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ABSTRACT

Aims. In this work we derive clues to the formation scenario and ionisation source of the lenticular galaxy NGC 3607 by means of
metallicity gradients, stellar population, and emission lines properties.

Methods. We work with long-slit spectroscopy from which we (i) study the radial distribution of the equivalent widths of conspicuous
metallic absorption features; (ii) make inferences about the star formation history (with a stellar population synthesis algorithm); and
(iii) investigate the ionisation source responsible for a few strong emission lines.

Results. Negative radial gradients are observed for most of the absorption features of NGC 3607. Compared to the external parts,
the central region has a deficiency of alpha elements and higher metallicity, which implies different star formation histories in both
regions. At least three star formation episodes are detected, with ages within 1-13 Gyr. The dynamical mass and the Mg, gradient
slope are consistent with mergers being important contributors to the formation mechanism of NGC 3607, a scenario consistent with
the star formation episodes.. Emission-line ratios indicate a LINER at the centre of NGC 3607. Contribution of hot, old stars to the

gas ionisation outside the central region is detected.
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1. Introduction

Significant efforts have been made in the past few years to un-
derstand the complex mechanisms associated with the formation
and evolution of the early-type galaxies. Since the early 90s, it
has been established that ellipticals cannot be described as part
of a one-parameter family and that many show unambiguous
signatures of interaction with companions and the environment
(van den Bergh 1990). These facts suggest that these galaxies
may have experienced different star formation histories, with
the present-day stellar populations differing in metallicity and/or
age. In this sense, most early-type galaxies (or their nuclei) are
not characterised by a single-aged stellar population. Instead,
they are described better by a composition of single stellar popu-
lations (e.g. Worthey et al. 1992; Arimoto & Yoshii 1987; Rickes
et al. 2004; Rickes et al. 2008).

Observationally, clues to the star formation history of a
galaxy can be found in the radial dependence of the stellar
[a/Fe] ratio, or more specifically the Mg/Fe abundance ratio
(Pipino et al. 2006). The Mg2 line-strength distribution in early-
type galaxies can vary considerably, with radial profiles rang-
ing from essentially featureless to rather structured. In the latter
case, changes in slope, possibly associated with kinematically
decoupled cores, or anomalies in the stellar population, have
been observed in some ellipticals (e.g. Carollo et al. 1993).

In this context, investigation of the spatial distribution of the
stellar population and metallicity in samples of early-type galax-
ies may shed some light on these formation and evolution is-
sues. With the above goals in mind, we have been conducting
a systematic study of objects rich in interstellar medium, such
as NGC 5044 (Rickes et al. 2004) and NGC 6868 (Rickes et al.
2008).

This work focus on the lenticular galaxy NGC 3607, which
is the central and brightest member of a group that contains the
galaxies NGC 3605 and NGC 3608 as well. Figure 1 shows a
15’ x 15" V band image of NGC 3607 and companions, extracted
from the Canadian Astronomy Data Centre (CADC)'.

The radial velocity of NGC 3607 is ~960 kms~! (Ferguson
& Sandage 1990), which puts it at a distance of ~12.8 Mpc (with
Hy = 75 kms~' Mpc™!). At such a distance, 1” corresponds
to about 0.062kpc. NGC 3607 is a LINER with X-ray emis-
sion (Terashima et al. 2002), and discrete sources in the host
galaxy are the probable origin of the extended hard X-ray emis-
sion. The hot gas in this elliptical galaxy has been analysed by
Matsushita et al. (2000). NGC 3607 is another case where the
dust and ionised gas distribute as a small asymmetric disk. The
dust absorption is stronger in the northeast direction, while the
ionised gas emission is more significant towards the southwest
(Ferrari et al. 1999).

The goal of this paper is to investigate the stellar population,
metallicity distribution, and the ionised gas in NGC 3607, which
are important parameters for understanding the formation and
evolution of this galaxy.

This paper is organised as follows: Sect. 2 presents the ob-
servations and data reduction; Sect. 3 deals with the equivalent
width analysis of the absorption lines and their radial depen-
dence; Sect. 4 describes the stellar population synthesis, whose
results are discussed in Sect. 5; Sect. 6 presents an analysis of the
emission lines and the nature of the ionisation source. Finally,
Sect. 7 offers a general discussion of the results and conclusions.

! http://cadcwww.dao.nrc.ca/
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Fig. 1. V band image covering the field 15’ x 15" centred on NGC 3607.
Image orientation: north to the top and east to the left.

Table 1. General data on NGC 3607.

