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Abstract. Analysis of the data obtained in the ESO Nearby Ofthe 3798 galaxies thatwere classified from their spectrum

Abell Cluster Survey (ENACS) has shown that the space distfiF + 7% are of early type, and3 + 7% of late type. Using a

bution and kinematics of galaxiesth detectable emission linessubset of these 3798 galaxies, we constructed a composite clus-

in their spectra differ significantly from those of galaxieish- ter of 2594 galaxies, 399 of which have emission lines and are

out emission lines. This result, and details of the kinematicerefore almost exclusively spirals and irregulars. The kine-

were considered as support for the idea that at least the spiraiics and spatial distribution of the late-type galaxigth-

with emission lines are on orbits that are not isotropic. Thaut emission linesesemble much more those of the early-type

might indicate that this subset of late-type galaxies either hgalaxies than those of the late-type galaxigth emission lines

‘first approach’-orbits towards the dense core of their respectivet, the late-type galaxies without emission lines may have a

clusters, or has orbits that ‘avoid’ the core. somewhat larger velocity dispersion and a slightly less centrally
The galaxies with emission lines are essentially all late-tygencentrated distribution than the early-type galaxies.

galaxies. On the other hand, the emission-line galaxies repre-Only the late-type galaxiewith emission lineappear to

sent only about a third of the late-type galaxies, the majoribave a considerably larger global velocity dispersion and amuch

of which do not show detectable emission lines. The galaxiess concentrated projected density profile than the other galax-

without emission lines are therefore a mix of early- and late-types. Thus, the suggestion of fairly radial, and possibly ‘first

galaxies. In this paper we attempt to separate early- and lapproach’ orbits applies only to spirals with emission lines.

type galaxies, and we study possible differences in distributidhe early-type galaxies with emission lines (among which the

and kinematics of the two galaxy classes. AGN), may also have a large velocity dispersion and be con-
For only about 10% of the galaxies in the ENACS, the mocentrated towards the cluster centre.

phology is known from imaging. Here, we describe our classi-

fication on the basis of the ENACS spectrum. The significakey words: galaxies: kinematics and dynamics —galaxies: clus-

information in each spectrum is compressed into 15 Princigals: general

Components, which are used as input for an Artificial Neural

Network. The latter is ‘trained’ with 150 of the 270 galaxies

for which a morphological type is available from Dressler, and i

subsequently used to classify each galaxy. This yields a cladsi{ntroduction

fication for two-thirds of the ENACS galaxies. Recently, the kinematics of the different types of galaxies in
The Artificial Neural Network has two output classes: early-jysters, as well as their spatial distribution, has received some
type (E+S0) and late-type (S+l) galaxies. We do not distinguigy attention, e.g. from Colless & Dunn (1996), Carlberg et al.
E and SO galaxies, because these cannot be separated very 9m6) & Mohr et al. (1996). Generally speaking, the late-type
bustly on the basis of the spectrum. The success rate of figaxies are found to avoid the central regions of their clusters,
classification is estimated from the sample of 120 galaxies wifhile their line—of—sight velocity dispersion with respect to the
Dressler morphologies which were not used to train the ANHverage velocity of the clustet,,s, appears to be higher than
The successrate is higher for early-type than for late-type gal@¥at of the early-type galaxies.
ies (78 + 6% vs.63 + 6%). The weighted average success rate, The ESO Nearby Abell Cluster Survey (ENACS, Katgert et
irrespective of type, i3 - 4%. The success rate is somewhaj|. 1996, 1998) has yielded redshifts for more than 5600 galaxies
larger for the training set, and highest for the galaxies with emig-the directions of about 100 rich clusters of galaxies, mostly
sion lines. in a cone around the South Galactic Pole. Using the ENACS,
Biviano et al. (1997, hereafter Paper Ill) compared the spatial
Send offprint requests 1®. Katgert (katgert@strw.LeidenUniv.nl) ~ distribution and kinematics of the galaxies with emission lines
* Based on observations collected at the European Southern Obfagreafter: ELG) with those of the galaxies without emission
vatory (La Silla, Chile) lines (hereafter: non—ELG). From a subsample of 545 galaxies
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for which a morphological type is known, Biviano et al. con- The paper is organized as follows: in SEtt. 2 the ENACS
cluded that the ELG are almost exclusively late-type galaxieigta is summarized. In Seck. 3 we describe the algorithm that
i.e., spirals (and irregulars), while the non—ELG are a mix @fe used to estimate the morphological type of a galaxy from its
early- and late-type galaxies. They found that, of the ELG spectrum, by applying a PCA and an ANN. In SEtt. 4 we discuss
is, on average, 20% larger thap,s; of the non—-ELG, while the the results of the combined PCA/ANN and present the success
spatial distribution of the ELG is significantly less peaked taates achieved in assigning morphological types. In Bect. 5 we
wards the cluster centre than it is for the non-ELG. These twoesent an analysis of the spatial and kinematical differences
facts, in combination with details of the kinematics, were intebetween the (subsets of) early- and late-type galaxies. I $ect. 6
preted as evidence for a picture in which the ELG are mostlye summarize the results.

on fairly radial, ‘first approach’ orbits towards the central re-

gions of their clusters, and thus not in full equilibrium with the paia

population of non—-ELG.

Biviano et al. estimated that the large majority of the ELd the present analysis we use the galaxy spectra obtained with
are Spira|s; however, the ELG appear to represent On|y abm OPTOPUS instrument atthe ESO 3.6m teleSCOpe atlLa Sl”a,
one—third of the total Spira| popu|a’[i0n_ Therefore, it was n&hlle in the context of the ENACS. For a detailed description of
clear whether the conclusion about the difference in kinemati& characteristics of the survey, we refer to Katgert et al. (1996,
of ELG'’s app"es 0n|y to Spira|s with emission lines, or Whethér998) Abrief summary of those aspects of the observations that
it applies to all spirals. If the spirals among the non—ELG wouRf€ relevantto the analysis in this paper may be useful, however.
have identical kinematics and spatial distribution as the spirals The observations were done between September 1989 and
with emission lines, the real differences between early- and lafdctober 1993. The observed galaxies all lie in the direction of
type ga|axiesw0u|d be |argerthan the apparentdiﬁerences_mg‘ﬂ Abell clusters. The redshifts of these clusters are mOStly
would bring the result of Biviano et al. more in line with that of< 0.1 and most clusters lie around the South Galactic Pole in
Colless & Dunn (1996) who found that the velocity dispersiothe solid angle defined bly< —30° and—70° < § < 0°. The
of the late-type galaxies in the main concentration of the Corfiglaxies were selected either on film copies of the SERC Illa-J
cluster is very close t§/2 times that of the early-type galaxiesSurvey or on glass copies of the first Palomar Sky Survey. Areas

On the other hand, it is conceivable that only the spira® between 1 and 4 square degrees centered on the target clus-
with emission lines are on ‘first approach’ orbits, which wouléers were scanned with the Leiden Astroscan plate-measuring
be consistent with the presence of sufficient amounts of lingachine. The magnitude limits are between 16.5and 17.5inthe
emitting gas. The spirals without emission lines might then haffeband (see Katgert et al. 1998 for details). These limits corre-
traversed the central regions of their clusters and have lost m@@nd to absolute magnitudes of —19.8 and —18.8 at the median
of their line—emitting gas in the process. redshiftz = 0.06 of the survey, assuming a Hubble parameter

