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1. Scientific histоrу

One who hаs ечеr looked at алу еаrlу-tуре galaxy
Ьу t,he unaided еуе knows that а nucleus often looks
like а stаг; namely. еаrlу-tуре galaxies often possess
point-like nuclei. Оuг пеагеst neighbours, М 31, а gi-
ant sрiгаI, and М 32, а dwaгfelliptical galaxy, рrеsепt
excellent examples of such bгiglrt point-like nuclei. So,
the suгfасе bгightness distinctness of galactic nuclei
has long been known. Аftеr digital detectors of lаrgе
dynamic гапgе Ьесапrе to Ье extensively used, the
рhоtоmеtгiсаl distinctness of rruc:lei has been dепtоп-
stгated quantitatively (". g. Koгrrrendy, 1985).

In 1988 а sегiеs of рареrs stated the existence
of dynamically decoupled galactic nuclei. Jedrzejew-
ski & Sсhесhtеr (1988) and Bender (198S) investi-
gated rotation of elliptic:al galaxies; they folrnd sev-
егаl galaxies with fast rotating nuc]ei. ц,hеrеаs ttre
rrain bodies of these galaxies гotated much sloцer.
Тhеrе wеrе also some quite surprising exanrples (е. g
NGC 4406) whеrе the nuclei гоtаtеd агоuпd the mа-
Jог axes. and the пrаiп bodies - аrоuпd the miпuг
otres. Тhе fiгst idea was that ttre dynamically decou-
pled nuclei of elliptical galaxies belonged еаrliег to
smal]er disk galaxies rпеrgеd some time ago. But lаtег
Вепdег & Surпrа (1992) hаче found that dynarrrically-
decoupled nuclei in four elliptical galaxies аrе a}so
distinguished Ь5, а highег magnesiurrr absorption line
stгепgth, so thе dynarrrically decoupled nuclei possess
а раrtiсulаr rпеtаl-гiсh stellar population. It пrеапs
that they could not belong еагliеr to dwarf galaxies
because dwarf galaxies а,ге mеtаl-рооr objects. Веп-
dег's favouгite idea is that the decoupied nuclei in
elliptical galaxies аrе foгrrred as а result of ас.сгеtiоп
of а lаrgе amount of gas ( "dissipative rrеrgеr" ) and
subsequent stаr formation Ьuгst iп the сепtгеs. Due to
the dissipative паturе of ассгеtеd gas, decoupled nu-
clei must Ье disks. Indeed, а sеаrсh fог weak stellaг
disks irr сепtгеs of elliptical galaxies with the Hubble
Space Telescope was successful. а lot of such disks
have been disсочегеd, birt only rrot irr galaxies with
dytrarnically decoupled nuclei (Varr dеп Bosch et al.,
1994; but see an alterrrative cottclusion in Сагоllо et
al.. 1997). The relation between decoupled nuclei and

пuсlеаг stеllаr disks in elliptical galaxies геmаiпs still
uпсiеаг.

А dissipationless mеrgiпg сап Ье excluded in the
case of sрiгаl galaxies with decoupled nuclei because
of inevitable disk heating during merging. That is
wh1, wherr Когmепdу, (1988а) and Dгеsslеr & Rich-
stone (1988) found а dynarnically decoupled nucleus
in NI 31, and Когпrепdу (1988Ь) and Jaгvis & Du-
Ьаth (1988) rероrtеd its existence in NGC 4594,
thеrе was lro supposition about rпегgiпg. The ргеs-
ence of supeгrnassive black holes in thе сепtгеs of
some еагlу-tуре disk galaxies was claiпred instead
(lаtег NGC: Зl15, а quiescent S0 galaxy, was added
to М i]l and NGC 4594 Ьу Коrmепdу & Richstone,
1992), though sorne opponents tried to drаw atten-
tion to aptrlaгently composite рrоfilеs of аЬsогрtiоп
lirles in the sресtrа of dynamically decoupled nuciei
(Rix 1993): the existence of пrultiple stellar subsys-
terrts in the сепtгеs of these galaxies rnade senseless
an}, attempt to apply а sрltегiсаllу syrrrmetгical dy-
narrric rnodel to decoupled nucler,

In 1988 rve lrad digital long-slit spectroscopic data
takerr tn selera] positron arrgies fог thrее dozen пеаrЬу
sрiгаl galaxies (Afanasiev et al., 1988а,Ь). This fund
allolTed us t,o rеасt irrrmediately to the discovery of
the fiгst dynamically decoupled nuclei. llsing the data
on ionized gas velocity distribution пеаr ttre сепtrеs,
lve not опlу rероrtеd the discovery of апоthеr six
dyriarnically decor-rpled nuclei in spiral galaxies. but
proved ахisуmпrеtгу of the central mass distributions
in fоuг of therrr having thrrs excluded iпritation of dy-
naпrically decoupled nuclei Ьу а rninibar (Afanasiev et

al., 1989).In contrast to Когmепdу and others. we as-

sumed the dynamically decoupled пuсlеi to Ье dense
steliar сlustегs; and ifso, thе ргорегtiеs оfthеir stаrs.
namely, age and nretailicity, mау Ье quite different
fгоrп the ploperties t;f the suгrоuпdiпg bulges. Hav-
ing this idea in mind, we included thгее spiral galaxies
with dynarrrically decoupled nuclei, NGC 615, 7013,
and 7331. in the list of galaxies which wеrе to Ье
оЬsегчеd during the fiгst гuп undeгtaken with the
new Mu]ti-Pupil Field Sресtrоgгарh (МРFS) of the
6 пt telesctlpe of the Special Astrophysical ОЬsеr-
чаtогу of RAS in August of 1989. We wеrе lucky:
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SEARCH FOR, СНЕМIСЛLLY DECOUPLED GДLДСТIС NUCLEI .1 -t

- -,ut of 12 пеаrЬу galaxies of чаriоus rrlоrрhоlоgi-
.. types оЬsегчеd witlr the \,{РFS in 1989, derrion-

- ] at ed а. рrопriпепt Ьгеаk of magnesiutTl аЬsогрt iorr-
... strength between the nuclei and the surrounding
-.ges, the thrее of them being spiral galaxies with
, :,amically decoupied nuclei. So the dynaпrically de-
-pled galactic nuclei in spiral galaxies арреаг to
эlsо cheпtic.aily decoupled. Оur рареr чrith this

