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Abstract. This paper is the first of a series (Longhetti
et al. 1997a,b) dedicated to the study of the star forma-
tion history in early-type galaxies which show fine struc-
tures and/or signatures of interaction. It presents nuclear
line–strength indices for a sample composed of 21 shell
galaxies, from the Malin & Carter (1983) southern sur-
vey, and 30 members of isolated interacting pairs, from
the Reduzzi & Rampazzo (1995) catalogue, located in low
density environments.

The spectral range covers 3700 Å < λ < 5700 Å at
2.1 Å FWHM resolution. We measure 16 red (λ > 4200 Å)
indices defined by the Lick Group. Measures have been
transformed into the Lick-IDS “standard” system. The
procedure has been tested on a set of 5 elliptical galax-
ies selected from the Gonzalez (1993) sample.

We derive also three blue (λ < 4200) indices, namely
∆(4000 Å) defined by Hamilton (1985), H+K(CaII) and
Hδ/FeI defined by Rose (1984, 1985). Blue indices are cor-
related to the age of the last starburst occurred in a galaxy
(Leonardi & Rose 1996).

The determination of these indices, the estimate of the
measurement errors and the correction for the galaxies
velocity dispersions are discussed in detail.

In the Appendix A we present the indices for a set of
hot stars (T > 10000 K) which may be used for extending
W92 fitting functions toward high temperatures.
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1. Introduction

N-body simulations of CDM models predict that early-
type galaxies now residing into clusters and groups formed
through major merging at redshift z ≈ 3, while those
formed later than z ≈ 1 have not yet become virialized
structures (Governato et al. 1997 and reference therein).
Hierarchical clustering scenarios then suggest that early-
type galaxies we see today in clusters and in low den-
sity environments have had different histories. Cluster ob-
jects are not only ancient but are predicted to have ho-
mogeneous properties. Early-type galaxies in low density
environments are expected to be younger than the clus-
ter counterparts and more heterogeneous (e.g. most ef-
fective galaxy-galaxy interactions take place there). They
are then currently interpreted as the final product of pro-
cesses involving major/minor merging events (see e.g. re-
views of Schweizer 1992 and Barnes 1997), but evidences
accumulate that both various degrees of dissipation mech-
anisms (Bender 1997) and weak-interactions (Thomson
1991) have played a significant role in determining the
final structure.

Photometric and structural observations of early-type
galaxies support hierarchical clustering scenarios show-
ing an environmental dependence. The detection of fine
structures and of peculiar kinematics, considered evidence
of recent merging/acquisition events, is significantly more
frequent among the isolated galaxies then among the
cluster members (Malin & Carter 1983; Schweizer 1992;
Reduzzi et al. 1996). The homogeneity of the population
of early–type galaxies in clusters is otherwise supported by
the Fundamental Plane correlations, examined for several
clusters, which may be considered universal to 10%−20%
(Djorgovski et al. 1995).

Recently, more efforts, both in the theoretical and in
the observational fields, have been dedicated to the deter-
mination of sound age indicators for early-type galaxies.
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Line–strength indices have been used to infer the star for-
mation (SF) history of early-type galaxies (see Davies 1995
and references therein), crucial to shed light on the above
picture, but firm conclusions have not yet been reached.
Buzzoni et al. (1992) suggest that early–type galaxies in
the field are almost coeval and characterized by an old stel-
lar population with an average age of≈ 12 Gyr (only 2% of
the objects are younger than 5 Gyr). Gonzalez (1993; G93)
explains the distribution in the (log[MgFe]−logHβ) plane
of a sample of 41 “normal” ellipticals (a part of which be-
longs to clusters e.g. Virgo) as due to quite large age dif-
ferences (from 4 Gyr to 15 Gyr). Rose (1995) suggests that
star formation terminated at an earlier epoch in early-type
galaxies in the central regions of dense clusters then in
objects in lower density environments. Caveats are raised
by Charlot & Silk (1994) and Bressan et al. (1996) who
remark that some line–strength indicators give contradic-
tory evidences about the age of the stellar populations and
that the IMF could depend on the galaxy mass. Jorgensen
& Franx (1995) indicate that possible star bursts could be
the reason of the age differences among cluster members
which contribute significantly to the scatter in the FP. In a
recent review on our current understanding of star forma-
tion in early–type galaxies, Bender et al. (1996) suggest
that the bulk of the stars in the luminous cluster ellip-
ticals must be old and coeval, while the low luminosity
early-type galaxies could have smaller ages or extended
star formation histories. Bender et al. also suggest that
the early-type galaxies in low density environments could
be genuinely younger than the luminous cluster ellipticals.

This paper is the first of a series dedicated to the study
of a typical population of early-type galaxies in low density
environments of galaxies showing present/past signs of in-
teraction. We aim at obtaining information about galaxy
formation by investigating their SF history, and the role
of the interaction in their evolution. A comparison with
the results obtained by other authors in denser environ-
ments (Burstein et al. 1984; Pickles 1985; Rose 1985; Rose
1994; Bower et al. 1990; Gonzalez 1993) will further allow
us to consider the dependence of the environment on the
formation/evolution processes of the early–type galaxies.

The present paper presents the results obtained from
the analysis of the spectrophotometric data. It is orga-
nized as follows. In Sect. 2 the sample and its characteris-
tics are outlined. Observations and preliminary reduction
are presented in Sect. 3. Indices definitions and procedures
followed to measure them are given in Sect. 4, where a de-
tailed description of the procedures adopted to transform
our measures of the “red” indices in the Lick–IDS “stan-
dard” system is also given. Comparisons with stellar and
galactic data taken from Worthey (1996, private communi-
cation) and from G93 show the final consistency between
the two measurements systems. Preliminary conclusions
are reported in Sect. 5. In the appendix we present the
data relative to a set of hot stars (T > 10000 K) suitable
to extend the Worthey (1992; W92) fitting functions.

Further papers will present kinematical information
(Longhetti et al. 1997a, Paper II) and ad hoc spec-
trophotometric models (Longhetti et al. 1997b, Paper III;
Longhetti et al. 1998, Paper IV) developed in order to
calibrate new spectral indices. These latter will be useful
to infer from line–strength indices the presence and the
strength of secondary SF events induced by the interac-
tion.