Recently, Raritez & de Souza (1998) concluded that théf 100 km s Mpc™'.
orbits of elliptical galaxies in clusters are close to radial, while The OPTOPUS system used fibres with a diameter of 2.3
spirals have more circular shaped, or isotropic, orbits. Thé@fcseconds, which corresponds to a linear scale i 2'kpc
conclusion is based on an analysis of the distribution of line-git a redshift ok = 0.06. In 6 of the 9 observing runs the same
sight velocities. spectrograph setup was used. In general, the wavelength range

In order to be able to investigate the kinematics of the spir&i&s from~ 3850 A to ~ 6000 A, but it varies slightly between
without emission lines, as well as to elucidate the cause for f#s. The spectral resolution is almost always Rm, or
apparent disagreement between the results ofiRan& de about 5A, except in the run of September 1989, which has a
Souza and that of Biviano et al., we need morpho|ogica| typ@\/er resolution. Due to different pixel sizes of the QCD detec-
for the (non—-ELG) galaxies in the ENACS. The obvious walprs used, the spectra were sampled at either 1.9 o¥/Bixel.
to get these is through imaging. With well over 4000 galaxies !n the wavelength range covered by the observations, and
without emission lines, that represents a major observatioffdll the redshifts of the clusters observed, the principal emission
effort, on which we have embarked, but which will take sonées that were observable are [Ol1] (378}, H/3 (4860A) and
time to finish. the [OIlIl] doublet (4959 and 5004&). Possible emission lines

In this paper, we adopt a different approach, by using theere identified independently by two persons: in the 2-D frames
ENACS spectra. The morphological types are estimated fréid in the 1-D extracted spectra (see Paper IlI for details). In
the spectra with a Principal Component Analysis, in combin#i€ spectra of about 1200 galaxies one or more emission lines
tion with an Artificial Neural Network. The network is ‘trained’ Were detected. For 5B4jalaxies in the 10 ENACS clusters in
with a subset of the ENACS galaxies for which a morphologice®mmon with the sample of Dressler (1980) the morphology is
type is available from imaging (Dressler, 1980, hereafter Dg@Yailable. Of the 71 ELG which have a morphological classi-
and it is ‘tested’ with the remaining galaxies with morphologfjcation in D80, 61 are spirals or irregulars (86%), 8 are S0's
from Dressler. With the morphological types estimated from thé1%) and 2 are ellipticals (3%). On the other hand, of the 181
spectra, we investigate the kinematics and spatial distribution of, +1is number is slightly larger than the number mentioned in Paper

in particular, the late-type galaxies with and without emissiq[} (which was 545), due to an updated cross—reference between the
lines. ENACS sample and the Dressler catalogue.
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spirals that the D80 set has in common with ENACS, 61 shdie two most important PCs. They also used an ANN with the
emission lines. So, while 6 out of 7 ELG are spirals/irregular$3 galaxy parameters as input and concluded that with a single
only 1/3 of the spirals are ELG. A small fraction (about 7%utput node, there is a strong correlation between the galaxy
according to Biviano et al. 1997) of the ELG are active galactigpe indicated by the ANN—output and the input type. Using
nuclei, as is evident from the line widths. two output nodes, one for early- and one for late-type galaxies,
The spectra that were obtained in September 1992 often the overall success rate was 90%, which decreased to 64% if 5
hibit peculiarities, such as deviant pixels at beginning and eadtput nodes were used, viz. E, SO, Sa+Sb, Sc+Sd and .
of the spectrum. These probably were introduced in the reduc- In the last few years several more applications of PCA anal-
tion process and have not influenced the redshift determinatigsis, combined PCA and ANN analysis, or ANN analysis were
We have not reduced these spectra again for the present anaiylished. In the field of stellar classification see e.g. Bailer-
sis, but we have excluded them from the analysis, as they codiithes (1997), Ibata & Irwin (1997), Weaver & Torres-Dodgen
produce below-average classification results (seelSekt. 4.2)(1997) and Singh et al. (1998), and in the area of galaxy clas-
sification e.g. Galaz & de Lapparant (1998) and Bromley et al.
N (1998).
3. Spectral classification
For the classification of the galaxies on the basis of their specy  principal component analysis
trum, we use a two-step scheme in which we first describe a
spectrum in terms of its most significant Principal Componerft§incipal Component Analysis (PCA) is a technique developed
(PCs), and then use a trained Artificial Neural Network to claf2r data compression as well as data analysis. As measured
sify the galaxy on the basis of those components. In this sectiarameters, like e.g. spectral fluxes, may be correlated, it is
we summarize the methods that we used and the details of tiféiinterest to determine the minimum numberindependent
imp|ementati0n as far as those are required for an appreciaﬁ/@ﬁiables that can describe the Iargel’ amount of correlated ob-
of the results. served parameters. A full description of PCA can be found in
Several authors applied PCA (either by itself or in combin&-9- Kendall & Stuart (1968) and Folkes et al. (1996). In our
tion with an ANN) to the problem of trying to determine fromanalysis, the PCA is an important first step as it reduces the
a spectrum the stellar or galaxy type. Deeming (1963), in cldydmber of parameters that describe the galaxy spectrum, while
sifying stellar spectra, found a very good correlation betwegrfecoyers essentially all significant information and reduces
the first, most important PC and the stellar type. Francis et #€ noise.
(1992) carried out a study of a large sample of QSO spectra,
and developed a classification scheme based on the first trg@e1. preparing the data
PCs. Von Hippel et al. (1994) used an ANN to classify stellar
spectra and concluded that they could recover the stellar typ&gfore we could apply PCA to the ENACS galaxy spectra some
within 1.7 spectral subtypes. Sédir. & Cuevas (1994) showedPreparations were necessary. First, all spectra were inspected
that the spectroscopic parameters extracted from the spectr@¥t @ few spectra with strong discontinuities or other non—
galaxies, like the amplitude of the 4080break or of the CN Physical features were discarded. Secondly, sky lines were re-
band, correlate well with Hubble type. moved by linear interpolation. Thirdly, the spectra were shifted
Zaritsky et al. (1995) decomposed galaxy spectra into BACK to zero—redshift and corrected for the response functions
old stellar component, a young stellar component and varidifsthe OPTOPUS instrument (spectrograph and CCD detec-
emission-line spectra. They classified the galaxies by compi#)- Fourthly, a maximum common (zero-redshift) wavelength
ing the relative weights of the components with those of galaxig¥'ge had to be established for as large a subset of the galaxy
of known morphological type and found that the spectral clas§@MPle as possible. _
fication agreed with the morphological classification to within  Using all galaxies inthe ENACS survey, this common wave-
one type (e.g. E to SO or Sa to Sb) far80% of the galaxies. lengthrange would be rather small because background galaxies
Connolly et al. (1995) decomposed each spectrum into eigéqve redshifts up te ~ 0.15. We have chosen to use the zero—
spectra and found that the distribution of spectral types canf§gshift wavelength range fromy,i, = 3720 A 10 Apnes =
well described by the first two eigenspectrum coefficients. 9014 A. This range includes all 4 major emission lines (see
Folkes et al. (1996) combined PCA and ANN to classif€Ct-2) and provides at leas#ivcontinuum beyond the [Oll]
galaxy spectra. Their purpose was to investigate galaxy classi27A and [OllI] 5007A lines. All spectra were resampled in
fication from spectra to be obtained in the 2dF Galaxy RedsHff€ raNG€ hnin, Amaz] With AX/pixel = 3.5 A, which yields
Survey. They generated artificial spectra and obtained a succegk spectral fluxes. _ _
rate of more than 90% in recovering the galaxy type from the For some field galaxies the zero-redshift spectrum did not
spectrum. fully cover the wavelength rang@ f.in , Amaz]. When the wave-
Lahav et al. (1996) used ESO-LV galaxies (Lauberts [gngth coverage of a galaxy spectrum fell short by more than
Valentijn 1989) and grouped them in three ways. From a PCRA (i-e., 20 pixels) from thef,in, Amas] interval, the galaxy
applied to 13 galaxy parameters they found that different ma¥as removed from the sample. When the galaxy spectrum fell
phological types occupy distinct regions in the plane defined Bjort by less than 78, it was extrapolated by a second—order
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polynomial either down ta\,,;,, or up to A4, or both. This
extrapolation does not introduce major errors in the fluxes at the 1.0
edges of the spectrum. 0
Finally, the spectra were normalized to unit integral. For the 0.8
normalization we interpolated the spectrum in the regions of 20 o
A centered on the emission lines because a strong emission lihe
may result in a continuum which is too low. 04
Leaving out all spectra that were observed in Septembgr
1992 and rejecting all galaxies for which more than 20 pixels 0.2
had to be added at either one or both ends tofill the spectral range
[Amin, Amasz], We retained 3798 galaxies for the PCA. For 270 -°