.;lt (Sil'chenko et al., 1992) was published in tlre
:]:-е уеаг as the рарег of Вепdеr & Suгrпа (1992)

lhemically decoupled nuclei iп elliptical galaxies.
, icame сlеаr that decoupled nuclei in galaxies of
: --,us morphological types пIау Ье of similar. оrigiп,

In 1992 high-iesolution sресtгаl observations of
фе сепtгеs of galaxies wеге sрагsе (and now they ге-
rrr,ъliп the same). We needed an effective way of sеагсh
,&,r decoupled nuclei in galaxies. So we appealed to thе
m$Бt пumегоus оЬsегчаtiопаl data - ареrtuге photo-
diectric рhоtоmеtгу of galaxies. Ву applying а unique
*;аtЫical method to а sample of 237 galaxies fоr
шЬiсh there аге mоге than 10 multi-apeгture пIеа-
лш:еmепts in the catalogues of Longo & Vаuсоulеurs

шшеrmоst рагts and of extended bulges in еагlу-tуре
gBia_Tie" (еагliег than Sc). As а result it has been
,ф,tаiпеd that 25%,30% of all elliptical and lentic-
d.аг galaxies and mоrе than 50% of еагlу-tуре spi-
Ш*Ь possess nuclei which аге сопsidеrаЫу геddеr than
fiftе sцггоuпdiпg bulges (SiI'chenko, 1994). Surely. the
паd соlоuг of а nucleus mау гesult frоm'а dust con-
,шшТrаtiоп, not fгоm the stellar population difference,
ш зресtгаl observations аrе quite песеSSаrу to рrоче
frg сhеmiсаl distinёtness of а nuileus. Bidimensional
iПпе{trоýсору is раrtiсulаrlу effective in sеаrсh fог
,&rcгrpled nuclei: firstly, when co-adding of individ-
шф element sресtrа in riпgs, the гesulting signal-to-
Ше гаtiо remains constant along the radius, рг6-
Пdiйg high-quality radial рrоfilеs of absorption-line
Шшgths. and, secondly, two-dimensional maps of
tlhщftтцеss and velocity usually allow one to select an
,lrшbiguous dynamical iпtеrргеtаtiоп, i. е. to чег-

ф d thе nucleus is rеаllу the high-density site but
шh а triaxial stгuсtuге. In 1993 I started ап,оЬsеr-"
ft*]Bat ргоgrаm of seaгching fог decoupled galactic
lrstrвi Tryith the Multi-Pupil Field Sресtrоgгарh of the
lfiш, relescope; а list of 34 погthеrп galaxies of чаriоus
Шphological types whiщh dеmопstгаtе photometri-
пЩ_ dЫinct rеd nuclei (Sil'chenko, 1994) is used to
0l&ше thе most рrоЬаЬlе candidates fог galaxies pos-
шýg а decoupled nucleus. То date mоrе than half
drдl candidates hive been studied,'a dozen of new
{шtаЬ chemically decoupled nuclei have been found,
пd 1д thb рареr some рrеlimiпаrу judgements about
TЬr рвsiЫе паtuге and огigiп аrе tnade.

2. Instrumental history

Our рrоgгаrrr of searching fоr decoupled galactic пu-
clei is flrlly based оп advantages of а new аррrоасh to
bidiпrensiorial spectroscopic investigations which аге
engaged Ьу Dг. Afanasiev and tris соwогkеrs to сгеаtе
а N4ultiPupil Field Sресtrоgrарh of the Special As-
trophysical Observatory of RAS. Systeпratic оЬsегча-
tions with 1he МРFS wеrе staгted in 1989, and since
that tirne the sресtrоgrарh has Ьееп essentially irп-

ргочеd. А long histoгy of all imргочеmепts can Ье
ьгiеflу dеsсгiьеd as follows.

The пrаiп idea of the N4PFS invented Ьу G, Соuг-
tes in the еаrlу 80th involves construction of а pupil
fоr еасh spatial еiепrепt of а two-dimensional rеgiоп
of arr exteTrded astronomical object (". g. u galaxy)
Ьу lisirrg а rrticгolens аггау in the focai plane of the
telescope attd subsequent simultaneous legist,гation of
several dozerts (huпdrеds) of spect,ra frоm all these
elements. The Frепсh version of the multi-pupil field
sресtгоgrарh TIGER, was created in Lyon Ьу Ва-
con with ссlwогkегs (Bacon et al., 1995) and is noln,

in operation at the СFНТ. The first variant of the
\,{PFS of SAO RAS (Afanasiev et al., 1990) was сге-
ated in 1989 and was operated at the б пt telescope
frоrп 1989 to 19!]1. It contained 1iЬеrs that trаrrsfегrеd
lig}rt frопr rniclolenses to thе entTance of а classical
long-slit spectrograph: 96 fiЬег outputs corTespond-
irrg to the input 8 х 12 square spatial elernents, each
lvith а sitle of 11'25. were densely packed along the
slrt, and therefore spectla were ]ocated опе under an-
other taking advantage offull coverage ofthe dеtесtог
fогrrlа1 . Тhе dеtесtог useci rvas IPCS 512 х 512. 'Гhis

сlопfigttгаlitlп had а lагgе соmпIоп sрес:trаl rarrge, all
t,hе 512 pixels But thе fibers absorbed а lot of light:
IIlогеоvег, реrhарs due to the fiЬегs. the instгurlrental
ргоfilе was essentiall1, rron-Gaussian. with extended
loп,-contrast wirr gs whi сh hurTrp еrеd veio city rrleasule-
пlerrts with ап accuracy better tharr э 70 krrr/s. In
1992 t}re fibers wеге геrrlочес1, the mtсгоlепsе аrrау
was turned Ьу sorlre i()o 15О rvtth respect to the dis-
persiorl diгrlction. so that rndividual sресtIа Ьесапtе
to Ье sepalatecj oTl tlie detec.toг without any fiЬеrs;
but the colltrrlon sресtгаl Iапgе was геduсеd to ар-
proxilrrately 300 pixels. fb obtain sресtга as lorig as
500-700 А -" *"." IЬгсеd to use dispeгsiorrs of 1.7
2.5 А реr pixel, providing а sресtгаl гesolution of 8

tO А. tt is not good enough evert fоr stellar popu-
1ation anall,sis: as fоr kirrernatical strrdies of ionized
gas, they bt:caltte 1ltlssible. but even Ьу se}ecting чегу
irrtense eпrission lines we reached ali ассurасу not bet-
tеr t}raTr З0 krrr/s. ITr ОсtоЬеr of 1994 rve began оЬ-
seгvations with а new detector CCD 520 х 580
with ап elerrlent о{'18 х 24 рrп. It was ап itltpoгTaItt
irrtргочепtеrlt: firstly. the quanturr efficierrcy of the
пеw rеgistгаtiоп system was rrtucli highеr tharr that
of t[re previclus опе, апd. secorrdly. the instrumental

we
Text Box



F,

32 SltCHENKO

8.

