined gaseous disk in the very centeg onding to the galactic region under considerationywith the
NGC 7217 and reported a mass concentratioh-df0” M, in P 9 9 glon unc : :

help of software developed earlier in the Special Astrophysi-

i leus. During the | i :
its nucleus. During the last years our understanding was grocal Observatory| (Vlasyuk 1993) and with our own programs.

ing on how the phenomena of chemically distinct galactic con?g calculate absorption-line indices and their errors we have
(Silchenko et al. 1992) and kinematically decoupled gaseous u ption-iing ind ! w v

or stellar subsystems in disk galaxies may be related, both Sed also the program of Dr. Vazdekis. As a result, we ob-
ing produced by a secondary gas accretion or minor mer

event. For example, in NGC 2841 we have found a chem N
blue-green spectral range, we measure the absorption-line in-

cally distinct nucleus, a circumnuclear polar disk of ionized g . .
with a radius of 200 pc, and counterrotating stars in the buléc‘j,-';ceS HJ, Mgb, Mg,, Fe5270, and Fe5335 in the popular Lick

(Silchenko et al. 1997b,Afanasiev & Sifchenko 1999). ThaYStem (Worthey et al. 1994); to check the consistency of our

similarity between the gas and stellar kinematics in NGC zsﬂeasurements with the model indices calculated in this sys-

and NGC 7217 has stimulated us to search for a chemicz ik (Wortheyl 1994), we also observed stars from their list

o . : Worthey et al. 1994). Besides that, we use our blue-green spec-
distinct nucleus in the latter galaxy. The results of this search . e
. o . . . rd to derive a stellar velocity field in the center of NGC 7217
together with additional kinematical and photometric analyse[')sy cross-correlating elementary aalactic spectra with the spec-
are presented in this paper. 9 Y9 P P