Parameter Value

a(J2000) 11"16™54.6°
6(J2000) +18°03'07”

Mp -21.92

B 10.8

E(B-V) 0.070

LitosNin) 1.28 x 10* ergs™!
Heliocentric radial velocity 960 + 20 km s~
Distance 12.8 Mpc
Redshift 0.003202 + 0.000067
Diameters 4.9 x2.5
Effective radius’ 43.4”

Note. Data obtained at the NASA/IPAC Extragalactic Database (NED)
which is operated by the Jet Propulsion Laboratory, California Institute
of Technology, under contract with the National Aeronautics and Space
Administration. () R, from Annibali et al. (2007).

2. Observations and spectra extraction

In the present paper we study the star formation history, metal-
licity distribution, and emission-gas properties of NGC 3607.
Basically, we work with long-slit spectroscopy and a star for-
mation synthesis algorithm, following similar methods to those
applied to NGC 6868 and NGC 5903 (Rickes et al. 2008). The
general parameters of the bright SO galaxy NGC 3607 are given
in Table 1.

The observations were obtained with the ESO 3.6 m tele-
scope at La Silla, Chile, equipped with EFOSCI1. The spec-
tra cover the range 115100-6800 A with a 3.6 A/pixel reso-
lution. The spatial scale of the observational configuration is
0.6” pixel™'; the slit length was 3.1, while its width was fixed
at 1.5”, corresponding approximately to the average seeing; two
2-dimensional spectra were obtained with the same exposition
time (approximately 45 min) and position angle PA = 301°. In
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Fig. 2. Spatial extractions for the SW (left panel) and NE (right panel)
directions normalised at 15870 A. The distance to the galaxy centre is
indicated on each spectrum. Except for the bottom ones, the spectra
have been shifted by an arbitrary constant, for clarity purposes.

all cases, the extraction area was fixed at 4.57”2, which corre-
sponds to ~0.02 kpc?.

The standard star HR 7333 was observed for flux and ve-
locity calibrations. We point out that the average FWHM of the
absorption features in the spectrum of HR 7333 is between 8 and
10 A, similar to that of the Lick/IDS system.

The spectra were corrected for the radial velocity V, =
960 kms~! and the foreground Galactic extinction Ay = 0.035
(Table 1). The corrected spectra, normalised at 15870 A, are
shown in Fig. 2, separately for the northeast and southwest di-
rections on the galaxy.

3. Radial properties of absorption features

Important information on the chemical abundance and stellar
population of a galaxy can be obtained from the analysis of the
equivalent widths of a set of selected absorption lines and con-
tinuum fluxes (e.g. Rickes et al. 2008; Rickes et al. 2004, and
references therein). Here we work with the continuum tracing
and spectral windows for the absorption features defined by the
Lick system (Faber et al. 1985).

Because of the somewhat restricted coverage of our
NGC 3607 spectra (Sect. 2), the available absorption features are
Mg 2, Felys270, Felysass, Felysaos, Felisroo, Felisrgn, Nalysgos,
and TiO1I,¢37. Continuum points within the same spectral re-
gion are As300, 45546, 45650, 45800, 45870, 6173, A6620, and Ageao.

Some early-type galaxies have been shown to present sys-
tematic spatial variations on the line strength of the indices Mg 2
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Table 2. Equivalent widths measured in the spectra of NGC 3607.