of these, a morphological classification is available from D80. 1.2

a. Elliptical ]

original spectrum

,,,,, reconstructed spectrum

difference spectrum

1.0
3.1.2. Determining the principal components

After the preparation described in S¢ct. 3/1.1 the resampled
spectrum of each galaxy defines a j-dimensional vegtor £ 0.6
whose components represent the flux in the j pixels of the spéé:-
trum, with j = 1-371. From each componentwe subtract the g
mean over all galaxie;;, to centre the j—th parameter on zer@2 o,
(remember that we normalized all spectra to the same integral

of 1.0). The values; — z; can be used in two different ways ~ ©-0 :

in the PCA. Firstlyz; — z; may be normalized by its standard <800 40‘00‘ ‘ 42‘06 ‘ 44‘05 ‘ 46‘06
deviations ;. Inthat case, each of the components of the spectral wavelength (A)
vectors has unit variance for the set of spectra used. This method

is sometimes recommended as it puts each input parameteF@nla and b. Comparison of two ENACS spe_ctrgwith the reconstruc-
a similar scale. In this way, one may construct vectors frofien of the same spectra from the first 15 Principal Components. The

components that are not related, such as e.g. mass and sizes.OIIOI line is the observed galaxy spectrum, the da;hed line s the recon-
. . ) . . Structed spectrum. The dotted line indicates the difference between the
However, there are cases in which the different dispersi

. . . Ofl5served and the reconstructed spectraflliptical galaxy,b Spiral
or the relative strengths of the inputs are important (see Jiaxy.
Folkes et al. 1996). E.g., in our PCA the components of the

spectral vectors that contain the principal emission lines will
have a larger variance, as these may or may not be present, and

it may be important to retain this information. We did the PCscs, i.e.01;, wa; andws;. The weights for the first PGy, , in-
with and without normalization with the standard deviation, arglcate that, represents the colour of the galaxy, as it measures
obtained better results with normalization than without. the flux in the interval\ = [3720, 4350] A minus the flux in
The PCA solves for the weights,; that define the 371 the interval\ = [4350,5120] A. The wavelength dependence
PCse;, which follow from the spectral fluxes by the relationgf 4, ; is very similar to that in Sodr & Cuevas (1997, their
er = i1 wk;(z; — T;)/0;. The PCs are thus linear combiig, 5). The second PC, with weights ;, apparently measures
nations of the normalized spectral fluxes and form an orthogomgd curvature of the spectrum, i.e. the flux betwgen 4000 A
basis. The first PGs;, contains most of the variance betweegnd \ — 4600 A, minus the flux below and above these wave-
the spectra and describes the most characteristic difference|Bggths. The weights for the third P@;;, have a signature just
tween the spectra. The last PC contains least of the variance giflvards of the 4008 break, and:; thus seems to be sensitive
will be most affected by noise. In practice, we have restrictgd the strength of this break. S@i& Cuevas (1994) noted that
the ANN analysis to the 15 most significant PCs (see Bedt. 4@} 40004 break correlates well with Hubble—type. The third
In Fig.[I we show two examples of spectra and their PCAC also appears to weigh the G—band\a¢ 4300 A. It gets
reconstruction, based on the first 15 PCs. These examples iliygrgressively more difficult to understand in detail the physical
trate that the spectra can be reconstructed quite well with onliganing of the higher order PCs, but they gauge the various

limited number of PCs. There may be some indication that tt&s Conspicuous features in the Spectrum, such as the many
spectrum of an elliptical is easier to represent with 15 PCs thahsorption and emission lines.

units

0.8

I -

4800 5000

that of a spiral, but the difference is slight. Note that we expressed the PCs in terms of the spectral
data, which provides an immediate physical meaning of the
3.1.3. Physical meaning of the PCs weightsw; ;. Inan alternative but fully equivalentrepresentation,

the spectral data can be approximated by a weighted sum of

In Fig [2 we show the average spectrum of the 3798 galaxiessigenspectra; see e.g. Connolly et al. (1995) or Galaz & de
the data set, together with the weights for the 3 most significaiipparent (1998).
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Fig. 3. Schematic diagram of the Artificial Neural Network that we
used. The network determines the galaxy type (‘output node’), fromthe
Principal Components describing the galaxy spectrum. Each node in a
given layer is connected to all nodes in the adjacent layers by weight
vectors.
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3.2.1. Training the ANN and tuning its parameters

We trained the ANN by using the spectra of 150 of the 270
galaxies in our sample of 3798 for which Dressler (1980) gives a
‘ ‘ ‘ ‘ ‘ ‘ morphological type. The median redshift of the clusters studied
#8500 000 20 Wove\enﬁ?o@) oo a0 %000 by Dressler is about 0.04, which is significantly smaller than
the median redshift of the ENACS sample of about 0.07. The
1OQ clusters in common between D80 and ENACS have redshifts
between 0.04 and 0.07. The training set contains approximately
equal numbers of galaxies in each of the three morphological
classes that we attempted to ‘resolve’, viz. E, SO and S+l.

The complexity of an ANN depends strongly on the number
of inputs per galaxy and on the number of hidden nodes, layers,
The first 15 PCs derived for each spectrum are used as inputdatputs, and connections. Therefore, one is well advised to use
an Artificial Neural Network (ANN).The ANN determines theas few of these as possible (de Villiers & Barnard 1993), as long
optimum way of combining the PCs in order to obtain a singkes the discriminating power of the ANN is not affected. For that
number which maps, with maximum discriminating power, ont@ason, only the 15 most significant PCs of the galaxy spectra
the desired quantity which, in our case, is morphological typeere presented to the ANN, rather than all 371 original spectral
ANN'’s are frequently used to recognize patterns in input daftuxes. By using only the 15 most significant PCs, we also reduce
An array of parameters is presented as input to the ANN, whitlfe noise considerably, as the latter is mostly contained in the
must have been trained to recognize the desired patterns. Tigher—order PCs.

ANN then yields the class of object for which the input array is  We used only one hidden layer, which contains 5 nodes.
most characteristic. The classification is objective: the ANN This makes the backpropagation network much more rapid to
true to the training it received, and repeatable. train (see e.g. de Villiers & Barnard 1993).

