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Abstract. We investigate the stellar population content in the lenticular galaxies NGC 1023, NGC 3115 and NGC 4203 applying

a population synthesis method based on a seven component spectral basisfergintdages —.3 x 1%, 10 x 1(f, 25 x

10°, 75 x 1CP, 200 x 1%, 1.2 x 1C° and older than 18years, and metallicity in the rangel.3 < [Z/Z;] < -0.2. This

study employs two-dimensional STIS spectra in the rabi2900-5700 A, obtained from the Hubble Space Telescope public
archives. We extracted one-dimensional spectra in adjacent windows 100 pc wide (projected distance) from the nuclear regions
up to 300400 pc. The largest contribution, bothi6870 A flux and mass fraction, comes from old stars (agkd'° years).

We verified the possible existence of circumnuclear bursts (CNBs) in NGC 3115 and NGC 4203.
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1. Introduction the purpose of determining the star formation history in galax-

) o ) ies based on integrated properties.
A precise determination of properties of the stellar content of T . hes h b idered: luti
galaxies is clearly an important issue, since they are related W0 main approaches have been considered. evolutionary

to the galaxy formation and evolution. In order to do this, ﬁynthesis, a technique to study the spectrophotometric evolu-

is necessary to know what types of stars populate galaxie#%\a of galaxies (Tinsley 1980; Lacey & Fall 1985; Arimoto &

different morphological classifications, how the stars are d)ig?ShII 1986; Guiderdoni & Rocca-Volmerange 1987; Clarke

tributed throughout the observable regions of a given gala ,29; ?harli;& Bruz(;;alt 1"991; Molllatl. et al. t1hgg7; Bmssg q
and how those populations evolve with time. Thus we will b rantzos ), an  steflar population syntnesis, a metno
(Egsed on spectra of individual stars (van den Bergh 1975;

able to explain, for example, why spiral galaxies remain ag- . ;
tive in star formation throughout their evolution, contrary t ickles 1985) or integrated specira of star clusters (Bica 1986)
' g}at searches for the best mixture of stellar populations that re-

what occurs in ellipticals. Consequently, the determination . ;
the stellar ages is gfundamental?ask y produces the observed photometric /amdpectroscopic prop-
' erties of the galaxy.

Despite the recent technological advances associated to ob- i ,
servational astronomy, direct observation of individual stars js " this work we use the stellar population synthesis method
not yet possible for most of the galaxies, except for the nedffveloped by Bica (1988), which is based on star cluster spec-

ones. Consequently, stellar population analysis is based molify ©f Well-defined ages and metallicities. These population
on integrated properties. templates have ages©2.5x 10, 10x 10°, 25x 10°, 75x 1(F,

_ . _ 200x 10°, 1.2 x 10° and older than 1¥years, and metallic-
The integrated luminosity of a stellar population charactq[- in the range-1.3 < [2/Z5] < ~0.2. However, due to the
ized by a single age and metallicity obviously corresponds, signal-to-noise (ﬁ;\l) ratio and the uncertainti,es associated

a combination of light emitted by stars withfidirent €fective to_the metallicity of the population template spectra, we de-

temperatures and surface gravities. A typical galaxy contalrzfiaed to combine templates of a given age witfietent metal-

cpmbmaﬂon qf populaﬂons deflneq by a Iarger_range of in [cities. In consequence, the present synthesis method charac-
vidual properties with respect to a single populatlon.TherefoE tizes the stellar populations exclusively by age. Based on

unless we have detailed information on individual stars, sign{ Sis method. we intend to date the successive star formation
icant _conclusmns on a _stellar population can be derlvegl O¥isodes which took place in the central parts of the lenticular
if the integrated properties are properly modelled. For this re Jlaxies NGC 1023, NGC 3115 and NGC 4203, and study the
son, population synthesis methods have been developed 5 ation of the stellar content as a function of distance from

the nucleus. In addition, we investigate the potential influence
Send gprint requests toCh. Bonatto, of bars on the star formation rate in the central parts of these
e-mail:charles@if.ufrgs.br galaxies.