R R/R.  Mgrindex Mg is176 Fels270 Feljs33s Felasa06 Fels700 Fel)s7s2 Nalssgs TiOn 6237
) (mag) A) A) A) A) A) A) A) A)
0.00 0.00 0.17+0.01 6.10£022 3.60+0.17 3.75+0.15 227+0.04 1.33+0.02 1.01+0.05 5.03+021 6.61=+0.33
3.058 0.07 0.16+0.01 6.03+0.25 3.58+0.35 3.29+0.26 2.35+0.09 134+0.04 1.06+0.01 536+0.22 6.42+0.32
6.10S  0.14 0.16+0.01 578+035 3.46+0.34 3.13+0.52 2.38+0.03 143+0.06 1.15+0.01 4.76+0.25 6.41+0.35
9.15S 021 0.15+£0.01 549+038 3.45+0.28 3.38+0.20 2.08+0.11 1.30+0.03 1.29+0.03 4.72+0.30 6.54+0.33
12208 028 0.15+0.01 556+038 3.08+0.24 3.07+0.29 202+0.15 1.02+0.10 1.26+0.08 4.04+0.27 5.64+0.35
15258 035 0.14+0.01 497+026 280+048 2.76+0.16 2.35+0.06 1.08+0.08 1.12+0.02 4.00+0.24 5.65+0.38
1830S 042 0.14+0.01 495+040 280+0.56 2.73+0.30 2.27+0.07 1.06+0.11 1.0l £0.07 3.99+031 4.85+0.34
24408 056 0.13+0.01 4.89+053 3.14+049 276+0.27 1.86+0.14 1.05+0.11 1.33+0.13 393+032 5.63+0.37
30.50S  0.70 0.14+0.01 4.92+0.62 3.21+0.63 2.65+0.57 1.79+0.18 123+0.12 092+0.02 3.43+0.32 5.35+0.38
305N  0.07 0.16+0.01 6.03+0.20 3.64+0.33 3.43+0.17 228+0.04 131+0.04 1.00+0.02 5.05+0.23 6.38+0.33
6.10N  0.14 0.16+0.01 589+0.28 3.54+0.37 334+0.26 2.26+0.15 122+0.05 1.03+0.03 4.67+030 6.36+0.35
9.I5N 021 0.15+0.01 552+0.08 345+0.24 3.15+0.32 221+0.16 1.30+0.04 1.19+0.02 4.96=+0.27 6.40=+0.31
1220N  0.28 0.14+0.01 539+028 3.18+0.27 3.00+0.24 2.06+0.09 1.07+0.07 1.18+0.02 456=+0.31 5.55+0.33
1525N 035 0.14+0.01 509+0.16 284+051 255+024 222+0.10 1.11+0.12 1.03+0.05 4.08+0.25 546=+0.38
1830N 042 0.15+0.01 5.00+030 281+045 274+0.13 221+0.10 1.03+0.14 095+0.02 4.02+0.27 4.78 +0.35
2440N 056 0.14+0.01 493+0.23 293+0.50 2.74+0.26 193+0.13 1.02+0.05 1.29+0.05 3.89+030 5.65+0.37
30.50N  0.70 0.13+0.01 4.89+0.12 3.10+0.60 2.59+046 1.82+023 1.19+0.10 098 +0.01 3.55+0.31 5.47+0.35

Note. EW of Mg, index is in mag. All spectra have been extracted within 4.57(”")* ~ 0.02 kpc®. The EWs are corrected for velocity dispersion,
and the errors are the standard deviation of the average of three different measurements.

and Fe T, either from the centre to the external regions or limited
to the central region (e.g. Gonzdles 1993; Carollo & Danziger
1994; Carollo et al. 1993; Davis et al. 1993; Fisher & Illingworth
1995; Fisher & Illingworth 1996).

The above arguments suggest changes in some fundamental
properties of the underlying stellar population. To investigate the
stellar population and metallicity gradient in NGC 3607, we first
analysed the spatial distribution of metal-line strengths, and then
applied a stellar population analysis.

Strong absorption lines of neutral iron and sodium, as well
as Mg2 and TiO bands, are present in the spectra of NGC 3607
(Fig. 2). Particularly conspicuous features are the Mg 2,576,
Fe 155270, Felissss, Felisaos, Feliszoo, Felasrsz, Nalysgos, and
TiO I637. These absorption features present a strong depen-
dence with the age and metallicity of the underlying stellar pop-
ulation (e.g Bica & Alloin 1986; Rickes et al. 2004; Rickes et al.
2008).

Each equivalent width (EW) was measured three times, al-
lowing for the uncertainties in the continuum level definition
from noise in the spectra. This procedure allowed us to estimate
the average value and corresponding standard deviation from the
average for each measurement.

Subsequently, the observed values of EW were corrected for
line broadening due to the stellar velocity dispersion. We fol-
lowed the same procedure as described in Rickes et al. (2008).
The spectrum of the G giant star HR 7333, assumed to have zero
intrinsic velocity, was broadened with a series of Gaussian filters
with velocity dispersion o~ varying from 0 to 300 km s~! in steps
of 10km s~!. For each absorption feature considered, we calcu-

lated an empirical correction index C,, so that C,-(EW) = SVVVV((S)) s
where EW(0) and EW(0) are the observed and broadened equiv-
alent widths, respectively. We calculated the correction index
for each extracted spectrum using the o values defined by Caon

et al. (2000).

The EWs measured in the spectra of NGC 3607, corrected
for the velocity dispersion, are given in Table 2. Except for the

Mg?2 index, which is measured in magnitude, the remaining EW's
are given in A.