2. The sample

At z ≈ 0.5, nearly half the Hubble time, the bulk of
the morphological classes of galaxies visible today in low
density environments are already in place (Griffith et al.
1994), but a significant fraction (40%) of them show pe-
culiarities such as interacting features. Several studies
of nearby galaxies (see Schweizer 1992; Reduzzi et al.
1996) conclude that also a large fraction of early-type
galaxies shows peculiarities (e.g. fine structures) at the
present time. It is useful to remember that while encoun-
ters among galaxies in clusters are fast enough to prevent
merging (but able to provoke harassment (Moore et al.
1996), interaction in low density environments has a high
probability of ending up with a merging event (Barnes
1992). We have selected galaxies showing present/past
interaction signatures as typical objects of the low den-
sity environment population. Among them, shell galaxies
represent a class of objects which show signs of past in-
teraction (minor merging according to Schweizer (1992)
or weak-interaction as suggested by Thomson & Wright
(1990) and Thomson (1991), and pair members are objects
which are still interacting. We describe below the charac-
teristics of the observed samples. Catalogs from which we
have selected them give a description of the environment.

The first sample is composed of 21 almost isolated
early–type galaxies characterized by the presence of
shells, selected from the Malin & Carter (1983) catalogue
(Table 1). The second one consists of 30 members of iso-
lated binary systems taken from the Reduzzi & Rampazzo
(1995: RR95) catalogue (Table 2) and characterized by
various kinds of fine structures. Note that we detect a dou-
ble nucleus in the galaxy E2400100 (Table 1), unlike other
authors that have previously studied this object (Malin
& Carter 1983; Carter et al. 1988). In the following we
refer to E2400100 as two separate galaxies, indicated as
E2400100 A and B.

Figure 1 shows the distributions of the morphological
type and total apparent blue magnitude. A few galaxies in
the pair sample are of type later than T = 0: their spec-
tra are presented for completeness, both in the present
and in the kinematical study (Paper II). Both pairs and
shell galaxies are located in low density environments, as
mentioned above. In the ESO-LV catalogue (Lauberts &
Valentijn 1989), the Ntot parameter characterizes the sur-
face density of galaxies within one degree from a spe-
cific object. Lauberts & Valentijn (1989) consider that
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Table 1. Shell galaxies

Ident. α (1950) BT µB
e Comments E(B − V )

δ (1950) T AB
e Density environment v0 [km s−1]

E5390110 00:20:24 14.9 23.50 Shells N 0.0186
−19:18:39 −5.0 20.2 I

E2970340 01:54:29 14.5 23.70 Shell E (faint) − W (inner) 0.0000
−39:29:19 −2.0 32.4 I

E0520160 02:00:28 13.8 22.37 Shell E-W 0.0000
NGC 813 −68:41:19 −3.0 20.4 I 8160
E4800310 03:04:34 13.7 23.14 Many shells −0.0116
NGC 1210 −25:54:38 −1.5 35.1 I 3928
E3570220 03:20:47 9.1 22.80 Many shells −0.0046
NGC 1316 −37:23:06 −2.0 224.0 C (Fornax) 1739
E1570160 04:14:39 10.5 22.53 Interacting with NGC1553 −0.0186
NGC 1549 −55:42:54 −5.0 110.0 G 1197
E1570170 04:15:05 10.1 21.88 Interacting with NGC1549 −0.0209
NGC 1553 −55:54:12 −3.0 100.0 G 1231
E2500190 04:20:33 13.2 22.26 −0.0116
NGC 1571 −43:44:36 −5.0 26.9 I 4415
E4980010 09:21:15 12.4 21.80 Chaotic outer structure 0.0628
NGC 2865 −22:56:54 −5.0 32.0 I 2611
E5650280 09:35:23 13.2 21.68 Faint N-S structure 0.0302
NGC 2945 −21:48:42 −3.0 20.0 I 4630
E4990160 09:51:43 12.8 23.18 0.0186
NGC 3051 −27:02:54 −2.7 49.0 I 2552
E5760100 13:10:20 11.7 21.79 Shells and tail 0.0512
NGC 5018 −19:15:18 −2.0 42.7 Two companion galaxies 2794
E1040530 19:20:38 13.2 22.28 Shell (or loop) NE 0.0442
NGC 6776 −63:57:27 −3.7 28.2 I 5450
E3390320 20:02:53 12.9 21.87 Inner low contrast shells 0.0600
NGC 6849 −40:20:31 −5.0 11.0 I 5952
E3410150 20:45:30 12.3 22.36 Distinct inner structure 0.0209
NGC 6958 −38:11:00 −3.0 43.7 I 2627
E1070040 20:59:01 13.0 22.70 Shells S and E, faint 0.0140

−67:23:00 −4.2 35.9 I 3099
E3420390 21:21:12 12.4 23.41 Shell NE (wide) 0.0140
IC 5105 −40:45:09 −3.0 66.8 I 5382

E4030350 21:46:47 12.2 24.34 Shell; jet −0.0116
NGC 7135 −35:06:37 −2.0 110.0 G 2718
E2890150 22:15:07 15.0 21.40 Loop S −0.0256

−42:56:23 −2.0 10.0 I
E2400100 23:35:03 12.5 23.23 Bright gal. extension SE possible shell NW 0.0000

−47:46:59 −2.0 58.2 I 3195
E5380100 23:55:06 14.9 23.56 Inner shells; outer dubious 0.0093

−21:51:31 −3.5 23.4 I 10073

Ntot ≥ 9−10 describes rich environments, e.g. Fornax clus-
ter. With the exclusion of a few objects (namely NGC 1316
in Fornax, NGC 3289, RR 405a and RR 405b) the average
< Ntot > value for the pair members is 2±1.5, while for
shell galaxies is 1.5±0.9, indicating that they are in very
low density environments.

We consider 5 additional galaxies (Table 3), selected
from the G93 sample. We use them as spectrophotometric
“templates” to check the transformation of our indices into
the Lick–IDS “standard” system (see Sect. 4).