<7.о
a

,^6.0
о)

Еь.о
з4.
hJ

з.

в.о

<7.о
a

.л,6.о
о)

Е6.о
з4.
L!

ргоfilе Ьесаlrtе tttuch пагrоwеl, with t,}re FWНil4 ге-

dlrced fгоrп 4 5 pixels tc> 2 pixels. This variarrt of the
МРFS was rrseci irr two rrtodes: when the dispelsiotr
lvas diгесtеd aloTrg the slrогt side of the dete<:tor. rve

had 1.2 А рег pixel (а sрес.tгаl геsоlutiоп of 2.5 А)
and а field of 10 х 16 elernents (later 8 х 16 eleTlrents).

brtt а sресtгаl гаrigе of orrlv lJ00 А а good сопfiguга-
tion 1Ъг kinerrratical studies of iorlized gаs irr t,lre rеd

sреr:tгаl гаtrgе. Fоr stellar соп)ропепt ilrvestigattt-llls
ltr the gгееп spectral гап8е п,е directed the dispeгsiorr
аIопg the long side of the detec:toг and r;btaiIred 1.6 А

рег pixel arrd а field of 1 0 х 12 elernents (lаtег 8 х 12 el-

elIIents). This t:otifiguratiotr allowecl sirrrltltatleous de-

tectlo11 ol sечегаl stгопg a.bsolption lines. frоrlr .116

t)4861) tcl FеI ()) 5270, 5328. 5406), Аft,ег the CCD
арреагаIl(,е we wet,e able to шеаsuIе stellar чеlоt:itч

fields Ьу с:trlss-соггеlа,tiоп of tbe gгееп spectгtltn of а

galaxv elerltertt (^) 4800-5400) with а siпrilаr sper:-

tгurп of а lernplate stаг whictt was usually а K()-KIJ

giant. Тhе typic:al ac(:ul,a(]y of wavelength calibгatiorr
rvas irrtpгoved to Ьеttег tharr 5 km/s, and as а conse-

quence. that of an individual velocity estirrrates, both

fоr gas ancl staгs. l,eachecl 20 kTrl/s. Тhе асс:urасу of

equivalerrt widths of absorption lines was irTtpгoved

frопr 0.1J А (IPCS) to 0.1 А (C('Dl. This set of ргсlр-
ertr es of t wcl- diTtterislon al sp e(itrosclopi с dat а оы airred

wit}r the \4PFS equipped witti the (]CD has пrаdе

it possible to uпdегtаkе а corrrplete апd high-quality*

investigatioTr of ttre ргорrlsеd candidates fоt possess-

ilrg det:orrpled nuclei . so since l994 we have begun t,t,

r:lаirп firldillgs of rеа,l1у ttew рhепошtепа. ln l99б а

lагgе-lоrтrrаt CCD 1040 х 1160 was installed оп t}re
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NGC 7551t nucleus

NGC 73Э1. bulge r=4"

SEARCH FОR СНЕМIСЛLLY DECOUPLED GЛLДСiЛС NUCLEI q,

. Wovelength, А

fцgше 2: Соmраrisоп of пuсlеаr апrl йlgе (r = 4lt)

;rIгв. шhiсh шеrе obtaine!, for NGC /331 iп 1989
пДсr lie MPFS ulas equiцlцled. miththe IPCS 512х572
ш''fiiл lines) апd in 1996 шhеп it шаs equipped шith
CCD (thick lines)

IРFS. This iпсгеаsеd slightly the field of view геg-
Паrеd during опе ехроsurе: now the field of 8 х 16

пщаrе elements, еасh with а side of 1.3'l, can Ье соm-
thшЁd with .-gQQ:pixel соmmоп sресtгаl rапgе. дs the
шгцmепtаl imрrочеmепt очеr the past seven уеаrs
ь Ьп епогmоus, we have ге-оьsёrчеd sоmе of оuг
fu galaxies with the decoupled nuclei Ьу using the
hr r-ariant of the МРFS equipped with the lагgе-
frrщat CCD. А соmраrisоп of azimuthally-averaged

;urrt-line ргоfilеs obtained iп 1989 and in 1996
" ..l,ted fог thгее Ьгight early-type disk galax-

Гig. 1 arrd that of пuс:iеаr and bulge spectra
,,,-- iг NGC 7331) in Fig. 2. Опе сап see that

,, ,,,еIу different noise ievel, equivalent-width ас-
: aI]d lаrgеr extension of the ргоfilеs of 1996,

t& шаiп conclusion about the рrеsепсе of chemically
&ззпрlеd nuclei in NGC 1023, 7331, and 7332 has
шiпеd unchanged.