The corrected EWs of NGC 3607 (Table 2) are shown as a
function of the distance to the galaxy centre in Fig. 3. Except
for Fel,s575,, the remaining absorption features present signifi-
cant variations with distance to the centre. In particular, the Mg 2
band clearly shows a negative gradient, i.e. increasing towards
the centre of the galaxy. Evidence of similar negative gradients
are seen in the other Fe I features.

Similar gradient slopes in the Mg?2 index and the FeT fea-
tures suggest the same chemical enhancement process for these
elements. Furthermore, as shown in Fig. 4, the EW of Mg?2 cor-
relates both with EW(Fe 1,5279) and EW(Fe 1,5335), which is con-
sistent with the same enrichment process acting on Mg and Fe
in NGC 3607.

When the gravitational potential is strong enough to re-
tain the gas ejected by supernovae events and massive stars
winds, it eventually migrates to the galaxy’s central regions.
Thus, it should be expected that subsequent generations of
stars will be more metal-rich at the centre than in the exter-
nal parts. Consequently, a negative radial metallicity gradient
should be established as a mass-dependent parameter. In this
scenario, a galaxy formed essentially through a monolithic col-
lapse, i.e. with a small contribution of mergers, is expected to
present a well-defined correlation between the metallicity gradi-
ent (Larson 1974; Ogando et al. 2005) and total mass (Carollo
et al. 1993).

The above issue was investigated by Carollo et al. (1993),
who studied the dependence of the gradient dMg,/dlog r with
galaxy mass in a sample of 42 elliptical galaxies. They detected
a conspicuous correlation for masses lower than ~10'! M, fol-
lowed by a saturation for higher masses. Different formation
mechanisms, such as a less dissipative collapse and/or merger
of smaller galaxies, are invoked to explain the lack of an Mg,
gradient slope to galaxy mass correlation for the high-galaxy
mass range (e.g. Carollo et al. 1993). In addition, the correlation
between dMg,/dlog r with velocity dispersion (o) — confined to
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Fig. 3. Radial distribution of the absorption features in NGC 3607. The
radial scale is given in terms of the effective radius, R. = 43.4”, with
negative values in the north direction.

the low-mass galaxies found by Ogando et al. (2005) — suggest
that only galaxies below some limiting o have been formed by
collapse, whereas the massive ones were formed predominantly
by mergers.

To check how NGC3607 fits in the metallicity gradient
vs. galaxy mass picture of Carollo et al. (1993), we first esti-
mated the galaxy’s dynamical mass with the approximation of
Poveda & Allen (1975), Mo, = 0.902R./G = 3.34 x 10® Mo,
where G is the gravitational constant, R, = 28.53” the ef-
fective radius, and oo = 225 kms~! the central stellar veloc-
ity dispersion. The dynamical mass computed for NGC 3607 is
M = (1.6 + 0.3) x 10" My, which, together with the Mg?2 in-
dex gradient slope dMg,/dlog r = —0.02, puts this galaxy in the
merger-dominated region (see Fig. 11 of Carollo et al. 1993).

4. Stellar population synthesis

In this section we investigate the star formation history and de-
rive properties of the stellar population of NGC 3607 by means
of the stellar population synthesis method of Bica (1988). As
population templates we use the synthetic star cluster spectra of
Bruzual & Charlot (2003)2.

As a first approach we tested large bases with templates aged
between 1 Myr and 13 Gyr, but we found that the flux contribu-
tion of the components younger than a few 10> Myr is statisti-
cally meaningless. Thus, for simplicity we built a spectral base

2 Built with a Salpeter (1955) Initial Mass Function.
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Fig. 4. Correlations among the EWs of selected absorption features
measured in NGC 3607. The correlation coefficients (CC) of the fits are
indicated.

containing 7 templates. After several tests we verified that the
base that best reproduces the observed spectra, without redun-
dancy, is the one with the ages 1, 5, and 13 Gyr, together with the
metallicities Z = 0.008, 0.02, and 0.05. These values are taken
as representative of the sub-solar, solar and above-solar metallic-
ity ranges (e.g. Rickes et al. 2008). The distribution of templates
in the age-metallicity plane is shown in Table 3. We note that the
working base is rather restricted in components to minimise po-
tential age/metallicity degeneracies (e.g. Rickes et al. 2008) due
to the relatively small number of absorption features available in
our spectra of NGC 3607 (Fig. 2).