We wish to emphasize that the selected sample com-
plements that of G93. The latter author considers “nor-
mal” early-type galaxies, i.e. without fine structures, most
of which are in dense environments like the Virgo cluster
centre or in groups (Cetus Aries, Libra cloud etc.) (see
Tully 1988).

3. Observations and data reduction

Long slit spectra have been obtained, during three dif-
ferent runs, at the 1.5 m ESO telescope (La Silla).
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Table 2. Pair galaxies

Ident. Pair α (1950) BT µB
e . Structures E(B − V ) Sep. [′]

Ident. δ (1950) T AB
e . v0 [km s−1] ∆V

ESO 2440120 RR 24a 01:15:55 15.7 20.66 0.0000 0.3
−44:43:37 3.0 40.7 6700 166

ESO 2440121 RR 24b 01:15:56 14.4 22.68 tails and jets 0.0000 0.3
−44:43:19 −0.3 31.6 6866 166

ESO 5450400 RR 62a 02:35:53 13.8 22.51 inner parts boxy 0.0093 1.7
−20:22:55 −2.0 24.8 1494

ESO 4860170 RR101a 05:01:05 14.7 21.24 no interaction sign 0.0023 1.6
−22:52:58 −2.5 10.4 4760 130

ESO 4860190 RR101b 05:01:10 13.6 20.51 no interaction sign 0.0023 1.6
−22:54:07 −3.5 12.6 4630 130

ESO 4860290 RR105a 05:05:29 14.6 23.37 0.0070 1.6
−23:07:55 −3.5 24.5

ESO 3750640 RR187b 10:31:50 13.7 21.79 arms 0.0674 2.7
NGC3289 −35:03:53 −1.0 127.4 2702 129

ESO 4400540 RR210a 12:04:06 11.3 22.27 dust 0.1023 1.0
NGC4105 −29:28:58 −4.0 221.3 1820 362

ESO 4400560 RR210b 12:04:10 11.6 22.80 diffuse arms 0.1023 1.0
NGC4106 −29:29:23 −2.0 237.1 bar, isophote twist 2182 362

ESO 5070450 RR225a 12:52:53 12.8 22.84 shells 0.0767 2.2
−26:33:10 −2.0 125.9 4875 273

ESO 5070430 RR225b 12:53:02 14.0 22.22 shells ? 0.0767 2.2
−26:32:16 −3.5 70.0 4602 273

ESO 3860040 RR278a 14:37:25 13.7 21.55 shells, dust 0.0558 3.6
−34:54:35 −2.0 71.6 4017 441

ESO 2740060 RR282b 15:12:47 14.5 22.24 dust 0.1419 5.3
−43:49:47 −5.0 18.8 asymmetry 4458 441

ESO 1380290 RR287a 17:24:29 12.8 23.08 tails 0.0744 2.9
−62:24:18 −0.7 61.7 4637

ESO 1040360 RR297a 19:02:18 13.8 22.59 highly disky 0.0142 2.6
NGC6734 −65:32:24 −3.0 21.6

ESO 1040370 RR297b 19:02:35 14.3 22.72 0.0142 2.6
NGC6736 −65:30:25 −5.0 19.5

ESO 1040450 RR298b 19:07:30 14.7 23.32 0.0326 0.5
IC 4823 −64:03:46 −3.0 50.7

ESO 2830190 RR307a 19:47:47 14.8 25.60 arms 0.0372 2.3
−45:00:18 −1.0 65.3

ESO 2830200 RR307b 19:47:54 14.0 23.03 inner parts boxy 0.0372 2.3
−44:58:19 −4.0 26.0 outer parts disky

ESO 4000290 RR317a 20:25:20 12.7 21.60 warped disk 0.0186 1.1
−36:11:34 −2.0 25.7

ESO 4000300 RR317b 20:25:22 13.5 24.40 inner part boxy 0.0186 1.1
−37:12:36 −3.0 96.6 outer parts disky

ESO 1870230 RR331a 20:48:12 12.9 23.07 dust 0.0558 10.9
−57:15:28 −0.4 50.1 asymmetry 3402 25

ESO 5330310 RR381a 22:25:49 13.0 22.96 tails and dust −0.0023 0.5
−25:06:00 −2.0 46.8 4706 359

ESO 1090220 RR387a 22:44:00 12.1 22.27 0.0023 0.5
IC 5250 −65:19:19 −2.0 166.0 2947

ESO 1090221 RR387b 22:44:04 12.2 22.74 0.0023 0.5
−65:19:11 −3.0 166.0

ESO 2910280 RR397b 23:30:35 12.2 22.51 0.000 0.8
IC 5328 −45:17:34 −2.5 175.8 3136 977

ESO 4710190 RR405a 23:45:09 13.4 24.14 0.0093 0.4
−28:25:01 −5.0 197.2 8631 24

ESO 4710191 RR405b 23:45:10 13.5 23.24 0.0093 0.4
−28:24:50 −4.0 147.9 8607 24

ESO 4710470 RR409a 23:53:49 15.2 22.58 0.0000 0.3
IC 5364 −29:18:07 0.3 57.5

ESO 4710471 RR409b 23:53:51 14.7 22.81 boxy, isophote twist 0.0000 0.3
−29:18:03 −3.0 56.2 9186
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Fig. 1. Distribution of magnitudes (top panel) and of morpho-
logical types (bottom panel) within the two subsamples

Table 3. “Template galaxies”

Ident. α (2000) BT E(B − V )
δ (2000) T v0 [km s−1]

NGC 584 01:31:21 11.4 0.030
−06:52:06 −5.0 1864

NGC7562 23:15:57 12.6 0.050
+06:41:15 −5.0 3636

NGC7619 23:20:15 12.1 0.040
+08:12:23 −5.0 3804

NGC7626 23:20:42 12.2 0.040
+08:13:02 −5.0 3423

NGC7785 23:55:19 12.6 0.040
+05:54:43 −5.0 3849

The telescope was equipped with a Boller & Chivens spec-
trograph and a UV coated CCD Fa2048L (2048 × 2048)
camera. Parameters of the observations and range of the
variations of the seeing for each run are reported in
Table 4. Table 5 details: the object identification (1), the
observing run (2), the slit position angle (oriented NE) (3),
the exposure time (4), the spectrum quality (5) and the
galaxy portion enclosed in 5′′ in terms of equivalent diam-
eter DB

e (i.e. the diameter enclosing half of the total light)
(6). The quality of the spectrum is defined as the average
S/N (Å−1) ratio in the wavelength range 4000 Å– 5000 Å.
Higher S/N spectra are indicated with 3 (S/N > 20) while
lower ones are indicated with 1 (S/N ≤ 10). Galaxies
observations were split into multiple exposures (typically
three) in order to perform cosmic rays cleaning by a me-

dian average among the frames. The slit has been oriented
along the major axis for almost all the objects. Some pairs
have been observed along the line connecting the nuclei.
He–Ar lamps were taken before and after each exposure
to allow an accurate wavelength calibration.