_ ... K,hole ргосеduге of the decoupled nucleus iп-
^ : 1:,.п now includes observations with the MPFS

h Е&е gTeen ().\ 4800-5400) and in the геd ()} 6200-
ПШ}; sресtгаl гапgеs with subsequent сопstruсtiоп
dtrцdimensional maps of сопtiпuum and emission-
hп sцrface bгightnesses, оТ ionized-gas and stel-
h, line-of-sight velocities, and also of azimuthally-
]llleEd ргоfiIеs of equivalent widths of strorrg аЬ-
Шрriоп lines. The ргimаrу геduсtiоп is made with
Ёt bntp of the sоftwаге developed in the Special As-
ЩLlýсаl ОЬsегчаtогу (Vlasyuk, 1993). The furthеr
шфýЬ of two-dimensional velocity fields consists,
frmЛ}-" of looking fог local veloci',y ехtгеmа within

а, few arcseconds fгоm the nuclei, and, secondly, of
verifying thе сiгсulаr сhаrасtеr of гоtаtiоп. The lat-
tеr point is usuaIIy саrгiеd out Ьу examining the az-

imuthal dellendence of оЬsегчеd сепtгаI line-of-sight
velocity gradients and Ьу fitting this dependence Ьу

а cosine law. In the case of рurе сiгсulаг гоtаtiоп

h. l dr(P А) = cusinicos(P Д - Р Ао),

whеге l, is the deprojected сепtгаl angular rotation
velocity, i is ап inclination of the rotation plane to
the sky рlапе, апd Р-4о is the oгientation of the iine
of nodes оп the sky. Hence if the rotation is сirсulаr
and the Ыightrress (rnass) distгibution is axisymmet-
гiс, the rпахimum of the fitted cosine сuгче must Ье

located exactly at the position angle of .isophote mа-
jоr axis. It isjust fоr the рuгроsе оfпrеаsuгiпg the оri-
entation of the ma.1oI, axis of the iппеrпrоst isophote
that we use the maps of continuum arrd emisslon sur-

{Ьсе bгightnesses. If suсh а чегifiсаtiоп hаs геvеаlеd
t,he сiгсulаr сhаrасt,ег of rotation, we should interpret
thе existert<le of symrnetrically located сirсumпuсIеаr
velocity extrema as evidence of the сепtгаl mass con-

сепtгаtiоп. or of the so-called "dynamically decou-
pled" nucleus. As fоr chernically decoupled nuclei. we

sеаrсh fоr t,heir rrranifestation in the fогrп of abrupt,

drop of absoгption-Iine strerrgths оп the гadial рго-
files when passing frоm а Ьгight. mostly unгesolved
nucleus to а, suгrounding bulge. The present-day rnod-
els of integrated sресtrа of stellar populations, such
as those of Wоrthеу (1994), allow us not only to cal-
iЬrаtе this dгор in tеrms of rrrean пietallicity of the
stеllаг population. but also, Ьу соmрагiпg аЬsогрtiоп-
line indices of чагiоus chemical elements, to evaluate
the пrеап age of thе stеllаг populations апd the du-

гаtiоп of thе еросh of basic stаг foгrnation. As а rulе,
we detect а ргеsепсе of chemically decoupled nucleus,
if the magnesium-index Ьгеаk between the nucleus
and t}re bulge is поrе tharr 2а (iet me rеmiпd t,hаt

а mеап о rlf absoTption-line index rrreasurelnents ls

Tiow аЬё,ut 0.1 А). Sometimes we оЬsегче ап iпtгiп-
sic liпеаr пragnesiurn-line gradient in а bulge; iri this
case we extrapolate it to r = 0" and after that сопr_

раrе the value of М96 calculated fоr the сепtrе of the
bulge and the value rпеаsuгеd in the nucleus. Below
I briefly review the геsults of such ап investigatioli
fоr sечеrаl galaxies studied irr detail. А surпmагу of
the rnain ctraracteгistics of the galaxies is given in the
Table,

3. Results

3.1. NGC 4826. 55З3, and 7331

NGC 7331 is one of оur first findings with а kinernat-
ically and chemically decoupled nucleus. and we have

studied it in detail. We hаче rероrtеd the рrеsепсе
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ТаЫе 1: Маiп characteristics of galaties

NGC/IC Т'уре Мв D (Мрс] Metal. Ьrеаk dex ) R. of пuсl. Rеfеrепсе
63

19

14

10
(Virgo)
(Virgo)

7

53

2t)

1,4

I1 689
1 052
2685
2841
4564
4627
4в26
5533
5576
7з31

19,6

-,20.4
19.1

20,7
,19.3 17
_19.6 17
,20.6
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of а fast-rotating uпrеsоlчеd (r? s 1.5,,) rтtass coll-
t:entration at the centre of NGC 7з31 based on оuг
lorrg-slit observations of thе eпrission ]ine [NII])65Sl]:
mоrеочег) fоuг cгoss-sections at чагiоus posit,ion ап-
gles hаче allowed us to state that the rotation of
the ionized gas in the сentre is circ:u.lar (Afanasiev
et al.. 1989). AfteI, the fiгst obseгvations with the
I\4PFS we have rероrtеd а cherrrica] distinc:tness of
the uпгеsоlчеd nrrc,leus of NGC 73З1 (Sil'chenko et
al.. 1992). Many people hаче героrtеd that in this
galaxy thеrе is no isophote twist Ье_чопd 10о. altd we
hаче checked thrs {bct with tlur' (lWIt data (Sil'chenkcl
& Vlasyuk. 1992). То surltrrtaгize Ьгiеflу lve al,e s1.1гe

that NGC 7ll31 гeplesents а геgulаг. axisvltrtttetгic.
lelatively isolated and absolutely urrdistrrгbed early--
t5,pe spiral galaxy wit}r а distinct uпгеsоlчеd пttсlеаг
disk сhаrасtеrizеd Ьу а high rrlass densitv and Ьу. а
hrgh rrretallicitl,. 'Ihis рrоtоtуре has forced us to look
tЬг tnteгrral rrtechatlisrrts of producing dec:ouplet1 nu-
clei. But the picture has completely c:hanged аftег the
appealance of the papet. of Ргаdа et al. (1996) w}rеrе
thе discoveгy of а tlounterI,otating bulge in NGC 7331
was claiпied. They analysed thе Ьеhачiоuг of the in-
fгагеd СаII 'absoгption tгiрlеt along the trrajoг axis.
arrd in the гаdius ralrge of qll 15ll they found t."vcl

L:Oulitelгot,atirrg stellal' subsystertts. опе of thellr (а
truly counterrotatirrg опе with геsресt to gas гоtа-
tton) was tгeated as а bulge (though а negative Ьох-
iness is revealed onli, within Д = 5''). and the оthег
* as tlle сепtrаl рагt of thе global disk, Тhе pr.eselrc]e
rэf the unresolved fast-rotating пuс.lеаг disk has Ьееп
tentativelv r:onfirrrted. But wlrat we thougirl, еагliеr to
ье ап extended co-rotatirlg bulge is rtow tгeated as а
cold irrrlel disk. So. the очегаll stГucture о{ tlGC 7iJ31
looks nolv as follows: staгting frоrп the сепtrе. we fiгst
see а nucleat,fast c:ot.otating ciense disk with л < 1,,.
thеп а соuпtеггсltаtilrg bulge extending not fаrthеr
tharr r? i 15/' tl.orrl tlre cetttгe. thеrr the first lагgе
согоtаtiпg disk. arrd after Д t tj0'' t}re second lагgе
disk ц,ith an unknowti гotatiotr sense detected only
fгоttr а c]lscottttnuitv o{'the sur.face brightness ргоfilе.