Article published by EDP Sciences and available at http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20031261



http://www.edpsciences.org/
http://www.aanda.org
http://dx.doi.org/10.1051/0004-6361:20031261

804 M. Bassin and Ch. Bonatto: Stellar population gradient in lenticulars

Previous studies confirmed the influence of bars in gen@able 1. Global parameters of the galaxies.
ating circumnuclear bursts (CNBs) of star formation in spi-

ral galaxies (e.g. Bonatto et al. 1998 and references thereirarameter NGC1023 NGC3115 NGC4203 Source
The dfect of bars was already pointed out by Pastoriza (2000) 0240"330° 10'05"139° 12'15M050° NED
(1975) on the basis of visible spectra and images. It has al$¢2000) +38°5400" -07°4300" +33°1105"  NED
been predicted by theoretical analysis and numerical simuld¥Pe SB(rs)0 SO"  SABO" LINER LEDA
tions of the dynamics in the central regions of spiral galax-MB , N ~20.23 ~19.77 ~19.48 LEDA
ies (Athanassoula 1992a,b; Martin 1995; Piner et al. 199 '(éad'\i") (kms%) 6032214 730;43 1026011421 NEEE)D
Elmegreen 1996). The observed association of barred spir t;nCiG(Mpc) n 14.6 18 LEDA
and CNBs favours a scenario in which material is driven along,Aphot (deg) 87 43 10 LEDA
the bar towards the center where, subsequently, star formati@Q@jination (deg) 76.7 81.6 55.4 LEDA
is triggered. Angular size (arcmin)  &x30  72x25 34x32  NED

In the case of grand-design barred spirals, the occurrel:l_%%
?rf t\:(vo Inntgr Ll?dcblllag .resotr:ances (IIILE)' Istha factor fav]?lj'[nngrated by the Jet Propulsion Laboratory, California Institute of
€ or.ma lon o S mg er expelie !n e CF’WSG orste t%chnology, under contract with the National Aeronautics and Space
evolution from stars forming the bars will be driven to the réxgminjstration; LEDA: Lyon-Meudon Extragalactic Database, sup-

gion located between both ILR, where it will build up a ringpjied by the LEDA team at the CRAL-Observatoire de Lyon (France).
as soon as the gas density in this ring exceeds the local virial

density in the region, star formation will proceed and lead @ ™ % Lt § o
the CNB. The time it will take for gas in the ring to be ex’s : =
hausted by CNB formation is expected to be quite small. (
the other hand, the time for replenishment of gas in the rir
from stellar evolution of stars in the bar, is of the order of 1 Gy
(Elmegreen 1996). Therefore, we may expect CNB activity
take place with a recurrence of about 1 Gyr.

To answer the question if the above scenario is also true
the context of lenticular galaxies, we proceed by determini
the stellar content of this type of objects. This work is a prelin
inary study in this direction.

In Sect. 2 we present the galaxies studied. The obser
tions and measurements are described in Sect. 3. We pre
the population synthesis and discuss the results in Sect. 4. :
conclusions of this work are given in Sect. 5.

le notes. NED: the NASMPAC Extragalactic Database is op-

2. Selected galaxies Fig. 1. NGC 1023 and NGC 1023A in a 103aJ plate taken with the

The three galaxies (NGC 1023, NGC 3115 and NGC 420_@30-inch telescope of Mount Palomar Observatory. The slit position

were selected from a survey in the Space Telescope Scie C,t':,_‘hown, and the individual spectra were integrated on the interval
getween the two internal marks on the slit. Scalé:x18.8". North is

Institute (STScl) public library. We selected objects not clas-
o . . . - at the top and East at left.
sified as peculiars and having no, or faint, nuclear activity.
Besides, they satisfy the criterion of having been observed with
a long-slit spectrograph, making it possible to extract the sped- Peculiar GalaxiesLately NGC 1023A has been interpreted
tra along diferent parts on the slit (corresponding téfelient as an individual galaxy, probably a companion of NGC 1023
spatial regions). The global parameters of the galaxies un@€apaccioli et al. 1986)
consideration are given in Table 1. NGC 1023 gained much interest when it was discovered to
be one of the nearest members of the rare class of neutral-
hydrogen rich lenticular galaxies. It is surrounded h$ %
10° M, of HI with a rather complex density distribution and
NGC 1023 (Fig. 1) is the brightest member of the homonyinematics, including two ring-like formations, both showing
mous group in Perseus, rich in late-type spirals and dwarf & overall rotation in the same sense as the stellar body, al-
regulars. It has an extremely bright nucleus in the center ofteough in diferent planes (Sancisi et al. 1984). This material
diffuse bar, situated near the minor axis of the projected imaaygpears not to be associated with regions of star formation,
(de Vaucouleurs & de Vaucouleurs 1964). It is also charactéending to be distributed mainly outside the optical boundaries
ized by the presence of a low luminosity condensation, denorfiian Woerden et al. 1983). The origin of the NGC 1023 neu-
nated NGC 1023A, near the eastern end of the major axis. Ttid hydrogen might be accretion at the expense of intergalac-
condensation, discovered by Pease (1917), has caught thei@atHI clouds or dwarf companions (Silkk & Norman 1979).
tention of Arp (1966) who included NGC 1023 among the fanZapaccioli et al. (1986) suggest a possible tidal interaction
ily of early-type galaxies with “nearby fragments” in thdlas between NGC 1023023A that may have removed a large