trum of a K-giant star — the brighter component of the visual

an two-dimensional surface brightness distributions, veloc-
y fields, and maps of stellar population characteristics. In the
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binary STF 2788. In the red spectral range we have measupedt that the absorption-line indexdHwhich is a good indicator
baricentric positions of the emission line [IN\6583, which is of stellar population age, will be strongly contaminated by the
the strongest in the center of NGC 7217, to derive a velocigynission almost everywhere and therefore cannot be used. Sec-
field of the ionized gas. We have estimated the best accuracyoélly, in the nucleus itself a noticeable emission lind[A6200
our velocity measurements as 10 kit érom the night-sky line is seen, and as Goudfrooij & Emsellem (1996) noted, this emis-
[O11A6300 analysis. For the absorption-line index accuracy, w®n causes an overestimation of the absorption-line index Mgb
have made estimates using the method of Cardiel et al. (1998 cause it falls into the continuum band of this index. There-
the typical error of the indices varies for the EW-like indice®re we are forced to use an index Mwhich has a broader
from 0.15A in the nucleus to 0.3 in the individual elements continuum base than Mgb, but is more dependent on the correct
at the edges of the area investigated, and from 0.004 to 0.01dalibration of the global spectrum shape. To calculatg Mg
Mg, . To keep a constant level of accuracy along the radius, wse galactic spectra calibrated into absolute fluxes.
summed the spectra in concentric rings centered on the nucleusFig.d shows the isocontours of two-dimensional distribu-
and studied the radial dependencies of the absorption-line fiens of the Lick absorption-line indices, Mdleft) and(Fe) =
dices by comparing them to the synthetic models of old stell@e5270+Fe5335)/2 (right) in the central”16f NGC 7217.
populations of Worthey (1994) and Tantalo etlal. (1998). We €Bhe magnesium index is strongly peaked near the nucleus; it de-
timate the mean accuracy of our azimuthally-averaged indiageases rather symmetrically with radius, and the shape of outer
as 0.1A. Mg, contours is not too different from the shape of continuum
Also, we have taken several long-slit spectra of NGC 721ispphotes. However, in the very center an elongated structure
which have been obtained at the William Herschel Telescopesgems to appear at the limit of the spatial resolution; it is a bit
La Palmawith the ISIS, from the ING Archive. The details of exshifted to the east from the center of the brightness distribution.
posures are also given in Table 2. These CCD frames have b&ka distribution of the iron index is much more complicated. In
reduced with the software of Dr. Valeri Vlasyuk (VIasyuk 1993}he patchy pattern, one can distinguish an elongated structure of
The photometric data involved in our analysis are takemhancedFe) = (Fe5270+Fe5335)/2, also shifted to the east
from the ING and HST Archives. The broad-bahdmage of from the nucleus and much more extended than the analogous
NGC 7217 has been obtained on June 1st, 1998, at the 1msiaicture in the Mg map: it can be traced up t8 ~ 5”. We
cobus Kapteyn Telescope on La Palma. The exposure times wadrall refer to it as the ‘Fe-rich disk’; in the next sections we will
10 min, 10 min, and 5 min, but only the first of the exposuremgue that it can be indeed related to the circumnuclear stellar
was well guided; only this is analysed in this work. The seeimtisk. However, let us note here that the structure with the en-
quality is estimated from neighbouring star measurementshasiced metal absorption lines is elongated in the south-north
FWHM, = 1/5. The central part of the galaxy has been alddirection whereas the global line of nodes is oriented approxi-
observed by the Hubble Space Telescope. The earlier obsemately east-west (see Table 1).
tions with WFPC2 were made on June 10, 1994, through the Lick absorption-line indices have been well calibrated with
filter F547M, with an exposure time of 5 min (Principal Invesrespect to the integrated (luminosity-averaged) properties of
tigator: W. Sargent, Program ID: 5419). Later, it was observstellar populations in numerous works using evolutionary syn-
with the NICMOS2 through the filters F110W and F160W duthesis techniques. Our conclusions derived below are based on
ing 128 sec each on August 17, 1997 (Principal Investigator: khe models of Worthey (1994) and Tantalo et al. (1998) for
Stiavelli, Program ID: 7331). The spatial resolution Wasfor single-age single-metallicity stellar populations. Diagnostic di-
WFPC2 observations a2 for the NICMOS observations. agrams of index vs. index are presented in[Hig. 2. The diagram
We have derived morphological characteristics of the surfadee) vs. Mg, (left) is being considered by many specialists in
brightness distribution in NGC 7217 by analysing these imagestiemical evolution as a tool to limit the duration of the main star
The program FITELL of Dr. Vlasyuk has been used for tracingrmation episode (see, e.0., Matteucci 1994). When Worthey et
the isophote major axis position angle and ellipticity along tted. (1992) noted for the first time a magnesium overabundance
radius, and 2D image decomposition was performed with themost bright elliptical galaxies, this phenomenon was soon
software FVIZ and IMAR [(VIasyuk 1993) as well as with outreated as a natural consequence of the short duration of their
own programs. star forming epoch, less than 1 Gyr. The nature of this effect is
deduced from the theoretical prediction that magnesium has to
be produced mainly by SNell, which explode earlier than the
bulk of the iron-producing SNela from the same stellar gen-
eration; if the star formation process stops between these two
To study properties of the stellar populations in the central r@oments, the stars would have a higher magnesium-to-iron ra-
gions of ga|axies, we use metal- and hydrogen-”ne indices C@iq).than the solar, which Corresponds to continuous star forma-
fined to a rather narrow green spectral range, namelyMgb, tion. The star formation histories in the centers of early-type
Fe5270, and Fe5335. In the case of NGC 7217 there are sdiisk galaxies are less clear than those in ellipticals, and ob-
problems with these indices, however. First of all, rather intenggrvational results on their Mg/Fe ratios are also contradictory.

Ho emission is observed in the center of the galaxy, except@ur statistics[(Sil'chenko 1993) showed evidence for a solar
the narrow radial range dt = 4” — 6. Therefore one can ex- Mg/Fe ratio in the centers of almost all disk galaxies, from Sc

3. A magnesium distinct nucleus
and a Fe-rich circumnuclear disk
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Fig. 1. Two-dimensional maps of the Lick absorption-line indices (isocontours) in the central region of NGC 721{lefilghe outermost
isocontour corresponds to 0.180, the step between isocontours is 0.00F)earfdght, the outermost isocontour corresponds to 25¢he
step between isocontours is AL The gray-scaled background is the distribution of the green continuum.
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Fig. 2. Comparison of our observational data for NGC 7217 with the models of Worthey (1994) and Tantalo et al. (1998) for [Mg/Fe]=0. The
ages of the models in the legend are given in billion years. The observational points connected by a dashed line — bells in tHg&@&iagram

vs Mg, (left panel) and circles in the diagranpHis (Fe) (right panel) — are azimuthally averages and taken along the radius with a step of

1”70, the bulge points starting frol® = 6”’; the points for the Fe-rich disk in the left panel are connected from its northern end to the southern
one; unconnected observational points are for individual elements. The metallicities for Worthey’s models are +0.50, +0.25, 0.00, —0.22, —0.50,
—1.00, if one takes the signs along the sequences from the right to the left, and for the models of Tantalo et al. they are +0.4, 0.0, and -0.7. The
mean data for ellipticals of intermediate luminosity on the left panel are taken from Trager et al. (1998).