This struc:trrre sееrпs to Ье too corriplex fог а classlc:al
sрiгаl galaxy. and the рrеsепсе of а counterгoтatlllg
stеllаг conlponent implies sorrte ассгеtiоп оr пrегgiпg
evetit in thll past.

NGC 1826 is апоthеr геgulаr isolated spiral
galaxy. It lleiarrle famous sечеrаl yеаIs аgо whеп а
countert,otating оutег gaseous disk was for,rnd in it -
first, frorrl observatiorts оl'пеutгаl hуdrоgеп emission
line 21 сrп (Вгаuп et al., 1992. i994) and lаtеr frопl
obseгvations of ionized gas enrission lirre ffo (R.ubin.
1994. Rix et al.. 1995), The iппеr gas, Д S 1 kpc. rc,-
tates togetlreг with stars, and fаrthеr away frоrrr the
сеlttге rteutt,al а,пd ionizerl gas changes abruptl1. tlre
setrse of rotation lentaining coplanar with thе iппег
8aseous arrcl stellar disks. The stеl]аг disk сопsеrчеs
its гоtаtiоп sense Llp to his boundary being quite c:old
(с" S '10 klrr/s). and по t:ounteгrotating stellar сопr-
poTierit was {'ound (R.ix et al.. i995), Тhе galaxv looks
quite поrrrlаl except fоr а чеrу. high gas densit1. irr
the cerrtгal kilорагsес rеgiоп. We have founcl the urr-
геsоlчеd nucleus of NGC 4826 to Ье distinct Ьу. ап
increased rrtagnesittп1-1ine strength (Sil'chenko, 1996)
though the exact metaili;ity Ьrеаk саппоt Ьр surelr
estirrlated due to rесепt sl аr fогrrrаtiоп in the viciriit_r
of the nuclells (two supel,Irot!,a гetnnatlt,s аге identified
within 5" ft,orri the nrrcler-rs). Тhе innermost dynarrr-
ical rria.jor axis at R S 2" coincides with the irrпег-
lllost isophote rrrа.jоr axis according to HST data --

this coinciderice certainly points to а сirсulаr сhагас-
tег of gas гоtаtiоп at the r:епtге of NGC 4826:howevel,
Ьоth аrе tuгпеd Ьу 16" wit}i геsресt to thе glоЬаl disk
line of trodc,s defined Ьу the orientatiorr of the outer-
rrrost isophtltes. So the det:oupled пuсlеаг disk пrау Ье
slightly inclined to the rrrain galactic рlапе,

Тhе last isolated геgulаr еагlу-tуре spil,al galaxr
ttrat rrrust Ье discussed irr this subser:tiorr is
NGC 5Г133 (Sil'chenko et al.. 1998). As NGC-- 7331
it has been found to }rave а cherrrically decoupled nu-
c:leus. As in NGC 73lJ1, we have noted that both the
stellaг arrd the 8aseo1_1s rotation cul.ves of the сепtгаl
раrt of NGC 5533 denlonst,l,at. ргоrrliпепt circurrtTlu
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.: local mахirrа. Тhеrе is no significant isophote

.' iп arry рагt of this galaxy; а dynarnical line of
:.s of thе nuclear gas is exactly coincident with the
.-'ation of the mаiог axis of the iппегrrrоst (and

'-: isophotes. so we <lclnclude that гоtаtiоп ls сtr-
,.., lп the сепtге of NGC 5533 and ciгcurrrtruciear
-- lсп veiocity rпахiпrа can Ье iпtегрrеtеd as evi-
. of а strопg centrai rndss сопсепtrаtiоп. Hence,
:.,lcleus of NGC 553l] is c:hemically and dvnarrri-

iecoupled, .iust as that, of NGC 7331. The stel-
...tierTlatics fаг i1,orrr the сепtге has rrot, yet Ьееп
.-*l irr NGC 5533. and we сап say nothing about
. :esenc:e оr absence of the counterrotating stel-

rrtponent in the disk ог in the bulge. But опе
,- Iеаturе of геsеrпЬlапсе between NC]C] 55lJlJ and

, .J.J1 fогсеs us to strspect а possible intrinsiг ре-
...iv of tire stеl}аг cornponent irr t}iis galaxy: sur-
. :Iotortletгy. we have с-аrriеd .out witlr the CCD

-: l оl the 1lгr telescope of SAO RAS has гечеаlеd
-_ience of two enrbedded steliar disks. arr iпrrег

_:. tlt_ttel,. witir differerrt r:епtrа] bгightrresses a,nd

ttal icales
,1, itave rерогtеd hеrе abor:t three isolated rеg-
-, :l,al qalaxies whic|r delltonstгate c:herrrical dis-

of thеiг uпгеsоlчеd nuclei in combination
.г,:ttiаL рlапаr corotaticlri of gas and stагs of the
. But irr ali thгее cases - in N(]C 4826 and

I, сlеrtаiтl and in NGC 553З probablv - t}re

.,llrett]aTics attci stt,tt<ltuгe lrave kept sorrre геliсs
' ast inteгactiori acc:otTtpanied Ьч gas accretion.

\GC 2841

-tJ1 ts а tiearby, eariv-tvpe isoiated rеgrrlаr spi-
- 1 1\},. tike N(iC 7iJlJ1 antl 55lJl-tл brrt its detarleci

.rtion with the б rrr arid 1 гrr t,elescolles of SAO
,.s гечеаlеd quite раrtiсulаr prclperties of its

;,агt (Sil'c}renko et al.. 1997). Fiгst of all. it
att tttrгescrlved cherlricallv distilrct nltcleus.