Each frame has been treated separately. Pre-reduction,
wavelength calibration and sky subtraction have been per-
formed using the IRAF package. Relative flux calibration
has been obtained with the use of a sequence of standard
stars. Comparing calibrated stellar spectra common to dif-
ferent nights and different runs, we estimate that the flux
uncertainty is about 1.0% for data relative to the run n.1,
about 0.4% for those relative to the run n.2 and 3.5% for
those relative to the last run.

Before being calibrated in flux, frames have been cor-
rected for the atmospheric extinction (using the ESO La
Silla coefficients) and for the Galactic extinction (using the
values of E(B−V ) from Burstein & Heiles 1982). Multiple
spectra, relative to the same object, have then been co-
added: their alignment was better than 0.5 pixel. From
each flux calibrated spectrum, the portion correspond-
ing to the central 5′′ of the galaxy nucleus has been ex-
tracted and co-added producing a one dimensional spec-
trum. Objects spectra have been convolved with a gaus-
sian curve (σ = 3.37 Å) in order to degrade their resolution
up 8.2 Å (FWHM), to match the Lick–IDS data resolution
(see Sect. 4).

4. Nuclear line–strength indices

The spectrum of a galaxy is produced by the sum of the
spectral characteristics of its stellar content. The relative
contribution given by each stellar type strongly depends
on the wavelength considered. Buzzoni (1989, 1995) and
Worthey (1992, 1994) have given estimates about the sen-
sitivity of several indices to the metallicity or to the age
of a stellar population. From these studies it is possible
to infer that most of the line–strength indices in the Lick-
IDS System are sensible to the galaxy metallicity and that
only the Hβ line-strength index is connected in a signif-
icant way to the galaxy age. Since we are investigating
the effect of interaction on the stellar components of our
sample galaxies, we decided to measure and calibrate a set
of line-strength indices sensible to recent star Formation
(SF), to which we refer as “blue” indices, in addition to
those in the standard Lick-IDS system (“red indices”).
The details of the line–strength indices are described in
the sections below.

4.1. Red and blue indices

We indicate as red 16 line–strength indices defined in the
wavelength range between 4200 Å and 5500 Å. Atomic,
Ia, and molecular, Im, indices are defined by the following
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Table 4. Observing parameters

Run 1 Run 2 Run 3

Date of observations 7-9 March 1-5 August 14-21 August

Observer Longhetti, M. Bonfanti, P. Longhetti, M.

Spectrograph B&C B&C B&C

Detector Fa 2048 L Fa 2048 L Fa 2048 L

Pixel size (µm2) 15 15 15

Scale along the slit (′′px−1) 0.61 0.61 0.61

Slit length (′) 4.2 4.2 4.2

Slit width (′′) 2.0 2.0 2.0

Dispersion (Åmm−1) 66 66 66

Spectral resolution (FWHM at 5200 Å) (Å) 2.1 2.1 2.1

Spectral range [Å] 3750-5750 3704-5710 3728-5747

Instrumental velocity dispersion σ (km s−1) 51 51 51

Standard stars spectral type K0-K2 III K0-K2 III K0-K2 III

Seeing (FWHM) [arcsec] 1.0 − 1.5 1.0 − 1.5 < 2

Table 5. Journal of galaxies observations

Ident. Run Slit texp S/N 5(′′)/DB
e Ident. Run Slit texp S/N 5(′′)/DB

e

PA class PA class

E 5390100 2-3 6 280 1 0.20 E 2400100 3 133 130 2

E 2970340 3 88 210 1 0.12 E 5380100 3 168 180 2 0.21

NGC 584 2 60 100 3 0.08 RR 24a/b 2 1 120 1/1 0.30/0.17

NGC 813 3 103 135 3 0.20 RR 62a 2 37 120 2 0.17

NGC 1210 3 121 135 2 0.13 RR 101a/b 2 161 95 1/3 0.33/0.17

NGC 1316 3 45 80 3 0.02 RR 105a 2 140 95 1 0.17

NGC 1549 3 158 90 3 0.04 RR 187b 1 153 135 2 0.10

NGC 1553 3 155 90 3 0.04 RR 210a 1 118 70 2 0.05

NGC 1571 3 177 150 3 0.15 RR 210b 1 55 75 2 0.04

NGC 2865 1 146 100 3 0.14 RR 225a 1 170 105 2 0.11

NGC 2945 1 157 115 2 0.23 RR 225b 1 45 105 1 0.25

NGC 3051 1 33 105 2 0.10 RR 278a 1 23 105 1 0.24

NGC 5018 1 100 90 3 0.11 RR 282b 2 170 120 2 0.22

NGC 6776 3 12 140 3 0.16 RR 287a 2 28 105 1 0.06

NGC 6849 3 25 150 2 0.06 RR 297a/b 2 37 105 1/1 0.21/0.22

NGC 6958 3 87 130 3 0.10 RR 298b 2 11 120 1 0.16

E 1070040 3 139 145 3 0.13 RR 307a/b 2 28 105 1/2 0.06/0.15

IC 5105 2 40 115 2 0.06 RR 317a/b 3 165 160 3/1 0.13/0.05

NGC 7135 3 33 135 3 0.04 RR 331a 2 116 105 1 0.08

NGC 7562 2 83 100 2 0.10 RR 381a 2 69 115 2 0.10/0.06

NGC 7619 2 30 100 2 0.08 RR 387a/b 3 79 140 3/3 0.08/0.07

NGC 7626 2 0 105 2 0.07 RR 397b 3 42 105 3 0.08

NGC 7785 2 143 105 2 0.09 RR 405a/b 3 63 140 2/2 0.04/0.06

E 2890150 3 132 282 2 0.48 RR 409a/b 2 85 130 1/1 0.23/0.23
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Table 6. Definition of the Lick–IDS indices