An ANN uses weights to translate the input data into one or Only one output node was used, with output values in the in-
more parameters which can be compared with the correspotatval [0,1]. Some authors define a separate output node for each
ing parameters for the training set in order to estimate the classhe morphological types that can be assigned to the galaxies
of an object. The weights in the ANN are determined by an itgfe.g. Storrie—Lombardi et al. 1992). The output node which has
ative least—squares minimization using a back—propagationtak highest ‘activity’ then determines the galaxy morphology.
gorithm. In each iteration step, the current values of the weighiswever, because galaxies are thought to form a continuous
are updated according to the difference between the suppliestead of a discrete sequence of different morphologies (e.g.
output type and the calculated output type. For a full descridaim et al. 1995), we have chosen to describe the sequence with
tion of ANN'’s, the reader is referred to e.g. Hertz et al. (19919nly one output node with a continuous range of output values.
Krose & van der Smagt (1993) and Folkes et al. (1996). A schematic diagram of the ANN we used is shown in Hig. 3.

b @i oo S oo oo b e e LT

Fig.2. Average galaxy spectrum, and the weightg for the first
3 Principal Components (i=1-3), calculated for the entire data set
3798 galaxies. See text for more details.

3.2. Artificial neural networks
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When training the ANN, it is essential to stop the iterativANN output parameter which best separates early- and late-type
minimization at the right moment. One option is to stop whegalaxies.
the total error between calculated output types and supplied
output types of thergining set the so—callgd ‘cost function’, 3.2.3. Optimizing the classification results
drops below a certain value, or changes little between succes-
sive iteration steps. However, this may result in ‘over—fittingQur goals are to optimize the success rate of the classification,
i.e., one may interpret the statistical fluctuations in the trainirig obtain the observed fraction of late-type galaxies among the
set as global characteristics. Another option is to minimize thé.G (viz. 86%, see Paper lll), and to obtain the correct frac-
cost function as calculated for thest setLahav et al. 1996). tions of E, SO and S+ galaxies used to train and test the ANN.
Because the ANN is not trained on this set, the cost functidie only freedom one has to achieve these goals, after tuning
will usually have a true minimum at a certain iteration step, aradl parameters as described in Sect.3.2.1, is to set the output
increase after that. In our case the results are almost identi@ges within which a galaxy will be classified as E, SO or S+.
for both options. A priori, the most logical choice the output ranges is [0,1/3],
As we want to extend the analysis in Paper lll to early- affd/3,2/3], and [2/3,1] for E, SO and S+, respectively. However,
late-type galaxies, we are primarily interested in a two-class find that the ranges [0.00,0.34], [0.34,0.59] and [0.59,1.00]
classification. Therefore, we trained the ANN for a pure earlproduce a fraction of early-type galaxies among the ELG that
/late-type division which allows a separation of the heterogis-more consistent with observations than that found with the a
neous class of non—ELG into early- and late-type galaxies. fariori choice. In the following we will therefore use the ranges
additional reason for taking ellipticals and SQ's together in orfi@.00,0.34], [0.34,0.59] and [0.59,1.00]. Note, however, that the
class was given by Lahav et al. (1996), who found that 76% sificcess rates for the two sets of output ranges differ by at most
all early-type galaxies were correctly classified by their ANN few percent.
but that of the SO’s only 66% was classified correctly. They sug-
gested that this may be an indication that the SO's form a ‘tr : : P
sition class’ in the Hubble sequence. Sod Cuevas (1997)a§]3' Possible causes of misclassification
found that the first, most significant PC of ellipticals and SOEhere are a number of factors that determine the performance
are very similar, so it is hard to distinguish between them on théthe classification algorithm.
basis of their spectrum. First, the representation of the spectra by the first 15 PCs is
We have also trained the ANN for a three-class division intaot perfect. However, the error one makes if one only uses the
E, SO and S+l. We defined the output values of the ANN fdirst 15 PCs is probably quite small (see [Elg. 1), while the results
these three classes to be 1/6, 1/2 and 5/6. In principle, we coaié not expected to depend much on the exact number of PCs
have defined different output values for these three categotiged, as long as this number is large enough (see als@Séct. 4.2).
which would have resulted in different weights in the traine@n the other hand, it is likely that the correspondence between
ANN. However, we find that an ANN with output values of 0the characteristics of the spectrum (as quantified in the first PCs)
1/2 and 1 gives classification results that are essentially identigad the morphology is not entirely one-to-one. For instance, the
to those obtained with the output values 1/6, 1/2 and 5/6. Galspectrum of a late-type galaxy is likely to depend on the location
ies are assigned the morphological classification for which thethe galaxy; viz., if the aperture of the spectrograph covered
difference between their ANN output parameter and the outpnly the central region of such a galaxy, a significant contri-
parameter defined for the class is smallest. After running thetion of a bulge may well create an apparent inconsistency
three-class ANN we also sum the E and SO categories to ppetween morphological and spectral classification.
duce the equivalent of the early-type category in the two-class Secondly, morphological classification is not easy. For ex-
ANN. We find that there are no significant differences betweample, it is likely that some SO galaxies, especially those seen
the results of a true two-class ANN and a semi two-class ANfgce—on, are classified as ellipticals, on the basis of the image
obtained by combining the E and SO classes in a three-clagdy (this is less likely if the brightness profile is used as well).
ANN. Below we will describe the results for the latter. On the other hand, edge—on SO galaxies and spirals are not al-
ways easy to classify correctly. Naim et al. (1994) showed that
there is indeed some ambiguity in classifying galaxies solely
on the basis of the morphology of the images. They found 6
In addition to training the ANN, we tested it with a test segxperts willing to classify a set of 831 galaxy images. The re-
consisting of the remaining 120 galaxies with morphology frosults show that both types of disagreement mentioned above do
D80. The results for this test set, in terms of the successileed occur, as well as differences in the verdict of whether a
classifying the galaxies correctly, are valid for the entire data sgtiral galaxy is of early or late type. Then.s.differences be-
of ENACS galaxies for which no morphological classification isveen verdicts of experts ranged from 1.3 to 2.1 Revised Hubble
available. However, for the latter we do have information on thigpes. This is as large as the.s.dispersion between threean
presence or absence of detectable emission lines in the ENAISsificatiorof the 6 experts on the one hand and the results of
spectrum, and we will use that to refine the determination of the ANN analysis on the other (Naim et al. 1995).