2.1. NGC 1023



M. Bassin and Ch. Bonatto: Stellar population gradient in lenticulars 805

- Fig. 3. NGC 4203 in a 103a0 plate taken with the 200-inch telescope
Fig.2. NGC 3115 in a 103a®WG2 plate taken with the 200-inch of Mount Palomar Observatory. Same as Fig. 1 for the slit. Scale:
telescope of Mount Palomar Observatory. Same as Fig. 1 for the Si6’ x 4.1’. North is at the top and East at left.
Scale: 58’ x 6.8'. North is at the top and East at left.

elliptical and disky galaxies: it has a very prominent bulge and
fraction of the NGC 1023A interstellar medium. There is alsa large, flattened halo; the small optical disk seems to present
the hypothesis that the neutral hydrogen is a remnant of a pgeme evidence reminiscent of spiral arms in the¢ 7ID0’
vious disk mainly consumed by earlier star formation (Larsamnge (Capaccioli et al. 1987).
et al. 1980). The disk of NGC 3115 has characteristics similar to those
The long-wavelenght spectrum is apparently dominated bj the spiral galaxies; it has an age intermediate between the
F and G stars. Since NGC 1023 lies at Galactic latituelel &°,  disks of typical SOs and those of the typical spirals (Silva et al.
the strong absorption line of Mgll is very likely to be from1989). In the bulge, Williams (1976) determined the tiiab
our Galaxy. In contrast, Mgl is so strong that it is unlikely téate G stars, with corresponding age5(@ 1.5) x 10° years.
be from just the Milky Way interstellar medium, implying the  NGC 3115 rotates rapidly about its minor axis, perhaps
presence of an intrinsic Mgl component (Kinney et al. 1993)fast enough to account for its flattened bulge (lllingworth &
Sil'chenko (1999) concluded that the stellar nucleus is suBehechter 1982). Investigations found evidence of a supermas-
stantially younger than the surrounding bulge: the mean agesife black hole in its center, with an estimated mass 8.9
the nuclear stellar population of NGC 1023 was estimated to (rmendy 2001). Persson et al. (1979) reported the possible
7 Gyr. The morphological analysis has revealed the existersgéstence of an inner ring, on the boundary of the nuclear bulge.
of a separate circumnuclear stellar disk with a radius of 80 pc;
probably, the intermediate-age stellar populations are related t
these structures. %% NGC 4203
Modeling of the observed stellar kinematics points to theGC 4203 (Fig. 3) is a fairly isolated, gas-rich galaxy of nor-
presence of a central dark compact mass —which presumabiyig optical appearance with a high disk-to-bulge luminosity
a massive black hole. The models suggest an object with magso, a small bulge and traces of a bar (de Vaucouleurs &
3.9 x 10’ M, (Bower et al. 2001). Pogge & Eskridge (1987)e Vaucouleurs 1964). Its neutral hydrogen distribution shows
detected no H+[N 11] emission in the NGC 1023 nucleus.  an almost circular, inner ring, apparently in circular rotation in
the plane of the stellar disk with a radius of 3.8 kpc. Outside
22 NGC3115 the opticgl radius _the HI Qistribution_can_ be repres_ent_ed by a
pseudo-ring, possibly in circular motion in a plane inclined to
NGC 3115 (Fig. 2) is a nearby and well-known galaxyhe optical disk (van Driel et al. 1988). Among the SO galaxies,
seen almost edge-on, located in the sparse environmeninofer and outer HI rings are not uncommon but NGC 4203 is
the Leo Spur. Itis frequently cited as a transition case betwemime in having an inner ring without a stellar counterpart. The



806 M. Bassin and Ch. Bonatto: Stellar population gradient in lenticulars

T T T T T T T T T T T

Table 2. Observation log.

Galaxy Date Exp. time (s) PA (deg)

NGC 1023 1997 Nov. 13 825 92.98

NGC 1023 1997 Nov. 13 825 92.98 200 pc
NGC1023 1997 Nov. 13 825 92.98 3L 4
NGC3115 1998 May 11 2373 38.42

NGC3115 1998 May 11 2373 38.42

NGC4203 1999 Apr. 18 730 105.4 | 300 pe
NGC4203 1999 Apr. 18 900 105.4

<

L.

preferred scenario for the origin and evolution of the gaseo%s 2r
component is an external origin, i.e. accretion from anothgr
galaxy (van Driel et al. 1988).