We now compare the present stellar population synthesis re-
sults with previous works. Recently, Annibali et al. (2007) have
studied the underlying stellar population of a large sample of
early-type galaxies, among them NGC 3607, by means of the
Hp, Iron, and Mgb age and metallicity indicators. They report an
average stellar population age of 3.1 Gyr for this galaxy, while
we found an average age of 8.8 Gyr, based on the the central and
external region values, a value that is more consistent for an SO
galaxy. This discrepancy could stem from the different method-
ologies used to obtain the age of NGC 3607. Interestingly, we
note that this does not occur with other galaxies of Annibali
et al. (2007), which were studied by us following the same tech-
niques as in the present paper. For NGC 5044 and NGC 6868
(Rickes et al. 2004, 2008), we obtained the average ages of 13
and 9.8 Gyr, respectively, which are very close to the 14.2 and
9.2 Gyr found by Annibali et al. (2007).

The stellar population synthesis algorithm directly provides
the flux fractions (relative to the flux at 15870 A) that each age
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Table 3. Age and metallicity components.

Z=005 Z=002 Z=0.008
13 Gyr Al A2 A3
5 Gyr B1 B2 B3
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Fig. 5. Flux-fraction contribution at 5870 A of the stellar-population
templates to the spectra of NGC 3607. Negative values in the north di-
rection.

and metallicity template contributes to the observed spectrum.
The sum of the template spectra, according to the individual flux
fractions, should be representative of the stellar population con-
tribution to the observed spectrum. A detailed description of the
algorithm is provided in Rickes et al. (2004).

Results of the stellar population synthesis are summarised
in Fig. 5, which shows the 1, 5, and 13 Gyr component con-
tributions to the flux at 5870 A, along most of the galaxy’s ra-
dial extent. The 5 and 13 Gyr curves in Fig. 5 correspond to the
sum over the three metallicity components. In all cases the so-
lar metallicity is the dominant component with a contribution
higher than 70%, while the Z = 0.05 component contributes with
~10%, and the Z = 0.008 with the remaining ~20%. Within un-
certainties, the 5 and 13 Gyr components dominate the spectra,
from the centre to the external parts. The error bars in Fig. 5 are
the standard deviation from the average of all possible solutions
for each stellar population template.

As a caveat we note that our observed spectra of NGC 3607
cover a relatively short spectral range. Thus, they contain a re-
stricted number of indices sensitive to age and metallicity that,
in principle, could provide a small number of constraints for the
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Fig. 6. Stellar population synthesis residuals (EW,(obs) — EW ,(synt))
of representative EWs (fop panel) and continuum points (bottom).
Negative values in the north direction.

synthesis, especially in terms of metallicity. Nevertheless, Fig. 5
indicates that the 13 Gyr population dominates in NGC 3607,
contributing with approximately 50% of the flux at 5870 A. The
5 Gyr population contributes with approximately 30%.

Another way to assess the efficiency of the stellar population
synthesis algorithm is by means of the residuals (difference be-
tween the observed and synthesised values), both in EWs and
continuum points. With a few exceptions, the synthesised EWs
are within +1 A of the observed values, while for the synthe-
sised continuum points (normalised to 15870 A) the offset lies
within £0.1. We illustrate this in Fig. 6 for representative fea-
tures and continuum points. The residuals are almost equally dis-
tributed between positive and negative values, which indicates
that metallicity variations of NGC 3607 are essentially contem-
plated by the adopted templates (Table 3).

5. Metallicity

We also investigated the metallicity properties of NGC 3607 by
comparing the measured Lick indices of Mg2, FeI,s70, and
Fe1,5335 (Table 2), with the equivalent ones derived from single-
aged stellar population (SSP) models (Thomas et al. 2003;
Buzzoni et al. 1992) that assume a Salpeter (1955) initial mass
function and different ages. After testing a range of SSP ages, we
found that the indices measured in NGC 3607 are best described
by the 10 Gyr models.

In Fig. 7 we compare our Lick indices measured in
NGC 3607 with the equivalent ones computed from SSP mod-
els built for different metallicities and [« /Fe] ratios. The central
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computed from SSP models for a range of metallicity and [«/Fe] ratios.
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parts of NGC 3607 present a small deficiency of alpha elements
with respect to iron (—0.3 < [a/Fe] < 0.0), whereas the opposite
trend appears to characterise the external parts. We find the av-
erage value of [@/Fe] = 0.13 , which is comparable to the value
0.24 reported by Annibali et al. (2007).

NGC 3607 presents sub solar metallicity, with the external
parts more metal-poor than the nucleus. The differences ob-
served in [a/Fe] imply different mechanisms of chemical en-
richment for the central and external regions of NGC 3607.

