
This article was downloaded by:[Bochkarev, N.]
On: 11 December 2007
Access Details: [subscription number 746126554]
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Astronomical & Astrophysical
Transactions
The Journal of the Eurasian Astronomical
Society
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453505

Circumnuclear star-forming rings in galaxies as a late
stage of decoupled nucleus formation
O. K. Sil'chenko a
a Sternberg Astronomical Institute, Moscow, Russia

Online Publication Date: 01 June 2001
To cite this Article: Sil'chenko, O. K. (2001) 'Circumnuclear star-forming rings in
galaxies as a late stage of decoupled nucleus formation', Astronomical &

Astrophysical Transactions, 20:1, 123 - 126
To link to this article: DOI: 10.1080/10556790108208198
URL: http://dx.doi.org/10.1080/10556790108208198

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713453505
http://dx.doi.org/10.1080/10556790108208198
http://www.informaworld.com/terms-and-conditions-of-access.pdf


D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
13

:5
1 

11
 D

ec
em

be
r 2

00
7 

Aatronornicai and Aatrophyaical T?onrnCtion& 2001, 
Vol. 20, pp. 123-126 
Reprintr available dlrectly from the publisher 
Photocopyins permitted by license only 

@a001 OPA (Overaeaa Publishers Association) N.V. 
Publirhed by license under 

the Gordon and Breach Science Publishera imprint, 
a member of the TBylor k Rancis Group. 

CIRCUMNUCLEAR STAR-FORMING RINGS 
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(Received October 11, 2000) 

During our study of chemically deeaupled galactic nuclei, we have found that they are often 
surrounded by compact circumnuclear stellar disks. In NGC 1023 and 7331, where intermediate- 
age stellar populations dominate in the chemically decoupled nuclei, we have also detected an age 
difference between the nuclei and circumnuclear disks, the nuclei being older by 2-3 Gyr. Since the 
magneaium-to-iron ratios are also lower in the dish,  we conclude that a secondary star formation 
burst may start simultaneously over an extended central area, finish soon in the very center and 
continue for eeveral billion yeam in the circumnuclear rings. We have caught one galaxy at the 
moment of this late stage of decoupled nucleus formation, namely, during intense star formation 
in the circumnuclear ring: it is the giant elliptical galaxy NGC 759. 

KEY WORDS Galaxies: nuclei, structure, evolution 

1 INTRODUCTION 

The phenomenon of chemically distinct nuclei in galaxies is quite new and is not 
understood yet. Historically, the first chemically distinct nucleus was found in 
NGC 4365, an elliptical galaxy with a fast rotating core (Bender and Surma, 1992). 
The regions chemically and kinematically decoupled coincided, and it was soon 
shown that both belong to a circumnuclear stellar disk which is younger than the 
rest of the galaxy (Surma and Bender, 1995). But a special study of kinemati- 
cally and chemically distinct nuclei in elliptical galaxies failed to prove a one-to-one 
coincidence of decoupled cores and circumnuclear disks (Carol10 et al., 1997). 

During the last 10 years we search for chemically distinct nuclei in disk galaxies, 
and starting from our first work (Sil’chenko et al., 1992) two dozen have already 
been found. Two natural questions that we pose now are: if the galaxies with 
chemically distinct nuclei also have distinct circumnuclear disks and if these disks 
themselves imitate the chemically distinct nuclei. An answer to the first question is 
certainly ‘YES’; the second one is far less clear. At least in some cases the unresolved 
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chemically distinct nucleus and the extended circumnuclear stellar disk co-exist: 
the example is M 31 where we measure the ratio of circumnuclear disk radius to 
the upper limit of chemically distinct area extension about of 10 (Sil'chenko et 
al., 1998). In more distant galaxies the problem cannot be solved so easily, and 
subarcsecond resolution is urgently needed; but some hints on the genetic difference 
between the chemically distinct nuclei and circumnuclear stellar disks are already 
seen in our data. In this report I present some typical examples of disk galaxies 
with chemically distinct nuclei and discuss their relation to circumnuclear disks. 

2 OBSERVATIONS 

By using the facilities of the Special Astrophysical Observatory of RAS (Nizhnij 
Arkhyz, Russia) , we have been searching for chemically distinct galactic nuclei since 
1989. The observations presented here were made in 1996-1998 with the Multi- 
Pupil Field Spectrograph (MPFS) of the 6m telescope (Afanasiev et al., 1990). 
The MPFS allowed us to obtain simultaneously a set of 96 to 256 spectra from a 
rectangular area of a galaxy; each spectrum corresponding to a spatial element of 
1.3" x 1.3" before the middle of 1998 and 1.0" x 1.0" later. The seeing during the 
observations was 1.5ff-2.0'f. We exposed two spectral ranges: 4100-5500 I%, including 
strong absorption lines of H, Mg, and Fe, allowing us to diagnose the metallicity 
and mean age of stellar populations, and 6200-6900 A including emission lines, 
mainly "14x6583, to construct a velocity field of the ionized gas. The accuracy of 
the absorption-line indices calculated in the well-calibrated Lick system (Worthey 
et al., 1994) stays constant along the radius due to azimuthal integration and is 
typically 0.1 A; the accuracy of the gas and star velocities is 20-30 km 5-l .  

3 CHEMICALLY DISTINCT NUCLEI AND CIRCUMNUCLEAR DISKS 

As we mention in the Introduction, the presence of a chemically distinct, metal-rich 
unresolved nucleus in a disk galaxy is often accompanied by the occurence of a 
circumnuclear stellar disk embedded into the bright spheroidal bulge and separated 
from the global disk of the galaxy. 