Classified by Ho et al. (1997) as a LINER 1.9 galaxy, it
presents kt in emission; it is also a faint X-ray nuclear source. 100 pc
The possible existence of a central black hole was suggested,
with an estimated mass less tha2 ¥ 10’ M, (Sarzi et al. 1L J
2001).

200 pc

nucleus
3. Observations

The present work uses data obtained from the STScl pub-
lic archives (eletronic addregstp://archive.stsci.edu) e
which have originally been obtained in other observational 3000 4000 5000
programs. AA)

We searched for long-slit spectra observed by the Spagg. 4. NGC 1023 spectra. The projected spatial distances from the nu-
Telescope Imaging Spectrograph (STIS). The spectral raradgus are indicated; the distances refer to the center of each extraction.
covered by STIS isl12900-5700A, using the G430L grism Except for the bottom one, the spectra have been shifted by an arbi-
atthe spectral resolution e A (dispersion of 2.73 A pixel).  trary constant, for clarity purposes.

The slit length covers 52arcsec, the slit width corre-

sponds to 0.2arcsec and each pixel at the CCD correspoRl(EC 3115 and NGC 4203. Notice how the blue to red flux ratio

to 0.051 arcsec in the sky. A log of the observations is given in) f h | h | reqi cularl
Table 2. changes from the nucleus to the external regions, particularly

The primary data reduction — bias and dark subtractiorllg,l\lGC 1023.

flat-fielding, wavelength and flux calibrations were previously
performed in STScl. We performed additional reduction u$.1. Measurements
ing standard IRAF procedures, as follows. Individual two-

imensional ra of iven obj were aver . .
g osriicf—?a;?s vigfec tr?m%v:d gOr? o d?gqj:ﬁtsi or?aless egtrilgvevg,r eat & features of the observed spectrum. Accordingly, the varia-
: tl(in of these spectral properties as a function of distance from

tracted in adjacent windows 100 pc wide (projected distanc I L tant cl to th tial distributi
from the nuclear regions up to 300 pc (in the case of NGC 31&% nucieus may give important clues to the spatial distribution
stars in a given galaxy.

and NGC 4203) and 400 pc (in the case of NGC 1023) from R In thi Kwe b tell lati vsi .
nucleus; beyond those distances the low quality of the spe tradn f's WO: \INeh asetoqrt_s € Ia:‘.r p:)pu ation ana yslls (t)n 'dtg
makes them useless for our purposes. The spectra were S of spectral characleristics. First, we use equivatent widtns

ected for redshift and foreground reddening according to t s) of the absorption features @K (113908-3952A),
Uallos givern ey COroHnETEdEening g “band (14150-4214 A),G-band (14284-4318A), Mg

In order to improve the (8l) ratio, we combined the (415070-5135A), MgHMg-band (15155-5198A), Fe

spectra extracted at the same distance on either side of %@5247_5287’&) and Fe(115314-5354A), since these fea-

galactic center. The final (§) ratios ati5600 A ranged be- t_ures present significant dependences on metallicity and, par-

tween 10 and 20. In Figs. 4 to 6 we present the resu“cularly, age, which arise from dilution by blue luminous stars

ing average spectra of the galaxies, according to extract{dny°UNY clusters (Bica & Alloin 1986a); besides, these fea-

region, normalized aft5870A, respectively for NGC 1023,tures are not d|sturb¢d, in general, by emission lines. Second,
as additional constraints, we use continuum points (Cs) located

1 |RAF is distributed by the National Optical Observatories, whicAt 3220, 3660, 4014 and 5560 A. .
is operated by the Association of Research in Astronomy, Inc., under In order to measure the Ws for the absorption features,
cooperative agreement with the National Science Foundation, USAve determined a pseudocontinuum from selected pivot points

age and metallicity of a stellar population are reflected in
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Fig. 5. Same as Fig. 4 for NGC 3115. Fig. 6. Same as Fig. 4 for NGC 4203.