6. lonised gas

Emission gas has been detected in a large number of elliptical
and lenticular galaxies (Phillips et al. 1986; Macchetto et al.
1996; Rickes et al. 2004, 2008). However, the origin of this gas
and the ionisation source have not yet been conclusively estab-
lished. It is clear from Fig. 2 that NGC 3607 presents conspicu-
ous emission lines throughout its body. In this section we inves-
tigate the physical conditions and ionisation source of the gas.

The properties of the emission gas were derived from line
fluxes measured in the stellar population subtracted spectra
(Sect. 4). The emission line fluxes of Ha, [N 1] 16548, [N TT] 16584,
[S11] 6717, and [S11].6731 were measured with Gaussian func-
tions fitted to the profiles. They are listed in Table 4

The spatial distributions of the measured ratios [NII]/Ha and
[SII]/Ha are shown in Fig. 8. While the former presents signif-
icant changes with distance to the centre, the latter is more uni-
formly distributed.

[SIJHa

bl
teTet

0.3

0
-25 -20 -15 -10 -5 5 10 15 20 25 30 35

0
AR (arcsec)

Fig. 8. Spatial variation of the ratios [ng"f“ a) and [S”g{(f”‘ b). Negative
values in the north direction.

Assuming that the emission lines are formed essentially by
recombination, the number of ionising photons (Q(H)) can be

calculated as Q(H) = %x(ﬁg% (Osterbrock 1989), where

ag (H°, T) is the total recombination coeflicient, and ay, (H?, T)
is the recombination coefficient for Ha. The values of Q(H) and
Ly, are given in Table 5, and their spatial distributions are shown
in panels (a) and (b) of Fig. 9. The central region of NGC 3607
presents [N11]/Hao = 3.44 and [S11]/Ha > 1. We note that
the ratio [N 11]/Hea is higher than 1.0 for all sampled regions
(panel (a)).

Three hypotheses for the nature of the ionising source in the
external regions of NGC 3607 are tested: the gas is ionised by
(i) an HTI region; (ii) hot, post-AGB stars; or (iii) an AGN. They
are discussed individually below.

6.1. Hll region

We build an HII region with a mass distribution that follows
the initial mass function of Salpeter (1955), for stellar masses
in the range 0.1-100 M. The model that reproduces the number
of ionising photons measured in the region at 3.05” best is de-
scribed in Table 6. This table provides the distribution of stars
for a representative set of spectral type and mass; in the last col-
umn we give the number of ionising photons (N ) produced by
each star (Dottori 1981). The total number of ionising photons