to SO, in both bulge- and disk-dominated objects. Jablonkaetl. [1996), but mainly to a higher Fe5335 value Bifstead

al. (1996) reported a strong magnesium overabundance, u;mit@AA. Curiously, the estimate of Fe5270 made by Jablonka
[Mg/Fe]> +0.5, in bulges brighter thai/,. ~ —19.5, includ- et al. (1996) is quite consistent with ours. We cannot explain
ing our target galaxy NGC 7217. Our data in [Elg. 2 (left) differhe cause of the agreement in Fe5270 and the disagreement in
from those of Jablonka et al.: here, the nucleus of NGC 7217 liee5335 but we would like to note that in model calculations (e.g.
near the model sequences of Worthiey {1994) implying a sotsme Worthey 1994) the values of Fe5270 and Fe5335 obtained
Mg/Fe ratio or even a slight iron overabundance. This resultase almost equal to each other, as is the case in our data.

due to a smaller Mgestimate, 0.25 instead of 0.28 in Jablonka
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The points related to the bulge of NGC 7217 are dispersefithe line of nodes, coinciding in the case of an axisymmetric
around the model sequences with a solar magnesium—to—iedlipsoid (or a thin disk) with the photometric major axis. So by
ratio, and none of them fall into the area occupied by ditting azimuthal variations of the central line-of-sight velocity
lipticals of similar luminosity (/p = —19 + —20), whose gradients with a cosine curve, we can determine the orientation
mean locus is plotted using the data from Trager ef al. (199#)the dynamical major axis by its phase and the central angular
(a shaded horizontal band in Hig. 2, left). The azimuthallyetation velocity by its amplitude. To apply this procedure, we
averaged measurements for the bulge also lie along the seed two-dimensional velocity fields.
quences for [Mg/Fe]=0. But the most interesting behaviour is The new MPFS observations allow us to construct two-
demonstrated by the points taken within the Fe-rich circurdimensional velocity maps for the centre§” x 16” region
nuclear disk. In this rather bright, central part of the galaxgf NGC 7217. Fig.B shows such maps for the stars (left) and for
the accuracy of the arcsecond element indices, of, (&), is the ionized gas as traced by the[NA6583 emission (middle),
better than 0.3. The deviations of the extreme points of thas well as the stellar velocity dispersion map (right). One can
Fe-rich disk atR ~ 5" from the model sequence [Mg/Fe]=0see that two velocity maps look different. At first glance, the dy-
are at the 3 level, and certainly due to iron overabundanceéamical major axis of the stellar component seems to be close to
This is a rather puzzling observational phenomenon commibre global line of nodes, west-east. However it is strange that the
for some types of irregular galaxies (e.g. the LMC), and it lsrightness center coincides with a flat area in the velocity map.
usually treated as evidence for a bursty character of the dfathe dynamical center coincides with the brightness center,
formation (Gilmore & Wyse 1991, Marconi et al. 1994). Whemwe would obtain a central projected angular rotation velocity
approaching the center of the disk, the Mg/Fe ratio rises aaflonly (8 + 2) km/s/arcsec. If we shift the dynamical centér 3
near the nucleus it becomes close to solar. The total metalliditeythe east, to the point of maximum isovelocity crowding, we
of the circumnuclear disk is higher than that of the bulge. Oban increase,,,; = wsin(i) to (22 + 5) km/s/arcsec. Fortu-
viously, the Fe-rich disk is a secondary formation product. Timately, the direction of the maximum line-of-sight velocity gra-
star formation within it had to be strongly inhomogeneous, wittient, or the dynamical major axis, remains the same for both
an exotic mechanism to result in iron overabundance at its oulignamical center locations: it iBAg,,, = 241° + 2° within
edge: a kind of transient star forming circumnuclear ring. R = 3”, some 30 different from the line-of-nodes direction,