around the seven spectral windows described above. The pivot
points for the continuum tracing are positioned at 3220, 36g¥ssumptions are implicit in real cluster spectra. Consequently,
4014, 4510, 5313 and 5560 A. We measured the Ws by infy this approach, the synthesis is reduced to a simpler problem.
grating the flux within each spectral window between the traced Our synthesis includes seven age components, listed in
pseudocontinuum and the spectrum. Table 4, and the corresponding spectral templates are presented
Continuum positioning can be somewhat subjective, partig-Fig. 7. The base elements that we use are taken from the star
ularly in the noisier spectra. We evaluate this uncertainty by reluster population templates described in Bonatto et al. (1995).
alizing three independent measurements for each W, allowing Basically the algorithm consists of a series of loops,
for different continuum levels, and then assuming the averagiich attributes percentage flux fractions to the base elements
value. The observed Ws and Cs along with the correspondatds870 A, generating all possible linear combinations of these
standard deviations are given in Table 3 for each galaxy and elements according to a given flux contribution step, and subse-
traction. Table 3 also contains the respective synthesized valgeently comparing the Ws and Cs of these combinations with
for the Ws and Cs (see Sect. 4). Ws and continuum definitichge observed values. A combination is an acceptable solution
are based on Bica & Alloin (1986a,b), Bica (1988) and Bicahen all the synthesized values (Ws and Cs) reproduce those
et al. (1994). measured on the galaxy, within allowed windows. These win-
For NGC 1023 and NGC 3115 the Ws tend to be larger dows are typically of 0.03—0.08 for CE€{/C,ss70), which is of
the nucleus than outside it. For NGC 4203, except for an ithe order of the observational errors, and of 1-4 A for Ws, or
crease of the Ws for Q&K outwards and an anomalous valu@ven higher, which reflect both the observational errors and in-
of the W for Mgt at 200 pc, the behaviour of the Ws is similarcompleteness of the base elements with respect to the metallic-
ity range. The code also dereddens the observed spectra, testing
different values for the internal reddeni(B — V); that dfects
the stellar population.
The population synthesis is based on Bica’s (1988) algorithm, As a result of the presence of observational errors and the
modified by Schmitt et al. (1996) to include continuum ratiodifficulty of building a basis that significantly covers the galaxy
and internal reddening in the search for solutions. In contrasféatures, spectral synthesis is a degenerate problem; in conse-
population synthesis based on stellar libraries, the star clugjgence, more than one solution can represent the observed data.
method does not require information on the initial maseghe final synthesis solution is thus the average of all acceptable
function and the details of stellar evolution, since thesmslutions, weighted by their frequency of occurence.

4. Population synthesis
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Table 3. Equivalent width and continuum measurements.

Extraction: nucleus 100 pc 200 pc 300 pc 400 pc
obs. synth. obs. synth. obs. synth. obs. synth. obs. synth.
Galaxy  Window (A) Equivalent Widths (A)
3908-3952 17.205 17.8 14.1 0.2 15.7 11.8-0.5 13.3 11.5:0.4 13.0 10.6: 0.5 11.7
4150-4214 13.60.2 8.7 11.0:04 7.9 10.4- 04 6.7 9.9+0.2 64 8.6:0.3 6.1
4284-4318 8.20.1 8.4 85:05 7.7 7503 7.0 75:0.4 6.7 6.3+ 0.6 6.5
NGC 1023 5070-5135 11404 8.9 11.6:0.5 8.7 85:0.2 7.8 7409 7.7 9.3:t04 74
5155-5198 11.2 0.3 10.2 10.9- 0.4 9.8 9.8:0.1 9.0 9.3 05 8.8 10.9+ 0.1 8.7
5247-5287 4604 4.1 46+0.3 3.9 1.5-0.2 3.8 2.2+05 3.8 3301 37
5314-5354 2305 18 1.9+04 138 1.8:0.2 1.7 0.7+03 1.8 1602 1.7
3908-3952 17.4 0.5 16.9 12.5: 0.4 13.8 13.5: 0.5 135 12.9: 0.5 13.2
4150-4214 10.: 0.3 84 13.200.2 7.3 10.8: 0.7 6.8 8.6:t0.5 6.7
4284-4318 8.205 8.0 4904 7.1 8405 7.0 7.0:04 6.8
NGC 3115 5070-5135 1280.4 8.8 9.7+0.5 83 8508 7.9 11.2: 0.3 8.0
5155-5198 12.2 0.1 10.0 10.4-0.4 95 7.3:04 9.0 9.0:0.6 9.1
5247-5287 4302 4.0 3403 39 2.+03 3.8 45:0.3 38
5314-5354 0804 17 0.6£0.2 1.7 1.7+04 1.7 1.5+03 1.7
3908-3952 10.#0.7 12.0 11.3: 0.3 154 16.4 0.6 16.1 17.0: 0.6 15.4
4150-4214 15203 7.1 15704 74 8.9-05 8.1 71+06 7.7
4284-4318 not used not used &3 7.8 5704 7.6
NGC 4203 5070-5135 1200.4 8.1 115+t 0.6 8.3 15403 7.7 10.4: 0.6 8.5
5155-5198 13.6¢ 0.3 13.7 13.0:0.5 95 13.3 0.5 9.9 11.9-0.6 9.7
5247-5287 5205 38 47+04 3.9 48:04 4.0 4804 39
5314-5354 23106 16 1.0005 1.7 1.803 1.8 29+05 1.7
A1 (A) Continuum points €,/Css70