3.2.2. Testing the ANN
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Table 1. Distribution of morphological type for the galaxies thatral classification method, the misclassification probably is not
Dre_ssler (1980) classified twice, in the cluster DC 0_326—53 as wslmmetric between early-type morphology/late-type spectrum
as in DC 0329-52. The last column and the bottom line of each hahnfusion and vice versa (Thomas & Katgert, in preparation).
of the table indicate the fraction of galaxies that is classified into tr@my 10% of the E and E/SO galaxies in our sample have@%
same class twice. probability that their spectrum is late-type. For the SO galaxies
Three-class system this fra_lction inc_reases to about 20%. However, about 30% of
the spiral galaxies has a spectrum that hass8% chance of
being indicative of an early-type galaxy. This suggests that the

E SO S+l %

E 15 1 0 094 chance of a spectral misclassification of an early-type galaxy is
S0 3 11 2 069 considerably smaller than that of a spectral misclassification of
S+l 1 1 6 0.75 a late-type galaxy. Presumably, the fact that the ENACS spectra
% 0.79 085 0.75 sample only the central few kpcs of the galaxies, amplifies the
influence of the bulges on the spectral classification of late-type
Two-class system galaxies.
E/SO S+l % ,
3.4. Dependence of results on algorithm parameters
E/SO 30 2 094 _ _
S+ 2 6 075 A number of choices were made and parameters were chosen in
% 0.94 0.75 our classification algorithm. The first one is the number of PCs

that is used in the ANN. In principle, this number is important,
as using too few components to describe the spectrum will make
Even an expert is not a|WayS tota”y consistent. Using tﬁae fits to the Original Spectra less accurate. The ANN will then
40 galaxies in Dressler’s catalogue that were classified twi¢&ve more problems to classify the galaxies. If one uses too
once in the cluster DC 0326-53 and once in DC 0329-52, titny components, one may model the spectra too precisely
effect can be quantified. A comparison between both classfd use PCs which are too noisy. In Seci. 4.2 we will check how
cations of D80 is given in Tab[E 1. In the three-class systemtl® results depend on the number of PCs.
out of the 40 galaxies have an inconsistent classification, and at!f one does not normalize the spectral fluxes to unit variance
least 4 of the 40 classifications (or 10%) are thus incorrect. ($e€ Secl.3.1.2), the relative strengths of the spectral points are
addition, it cannot be excluded that galaxies for which both ifetained. This may be important (FLM96) and it emphasizes
dependent classifications are identical, have yet been classifigfain emission or absorption lines. If we do not normalize
incorrectly; so, the 10% of misclassifications is a lower limit. [0 unit variance, the success rates are smaller than when all
one takes E and SO galaxies together to obtain an early- vs. |@igels are normalized to unity. Sas& Cuevas (1997) also
type classification, the number of misclassifications is at ledggntion that the spread in the first two PCs is larger if the input
5%. Note, however, that the other way to read this numberfgrameters are all normalized to unit variance.
that D80 is close to 95% consistent: an impressive achievement, The exact number of nodes in the hidden layer of the ANN
as will be confirmed by anybody who has done morphologici§I0f minor importance. Using 5 or 7 nodes gives essentially the
classification. same results, but using only 3 nodes produces results that are
Thirdly, as mentioned before, the spectral difference bglightly worse. The exact values of the learning parameters and
tween E and SO galaxies probably is not very large (see Latii¢ Weight-decay term of the ANN (see e.goke & van der
et al. (1996) and Sodr& Cuevas (1997)). Smagt 1993) are not important either, as long as they are suf-
Fourthly, Zaritsky et al. (1995) found that for 51 of the 3odiciently small, i.e., 0.001-0.01. The number of cycles through
galaxies in their sample (i.e. for 17%) the spectral typing is ntt€ input list of training galaxies that is needed, however, does
consistent with the morphological classification to within ondepend on the values of the learning parameters.
morphological type (E, SO, Sa, Sb, Sc and Irr). In 36 cases there The number of galaxies used to train the ANN is not critical,
is a discrepancy between morphological and spectral classi-long asitis sufficiently large, say 150. Howeveryiimes val-
cation that transgresses the early-/late-type galaxy boundary@8 around the average classification result (see[Sect. 4.2) may
is noteworthy that there are 16 cases of early-type morphegpend on the number of galaxies in each of the morphological
ogy with |ate_type Spectrum (mosﬂy on the basis of emissi&lﬁsses. The number of galaXieS with which we have chosen
lines), and 20 cases of late-type morphology with early-typ@ train the ANN, viz. 150, is a compromise between having
spectrum. |.e. the effects of misclassification appear to be maréufficient number of galaxies to train the ANN, and having
or less symmetric, and can therefore be considered as soufi¥dIgh galaxies left to test the performance of the ANN. It is
of random errors, like the effects mentioned above. important, however, that all three main morphological types are
For several hundred of the ENACS galaxies that we studiggPresented in the training set with roughly equal numbers. If
in this paper and for which we obtained a spectral classificatide morphology is overrepresented with respect to the other
we also have obtained CCD images which yield a morpholodyPes in the training set, there will be a positive bias for that
cal classification. Provisional results indicate that for our speearticular type. So, in principle, the composition of the training
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o o ie | el between —35 and 35 while, is almost always in the range

[-10,10]. Yet, galaxies of different morphological type have
e (slightly) different distributions in thee(, e5)-plane. The ellip-
ticals have predominantly negative valueg gfthe lenticulars
s o # are more evenly spread in while the spirals and irregulars
| ST T T T have more positive values ef than negative ones. These dif-
o " | ferences between the distributions are quantified in Tdble 2,
1 1 which gives the fraction of galaxies with positive values:of
-40 ‘ : : ‘ ande; for the three morphological classes. It is clear that the
e om0 2% fraction of galaxies withe, > 0 increases towards later type.
There is a tendency far, to be slightly negative on average,
Fig. 5. Distribution with r(_espect Fo thefirsF and second Principal CO”Zeilthough the effect is not very significant in view of the statis-
ponentse, andey, for emission-line galaxies (ELG, 808 galaxies) .a”}%cs. As the information content of the PCsdecreases with
galaxies that do not show emission lines (non—ELG, 2990 galax'es'ncreasing i, the higher-order PCs will not have, by themselves,
o ] ) _ . more discriminating power thasy.
Table 2. Distribution with respect to the first and second Principal The effect visible in Fig4 and Talile 2 is qualitatively similar

Componentsg; andes. In the upper half of the table the galaxie )
are grouped according to morphology (from D80). In the lower ha?fo that found by Lahav et al. (1996) who used 13 galaxy param

galaxies are grouped according to the presence (ELG) or absence (n%tr?—rs (e.g. b_Iue minus red Colo_ur, central surface brlghtness) and
ELG) of emission lines. found that different morphological types occupy distinct regions

inthe(ey, e2)—plane. They even detected a slight separation be-

ELG

€y

-20r

type N % >0) Y%es > 0) tween E and SQ galaxies, although the regions occupied by the
two morphological types had considerable overlap.

E 62 24 40 In Fig.[d we show the distribution with respect to the first

ggl 1;53 esf ?‘g’ and second PC for the ELG (lefthand panel) and the non-ELG

ELG 508 a7 6 (righthand panel). There is a clear difference between the two

distributions, with almost 90% of the ELG having a positive
value ofe;, while the non-ELG have, on average, a slightly
negative value ot; (see also Tablgl 2). Qualitatively, Figk. 4
and[B are quite consistent, in view of the fact that almost all
lE‘?_G are spirals (see Paper lll). It is interesting to note that
apparently the ELG represent those spirals that have essentially
only positive values of; .

non—-ELG 2990 39 52

set should closely mimic the composition of the sample to
classified in order to have minimum bias.