As we mentioned earlier, the age diagnostics in the centart coinciding with theP A of the low-contrast bar reported by
of NGC 7217 is complicated by the noticeable Balmer emiButa et al.|(1995). Outsid& =~ 3" the dynamical major axis
sion contaminating the Lick index/# So in the diagram B turns toP A4y, = 276°, implying an axisymmetric stellar rota-
vs. (Fe) (Fig.[2, right) the majority of the observational pointsion parallel to the symmetry plane of the galaxy. The velocity
trace only upper limits for the age of the stellar populatiomap for the ionized gas obtained by measuring the baricenters
But in the narrow gap between the LINER nucleus and the stdrthe [NII] emission line (H is less relevant because of the
forming ring (see Sect. 5), & = 4" — 6” the Hx emission is underlying absorption line) looks even more striking than that
absent and we can use thg Hbsorption-line index to estimatefor the stars. The isovelocities in the very center demonstrate
a luminosity-weighted age of the bulge stellar population. Froastrong so-called “S-shape” distortion, whose dynamical ma-
Fig.[2 (right) one can see that the bulge of NGC 7217 is rathjer axis direction changes by 9@ the radius range of’3-7".
old, at least 10 Gyr. The ages of the nucleus and of the Fe-rB# fitting a cosine curve to the line-of-sight velocity gradients
circumnuclear stellar disk cannot be determined exactly.  within 3" from the center, we obtain a projected angular rota-
tion velocity of (L7+7) km/s/arcsec and a dynamical major axis
PAgy, = —31° £ 4°, orthogonal to the dynamical major axis
of the stars in this radius range. Again, we find the signature of
4.1. Circumnuclear region a circumnuclear polar gaseous disk.

} . . The two-dimensional map of the stellar velocity dispersion
In the previous paper (Zasov & Sil'chenko 1997) we noted ihe central 16 region (FiglB, right) looks somewhat peculiar:

clear signatures of the dynamical distinctness of the nucleu%taugh rather smooth, it demonstrates an elongated ‘saddle’ of
NGC 7217: the rotation axis of the ionized gas insRlez 5" relatively lowa,, at aboutr, ~ 130kms-!, in PA ~ 60° and

turns by almost 90 Now we present further proofs of the ex, gjight increase of, along the kinematic minor axis on both

istence of a circumnuclear “polar’ gaseous ring (disk?) in thigyes of the nucleus. We have never seen anything like this and

galaxy. _ cannot give an interpretation of this map. The dynamical center
We now proceed to determine the parameters of the stellghich we define here as a center of symmetry of the stellar

and gaseous rotation around the nucleus of NGC 7217. Unggfo ity dispersion map again seems to be shifted to the east of
the assumption of planar axisymmetric rotation, the azimuthgl, brightness center.

dependence of central line-of-sight velocity gradients is:

4. Kinematics of stars and gas in NGC 7217

We can check our result on the decoupled rotation of the

dv, /dr = wsinicos(PA — PA circumnuclear ionized gas with the long-slit spectral data from
or/dr = wsini cos( 0): the ING Archive. Figl#t shows line-of-sight velocities measured

wherew is the deprojected central angular rotation velogity, from [NII]A6583 and H emission lines inPA = 68° and

the inclination of the rotation plane arfeiA, is the orientation PA = 150°. In PA = 68°, not too far from the line of nodes,
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one can see a flat velocity profile segment in the very centgaseous disk rotating in a plane orthogonal to the global plane
till £3” from the nucleus, implying that the dynamical majoof the galaxy.

axis of the circumnuclear ionized gas is aligned orthogonally, in

PA =~ 158° (or—-22). Outside this central region the gas show
much larger projected velocities with respect to the nucleus.
PA = 150°, consistent with the previous cross-section, thH€inematics of the ionized gas in NGC 7217 has been studied
central part of the velocity profile shows fast decoupled rotationore than once. Long-slit cross-sections along the major axis
within 4" from the nucleus with a slope of 24 km/s/arcsec were obtained by Peterson et &l. (1978), Rubin et al. (1985),
evidently, this direction is close to the dynamical major axis @ind Buta et al/ (1995), and our team also observed NGC 7217
the circumnuclear gas; outside the radius 6ftde projected with a long-slit spectrograph and a scanning Fabry-Perot inter-
rotation velocity falls to a half of the maximum value reached &rometer at the 6m telescope (Zasov & Sil’chehko 1997). We
the 4’ radius. Therefore, the long-slit cross-sections confirm theve now analyzed theddand [NIIJA6583 emission lines in
dynamical distinctness of the central region of NGC 7217 withthe three additional long-slit cross-sections taken from the ING
a radius of 3—4" and the existence of a ‘polar’ circumnucleaArchive. The results obtained over the full radius range are quite

h2. The whole galaxy
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Fig. 6. Long-slit cross-sections i A = 240° (left) and PA = 150° (right) of NGC 7217; stellar velocity dispersions obtained by cross-

correlation with the template star spectrum are plotted. Also the cuts simulated with the MPFS data in the corresponing position angles are

given.

consistent with the velocity curves published previously, and wige Gauss analysis of the cross-correlation peaks (as a template
star, we have taken HR 661). The results are presented ifi Figs. 5

do not present the raw velocity data here.