- abtindance Ьгеаk betweell t}re tru<lletts attd
: ,uticiirig br-rlge tras beetl сlеtёtltеd lrot only irr

.*ilesiurrl-line рго{ilе. but also irr t}re profiles о{'

:_ 1ines and evert iri the СаII IR tгiplet рго-
,.ts]e ,t Hard.v. 1992). But the second. tгrrlу

iпg fеаtuге is that ionized gas at t}re cen-
-,-:s oгthogotially to rotatiort of stагs! Errrission
'Ite rlепt,t,е of N(i(] 2841 ale rаthег weak. апd
-Le galaxv is rtеаrЬу and well-strrdied, its rlu-
-ntton was еаrliеr оЬsегчеd only in absoгptiotr

- ',\'э 
аге the fiгst to obtain the gаs veloc:ity field

fu the iппег 15" of NGC 2841. The dynaпrical rrrаjог
шп of the ionized gas within R _ 4|!б has арреагеd

:'1iogonal to tlre dyrratrtical trrajot, axis of tlre
.: ,ttеllаг conlpollent, to t}re rrrajoг axis of thе

" st isop}rotes arrd, after all, to the global line
:.s of the galaxy. This looks like а srnall nu-
_ .]at, disk. irrclirred gaseous disks weгe earlier

found in sorrre lenticular galaxies devoid of thеiг оwп
global gaseous disks (Belt,ola et al., 1992). But thе
rreritгal-hydгogerr global disk of NGC 2841 is rеgu-
lаr and сорlапаг t,o the galactir: plane (Rots. 1980).
Rec:entiy а пuсlе.аг огthоgопаl gaseous disk has beerl

found in t}re stагЬuгst galaxy NGC 253 (Апапthаrа-
rrraiah & Gtlss, 1996). Bul NGC 2841 has по substan-
tial star formation at, the сепtrе - it is а rаthег weak
LINBR. Реrhарs, we have forlnd а new рhепоrпепоп.
When we urrdertook suррiеmепtаrу long-slit sресtго-
scopic obseгvations of NGC 2841 in the grееп sресtrаl
rапgе at ttre 1 rr telescope. in two сгоss-sесtiопs оut
of four. паtпеlу. along the tttiпог axts and at lJ0o t,t;

the trliгrог axis, we det,ected а switch of stellaг rotatiotr
sense in the radius гаtrgе of -)ll 7')lI . А соuпtеггоtаtiпg
stellal t:rrtrtponent dolrtinates irr this гadius rапgе at

position allgles close to the rTtirror axis, регhарs. Ье-

c:ause the сопtгiьutiоп of thе stеllаr disk is пriпiпrа,l
hеrе. If the spectгal resolution had been lэetter. wc:

should liavc, detected а double-peaked LOSVD (Line-
Of-Sight Velocity Distгibrrtion) along the тrrа.jоr axis,
as irr NGC 7lJlJ1. Sinc:e the rlynaltric:al trlajor axts rlf
the dynarnt<:ally decouplt,d stellar coпtponent ts сl[l-

viorrsiy [riglrlv rnc:lined to tlre global lirre оi rrodes tt

rпау Ье геlаtеd to the nuclear gaseolls роlаг disk.

3.З. Роlаг-гirrg galaxies

Sinr:e irr NGC 2841 the сhетrriсаllу decoupled nu-

cleus is ac:cornpanied Ьч the gaseous роlаr disk phe-

nOIIlerioll. 1.hе natrtral cieveloplrrrent of this resllit, lS

to look fЫ c.lrerrrit:ally decloupled rruclei in hопа fide

роlаг-гiпg цаlахiеs. \Ci(' 2685 is thе rrrost, neaTbv

роlаг-гlttд gaiaxy. and as а restrlt. the Ьгlghtеst rэrrе,

lts stгu(ltul,e arrd kitlerrratlcs hаче repeatedly beerr

st,udied. but, tii} поw tltertl exist, doubts as to axisyIll-
trretry and гotation с-hаrа.сtеr of the galaxy (Peletier
& Christodou]ou, 199iJ). IC 1689 was studied in de-

tail Ьу Наgеп-'Гhогп. R.eshet,nikov and thеiг с:оwогk-

еrs (Reshetlrikov et al.. 1995. Наgеп-'Гhогrl & ResheT,-

nikov. i997). Thev have героrtеd the existelrce oft}re
inrrel, blue polar ting with а radius of only il kрt,

which гергеsепts the оrrtег Ьогdеl, of the gaseous ро-
lar disk rot,ating orthogonally to stars. But Наgеп-
Тhоrrr & R.eshetnikov (1997) hаче r_rsed only long-slit
observations of two positiorr angles. along the rrra-

jог arrd tht,rrriпог axes. so tire l,esult on exact rrl-

tation plane orientations was sornewhat рrеlirrriпагу.
We }rave found cherrlically decoupled nuclei in botlr

роlаг-riпg galaxies uпdеr cortsideгatiorr (Sil'c}ienko.

1998). Moreover, the rпеап аgе of tkre nuclear stellar
population irr IC- 1689 mаy Ье no lопgеr t}ran 5 bil-
lion yеаrsl this fact is diгесt evidence of а secondary
star fclt,tltatiorr Ьuгst Iravirlg proclrrced а decoupled nu-

clerrs. ITt t,he c:ase of 1lоlаI,гiпg galaxies we can rеlаtе
this secorrdary stаг fогrrrаtiоп Llurst with а gas ассrе-

tion event that fоrrпеd the роlаг rings thernselves. As
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fог сirсulагitу of гоtаtiоп, axisymmetiy of &hе struс.
turе and orientation of rоtаtiоп planes, оцг investiga-
tion made rvith the MpFs has геmочеd all doubts as

to NGC 2685: the rotation pianes of ionized gas and
stагs аге stгiсtlу огthоgопаl, and the mass (light) dis-
tгiЬutiоп at the сепtге looks axisymmetrical implying
that NGC 2685 is а геgulаг lепtiсulаr galaxy. The case

of IC 1689 is less certain: the dynamical majoi axis
ofthe ionized gas at the сепtrе is turned with геsресt
to the isophote elongation, to the line-of-nodes orien-
tation and to the stellaг dynamical mаjог axis which
lеачеs а possibility of tгiaxiality оrfапd stгопg radial
motions (gas inflow into the nircleus).