4. Results Note also that the difference between ELG and non—-ELG
) ) persistsifwe do notinclude inthe PCAthe spectral ranges where
4.1. Segregations in PCA-space the main emission lines can occur. This shows that it is not only

The PCA is completely ‘self-propelled’, i.e., it does not nee® émission lines themselves which distinguish ELG from non—

to be tuned or trained. Therefore it is interesting to look at ttfg-C. but that more global properties of the spectrum, such as
results of the PCA for the galaxies with morphology from Dg¢ONtinuum slope (see Sect. 311.3), correlate with the presence
as well as for the galaxies with and without emission lines, & €mission lines.

see in what way the PCs and the morphology or emission—line

character correlate. 4.2. Success rates

In Fig.[4 we show, for all 270 galaxies with morphology ) ) o
from D8O, the distribution with respect to the first and secorl Tabl€3 we give the results of our morphological classification

PCs for the 3 classes E, SO and S+1. All galaxies have valued'si"d the ANN operating on the 15 most significant PCs. The
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Table 3. Success rates (in percentages) for classifying galaxies with the ANN. The numbers are averagsssalues around these averages)

over 10 realizations of the ANN. For each realization, different sets of galaxies (which are partly correlated) are used to train the ANN. The first
column gives the galaxy type as classified by D80. The second column gives the number of galaxies of this type that is used in the training set.
The third, fourth and fifth columns give the fraction of galaxies (per morphological type) that is labeled as E, SO and S+l, respectively, in the
training set by the ANN. Column 6 gives the number of galaxies in the test set. Columns 7 to 9 give the fraction of galaxies (per morphological
type) that is labeled as E, SO and S+1, respectively, in the test set by the ANN. In the lower half of the table, the E and SO galaxies are combined.

Three-class system

type Training set Test set
N %E %S0 %S+l N %E %S0 %S+l
E 53+ 3 53+19 45+19 2+2 9+3 34+28 50+24 16+12

SO 55+ 3 138 68+10 19+6 63+3 23+11 49+15 28%7
S+l 55+ 3 1+1 186 81+£5 34+3 13&£7 24+8 636

Two-class system

type Training set Test set

N %E+SO %S+l N %E+SO %S+l
E/SO 108 +5 90+ 3 10+£3 7245 78+ 6 22+ 6
S+l 55+ 3 19+£5 81+5 34+3 37+6 63+6

percentages quoted are averages.(n.s.values around thesestrongly for later types. So one expects few Sb or later-type
averages) over 10 realizations of the ANN. For each realizati@pirals to be classified as early-type. For the test set, all spirals
different sets of galaxies (which are thus partly correlated) arlassified as E by the ANN are of type Sa. For the training set
used to train the ANN. We give this information for thest 30% of the spirals of type Sa, 10% of type Sh, 13% of type Sc
setas well as for thdraining set We consider two cases: theand 0% of type Sd+| are classified incorrectly. For the test set,
three-class ANN classification (top), and its compressed pseuldese numbers are 26% for Sa, 13% for Sb and 0% for Sc or
two-class version obtained by combining the E and SO classater. The early-type spirals are thus more often misclassified as
of the three-class classification (see Ject. B.2.1). E or SO than the late-type spirals.

The overall success rates for the training and test sets areThe fraction of the 808 ELG in the ENACS sample, used in
67 + 5% and49 + 6%, respectively, for the three-class systenthe present analysis, that is classified as E, SO or S+H$ %,
giving each of the three classes equal weight. The success idte- 4% and80 + 7%, respectively. Biviano et al. found that
for the training set is larger than for the test set, which must bat of the 71 ELG with a morphological type available, 86%
due to the fact that the ANN weights are calculated using thee of type S+, 11% are SO and 3% are elliptical. The frac-
galaxies in the training set only. The success rate for the test ety of ELG that is classified as spiral (80%) is higher than
however, is the one that should be applied to the entire setvafuld be expected from the individual success rates for the E,
galaxies to be classified. S0 and S+l subsamples (Table 3) and the distribution of ELG

If one uses the two-class system, viz. separating betwesrer morphological type (Paper Ill). These would imply that
early- and late-types only, the success rate for the training seti®3 x (16 4+ 12)] + [0.11 x (28 & 7)] + [0.86 x (63 + 6)] =
87 + 3% and for the test séB3 + 4%. Obviously, these successi8 + 5% of the ELG would be classified as a spiral. Apparently,
rates are larger than for the three-class system because ondhesuccess rate for the ELG is larger than for the entire data
less categories to classify the galaxies in, and because a lagfecontaining both ELG and non—ELG, which could imply that
fraction of the classification ‘failures’ occurs between E’s anlLG are preferentiallyate spirals, for which the classification
SO0’s. The fact that in the two-class system the success rate ofithmore reliable than it is for early spirals.
early-type galaxies is higher than for the late-type galaxies may Based on the results of Tallé 3 one expé®ts: 32 E's,
be due, at least partly, to the asymmetry between early- and lat&d + 35 SO’sand 00 4+ 9 S+l galaxiesinthe setof 270 ENACS
type galaxies in our spectral misclassifications, as discussedpectra with a classification by D80. These numbers agree very
Sect3B. well with the actual numbers in the D80 set, viz. 62 E's, 118

Using the galaxies classified by Dressler, we determin&@’s and 90 S+I. However, this is not too surprising, as the
how the spirals that are incorrectly classified are distributedrrespondence between both sets of numbers was one of our
between early- and late-type spirals. For the training set, omlyteria to set the output ranges (Sect. 3.2.3).
30% of the spiral galaxies that are classified as SO by our ANN The distribution of galaxy types for the entire sample of
are of type Sb or later, according to D80. Se&rCuevas (1997) 3798 spectra in our final sample & + 5% E, 33 = 4% SO
obtained a similar result, namely that the spectral variation, @asd43 + 7% S+l.
measured by the first PC, is slow from E to Sab and increases
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Table 4. Success rates (in percentages) for classifying galaxies with For a full appreciation of this result it is important to re-
the ANN using different numbers of Principal Components (PCs). Tingember that the subsample of ELG consists almost exclusively
numbers are averages ¢.m.s.values around these averages) over 1§f |ate-type galaxies, whereas the subset of non—-ELG contains
realizations of the ANN. For each realization, different sets Ofga|aXi§%llaxies of all types. In other words: if the late-type galaxies
(which are partly correlated) are used to train the ANN. The results (&, out emission-lines would share the distribution and kine-
given for the training and test sets separately and both forthethree-c‘%%&ics of their ELG counterparts, the differences between early-

and the two-class classification systems. .
y and late-type galaxies could well be more pronounced than be-

Training set tween non-ELG and ELG.

On the other hand, it is also quite possible that the less
system 10PCs  15PCs 20PCs centrally—concentrated distribution and larges, apply only
three-class 624+4 67+5 6944 to the late-type galaxiesith emission lines. If so, that would
two-class 85+2 87+3 86+3 provide additional support for the conclusion in Paper Il that

the ELG are likely to be on fairly radial, first—approach orbits,
as suggested by their larger velocity dispersion, their projected
spatial distribution, and their rather steep velocity dispersion
system 10PCs 15PCs 20PCs profile o5 (7pr05)- The presence of the line—emitting gas would
three-class 43+7 49+6 48+6 be fully consistent with this picture.

two-class 68413 73+4 70+6

Test set

5.1. Kinematics

We have repeated part of the analysis of Paper Ill, making use

Of all AGN in our Samp|e55 + 10% is classified as ear|y_ of the classification in early- and Iate-type galaXies on the ba-
type. This is significantly more than ti2 + 7% of all ELG sis of the spectrum, discussed in this Paper. We start with the
thatis classified as early-type. Apparently, there are significanfigme set of 75 clusters as in Paper Ill. However, our galaxy
more early-type galaxies among AGN than there are among §&nple includes only those galaxies for which we could es-
non—AGN ELG. timate the galaxy morphology from the PCA and ANN. This

In Tabld4 we gi\/e the success rates for the ga|axy C|ass“1init3 the Sample to 2594 galaXieS in 66 Clusters, of which 399
cation if one uses different numbers of PCs. It appears that fi@laxies are ELG, whilé571 + 52 are classified as early-type,
results obtained with 10 PCs in the ANN may be marginal§nd 1023 £ 52 as late-type. For each galaxy the normalized
worse than those with 15 or 20 PCs, but the differences are Hag—0f-sight component of the velocity w.r.t. the cluster cen-
very significant. tre, Vnorm = (U — Ucius)/Ocius, 1S determined, where,;,s is

We have also run the PCA and ANN with the spectra &€ average cluster velocity and,, is the line-of-sight ve-
the September 1992 period included as well. The classificati@fity dispersion of the cluster to which the galaxy belongs.
results then aré3 + 3% (three-class) an83 + 2% (two-class) Following Paper lll, we construct one large composite cluster
for the training set, and4 + 3% (three-class) ang9 + 2% Dby combining the data of all 66 clusters.