The stellar kinematics in NGC 7217 have received muemd[6. We confirm the existence of the counter-rotating stellar
less attention than the gas kinematics. Merrifield & Kuijkeoomponent seen in the cross-sections not far from the major
(1994) cross-correlated absorption spectra taken along the mpés, in PA = 240°. But its velocity profile (Fid.b, left) does
jor and minor axes in the spectral range near Mgft/5 with not represent a simple mirror picture of the main co-rotating
those of template stars, and reported a clear evidence of thenponent. While the main rotation curve is rather flat between
presence of a counterrotating stellar subsystem in the diskidt~ 10” and 3@, the counter-rotating component has a peak

NGC 7217: LOSVDs of stars look double-peaked in the fulearR = 10" —

15" and then already falls back to the sys-

radius range considered by Merrifield & Kuijken (1994), i.etemic velocity atR =~ 20”. If the result obtained by Merrifield

up to 60 from the center. However, their work lacks direc& Kuijken (1994) for major-axis cross-section differing by°30
measurements of the velocities of the co-rotating and countier A from ours is true, i.e., if two maxima of LOSVD are lo-
rotating components, after their separation in the spectra, as walled symmetrically with respect to the systemic velocity, this
as estimates of velocity dispersions, so their conclusion that thay signify that the planes of rotation of the co-rotating and
counter-rotating component is a part of the global disk of tlunter-rotating stars are different. The counter-rotating stellar
galaxy is not very convincing, as it is only based on an amubsystem may rotate faster than the co-rotating one; the rea-
biguous photometric decomposition. We have calculated stekan for this can be found in Fig. 6. The stellar velocity disper-
velocity profiles for two spectra i? A = 240°, one near the sion in NGC 7217 is strongly peaked near the nucleus where it
Nal\5890,5896 lines and another near thelCh triplet, and reaches about 160 ki §(previous estimate$85+18kms™1,

for one spectrum near Nan PA = 150° through an interac- Whitemore et al. 1979:224+3 km s~ !,[Dressler 1984). In both
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450F ISR Neln oot nelt tion curve obtained for the ionized gas with the scanning Fabry-
[ooooocgione: &elirir: eoot hatt Perot interferometer (Zasov & Sil’chenko 1997). We noted that
400 Rotation of fonized §Z§E m;g;:gtgg)@ this feature is located at the outer edge of the inner pseudoring
Lo RC obtloined by Pelerson et al. (1978) and perhaps related to some non-circular motions; but no de-
C (enelytic formule edopted by Merr tfield . . . .
350 and Kuijten 1994) tailed interpretation was given. Now, when we detect an even
g r ° stronger response to the ring in a dissipationless dynamical sub-
c 300 system, we are even more astonished about the nature of the
i: . inner pseudoring.
250
- om B 5. Surface photometry and central structure of NGC 7217
o o
£ g 5.1. The central region of NGC 7217
16@5 Lo e - From our red exposure with the MPFS we have derived the
ool ¢ e+ surface distributions of the emission-line intensities of &hd
L o . [N I1]1\6583, as well as of their ratio (see Hiyj. 8). NGC 7217 is a
co i o LINER, so the nitrogen emission is the strongest in its center; its
. . distribution (Fig[8, top) is concentrated towards the center, but
) S R T S R N R R still well resolved. The inner isophotes of the nitrogen emission
? 1 ‘ S 4 ° 6 be elongated approximately north-south, i.e. orthogo-
R, koo seem to g pp y , g

nally to the global line of nodes, but close to the dynamical major

Fig. 7. Deprojected rotation curves for the ionized gas (lines) and f8Xis orientation found in the previous section for the circumnu-
the stars (signes) in NGC 7217. The east and west halves of the gal@l@ar ionized gas. The surface distribution of the émission
are shown by different signes

(Fig.[8, middle) differs from that of [NT] A\6583: it demonstrates
an emission ring with the radius of 1,1as previously found by
Pogge [(1989). Besides the ring, a central concentration also

directions, inPA = 240° andPA = 150°, it falls rapidly with aligned along the north-south direction is present. Th&l[N
radius and becomes less than 100krhat R > 5. But the to—Ha ratio (Fig[®8, bottom) varies significantly over a tiny area
velocity dispersion of the counter-rotating component seemsaih a radius of 12: it is 0.5 in the Ry-ring, slightly above 1

be systematically lower than that of the co-rotating one, so sirmiethe inner edge of theddring, 4 in the nucleus and 5-10 at
both rotate in the same potential, the former has the faster tiee edge of the central emission concentration. We can easily
tation. As the stellar velocity dispersion of the counter-rotatingnderstand the [NI]-to—Ha ratios in the ring and in the nu-
component is of order of 50 knT$, we can surely state that it iscleus, as they are typical for a star formation site and for LINER
in a disk, so the guess of Merrifield & Kuijken_(1994) has beesxcitation, respectively, but the high [N]-to—Ha ratio at the

correct.