In NGC 1023 (Sil'chenko, 1999a) a circumnuclear stellar disk was detected by us 
from the archival HST WFPC2 data: the spatial resolution of the PC frame equal 
to 0.1" made the extraction of a highly inclined 3-arcsecond photometric component 
quite sure. But the spatial resolution of the MPFS observations was substantially 
worse: the seeing was 2.0". and the spatial sampling was 1.3". However, the dif- 
ference of the magnesium-to-iron ratios between the nucleus and the circumnuclear 
ring with the radius of 1.3" seems to  be beyond doubt: the very metal-rich unre- 
solved nucleus is magnesium overabundant, and already in 1.3" from it the Mg/Fe 
ratio drops sharply to the solar value. 

The decrease of the Mg/Fe ratio along the radius is also seen in NGC 7217 
(Sil'chenko and Afanasiev, 2000). This galaxy has been observed with the MPFS 
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under the seeing quality of 1.6", and we see a central stellar substructure elongated 
in the north-south direction (orthogonal to the global disk of the galaxy) up to the 
radius of some 5". In the center of this substructure the Mg/Fe ratio is solar, and at 
the edges, in 5" from the center, we see a rare phenomenon of iron overabundance. 

But the most convincing example is presented by NGC 7331, a rather bright 
nearby Sb galaxy (Sil'chenko, 1999b). It was observed by us under a seeing of 1.6" 
that has allowed us to investigate its circumnuclear disk having a radius of 3" with 
more details than that in NGC 1023. The 2D distributions of the magnesium, iron, 
and hydrogen indices constructed by us for the central part of the galaxy show a 
strong diversity: the magnesium peaka in the center and decreases axisymmetrically 
with radius whereas the iron and hydrogen indices demonstrate disk-like structures 
quite similar to each other. This fact implies that the circumnuclear disk has not 
only a Mg/& ratio lower than that in the nucleus - it also has a lower mean age 
of the stellar population. A comparison of our data with the single-age models of 
stellar populations of Worthey (1994) and Tantalo et al. (1998) gives a luminosity- 
weighted age for the nuclear stars of 5 Gyr and for the stars of the circumnuclear 
disk of about 2 Gyr. The similar age difference of 2-3 Gyr is also detected for the 
nucleus and circumnuclear stellar disk in NGC 1023. 

4 DISCUSSION AND PERSPECTIVES 

According to modern chemical evolution theories, a total heavy-element enhance- 
ment in a nucleus can only result from additional star formation, or, in the case 
of early-type galaxies whose spheroids are known to be old, from a secondary star 
formation burst. The magnesium-to-iron ratio can characterize a duration of this 
star formation burst: if it is shorter than 1 Gyr, a bulk of newly formed iron has 
no time to be expelled by SNeIa and to pollute newly formed stars whereas almost 
all fresh magnesium produced during the first lo7 yrs takes part in subsequent star 
formation (e.g. Matteucci, 1994). So, we can propose the following scenario for the 
formation of the chemically distinct core in NGC 7331. A secondary star forma- 
tion burst started 5 Gyr ago in the center of the galaxy over an extended disk-like 
region with a radius of 200-300 pc. In the very center which is a specific physical 
point, the lowest one in the gravitational well, the star formation was more effective 
and finished after several lo8 yrs. The residual star formation continued in the 
outer parts of the circumnuclear disk for a few billion years that resulted in a solar 
magnesium-to-iron ratio and a younger mean age of the stellar population. If this 
scenario is valid, then during the late stage of the chemically distinct core formation 
one would observe a circumnuclear star forming ring with a radius of a few hundred 
parsecs. Generally, this star forming ring needed no presence of a bar or existence 
of inner Lindblad resonance, contrary to a common view. 

Since the duration of the late stage of chemically distinct nucleus formation is 
several billion years and since nothing prevents the formation of chemically distinct 
nuclei presently, one would expect to catch such objects in such a state in the 
nearby Universe. They can be found among early-type axisymmetric galaxies with 
circumnuclear star forming rings. We have already reported the first detection 
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of the possible decoupled core formation on-going - it is a EO galaxy NGC 759 
(Vlasyuk and Sil’chenko, 2000). It was first discovered by Wiklind et al. (1997) 
as possessing a fast-rotating circumnuclear molecular-gas torus. By undertaking 
CCD photometry in the optical passbands, we found a red ring with a radius of 3“ 
that perfectly matches the geometry of the molecular-gas torus: obviously, we see 
dust within this torus. The ionized gas in the center of NGC 759 is present within 
R !Y 3’/ too; it demonstrates a fast visible rotation, though the galaxy looks face-on 
(EO!), and a ratio Hcr/[NII] evidencing a pure HII-region excitation at the outer 
edge of the gas distribution. So in the center of a quite normal elliptical galaxy 
there is a star forming ring, with a radius of 0.8-1 kpc. The stars rotate too, very 
fast for an elliptical galaxy and quite unusually fast for EO. After subtracting a de 
Vaucouleurs’ spheroid from the 2D image of the galaxy, we found an oval structure 
in the center, with a surface brightness at the level of 10% of the total brightness 
and with an exponential radial brightness distribution. Because the photometric 
major axis of the brightness residuals and the dynamical major axis of stars have 
coincided, we conclude that NGC 759 possesses an inclined circumnuclear stellar 
disk which is forming from the centrally concentrated gas just now. Probably, when 
the star formation in the center of NGC 759 finishes, a chemically decoupled core 
being in reality a circumnuclear stellar disk would remain. 
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