3.4. NGc 1052

In соursе of the investigation mу imргеssiоп that de-
coupled nuclei in disk galaxies and elliptical galax-
ies аrе of the same оrigiп has реrшапепtlу consol-
idated. To;demonstrate the gгоuпds, I mention hеrе
NGC 1052 - an elliptical galaxy of mоdегаtе luminos-
ity, ехtгеmеlу gas-rich fог its mогрhоlоgiсаl type. Ве-
ing of геgulаr stгuсturе, this gala>:y posýesses mеDп-
time а polar гiпg "made" frоm пеutгаl hуdrоgеп (Van

Gоrkоm et aI., 1986). Тhе гаdius of the HI роIаr riпg
is twice that of the stеIlаг body, it гоtаtеs сiгсulагlу
and is highly inclined (seen almost edge-on). Тhе in-
пег ionized gas at гadii of sечегаl hundTed раrsесý
seems tо'со-rоtаtе with the оutег.роIаr гiпg, namely,
гоtаtеs orthogonally to а stеllаг component (Davies
& Illiпgwогth, 1986). But rvhen I studied the сеп-
tгаl рагt of NGC 1052.Ьу using thё МРFS with а
good enough spatial гesolution - uпdеr а seeing of
11'5 (Sil'chenko, 1995), I fоuпd that. firstly, the соrе
with а radius'at 3l1-4ll is chemically distinct with а
metallicity drop of 0.6 dex beyond it, and, secondly,
that the ionized gas inside this соге гоtаtеs tоgеthеr
with stагs in the main plane of the galaxy, in con-

trast to the gas fагthеr away frоm the оutег, both ion-
ized and пеutгаl. So, the геsоfчеd соrе of NGC 1052
which has а гаdius of 300-400 рс is decoupled both
Ьу higher metallicity of stаrs and Ьу uпгеlаtеd kine-
matics (and, obviously, оrigiп) of ionized gas. It is the
fiгst case of геsоlчеd decoupled nucleus; in оthег rе-

Iations, the case of NGC 1052 is quite similаг to that
of NGC 2685.

3.5. Elliptical galaxies NGC +ВВ+,4621, апd
5576

If, as I think, decoupled nuclei have fоrmеd duг-
ing secondary stаг fогmаtiоп Ьuгsts at the сепtгеs

of galaxies, thе mеап age of thеir stеllаг populations
must Ье less than that of surгоuпdiпg bulges. But а

dесгеаsе in age affects the spectгum ofa stеllаг system
the sаmе way аý а dесrеаsе in metallicity: metal аЬ-

sогрtiоп lines Ьесоmе wеаkег and the соlоцr becomes

Ыuег.,Тhе рrоЫеm of age-metallicity disentangling is

difrcult encrugh, but simцlations of Wогthеу (t994)
have shown that, оп the diаgrЬm 1Й б , М gb) thеsе ,ef-

fects сап Ье. separated. Uпfогtuпаtеlу, most galaxies
discussed above demonstгate intense .tlо emission; it
mеапs that Нр аЬsогрtiоп is stгопglу contaminated
Ьу emission and cannot Ье used аs an iпdiсаtог of age.

Тhе class of galaxies, аmопg which Ваlmег emissions
are гаге, is ellipticals. I have studied thгее elliptical
galaxies without emission, which wеге also included
into the list of candidates fог possessing а сhеmi-

cally decoupled пuсlеus (Sil'chenko, 1997). Chemi-
cally decoupled nuclei have been found in all three
galaxies; in NGC 4564 and 4621 the chemically de-

coupled пuсlеi have been геýоlчеd, with а гаdius of
400-600рс, and in NGC 5576 it is point-like. It is
inteгesting that NGC 4564 and 4621 possess stеllаг
disks, the fоrmеr - а lагgе-sсаlе one and the lаttег -
а пuсIеаг опе; NGC 5576, on the сопtгагу, has only
boxy.isophotes, but а nerrtral-hydrogen hа}о is оЬ-
served агоriпd it. And just in these galaxies I hаче

succeeded in finding ап аgе diffеrепсе Ьеtrлrееп thq

chЙically decoupled nuclei (согеi) and thеiг пеаr-

est outskiгts. The геsоlчеd, chemically distinct stеllаг
соrеs of NGC 4564 and NGC 4621 being plaCed оп the

diаgгаm (Нв, Mgb) and соmрагеd to the single-age

models of ,Worthey (1994) have арреаrеd to Ье of 8

billion уёагs,,whilе outside the соrеs the mеап age of
thе stеIlаг population is,lагgеr than 12 billion уеаrs.
Тhе chemic:ally distinct lrucleus of NGC 5576 looks
even уоuпgеr: the mеап age of its stellar population
is not lаrgег than 5 billion уеагs. In this раrtiсulаг
ca"se we hаче detected young соrеs in 100% ellipti
cal galaxies with chemically distinct nuclei (3 out of
3). Meanwhile de Jong & Davies (1997) герогts the

disсочегу of а соггеlаtiоп between Ёlв index and disk-

iness of isophotes in elliptical galaxies: galaxies with
weak iппег disks look often уоuпgег than Ьоху опеs.

The examples of NGC 4564 and 4621 rечеаl some rе-

lation between the ргеsепсе of stеllаг disk (of any size)

and the chemical distinctness of the nucleus, ýо,оur

геsult and the геsult of de Jong and Davies may Ье of
the same паtuге. But I think that the геlаtiопshiр Ье-

tween the chemical distinctness and the young аgе of
the согеs in elliptical galaxies must Ье mоге straight-
fоrwагd than between the age and the isophote shape.

4. Summагу
ln this Ьгiе[ rероrt I ргеsепt геsults of а detailed iп-

vestigation vлith the мрFS of the б m telescope of the

сепtгаI раrts of 10 galaxies in which chemically di*,

tinct nuclei have been found. Among these 10 galaxies
we see 4 геgulаг spiгals, 2 ресuliаг lепtiсulагs (рIеаsе

note. that геgulаг lепtiсulагs аге not touched upon
yet), and also 4 ellipticals. Among the ellipticals, two

аге Virgо сlustег mеrпЬегs and two belong to gгоuрs-
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poin,t,s l,ake,lt. а!оп,q radri tt;il,h, t,he sle,1l of .l .ll' аr,е r:rlп,п,ес!,еd Ьу dash,erl l,in,es. Th,e п,uсlеi al-e

i,ц "tt,LLr". The mоdе.l п,е!,аllir;il,ц sе,qче,п,(:еs fт,оm, I,Vоrl,h.еу (t9!)]) (solid, lln,es) аrе пtаrkеrl а7 l,h,e, ааlце,s

=+().,5. +0.25, ().(), -0.25. -().5. -1.0. -1,5. -2.t) Ь,ц black o.sleris}s ('l'=17 b,ill,ion years). sqILaTes (Т= l2
:tr]l,s). t,rio,ngles (Т:8 bill,ion, цеаrs). dot,s (Т=5 bill,ion,,years). ап,d dol,s,tu,itlt,|ll,uscs (Т=3 billirln'years).