3220 0.17+0.01 0.17 0.24: 0.01 0.24 0.3 0.02 0.31 0.33 0.02 0.33 0.4 0.03 0.41
NGC 1023 3660 0.2£0.02 0.27 0.32-0.02 0.31 0.35%0.02 0.36 0.36: 0.02 0.37 0.45:0.03 0.43
4014 0.50+ 0.02 0.49 0.5k 0.02 0.52 0.6k 0.02 0.59 0.6 0.03 0.60 0.66: 0.03 0.66
5560 0.95+ 0.02 0.95 0.9% 0.02 0.95 0.94: 0.03 0.96 0.96: 0.03 0.96 0.9% 0.03 0.97
3220 0.24+ 0.02 0.22 0.43 0.02 0.36 0.4% 0.03 0.39 0.3% 0.03 0.36
NGC 3115 3660 0.3@ 0.02 0.31 0.34-0.02 0.40 0.3 0.02 0.43 0.3%0.03 0.39
4014 0.52+ 0.02 0.52 0.53 0.02 0.58 0.58 0.02 0.61 0.64 0.03 0.63
5560 0.97+ 0.02 0.95 0.93 0.02 0.95 0.94: 0.03 0.96 0.93 0.03 0.97
3220 0.37+ 0.02 0.40 0.24: 0.03 0.24 0.2% 0.03 0.24 0.2% 0.03 0.26
NGC 4203 3660 0.4%0.02 0.42 0.32-0.02 0.32 0.35%0.03 0.31 0.3%0.03 0.33
4014 0.56+ 0.02 0.58 0.5% 0.02 0.53 0.4% 0.02 0.51 0.52 0.03 0.54
5560 0.94+ 0.02 0.96 0.93 0.02 0.95 0.9% 0.03 0.95 0.94: 0.03 0.93

The spectral window 4284-4318 A is contaminated by emission lingsattd [On1]) in the first two extractions of NGC 4203.

Table 4. Equivalent width and continuum measurements for the base.

Elementage (16 years): 25 10 25 75 200 1200 >10000

Window (A) Main absorbers Equivalent Widths (A)
3908-3952 CakK 3933 A 0.00 1.40 1.81 1.65 5.25 8.65 18.78
4150-4214 CN-band 4182 A 0.00 0.84 0.94 0.72 0.81 1.32 9.12
4284-4318 G-band 4301 A 0.00 0.76 1.62 2.62 3.80 5.04 8.56
5070-5135 Mg 5102 A 0.00 3.20 2.42 1.20 1.32 2.91 9.11
5155-5198 MgHMg-band 5176 A 0.00 2.51 1.87 2.38 3.48 3.85 10.36
5247-5287 Fe5270 A 0.00 2.62 1.66 2.36 241 2.23 4,12
5314-5354 Fe5335 A 0.00 1.33 1.21 1.96 1.89 0.75 1.81

A1(A) Continuum points -C,/C ss70

3220 4.69 2.17 1.53 1.18 0.63 0.45 0.16

3660 3.27 1.37 1.07 0.88 0.63 0.48 0.28

4014 2.27 1.40 1.83 1.74 1.25 0.83 0.50

5560 1.13 1.00 1.10 1.08 1.04 0.97 0.95

Table notes. Column 2: main absorbers in each spectral window. Column 3: the HIl region component is represented by a featureless contin
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Table 5. Stellar population synthesis results.