Index Spectral λI1 − λI2 [Å] λb1 − λb2 [Å] Type

Features λr1 − λr2 [Å] [unit]

CN CN, TiI, FeI 4143.375−4178.375 4081.375−4118.875 Molecular

4245.375−4285.375 [Mag]

CN2 CN, TiI, FeI 4143.375−4178.375 4085.125−4097.625 Molecular

4245.375−4285.375 [Mag]

Ca4227 CaI, FeI 4223.500−4236.00 4212.250−4221.000 Atomic

4242.250−4252.250 [Å]

G4300 CHband, FeI 4282.625−4317.625 4267.625−4283.875 Atomic

4320.125−4336.375 [Å]

Fe4383 FeI 4370.375−4421.625 4360.375−4371.625 Atomic

4444.125−4456.625 [Å]

Ca4455 CaI, FeI 4453.375−4475.875 4447.125−4455.875 Atomic

NiI, TiII 4478.375−4493.375 [Å]

Fe4531 FeI, TiI 4515.500−4560.500 4505.500−4515.500 Atomic

4561.750−4580.500 [Å]

Fe4668 FeI, CrI, TiI 4635.250−4721.500 4612.750−4631.500 Atomic

4744.000−4757.750 [Å]

Hβ Hβ 4847.875−4876.625 4827.875−4847.875 Atomic

4876.625−4891.625 [Å]

Fe5015 FeI, TiI, NiI 4977.750−5054.000 4946.500−4977.750 Atomic

5054.000−5065.250 [Å]

Mg1 MgH, FeI 5069.125−5134.125 4895.125−4957.625 Molecular

5301.125−5366.125 [Mag]

Mg2 MgH, MgI 5154.125−5196.625 4895.125−4957.625 Molecular

5301.125−5366.125 [Mag]

Mgb MgI 5160.125−5192.625 5142.625−5161.375 Atomic

5191.375−5206.375 [Å]

Fe5270 FeI, CaI 5245.650−5285.650 5233.150−5248.150 Atomic

5285.650−5318.150 [Å]

Fe5335 FeI, CrI 5312.125−5352.125 5304.625−5315.875 Atomic

CaI, TiII 5353.375−5363.375 [Å]

Fe5406 FeI, CrI 5387.500−5415.000 5376.250−5387.500 Atomic

5415.000−5425.000 [Å]

formulas (G93):

Ia =

∫ λI2

λI1

(1−
F (λ)

C(λ)
)dλ

and

Im = −2.5log10

∫ λI2

λI1

F (λ)
C(λ)dλ

(λI2 − λI1)
. (1)

The C(λ) function represents the spectral continuum ob-
tained by interpolating fluxes in two windows chosen near
the two sides of the feature:

C(λ) = Fb
λr − λ

λr − λb
+ Fr

λ− λb

λr − λb
(2)

Fb =

∫ λb2

λb1
F (λ)dλ

(λb2 − λb1)

Fr =

∫ λr2

λr1
F (λ)dλ

(λr2 − λr1)

λr =
(λr1 + λr2)

2
λb =

(λb1 + λb2)

2
.

The adopted spectral bandpasses of the red indices are
taken from Burstein et al. (1984) and G93 and are de-
tailed in Table 6. Spectral ranges involved by the indices
measurements are shown in the Figs. 2a,b (shaded areas)
superimposed on a set of stellar spectra. Different spectral
types are selected in order to emphasize the variations of
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a) b)

Fig. 2. Wavelength range (shaded area) of line–strength spectral indices superimposed onto different stellar spectra. The shaded
areas are intended to highlight the variations of the spectral features as a function of spectral types

a) b)

Fig. 3. Comparison between our CCD measure (after the complete transformation to the Lick system) and W92 IDS data on
the common sample of 19 stars. In each diagram, the error bar refers to the average value obtained on the whole sample. The
dimension of the error bar along the abscissa is of the same order as the symbols
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Table 7. Definition of the “blue” indices

Index Spectral λ1 − λ2 [Å] λ3 − λ4 [Å]

Features λ5 − λ6 [Å]

H+K(CaII) H e K (CaII) 3926.0−3940.0 3961.0−3975.0

Hε

Hδ/FeI Hδ, FeI 4095.0−4108.0 4041.0−4050.0

4055.0−4070.0

∆(4000 Å) 4000 Å break 3750.0−3950.0

4050.0−4250.0

the line–strength indices as a function of the stellar surface
temperatures.

Almost all these indices are good metallicity indica-
tors, while they are only slightly sensitive to stellar age
variations. The only relevant exception is the Hβ index,
that is the most widely adopted optical age indicator.
Like all the Balmer absorptions, the Hβ line appears very
weak in the cold stellar types (M, K), while its intensity
grows with temperature, reaching its maximum value in
the spectra of A type stars. In Paper III, we will show
some evidences that suggest that the Hβ index is not very
sensitive to the ages of stellar populations younger than
1 Gyr.

We indicate as blue three indices, not present in
the Lick set, in the wavelength range 3750 < λ <
4200 Å, namely, H+K(CaII) and Hδ/FeI indices, defined
by Rose (1984, 1985), and the ∆(4000 Å) index defined by
Hamilton (1985). The “blue” part of a galaxy spectrum
is much more sensitive to the stellar population age than
the “red” one (see Paper IV).

The H+K(CaII) index represents the ratio between
the central intensity of the H(CaII)+Hε line (a blend of
the H(CaII)3968.5 Å with the Balmer Hε) and that of
K(CaII)3933.7 Å line. In the same way, the definition of
Hδ/FeI index is the ratio of the central intensity of the
Balmer Hδ line with the average value obtained from the
central intensities of two FeI lines, Fe4045 and Fe4063.
The spectral windows adopted to identify the centre of
each of these lines are reported in Table 7. These two in-
dices are Balmer lines measures, and they are then good
age indicators (just like Hβ); Hδ/FeI is sensitive also to
the metallicity parameter for its dependence from the FeI
lines.