can be computed from N(Ly) = ]ZO Npy(m)¢(m)dm. The rela-

tion between the number of ionising photons with stellar mass
5.9

can be approximated as Nyy(m) = 3.9 x 10% (MLIO) s~! (Rickes

et al. 2008). Given the above, the adopted model HII region
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Table 4. Emission line parameters of NGC 3607.
R(") Ha [NIessal ~ [NIJgsas] [SHg717] [Se731] e P
Q)] @) 3) “ (%) (0) ) (®)
0.00 1.34+0.1 346+0.1 1.15+0.1 0.66+0.1 0.69+0.1 344+0.1 1.01=x0.1
3.05S 1.29+0.1 320+0.1 1.06+0.1 058+02 072+02 330+0.1 1.01+0.1
6.10S 093+0.1 220+0.1 0.73+0.1 047+02 050+0.2 3.15+0.1 1.04+0.1
9.15S 060+02 143+02 047+02 0.32+02 028+02 3.17+0.1 1.00+0.1
1220S 056+0.2 1.10+02 036+02 0.14+0.1 032+0.1 261+0.1 0.82x0.1
15258 0.60+02 1.02+02 034+02 022+02 035+02 227+0.1 095+0.1
1830S 0.84+02 125+02 04102 0.19+£02 036+02 198+0.1 0.65+0.1
24408 0.80+0.2 1.07+03 035+02 028+02 030+02 178+0.1 0.73+0.1
30.50S 0.85+03 089+03 029+03 026+02 031+02 139+0.1 0.67+0.1
305N 097+0.1 243+0.1 081+0.1 042+02 044+02 334+0.1 0.89+0.1
6.I0N 0.71+0.1 1.87+0.1 062+0.1 04102 047+02 351+0.1 124+0.1
915N  0.66+0.2 143+02 047+02 031+02 031+02 288+0.1 094+0.1
1220N 0.65+02 1.16+02 038+02 0.26+02 026+02 237+0.1 0.80+0.1
1525N 080+02 1.07+03 035+02 030+02 030+02 1.78+0.1 0.75+0.1
1830N 090+03 127+03 04203 022+03 022+03 1.88+0.1 0.49+0.1
2440N 051+04 1.03+04 034+04 042+03 042+03 269+04 1.65+02
Notes. Her flux in Col. 2 is given in 107 erg s™! cm™2. Column 7: [NII]6584+6545; Col. 8: [SI] 1671746731
Table 5. Ha luminosity and number of ionising photons. ,s . (b) T‘
: I
R Fra Lo O(H) |
@) (107Bergem™2s7!)  (10%7ergs™)  (10% s7h) 2.2 ~ 11 }
0.00S 1.34 £ 0.10 2.61+0.03 13.7+0.02 — 2 5 }
3.05S 1.29£0.10 251+0.02 132+0.02 g 1.9 ;*3 i ’
6.10S 0.93 £ 0.01 1.81£0.03  9.54+0.01 5 ool e
9.158 0.60 + 0.02 L17£0.02  6.15+0.02 T 16 = fe i o
12.20S 0.56 +0.02 1.09+0.02 5.74+0.03 = % P i
15.258 0.60 +0.02 1.17+0.03  6.15+0.03 1.3 7 "‘ }
18.30S 0.84 £0.02 1.63+£0.02 8.62+0.03 } .
24.40S 0.80 £ 0.02 1.56 £0.02 821 £0.01 1 ‘ } ¢
30.508 0.85 +0.03 1.65+0.02 8.72+0.02 5_30 220 -10 0 10 20 30
3.05N 0.97 +0.01 1.89+0.03  9.95+0.02 1.4 AR (arcsec)
6.10N 0.71 £0.01 1.38+£0.03  7.28 +0.01
9.15N 0.66 +0.02 1.28£0.03  6.77 £ 0.01 1.2
12.20N 0.65 +0.02 1.26 +£0.03  6.67 +£0.02 'R
15.25N 0.80 +0.02 1.56 £+0.03  8.21 £0.02 _g )
18.30N 0.90 +0.03 1.75+0.03  9.23 +£0.02 g
24.40N 0.51 £0.04 0.99+0.03 5.23+0.01 ﬁ“" o5
Notes. Ha luminosity and number of ionising photons computed for the '35
extractions given in Col. 1. w
0.6
1 \

produces ~2.6x 10°° photons s~!, which is comparable to the ob-
served value. However, with more than 20 O stars, such an H1I
region would be very young, massive, and luminous enough to
have already been detected in previous works. Besides, the stel-
lar population synthesis (Sect. 4) does not indicate significant,
recent star formation in the sampled regions of NGC 3607.

6.2. Post-AGB stars

The number of ionising photons emitted by a typical post-AGB
star is ~10*7s7! (Binette 1994). Thus, about 10* such stars
would be necessary to produce the amount of photons measured

0.4
-30-20-10 0 10 20 30
AR (arcsec)

Fig. 9. Spatial distribution of the Ha luminosity a) flux ¢) and number
of ionising photons b). Negative values in the north direction.

in each extracted region. Consequently, for an extraction area of
~0.02 kpc? (Sect. 2), the projected surface-density of post-AGB
stars would be about 5 x 10° kpc~2, a prohibitively high num-
ber (e.g. Binette 1994). Besides, the spatial profiles of [N 11] and
Ha extracted along the slit (Fig. 8) show a ratio N[ 11]/Ha > 2
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Table 6. H 11 region model parameters.

Spectral type M Number Niyao
(M,)  (stars)  (10* photons™)

05 30 20 2.00

22 41 0.25
B0 17 75 0.082

15 101 0.043

13 142 0.015

10 264 0.0021

Notes. Column 2: representative stellar mass; Col. 3: number of stars;
Col. 3: number of ionising photons.

for most regions, especially towards the central parts. However,
the relatively high emission-line ratios measured in NGC 3607,
especially in the central region, are not consistent with ionisa-
tion models based on hot old stars in elliptical galaxies (e.g.
Binette 1994). The models of Binette (1994) do not reproduce
the observed high ratios [N11]/Ha and [S1i]s73,/Ha as well.
Instead, high values for these emission-line ratios are typical
of AGNs. On the other hand, the lower ratios of [NII]¢s34/Har
and [SII]¢731/Ha (Fig. 8), together with the lower values of Q(H)
(Fig. 9) measured for large radii, may, in part, be accounted for
by hot old stars.