Elementage (16 years): 25 10 25 75 200 1200 >10000
Galaxy Extraction E(B - V), 15870 A flux fraction (%)
nucleus 0.04:0.02 0.1+0.3 0.4+06 02+04 02+04 05+07 0.9+1.0 97.7+0.8
100 pc 0.05:0.02 0.7+0.7 22+16 12+12 06+08 04+06 0.8+£08 94.1+0.9
NGC 1023 200 pc 0.040.02 15:£05 09+09 39+20 16+17 1.0+11 56+1.2 855+:0.8
300 pc 0.06:+0.03 1.1+0.8 3.3+23 34+26 31+24 25+23 28+24 83.8+138
400 pc 0.02:0.01 29+06 21+£17 32+23 29+23 33x26 3.6+£29 82.0+20
nucleus 0.020.01 06+06 14+13 05+0.7 02+04 03+05 04+0.7 96.6+0.8
NGC 3115 100 pc 0.020.02 29+15 46+26 03+04 02+04 0.1+£02 04+06 915+1.1
200 pc 0.01+0.01 4.0+00 13+04 03+04 07+09 0.7+09 6.3x1.3 86.7+05
300 pc 0.0+ 0.01 0.1+03 53+11 59+17 12+14 0.2+03 0.6£0.7 86.7+0.6
nucleus 0.03x0.02 49+03 14+09 03+05 03+05 0.7+08 16+15 90.7+1.3
NGC 4203 100 pc 0.020.01 04+05 21+13 05+06 05+08 09+1.0 6.8+1.3 88.8:t04
200 pc 0.05:0.02 18+06 15+16 02+04 0.2+04 0.2+03 0.2£04 959+0.8
300 pc 0.03:0.02 18+04 1.0+12 04+06 05+06 1.1+1.0 23+21 929+17
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>10000
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Fig. 7. Spectra templates for the base in the rang8900-6100 A,

normalized at15870 A. The spectra are labelled by their respectivigates thea5870A flux in all galaxies. For NGC 1023 and
age (in 16 years units).

be attributed a multiple of 10% flux contribution to the total
flux, generating about 8000 combinations for each assumed
E(B-V);. Reddenings are tested in the range GE(B-V); <

0.50 with a step of 0.01. Thus, in total, 400 000 combinations
are tested for each running. A second phase consists of explor-
ing at a 5% step the more restricted space of combinations cen-
tred on the family of solutions found during the first phase. This
refinement is made by means of successively restrictions of the
allowed windows. Next, we calculate the solution with finer
steps of 2% and finally 1%. In this final phase, about t@m-
binations are generated and the number of acceptable solutions
amounts to less than 10Ve tested the Galactic (Seaton 1979),
LMC (Fitzpatrick 1986) and SMC (rot et al. 1984) redden-

ing laws for each synthesis.

In principle, a spectral analysis based on eleven features
should be sfiicient to avoid any non-uniqueness of the solu-
tions as a consequence of the age-metallicity degeneracy. In
fact, since our base can be considered complete in terms of
age, any discrepancy between galaxy and template metallicity
will be reflected and accumulated in the residuals — tiffedi
ence between observed and synthesized Ws, fiiettang, in
this way, the age estimates. Consequently, our population age
synthesis results can be viewed as acceptable solutions, limited
mainly by the intrinsic errors of the observational parameters.

The results of our synthesis are given in Table 5, where
we present the percentage contribution of each base element to
the flux at15870A. The values oE(B - V); are also given in
Table 5. They correspond to the LMC law for the three galaxies.

The component with age10Gyr (hereafter old) domi-

NGC 3115 it contributes, at the nucleus, with about 96-97%
of the flux at15870 A, decreasing outwards to about 82—86%
at 300—400pc. For NGC 4203, this population showdfedint

Initially we use a 10% step for testing the flux contribubehaviour:increasingcontribution from the nucleuss90%)
tion at 5870A, which means that to each base element wipp to 200pc £95%) and subsequently a decrease; such
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Fig. 8. Observed and synthesized nuclear spectra for NGC 1023, néig. 9. Same as Fig. 8 for NGC 3115.
malized at15870 A. The first one was dereddened with a LMC law
and has been shifted by an arbitrary constant, for clarity purposes.

As can be seen in Table 3, most of the absorption fea-

a behaviour could be the result of more recent star-formatiBifés are well reproduced by the synthesis algorithm. For
in the nucleus or dilution by other continuum sources (e.g. feé#e CN-band feature the fierence between the measured
tureless continuum). Ws and those obtained by the synthesis are more prominent
The 1.2 Gyr component (hereafter intermediate-age) Hag0-60%), probably due to the strong dependence on metal-
a non-negligible contribution in NGC 1023 only from 200 pdicity of this feature in the old population (Bica & Alloin
outwards (3-5% of the flux). For NGC 3115 and NGC 420%9864). In general, the synthesized Ws are smaller than the ob-
this component shows a significant contribution only at 200 §€rved ones, suggesting that the studied galaxies have highet
and 100 pc, respectively. metallicity than the templates.
In NGC1023 the components younger than the
intermediate-age population agree, in general, with t
contribution of the latter population. For NGC 3115 an
NGC 4203 they contribute more significantly at 300 pc in thEhe synthesis results (Table 5) refer to flux fractions; in order