inner edge ofthe ring and at the outer edge of the central concen-

In Fig.[2 we compare the stellar and gaseous rotation cur¢egtion needs further explanation. Buta et lal. (1995) considered

deprojected with the orientation parametétd, = 85° and the rings in NGC 7217 in detail and noted that the-king co-

1 = 35° from the data noted in the legend. All three gas rancides with the continuumK&-band) ring, but inside of both
tation curves, the one from Peterson etlal. (1978) as apprakiere is a dust ring. Similar shifts between the stellar (gaseous)
mated by the analytic formula in the paper of Merrifield andnd dust features are observed in spiral arms and large-scale
Kuijken (1994) and our two, from the WHT-91 cross-section ibars, and there they are attributed to shocks. Our higH]N

PA = 240° and from the WHT-97 cross-sectionitd = 68°, to—Ha ratios in the center of NGC 7217 could be explained if
are in general agreement with each other: they are flat, withh& circumnuclear gaseous ring has a radial velocity component
maximum velocity level ob,..; ~ 270kms~! and a possible toward the center and if the central ionized gas disk is inclined
decrease by some 20 km'sin the radius range of 4.5-6 kpc.with respect to the plane populated by surrounding gas: then
The stellar rotation looks more irregular though we have takehocks would be arisen in the required locations.

into consideration the main component only, i.e. the brighter In our previous work (Zasov & Sil'chenko _1997) we re-
which is co-rotating with the gas. The highest values of stellported a turn of the isophote major axis and an increase of ellip-
rotation velocities are comparable to the gas ones, thus stipity inside R = 1” using HST WFPC2 data obtained through
porting the idea of disk predominance at alredtly: 1 kpc — the F547M filter (the pivot wavelength is 548%). But dust,

in favour of Kent's (1986) photometric decomposition (see thehich is obviously present in the center of NGC 7217, might
next section). But in many places the stellar rotation velocitiésstort the true shape of the brightness (mass) distribution. Now
fall below the gas rotation curve. The most striking feature @fe add NICMOS data at 1;dm and 1.:mwhich are much less
this kind is seen aroun®? = 3 kpc: at different directions and affected by dust. A comparison of the NICMOS and WFPC2
wavelengths (implying: for stars of different ages?) the stelldata (Figl®) shows their consistensy: indeed, the isophote ma-
velocity is 50% —100% less. Interestingly, a similar detail at ther axis turns by~ 90° and the ellipticity increases in the very
same radius was found by us in the azimuthally averaged rotenter of the galaxy. The central gravitational potential shape in
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Fig. 9. Radial variations of the isophote morphological characteristics
in NGC 7217 according to the data obtained with the WFPC2 and
NICMOS of the Hubble Space Telescope.

NGC 7217 may be an ellipsoid with a polar orientation of the
projected largest axis, or an axisymmetric ellipsoid with the line
of nodes orthogonal to the global plane of the galaxy. The latter
suggestion is consistent with the alignment of the dynamical
major axis of the circumnuclear ionized gas: this coincidence
proves the circular rotation of the gas in the polar plane. The
radius of the polar gaseous disk, sonte(350 pc), is larger
than the visible extent of the polar orientation of the photomet-
ric major axis, but as we see in the end of this section, the polar
stellar structure is more extended than it can be deduced from
the analysis of the integrated surface brightnesseatoa de-
composition of global structural components is necessary. We
would only note that the orientation of the dynamical major axis
of the stars within 3 from the nucleus implies a prolate form
of the central stellar structure.

5.2. The whole galaxy

Photometric analysis of the global structure of NGC 7217 has a
long history; Boroson (198]1) tried to decompose the major axis
brightness profile in thé3-band, but unsuccessfully, because
multiple blue rings made thB-band profile very irregular. Kent
(1986) analysed a 2D image in tlhréband, more regular than
that in B, and decomposed it into a de Vaucouleurs’ bulge and
an exponential disk, with a 1:3 luminosity ratio. According to
this decomposition, the exponential disk becomes the dominant