The ∆(4000 Å) index maps the 4000 Å break. It is
defined as the ratio of the average fluxes (for frequency
unit) measured in the spectral ranges [4050 Å−4250 Å]
and [3750 Å−3950 Å]:

∆(4000 Å) =
Fν [4050 Å− 4250 Å]

Fν [3750 Å− 3950 Å]
. (3)

The definition of this index needs a measure of fluxes per
frequency units [Hz−1], while data are calibrated in counts
per wavelength units [Å−1]. So, we need to multiply the

Fig. 4. Comparison between our measures (indicated as
“(our)”) and those of G93 (indicated as “(Gonzalez)”) on a
common sample of 5 template galaxies (Legenda: asterisk=
NGC 7626, open square= NGC 7562, full square= NGC 7785,
open circle= NGC 7619 and full circle=NGC 584). In both
systems, data are not corrected for velocity dispersions

ratio between fluxes/Å by the correction factor:

(λ1/λ2)2 = (4150/3850)2 = 1.162

where λ1 and λ2 represent the central wavelength of the
two spectral bandpasses adopted for the ∆(4000 Å) mea-
sure. Note that this index gives information about the
stellar parameters of the turn off stars (and consequently
about the mean age of the stellar population) (W92).

Spectral bandpasses of the indices have been corrected
for the galaxy redshift z:

λi(corr) = λi(z + 1)

∆λ(corr) = ∆λ(z + 1)

where λi stands for a generic bound of the spectral win-
dows and λi(corr) for its corresponding corrected value,
∆λ and ∆λ(corr) indicate respectively the original and
the corrected spectral width. The redshift value, z = v/c,
is directly estimated from the spectra lines.

4.2. The conversion to the Lick–IDS system

The Lick Group (Burstein et al. 1984; Faber et al. 1985;
Burstein et al. 1986; Gorgas et al. 1993; W92; Worthey
et al. 1994) has built fitting functions for 21 indices,
based on a stellar spectral library of more than 400 stars.
Their observations have been performed at the 3 m Shane
Telescope (Lick Observatory) equipped with an Image
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Table 8. Stars from Lick Library

HR HD V B − V U −B R− I Sp. class. RV

1907 37160 4.09 0.95 0.64 0.55 K0IIIb 99

2233 43318 5.65 0.50 0.00 F6V −37

2429 47205 3.95 1.06 1.01 0.51 K1III 3

2503 49161 4.77 1.40 1.65 0.70 K4III 47

2506 49293 4.47 1.11 1.04 0.55 K0III 11

2574 50778 4.07 1.43 1.70 0.78 K4III 97

2701 54810 4.92 1.03 0.78 0.52 K0III 79

2854 58972 4.32 1.43 1.54 0.79 K3III 47

2970 61935 3.93 1.02 0.88 0.52 K0III 11

3145 66141 4.39 1.25 1.28 0.67 K2III 71

3249 69267 3.52 1.48 1.77 0.78 K4III 22

3418 73471 4.44 1.21 1.28 0.56 K2III 25

3845 83618 3.91 1.32 1.46 0.67 K2.5III 23

3994 88284 3.61 1.01 0.92 0.48 K0III 19

4287 95272 4.08 1.09 1.00 0.55 K0III 47

4995 114946 5.33 0.87 G6IV −45

36003 0.61 K5V

64606 0.47 G8V

Fig. 5. Atlas of the spectra of the observed galaxies: galaxies
from the G93 sample used as spectrophotometric templates.
Plots are in the rest frame, and the fluxes are in arbitrary
units. The most remarkable features are labelled on top

Dissector Scanner, characterized by a resolution of 8.2 Å
(FWHM). The present work is based on the measure
of 16 red indices common to those studied by the Lick
Group, for which we will use their standard fitting func-
tions (Longhetti et al. 1997b, Paper III). In this context
we need to transform our data into the “standard” Lick–
IDS system. For this purpose, we have observed a sample

of 19 stars of different spectral types (Table 8), common
to the Lick library. On their spectra, once degraded to the
IDS resolution, we measured the 16 red indices. The com-
parison between our results with those of the Lick group
(Faber et al. 1985; Gorgas et al. 1993; W92) shows an
acceptable agreement between the two measurement sys-
tems for some indices (Hβ, Mgb, Fe5335, Ca4227, G4300,
Fe5270), while systematic differences are observed for the
others. Table 9 reports the average values of the differences
found on the stellar sample between the two measurement
systems.

G93 has already pointed out that residual differences
are connected to the fact that while calibration of CCD
data are really relative flux (i.e. corrected for the CCD re-
sponse function constructed from observations of standard
stars), IDS data are calibrated with a tungsten lamp as
a reference source. As a consequence, IDS measurements
contain the lamp contribution to the corresponding spec-
tral features. Following G93 we have applied a shift to
some indices measures in order to fully transform them in
the Lick–IDS system. The adopted shifts for each index are
listed in the Col. 4 of Table 9. The shifts have been applied
only to the indices for which the (IDS-CCD) values have a
systematic trend. G93 reports 8 “red” indices (among the
21 of the Lick set) measured on a sample of 35 stars com-
mon to the Lick library. The average differences reported
by G93 are compatible with ours within errors. For com-
parison, in Table 9 we report also the shifts adopted by
G93. A remarkable exception is represented by Fe5406,
which shows a systematic scatter between our and Lick
data, unlike G93 data. Figures 3a,b show the comparison
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between our fully transformed data of the sample of 19
stars and the Lick–IDS data.