(two-class) for the test set. These success rates are slightly lowerJsing this sample of 2594 galaxies in 66 clusters, we find
than those if the spectra from the September 1992 period Hiat the normalized line—of-sight velocity dispersiop, of
not included, and they justify our choice not to include thodBe ELG is 23% larger than that of the non-ELG, which is fully
galaxies in the analysis. consistent with the result of Paper Ill. The valuesogf, for

Finally, we have investigated if the success rates depdRBG and non—ELG are given in column 3 of Table 5. The value

clearly on the S/N—ratio of the galaxy spectrum. This is not ti# o1 for the dominant class of non—ELG is larger than unity

case, as is expected because, by construction, the first PCsRfifause, in constructing the composite cluster, one adds ve-
contain relatively little noise. locity distributions for which the average velocities are known

only with a limited accuracy. This leads to the superposition of
i ) i ) (approximately Gaussian) velocity distributions with small ap-
5. Spatial and kinematical differences parent offsets, which slightly increases the dispersion above the
between early- and late-type galaxies expected value of 1.00. As discussed extensively in Paper Il
Biviano et al. (1997) studied the differences between ELG aH#s effect certainly doesot explain the value of,, of 1.28
non-ELG as far as their spatial distribution and kinematicBr the ELG, because there is no evidence that the ELG have
properties are concerned. Combining the data for 75 clustéignificant velocity offsets w.r.t. the non-ELG.
with at least 20 member galaxies, they found that the line—of— In Table[$ we also give the values of,, for several other
sight velocity dispersion (with respect to the cluster mean v@ubsets of the total sample. It appears thawthe of the late-
locity), o105, is 21 + 2% larger for the ELG than it is for the type galaxiesis2 + 3% larger than that of the early-type galax-
non-ELG. They also found that the spatial distribution of tHgs- This difference is significantly smaller than it is for ELG

ELG is significantly less peaked towards the cluster centre thé#fsus non—ELG, which makes it unlikely that the non-ELG spi-
that of the non—ELG. rals have the same kinematics as the ELG (mostly late spirals).
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Table 5. Line—of-sight velocity dispersion (with respect to the Using the success rates in Table 3 for the two-class system,
cluster centre) and parameter values of the bestfitirgodel we estimate that at most 1 out of 4 galaxies in the early-type
S(r) = 3(0) [1 + (r/rc)ﬂ ? to the surface density profiles of galax-class is a misclassified late-type galaxy. Because essentially all
ies. Column 1 gives the subsample of galaxies. Column 2 gives t@laxies in the early-type class (i.e. including the misclassified
number of galaxies in this subsample. All values are averages\s. |ate-type galaxies) are non-ELG, the valuergf, of the early-
values_ a_lround these averages) over 1_0 realizations of the ANN. Tﬂ?ﬁe class is not overestimated very much. Using the value of
best-fitting model parameters are not listed for the early-type ELG’C?EZS of 1.09 for the late-type non-ELG galaxies (which is a slight
these are very uncertain. underestimate, see below), we estimate the bias,inof the
non-ELG early-type galaxies to be at most a few percent. With
this result, we can estimate that the value gf of the late-type

all 2594 1.08 -0.66 0.10 non-ELG is more likely to be about 1.13 rather than 1.09, but
this is still considerably smaller than the value of 1.28 of the

sample N Olos 8 Te

non-ELG 2195 1.04 -0.69 0.10
ELG 399 1.28 067 027 latetypeELG. , L
Therefore, the datain Taljle 5 support a picture in which there

early-type 1571+£52  1.034+0.01 -0.66 0.08 is a clear correlation between the presence of emission lines and

late-type 1023 £52  1.15+£0.02 -0.76 023 3 high velocity dispersion. Rather unexpectedly perhaps, the

early-type ratio between the,; of ELG and that of non—ELG does not
non—-ELG 1504451 1.024+0.01 -0.70 0.09 appear to depend on whether the ELG or non—ELG are early-
ELG 67+24 1.2240.14 - - or late-type galaxies. The ELG among the early- and late-type

late-type galaxies have a value of,, that is about 18% larger than that

non—ELG 691 +51 1.0940.03 -0.76 0.20 of the non-ELG of the corresponding galaxy type. In view of
ELG 3324924 1.2840.01 -1.24 0.71 the large uncertainty in the estimateaf for the early-type
ELG, this may be totally fortuitous, however, and we certainly
should not overinterpret this result.

In summary, the basic factor driving the difference in kine-

This is indeed confirmed by the value @f,, for the non-ELG matics seems to be the presence or absence of emission lines,
late-type galaxies (mostly early spirals)lof9-+0.03. Although Whereas the distinction between early- and late-type galaxies is
this is somewhat higher than the value of 1.04 for all non-EL@ss important, while the class of late-type non—ELG presents
itis also very much smaller than the value of 1.28 found for & intrigueing cross-breed which may hold important clues to
ELG, and for the subset of late-type ELG. the physical meaning of the results.

The intermediate value f09+0.03 for the non-ELG late-
type galaxies may mean one of three things. First, and m8s} pyojected distributions
simply, it may be a statistical fluke, i.e. a Zxcursion of a
value that is not fundamentally different from th&3 + 0.01 N view of the results in Tablg 5 and in Paper Ill, it is interesting
that we find for the early-type galaxies. Secondly, the separati@se€e how the kinematics and the projected spatial distribution
of the late-type galaxies into ELG and non-ELG may not &€ related. We therefore determined the surface density profiles
perfect. This could be a result of our observational limit for thef all subsamples, which we show in Fig. 6. The profiles are av-
detection of emission lines, which need not correspond exacgkpges over the 10 realizations of the ANN (for the samples
to a kinematical distinction. In other words: the non—ELG latd&ased on the distinction between early- and late-type). The pro-
type galaxy category may contain a fraction (which must ties are shifted vertically such thatat= 1h~' Mpc the fitted
significant) of intrinsic ELG, for which the emission lines wer@rofiles have the same values. The lines show the best-fitting
not detectable in the ENACS. In that case, the tryg of the S—model,
non-ELG late-type galaxies is smaller and closer to the value 218
1.03 £ 0.01 found for the early-type galaxies. Thirdly, the nongc‘){r) = 2(0) [1+ (r/re)’] (1)
ELG late-type galaxies may be a dynamically ‘pure’ class, withhere: is the surface density, lis the core-radius and is
kinematics intermediate between that of the early-type galaxtbe logarithmic slope at large radii. The bestfitting values of
and that of the late-type ELG. andr, are given in columns 4 and 5 of Talple 5. Note that, as a