,.' 1l|,r.} :;eq,ue,rl,ces аrе ended al [m/Н]=-0.22
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, .. -rls аге all isolateil. Stl we st,e that thе gaiaxies
chernically distinct nuclei аге quite diffег-

", tIavt] diffегепt rrroгphological types. di{lЪг-
, ],.)IlItIL]nts alrd diffегепt iurrrirrositv classes (е.

]82б is а dwагf spiral. and NGL' 5ГllJl,} is а
-_:,t), But we can point orrt two coltltttolt fЪа-

.lсh rпау Ье геlаrtеd ttl t}re origin of che:rlrically
nuc]ei.

,--.,,-, alrrtost all the galaxies аге kпоwп t,o have
decoupled stеIlаг апd/оr. gаsеоus sub-

\(l(' .1826 lras tw<l соttпtеrгсltаtiпg gaseous
', i(' 2tJ41, 26t]5. 10112. and I(] 1689 have 1lсь

ls disks of difГегепt sizes. N(iC 7l]i,t1 and
., ".:,clttnt,erl,otatitrg" (dyrrarrlicaily decoupled)

::,ponerlts. N(;(] 4621 has а fast-t,otating riu-
- - .аг disk (Вепdеr, 1!)9(), St,orza & Berrder,
.,. sorrte cases the Tnulti-colrlp(lttent stгtttltttгe

t,]eIl fг()Ill t}re phot,clrlretгit: data: NG(l 5533
- - ltal,e two expottetttial disks. iппег a,rrd

'ii сlifГегеrrt sc:ales. arttl the elliptical galaxy
---i has а weak large-scale disk errrbedded irrto

ýKondly. tlften ап age diffегепсе betweert stеllаг
Ils ()1';1 cherrtitla,llv cletxlrt;lled rtut:leus antl о1'

.]:s calI Ье clete<:tetl: stагs of cherrli<:allv de-
.:,,lei аге tlп the ачегаgе уоulr!4еr. Arrrong 10

- .:irlel сottsideгatiort. six derrtotrstl,ate nuc:lear

call llse tlreiг ff,з absoгtrltitlrl fсlг age diagnostic:s. Опiу
N(](] 268Гl ltas а t,atht:г оltl tluc:lear stеllаг populatiorL:
thе оthегs аге plotted in ttig. ij. We see that ttre ntearl
age of hhe stel]ar poprrlations of cherlrir:ally cler:orrpled

rruclei irr five galaxies urtd,:r t:orrsideгatiorl гапgеs ti,otrl

iJ to 8 billiorl чеагs: ol.ttsitie thе c,herrticalIv der,orrplecl

lrrrc,lei tlre IlIeaIl аgе of tht, stellar populations slraгplv
irtcгeases. as а гulе. (Irr IC_] 1689 а rt:tttгlt 1,о Гl billiorr

уеагs takes place at ft, - 5||, narrlely, in the blue рсllаг
гiпg; arrrorrg ot}rer thirrgs. the роlаг гiпg derrrotlstrates
а stгопg.Ва,lrrtеr errtissicllr, so 5 billiorl уеагs is atr rtJl-

pel iirпit to the age of its st,еllаг populatiorr),

This set tl{' observatiorral plo1leгt,ies allows lrs lo
suggest wltat rrray гesult in chc:tltical distirrctness ttf

tluclei. Тhе rrrultiple gалsеоus subsysterlts itrrply sorrr<:

gas at:cгetiott eveltts. TIie rrrultiple stellaг srrbsys-
terrrs ilrrplу several tlisсгеtе stаг fогrrtаt,iоlr epoc}ls.
T}re yorlng,,:I, ages of staTs in dec:tlrrpled rruclei suд-
gest опе of t}ie latest stal, f'orrnation c:vents tcl Ье lo-
r,alized in 1he ttuc:lei. So we sllppose that а galaxy
whiсh posst:sses Ilow а cherrically decoupled nucletrs
has опсе rlret anothet, gаs-гiс}r galaxy ог accreted а

lаrgе gaseotls cloltti. If it, was oгiginally а sрtгаl gala,x1,

with its оwп laгqe-st:ale gaseotls disk. this disk rrlust
Ье strorlgly tuгbrrlizetl. and the galaxy's own gas nlust,

fall рагtlу irrto the ceTttrt: ltavirrg rrrade а staгt to а
se<lottdary st,аг fогпrаtiоп Ьuгst within а чеrу srtrali та-

dius wtrich pгodrrced а new high-Tnetallicity stаг gеп-:-iativeIy- fгее of Ваltrrеr errrissions. so t}tat we

п Uc
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eгation looking поw as а cherrrically decoupled пu-
cleus Ассrеtеd gas was initially distributed beyond
the global disk of the galaxy, so its dlift to the cen-

tге was rlot so effective due to srrraller visc:osity and
dynamical fгiction. It is mоге ргоЬаЬlе that the fi-

nal distribution of thе асс:геtеd gas ltlay Ье extended
enough; it could Ье tгаrrsiЪгпrеd into stаrs (NGC 2841

and 7331) оr гепtаiп iTl the fоrтrl of gas (NGC 4826).

It is inteгesting, in thгее offour elliptical galaxies uп-

dег consideгation the cherrric:ally dec:oupled nuclei are

геsоIчеd, with radii of sеr,егаl hundred раIsесs while
all chelrrically dec,oupled nr-rclei in disk galaxies аrс
uпгеsоlчеd. Реrhарs, it rrray Ье геlаtесl tcl ргоЬаЬlе
abserise of оwп (рriпrогdiаl) gas in ellipticlal galaxies.
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