4.3. Correction of line–strength indices for velocity
dispersion

The observed spectrum of a galaxy can be regarded as a
stellar spectrum (reflecting the global spectral character-
istics of the galaxy) convolved with the radial velocities
distribution of its stellar population. Therefore the spec-
tral features in a galaxy spectrum are not the simple sum
of the corresponding stellar features, because of the mo-
tions of the stars composing the galaxy. If we want to
explain the measure of the indices in terms of the stel-
lar composition of the galaxies, we need to correct them
for the effects of the velocity dispersion. We have esti-
mated the correction studying the behaviour of all the
indices on a sample of about 80 stars. Stellar spectra
(after they have been degraded to the Lick–IDS resolu-
tion) have been convolved with gaussian curves of var-
ious width in order to simulate different galactic veloc-
ity dispersions. We have considered velocity dispersions
in the range 50 km s−1 < σ < 300 km s−1. The results of
these convolutions are reported in Table 10. Corrections
for the velocity field were finally applied to the indices for
which the correction itself shows a monotonic variation as
a function of the velocity dispersion. This was the case for
H+K(CaII), Hβ, Mg2, Mgb, G4300, Fe5270, Ca4227, CN,
CN2, Ca4427, Fe4531, Fe4668, Fe5015, Fe5335, Hδ/FeI in-
dices. The ∆(4000 Å) behaviour is not reported in Table
10 because this index is insensitive to the spectral broad-
ening caused by velocity dispersion, since it refers to quite
large bandpasses. Mg1, Fe4383 and Fe5406 indices have
not been corrected since they show a fluctuating behaviour
as a function of σ and any tentative correction can intro-
duce a further error.

Corrections are calculated as a linear interpolation of
the data in Table 10 corresponding to the actual veloc-
ity dispersion of each galaxy. Since the spectral indices
refer to the nuclear region the correction is derived as-
suming a value of the velocity dispersion in the same re-
gion. Kinematical data adopted for the whole sample are
reported in Paper II.

4.4. Error estimation in line–strength indices

Formally, the definition of an index is a ratio between
fluxes integrated over particular bandpasses. The estimate
of the error is then the propagation of the relative uncer-
tainties in the fluxes used to calculate its value. If un-
certainties of relative fluxes in different bandpasses are
independent, the error is:

σ(I) =

√(
∂I

∂f1

)2

σ2
f1 +

(
∂I

∂f2

)2

σ2
f2 +

(
∂I

∂f3

)2

σ2
f3 (4)

where I = I(f1, f2, f3) indicates the dependence of the
index on the fi flux measured in the three bandpasses. The
derivatives of the formulas (1) and (2) give the expected
uncertainty for atomic (σ(Ia)) and for molecular indices
(σ(Im)):

σ2(Ia) =

(
FI1,I2

CI

)2
[(

σ(FI1,I2)

FI1,I2

)2

+

+

(
σ(Fb1,b2)

CI

)2(
λr − λI

λr − λb

)2

+

(
σ(Fr1,r2)

CI

)2(
λb − λI

λr − λb

)2
]
(5)

σ(Im) =
2.5× 100.4Im

2.3026(λI2 − λI1)
σ(Ia) (6)

λI =
(λI1 + λI2)

2

λr =
(λr1 + λr2)

2

λb =
(λb1 + λb2)

2

CI = C(λI) (see (2))

FI1,I2 =

∫ λI2

λI1

F (λ)dλ

(
σ(FI1,I2)

FI1,I2

)2

=
1∫ λI2

λI1

F 2(λ)
σ2(λ)

σ2(Fb1,b2) =
F 2

b∫ λb2

λb1

F 2(λ)
σ2(λ) dλ

i

σ2(Fr1,r2) =
F 2

r∫ λr2

λr1

F 2(λ)
σ2(λ) dλ

where F (λ) is the spectral flux and σ2(λ) the flux variance
as a function of wavelength. The flux variance is calculated
from the wavelength calibrated frames, transforming the
ADU counts into the corresponding photons counts. In the
present work, the transformation is given by:

I(col, row)[photons] = ADU(̇I(col, row)[counts])

with 1ADU = 1.4e−. Summing the Read Out Noise
(RON) characterizing the CCD, we calculate the variance
frame:

σ2(col, row) = I(col, row)[photons] + σ2
RON

where σ2
RON = 6.52 = 42.25. From this frame we extracted

a 1D spectrum with the same parameters adopted to ex-
tract the fully calibrated spectrum of the corresponding
object. This represents the σ2(λ) in the previous formulas.
In fact, this variance describes the uncertainty that char-
acterizes the measurements of flux for each spectrum, i.e.
it represents the statistical error of the flux measurement
pixel by pixel, which is present even if the photometric
system is perfectly reproducible.

Figure 4 shows the comparison between our and G93
data, on a subset of 6 red indices, including the Hβ and
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a) b)

Fig. 6. Same as Fig. 5 for shell galaxies

Mg and Fe indices which will be used to reconstruct the
star formation history of the galaxies. Our line–strength
indices are in agreement, within the errors, with those of
G93.

Actually the measurement of a line–strength index
does not need an absolute flux calibrated spectrum, since
only flux ratios enter in its definition. The estimate of the
error calculated adopting (6) and (7) then corresponds to
an upper limit of the real uncertainty that characterizes
our index measurement. In fact, it does not take into ac-
count the consequences of the gaussian filter applied to
our data before measurements of the index since the data
quality is enhanced by this treatment to the spectral res-
olution cost. A more realistic way to calculate the uncer-
tainty that affects our indices measures could then be to
refer to a quantity that represents how the corresponding
spectral feature is visible within a noisy continuum.

We substitute Eqs. (1) and (2) with their approxima-
tions obtained using constant average values of the fluxes
in the integrals:

Ia = (λ2 − λ1)(1−
fI

fC
) (7)

Im = −2.5log10

(
fI

fC

)
(8)

where fI is the flux average value in the central bandpass
(indicated by λ1 and λ2), and fC is the average continuum
flux calculated with (3) at λI = (λ1 + λ2)/2.

In this way, Eqs. (6) and (7) become:

σ2(Ia) = (λ2 − λ1)2

(
fI

fC

)2
[(

σ(fI)

fI

)2

+

+

(
σ(fr)

fC

)2(
λb − λI

λr − λb

)
+

(
σ(fb)

fC

)2(
λr − λI

λr − λb

)]
(9)

σ2(Im) = (1.0875)2

[(
σ(fI)

fI

)2

+

(
σ(fr)

fC

)2(
λb − λI

λr − λb

)
+

+

(
σ(fb)

fC

)2(
λr − λI

λr − λb

)]
. (10)

We then need to know only the average value of flux uncer-
tainties, σ(fI), σ(fr) and σ(fb), substituting the variance
function σ2(λ). These average values can be calculated as
the dispersion of the flux around its average value in the
corresponding bandpass. Errors computed following the
procedure outlined above are reported in Tables 11, 12
and 13.