6.3. Active nucleus

The arguments that follow from the above discussion sug-
gest that NGC 3607 hosts an AGN. We test this hypothesis
with the emission-line diagnostic diagram involving the ratios
[NII]6584/He and [SII]6717.31/Ha. For comparison we take the
equivalent values measured in a sample of nearby galaxies that
host a low-luminosity (Ly, < 2 X 10 ergs™!) active nucleus
(Ho et al. 1997). To minimise the possibility of uncertain classi-
fication, we restrict the analysis to the galaxies in the Ho et al.
(1997) sample with unambiguous classification as LINER in spi-
ral, LINER in elliptical, Seyfert, or starburst. The restricted sam-
ple contains 128 galaxies (see Rickes et al. 2008).

The results are shown in Fig. 10, where it can be seen that
the values measured in NGC 3607 occur in the locus occupied
predominantly by LINERs and Seyferts. However, the lack of
a broad component in Ha (Fig. 2) strongly favours the LINER
interpretation. Together with the stellar population synthesis,
this result suggests that the main source of gas ionisation in
NGC 3607 is non thermal, produced by a low-luminosity active
nucleus. The lower ratios of [NII],¢584/Ha and [SII]¢731/Ha to-
wards the external parts can be accounted for by both a LINER
and hot stars.

Finally, in Fig. 11 we test whether the gradients in emission
and absorption-line features are somehow related. We work with
the EW of Mg, 45176 (Table 2) and the Ha flux (Table 4) dis-
tributions, taking the average values of the north and south ex-
tractions. The 2 outermost points have been averaged out to min-
imise errors. Within the uncertainties, both distributions appear
to correlate for R < 12", which can account for the steep and
monotonic He flux increase towards the central region (Fig. 9),
and the overall negative Mg2 gradient (Fig. 3). While the EW
of Mg, keeps dropping for R 2 12”, the Ha flux oscillates
abruptly, probably because of the relative contribution of the old
hot stars to the gas ionisation, superimposed on the severely di-
luted LINER flux at such large radii. This combination of effects
is reflected in the mild anti-correlation of both properties (lower

1

10

NGC 3607

INI/Ho

107

o LINER-spiral
A o LINER-elliptical
* Seyfert

A Starburst

10
10 10° 10

[SI/Ho:

Fig.10. Emission-line diagnostic diagrams with a subsample of the
galaxies in Ho et al. (1997) plotted as comparison. The locus of
NGC 3607 is consistent with that of LINERs.

portion of Fig. 11). It is also consistent with the low ratios of
[N 11]/Ha and [S 11]/He (Fig. 8), and the low Q(H) (Fig. 9), mea-
sured for large radii, all accounted for by old hot stars.

Similar results would be obtained with other absorption fea-
tures, since they also present similar gradients (Fig. 3).

7. Discussion and concluding remarks

Individual galaxies can provide important pieces of evidence
that may ultimately lead to better understanding the formation
and evolution processes of the early-type galaxies as a class.
Following the methods previously employed in analysing other
early-type galaxies (e.g. Rickes et al. 2004; Rickes et al. 2004),
we focussed on the lenticular galaxy NGC 3607.

We investigated the stellar population, metallicity distri-
bution, and ionised gas of NGC 3607 by means of long-slit
spectroscopy (covering the wavelength range 1151006800 A)
and a previously tested stellar population synthesis algorithm.
The stellar population synthesis shows different star formation
episodes with ages distributed within 1-13 Gyr.

The radial distribution of the equivalent widths measured for
the available metallic absorption features in this galaxy consis-
tently present a negative gradient, which indicates an overabun-
dance of Fe, Mg, Na, and TiO in the central parts with respect
to the external regions. Also, the central region of NGC 3607
presents more of a deficiency of alpha elements and higher
metallicity than do the external parts, which suggests differ-
ent star formation histories in both regions. With respect to the
emission gas, the line ratios [NII]¢s534/He and [SI] 6717.31/He
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Fig. 11. Relation between EW(Mg; 45176) and the Ha flux as a function
of distance to the galaxy centre.

consistently indicate the presence of a LINER at the centre of
NGC 3607.

We found that the Mg, index correlates both with Fel 5,79
and Fel)s33s, which suggests that Mg and Fe probably under-
went the same enrichment process in NGC 3607. Also, the Ha
flux distribution correlates with the radial profile of metallic fea-
tures, in the sense that they both decrease from the galaxy centre
to R ~ 12”. The correlation breaks for larger radii, especially
because, while the metallic feature profiles keep dropping, gas
ionisation from old hot stars adds to the diluted LINER flux.
Considering the relation between galaxy dynamical mass and
the Mg, gradient slope (Fig. 11 of Carollo et al. 1993), the

parameters computed for NGC 3607 in the present work sug-
gest that this galaxy may have undergone major merger events
in the past.
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