Fig. 8. 1socontours of two-dimensional maps of the surface brightnessmponent ak > 20”. However, there are other, quite different
distributions for the emission lines [N 6583 (top) and k4 (middle)  variants of decomposition. Buta et al.(1995) obtained a de Vau-
in the center of NGC 7217: the gray-scaled background is the rggyleurs’ bulge which dominates over the full radius range, with
continuum distribution, in arbitrary units; the bottom panel presents; i bulge-to-disk luminosity ratio of 2.3—2.4. A similar result

their intensity ratio (gray-scaled) overlaid byvHisophotes.

was obtained by Baggett et al. (1998). Our analysis of the bright-
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Table 3. Exponential parameters of the NGC 7217 image fits

Disk Radius range of fitting P Ay i po, I-magtl”  ro,” 1o, kpc
Outer 60—110’ 90° 35° 18.3 35.8 2.9
Intermediate 20-50" 60° 23 17.4 125 1.0
Inner 5'-20’ 82 28 15.9 3.9 0.3

ness profile of NGC 7217 (Zasov & Sil'’chenko 1997) revealdtie model map of this exponential disk is subtracted from the
the existence of two equally good decomposition variants:oaginal map, in the residual map the position angle of the ma-
de Vaucouleurs’ bulge plus an exponential disk, with the bulger axis and the mean ellipticity are measured, an azimuthally-
dominating over the full radius range, and a King’s bulge pluseraged profile of the residual brightness is calculated, and all
an exponential disk, with the bulge being fainter than the digke steps above are repeated again.[Eig. 10 presents the stages
in the radius range of 28-180’'. The scalelengths of the fittedof this recurrent fitting for NGC 7217. Curiously, at every step
disks are very similar, 42and 3%, respectively, but their cen- the outer parts of the profiles look exponential. The innermost
tral brightness is of course very different. Moreover, even if ortd the three exponential profiles can be traced as close to the
considers the central part of the brightness profile only, wharacleus agz = 5”. The scalelength of the third disk3$86 or
the bulge predominance is beyond doubt, the effective radiui8 kpc — about 10% from the scalelength of the first disk. Such
of the de Vaucouleurs’ law diminishes when approaching tlaeratio is typical for a galaxy consisting of an exponential disk
center. Obviously, the surface brightness profile of NGC 72&nd an exponential bulge (Courteau et al. 1996), though an ex-
is too complex to be decomposed in unique way. ponential bulge in a Sab galaxy is a quite unusual phenomenon
Since up to now there is no convergence in the pufAndredakis et al. 1995, de Jong 1996, Moriondo et al. 1998).
lished results of the decomposition of the brightness profile ldbwever this fact allows us to treat NGC 7217 as a galaxy with
NGC 7217, we would like to propose one more variant. For thig exponential bulge and two exponential disks. The final resid-
purpose we have used photometric data from the ING Archiual map obtained by subtracting the three model exponential-
to calculate a brightness profile in thieband. We have con- disk images from the original-band image of the galaxy
verted it into the standard Cousins system by comparison wi{ffig.[T1) is quite clear. One can see the stellar ring? at 11”
the centrall measurements from Sanchez-Portal et al. (200@ndR = 30", and these rings look asymmetrical: their southern
We then applied a procedure of recurrent fitting, the results ludilves are brighter. For aface-on disk galaxy, suchasNGC 7217,
which are given in Table 3 and FIg]10. First, the parametatsnay mean either that the dust tori are thick, or that the dust
are determined for the outermost parts of the exponential digfas) disk is inclined with respect to the stellar disk harboring
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iron overabundant stellar systems, chemical evolution modelists
have come up with a plausible scenario: the star formation must
be bursty, with pauses for a few Gyrs between the bursts. But
this suggests that in the central, polarly elongated stellar struc-
ture several, at least two, discrete star formation bursts have
occured. This can be related to the structure of the global disk
of the galaxy, which also consists of several (three) exponen-
tial segments with different slopes. Lin & Pringle (1987) have
shown that the exponential density profile of a stellar disk is a
natural product of dynamical evolution when the characteristic
time of the star formation is comparable to the viscous gas re-
distribution time, and its exponential scalelength is completely
determined by the initial radius of the gaseous disk. With this
idea in mind, we can propose the following scenario for the evo-
lution of NGC 7217: in the first stage, the primordial gaseous
disk was rather extended and a first stellar disk was formed
with a usual scalelength, some 3 kpc. But soon a catastrophique
event occured, throwing the gas suddenly toward the center by
external interaction or internal instability, and the formation of
the next part of the disk resulted in a smaller scalelength. The
cause of this catastrophique event cannot be diagnosed in the

Fig. 11.The residual brightness map in théand after subtraction of present epoch: though the galaxy looks isolated now, it may

the best-fit three-disk model. The full dimensions of the field show}2ve had small satellites some Gyrs ago which may be fully
are100” x 100”. North is up, east is left. accreted after playing a role of external disturber. After a few