A remarkable exception is the error estimate for the
H+K(CaII) and Hδ/FeI indices. Their definitions are
based on the flux values corresponding to specific single
pixels, and so their uncertainties are calculated propagat-
ing the measure of the errors on the flux extracted from the
variance spectra (referred before to σ2(λ)) at those pixels,
decreased by a factor of about 2.8 (which corresponds to
the square root of the number of the pixels involved in the
gaussian filter windows).
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Fig. 7. Same as Fig. 5 for pair members

4.5. Comparisons with line–strength nuclear indices for
galaxies in the G93 sample

Table 11 reports our nuclear line–strength indices on the
5 “template” galaxies belonging to the G93 sample. The
Table lists also the differences between our results and
those achieved by Worthey (1996, private communica-
tion), on the common subset of 16 “red” indices. Worthey
IDS data are of poorer quality than our CCD ones, and

than they are characterized by greater uncertainties (see
also G93).

The comparison is made using line-strength indices be-
fore the correction for the velocity dispersion, since this
latter has been obtained by G93 with a procedure differ-
ent from that described in Sect. 4.3. Our corrections for
velocity dispersion are nearly identical to those of G93 for
Hβ and Mg indices, but our procedure led to corrections
which are of a few percent smaller than in G93 for the Fe
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lines-strength indices. In Paper II we show that our esti-
mate of velocity dispersions for template galaxies are in
very good agreement with G93: < (σG93−σour) > = 9±9.
These differences will be taken into account during the
comparison of the two set of data in Paper III.

Data reported in Tables 12 and 13, relative to the in-
dices measurements in our sample galaxies, have not been
corrected for a possible contamination from the emission
components. Paper II will address the issue of an analysis
of these emission lines and a forthcoming paper that of a
study of the absorption lines that takes into account their
contamination due to filling.

5. Summary

We present the first of a series of papers (Longhetti et al.
1997a,b,c) that will study the star formation history in
early-type galaxies. In the present paper, we present a
sample of 20 shell galaxies and 32 pair members in low
density environments that is studied for this purpose.
Most of the objects show present/past interaction signa-
tures.

The paper describes the observations and the reduc-
tion of the spectrophotometric data obtained from spectra
in the wavelength range of 3700 Å< λ < 5700 Å at 2.1 Å
FWHM resolution.

A set of 16 red ( λ > 4200 Å) nuclear (5′′) line–strength
indices defined by the Lick Group has been obtained and
converted into the Lick-IDS “standard” system. 5 refer-
ence galaxies, selected from the G93 sample, are also in-
cluded to test the results of the procedure.

Three blue (λ < 4200) nuclear line–strength indices,
namely ∆(4000 Å), H+K(CaII) and Hδ/FeI, have been
also determined with the purpose of tracing recent star-
bursts in the galaxies history.

The kinematics of the gas and of the stellar compo-
nents are the subject of the Paper II. Stellar kinematical
data (organized and discussed in the Paper II) have been
used to correct present line–strength indices for velocity
dispersion.

A fraction of the galaxies of the present study shows
detectable emission lines, as can be deduced from the Atlas
of the spectra (Figs. 5 to 7). A discussion about the physi-
cal conditions of the (e.g. LINER properties of the nucleus,
ect.) is also given in the Paper II. Line–strength indices
suffer the contamination caused by emission lines. G93
corrected the Hβ absorption line–strength for the filling
due to the Hβ emission by means of a relation between
the Hβ line emission strength and that of the [OIII] line
at 5007 Å. Namely ∆ Hβ=0.7[OIII]. The validity of this
correction has been questioned by Carrasco et al. (1995).
We discuss the correction of the line–strength indices for
the emission line filling in a forthcoming papera forthcom-
ing paper.

Fig. 8. Fitting functions of W92 for gravity g = 4.5 and dif-
ferent metallicities (lines: solid line [Fe/H]=−2, short dash
[Fe/H]=−1, medium dash [Fe/H]=0, long dash [Fe/H]=1). Full
squares represent our measures on a sample of 17 hot stars,
listed in Table 14. Note that in the case of the Hβ index, fit-
ting functions from W92 do not match our observations

Appendix A

Line–strength indices of a sample of 17 hot stars (T >
10000 K). Toward an extension of the Lick Fitting
Functions

The aim of the present work (cf. also Papers II and III) is
that of looking for the presence of recent star formation
events connected to interaction, that can have involved
only a few percentages of the total mass of the galaxies.
Both observations and numerical/hydrodynamical simu-
lations (see for references Barnes & Hernquist 1992) indi-
cate that induced star formation is a possible effect of the
interaction.

Young stellar populations, if present, are made rec-
ognizable in a galaxy by the presence of very hot stars
(T > 10000 K). These kinds of stars are under-represented
in the sample from which W92 derived his fitting func-
tions. Consequently, the knowledge of the indices be-
haviour in the range of stellar temperatures greater than
10000 K is a necessary step in the construction of suitable
fitting functions.

We have observed 17 hot stars (whose parameters are
listed in Table 14) in order to test the Lick standard fitting
functions in the high temperature regime. Figure 8 shows
a comparison between Lick fitting functions for some in-
dices and stellar data collected in the present work. In the
case of the Hβ index, the only classic age indicator in the
“red” part of the spectrum, it is quite evident that the
standard fitting functions do not match our observations.
This suggests that the extrapolation starting from lower
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values of stellar temperatures towards higher ones need to
be better investigated on a larger sample. We have used
our new data to construct a tentative extension of the Lick
Group fitting functions for the 16 common “red” indices.
Table 13 lists the coefficients of these new extensions, ob-
tained through a linear interpolation of the values starting
from log Te = 4 for the different metallicities and gravities.
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