%‘?1. Synthesis results in terms of mass fractions

first case, and at the nucleus, in the second case. to discuss star-formation histories it is useful to convert these
We do not observe a significant gradient of the internal redalues into mass fractions. We obtain the corresponding mass
deningE(B - V); for the three galaxies. fractions by means of mass-to-light ratibg L ;5570 computed

In Figs. 8 to 10 we compare the dereddened nuclear dlm a stellar evolution model of star clusters (Bica et al. 1988).
served spectra of the galaxies with the respective synthesiZé results are shown in Table 6. In terms of mass fractions the
ones. The synthesized spectra were constructed using the alidustellar population largely dominates98-99%) the bulge
cluster templates (Bonatto et al. 1995) combined accordingabthe three galaxies, demonstrating that most of the gas was
the proportions given by the synthesis. For NGC 4203 the ecenverted in stars in the first generation. The intermediate-age
istence of activity in the nuclear region turns the first two olpopulation agrees with the distribution derived in the flux frac-
served spectra into spectra quitdfelient of the synthesizedtion analysis: increasing from 200 pc outwards in NGC 1023,
ones, since the base elements have been constructed fromveitér discontinuities in NGC 3115 and NGC 4203 at 200 pc
clusters with no emission lines in this spectral region; the syand 100 pc, respectively, indicating the possible existence of
thesis constraints, in this case, are mainly based on the spediraumnuclear bursts. The mass fraction stored in young com-
continuum points. ponents is negligible for the three galaxies.
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Table 6. Synthesis results in terms of mass fractions.

811

Elementage (16 years): 25 10 25 75 200 1200 >10000
Galaxy Extraction Mass fraction (%)
nucleus <0.01 <0.01 <0.01 0.01+0.02 0.02+0.03 0.23+0.28 99.73+0.28
100 pc <0.01 <0.01 0.01+0.01 0.02£0.02 0.02£0.03 0.19+0.25 99.75+0.25
NGC 1023 200 pc 0.02£0.01 <0.01 0.03+0.02 0.07+=0.07 0.05+0.06 1.78+ 0.37  98.06+ 0.38
300 pc 0.0+ 0.01 <0.01 0.03+0.02 0.13+0.10 0.12+0.11 0.91+0.80 98.79+0.88
400 pc 0.0+ 0.01 <0.01 0.03+0.02 0.13+0.10 0.17+0.14 1.20+0.97 98.46+0.92
nucleus <0.01 <0.01 <0.01 0.01+0.02 0.01+0.02 0.12+0.20 99.85+0.20
NGC 3115 100 pc 0.02£0.01 <0.01 <0.01 0.01+ 0.02 <0.01 0.11+ 0.19 99.86+0.19
200 pc 0.02+ 0.00 <0.01 <0.01 0.03+0.04 0.03:0.04 1.96+0.38 97.95+0.38
300 pc <0.01 0.01+0.01 0.04+0.01 0.05+0.06 0.01+0.02 0.19+0.25 99.70+0.26
nucleus 0.02 0.00 <0.01 <0.01 0.0+ 0.02 0.03:0.04 0.49+0.46  99.44+0.46
NGC 4203 100 pc <0.01 <0.01 <0.01 0.02£ 0.03  0.04+0.05 2.05+0.41 97.88-0.41
200 pc <0.01 <0.01 <0.01 0.01+ 0.02 <0.01 0.07£0.12  99.90+ 0.12
300 pc <0.01 <0.01 <0.01 0.02+0.03  0.05:0.05 0.70+0.66  99.22+ 0.66
in 112900-5700A range obtained by the HST. The analysis
NGC 4203 ; ; iR
was based on a population synthesis method which interprets
the variety of populations within the observed regions in terms
15| observed + E(B-V)=0.03 of age. From the method it is also possible to derive the internal
reddening and to infer the associated extinction law.

We presented flux and mass fractions of thedent age
components derived by the synthesis, inferring also the star-
formation histories involved. For the three galaxies studied we
found that:i) the old population dominates, both 5870 A
flux fraction and mass fractiori}) the LMC reddening law is

1l suitable to describe internal extinctidin) no reddening gradi-
p ent was foundiv) there are possible faint CNBs associated to
% the intermediate-age population in NGC 3115 (at 200 pc from
° the nucleus) and in NGC 4203 (at 100 pg)the correlation be-
tween CNBs and lenticular barred galaxies was not confirmed
in our restricted sample.
synthesized
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