Gyrs of quiescent star formation in the global disk of NGC 7217
a second catastrophique event occured, again gas flows into the
the rings, or, even more generally, that the dust and stellar rirggsiter, and the exponential scalelength of the next, third gen-
have different inclinations because both can be inclined to tagation component of the stellar disk (bulge?) is even smaller
stellar disk. And finally, in the very center of the residual brighthan that of the second. Every abrupt re-distribution of the gas
ness map we see a feature which we expected to find: an alahg the radius had to be accompanied by a star formation burst
with a major semiaxis of ’4-5" elongated in the north-southin the center; if the temporal separation of two bursts was two
direction. This is just what we discussed at the end of the pte-three Gyrs, this would result in iron overabundance in the
vious section: the stellar substructure corresponding to the aceatral stellar concentration.
of maximum stellar velocity dispersion (Fid. 3, right) and of the But if the central gaseous and stellar structures were formed
enhancedFe) (Fig., right). from the gas of the global disk, why does the circumnuclear
gas now rotate in the polar plane? This may be a consequence
_ . ) of the intrinsic dynamical evolution of the viscous subsystem.
6. Conclusions and discussion Sofue & Wakamatsu (1994) proposed that gas rotating in the
We have found unique structure in the center of NGC 7217. TRi&ne with non-axisymmetric perturbation (e.g., a bar) passes
continuum and emission-line isophotes witliire 3" (240 pc) through shocks at the edges of the bar and loses its tangential
are elongated approximately in the north-south direction, aR@mentum first of all; it then flows into the center and there
the dynamical major axis of the ionized gas within~ 3” loses its radial velocity component, and finally only its verti-
also hasPA, ~ —30°; and this coincidence shows a p|anaqaal velocity remains unaffected. This would result in the oc-
circular character of the gas rotation. However, the plane of tigigrence of circumnuclear gaseous polar rings (disks) in barred
rotation is nearly orthogonal to the global plane of the galagplaxies! Anantharamaiah & Goss (1996) reported such a ring
which has a line of nodes iR A4, ~ 90°. Interestingly, a similar i NGC 253, and we have found several other examples: in the
elongation in the north-south direction is seen in the contou#® galaxy NGC 2841 (Sil'chenko et al. 1997b) and in the SO/a
of the Lick (Fe) index distribution, whereas the magnesiurrgalaxy NGC 6340(SiI'chenko 2000) the presence of a compact
line index Mg, decreases quite axisymmetrically with radiugzircumnuclear gaseous polar disks may be caused by the triax-
Therefore, we suggest the existence of a polar circumnucléity of their bulges; in NGC 2841 we directly observe large-
stellar structure, which is iron overabundant with respect to thgale shocks @ = 1 — 2 kpc (Afanasiev & Sil'chenko 1999).
solar abundance ratio. In the SO galaxy NGC 7280, which also possesses a circumnu-
Magnesium overabundant stellar systems are born wHagar gaseous polar disk, we also detected an intermediate-scale
the epoch of their star formation is shorter than one billidiigh-contrast bar with an asymmetric dustdana true signa-
years. Stellar systems with a solar magnesium—to—iron ratio &€ of a shock (Afanasiev & Sil'chenko 2000). In NGC 7217
thought to have long and continuous star formation. To obtdffe clear evidence for the present or past existence of a bar is
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its three rings. Buta et al. (1995) have found a low-contrast fauta R., van Driel W., Braine J., et al., 1995, ApJ 450, 593

(more exactly, a triaxial structure) iRA ~ 60° by applying a Cardiel N., Gorgas J., Cenarro J., Gonzalez J.J., 1998, A&AS 127, 597
Fourier analysis to a degpband image and showed that evefrourteau S., de Jong R.S., Broeils A.H., 1996, ApJ 457, L73

such a weak perturbation may produce rings. Perhaps, this $#ong R.S., 1996, A&A 313, 45

was stronger earlier: mass accumulation in the center hadP{§Ssler A 1984, ApJ 286,97

provoke its dissolution, making it only a low-contrast featurglmﬁ’éez%%m’ Chromey F.R., Bissell B.A., Corrado K., 1999, AJ
in the present epoch. At the time when it was stronger, it Coyld, (0,0, e “Bacon R., Monnet G., Poulain P., 1996, AgA 312, 777
have stimulated gas inflow, accumulating it in the polar plaRg,ore G., Wyse R.F.G., 1991, ApJ 367, L55

around the nucleus. Goudfrooij P., Emsellem E., 1996, A&A 306, L45
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