One might have a slight worry that the results in TdBle fesult of the details of the OPTOPUS observations, the spatial
are somewhat influenced by the fact the separation betwe@empleteness of the galaxy samples may not be uniform, so that
e.g. early- and late-type galaxies on the basis of the spectrilra estimate off may be biased. The errors in the estimates,
is not perfect. In other words: the value @f,; for the early- determined from the comparison of the 10 realizations of the
type class may have been somewhat overestimated becaus@Mid, are small, of the order of 10%. Only for the early-type
early-type class contains a non-negligible contribution of lateLG the errors are substantially larger because the number of
type galaxies. Similarly, the value of,, for the late-type class galaxies in this subsample is small.
may be somewhat underestimated. However, these effects aréThe non—ELG are significantly more centrally peaked than
small. the ELG, as was already concluded by Biviano et al. Although
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we find the same value gf for both subsamples, the ELGand kinematically they are somewhat ‘hotter’ than the other
population has a much larger core—radiythan that of the non- non-ELG. The (late-type) ELG, which consist mostly of spirals,
ELG. The difference between early- and late-types is similaehave very differently. Their line—of—sight velocity dispersion
to that between non—-ELG and ELG, the former being moeg, is much larger than that of the late-type non—ELG and they
centrally concentrated than the latter. The subsample of la#ee located more towards the outer regions of clusters.
type ELG has a value ¢f that seems different from that of all  In Paper Il the kinematical characteristics of ELG and non-
other subsamples, but the difference probably is not significaBt,G were interpreted as an indication for the ELG to be mostly
asr, is quite large. on fairly (but not necessarily purely) radial orbits, in contrast to
Apparently, the late-type ELG are distributed much motée non-ELG. Combining this with the larger velocity dispersion
towards the cluster outskirts than all other galaxies, includimdthe ELG and their relative scarcity in the very central regions
the late-type non—ELG. For the early-type ELG, the values of the clusters, we were led to the hypothesis that the ELG
B (-0.58) andr. (0.02) are not very reliable because of thare mostly on radial, first-approach infall orbits towards the
small number of galaxies involved. However, from a comparis@entral regions of their clusters. This would be consistent with
between all ELG and the late-type ELG, one may conclude thae presence of the line-emitting gas, as it is likely that that
both 5 andr. are probably quite small for the early-type ELGwould have been removed from the galaxy on traversing the
So the distribution of early-type ELG probably also deviatetense cluster core.
from that of the other galaxies, in the sense that they are more When the ELG are on orbits which are sufficiently radial
centrally concentrated. As we have seen in $ect. 4.2, the eaviythout, however, traversing the very central regions, it is possi-
type ELG are often AGN, and this result therefore is not tdale that they have already made several crossings without losing
surprising. their gas, and will continue to do so until they ‘get caught'. In
However, the early-type ELG may also contain a contribwther words: their high velocity dispersion need not necessar-
tion from central dominant galaxies with emission lines fronty imply ‘first approach’ orbits, because in the absence of an
cooling flows (e.g. Heckman et al. 1989, and Crawford et ancounter they could maintain their velocity, which was due to
1995), which might give an important contribution to the higtheir ‘late’ infall. We may assume that an ELG which gets too
surface density of early-type ELG in the innermost bin in Big. @lose to the cluster centre (either on its first approach or after
Yet, it is not clear that the line ratios of the lines we observe aseveral crossings) will probably be ‘converted’ almost instantly
consistent with this explanation, and from our present data iilgo a non—ELG late-type galaxy, as the gas gets stripped.
not easy to estimate this contribution. How the gas gets stripped from the ELG is not totally clear.
In principle, ram pressure against intracluster gas could do the
trick. However, that probably would not change the kinemat-
ics and distribution of the left-overs as drastically as observed.
Combining the results of the spatial and kinematical propertigéternatively, the harassment of galaxies through fairly high-
of the different galaxy populations, we conclude that the latspeed and relatively distant encounters, as described by Moore
type non—ELG have properties that resemble more those of #ial. (1996), could be responsible for driving out the gas. Such
early-type galaxies, i.e. most of the other non—-ELG. Yet, thesncounters could be sufficiently frequent (about once per Gyr)
projected distribution is slightly wider than that of the early-typg ensure that gas-rich ELG are virtually absent from the central
galaxies, with a core radius that is a factor two to three larger,
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regions. Actually, it is possible that an ELG has to experienceaes for each morphological type separately. Apparently, the
few of those encounters to get rid of its gas. success rate for the ELG is larger than for the entire set of
However, it is not immediately clear that such encountegalaxies.
will ‘instantly’ reduce their velocity dispersion of 1.28 to 1.09, We discussed several factors that may produce misclassifi-
the value observed for their non-ELG counterpart. One factoations. First, one does not always know thee galaxy type.
which may contribute to this large apparent reduction is pro)sing galaxies which Dressler classified twice, we estimate that
jection. If the ELG are indeed on fairly radial orbits, and themt least between 5 and 10% of the classifications based on imag-
gas-robbed encounter products are on less radial orbits, thisigg-are incorrect. Secondly, even within one morphological type
ometric effect might be responsible for most of the apparethie spectra may be substantially different. Thirdly, SO galaxies
reduction ofo;,,. may be hard to separate from ellipticals from their spectrum
Thus, itis possible that a slight change of the orbit charactatene, and we find that a rather large number of E’s is classified
istics (in particular the anisotropy paramet), which results as SO and vice versa, whereas the number of misclassifications
from the encounter which strips the ELG from its gas, is suffbetween SO and S+l is much smaller. Finally, spiral galaxies
cient to considerably redueg,; and produce a more centrallywith a large bulge may have a spectrum that leads to a bona-fide
concentrated distribution. Note, however, that the kinematiearly-type classification with PCA and ANN.
and distribution of these stripped ELG may be different from We investigated how galaxies of different type are dis-
those of the early-type galaxies which suggests that the lati@uted in the plane defined by the two most significant PCA
are a more advanced product of encounters in the central clustamponents. There appearsto be a distinction between E, SO and
region. S+l galaxies in this plane, although it is not very large. On the
The AGN among the ELG are a special class. They are poontrary, the ELG and non—ELG have clearly different distribu-
dominantly ellipticals which, probably because of their centréibns, which shows that the PCs contain significant information
location, show AGN characteristics. Our data unfortunately dout the morphological type of a galaxy.
not allow us to determine convincingly how their velocity dis-  Finally, we extended the analysis of Biviano et al. (in Paper
persion compares to those of the other types of galaxies in tHg who studied the differences in the spatial and kinematical
cluster (see Tabl€] 5), but they seem to be at least as centrphlgperties of ELG and non-ELG, to galaxies of different mor-
concentrated as the non—AGN early-type galaxies. phology. We conclude that the presence of emission lines, rather
than the galaxy morphology, is the basic property that is cor-
related with the spatial and kinematical properties of a galaxy.
Thus, the correlation between morphology on the one hand and

We studied the spatial and kinematical properties of early- afi@atial and kinematical properties on the other hand seems to
late-type galaxies in a subset of the rich Abell clusters observ@&§ult mainly, if not exclusively, from the presence of emission
in the ENACS. We compared these properties for galaxies witRes.
emission lines (ELG) and without (non—-ELG). The line—of—sight velocity dispersion with respect to the
As for only about 10% of the galaxies in the ENACS thaverage cluster velocity is larger for the ELG than it is for the
morph0|ogica| type was known from imaging’ we app“ed aon—ELG, and. A Similar, but smaIIer, difference is found be-
Principal Component Analysis (PCA) in combination with afiveen late- and early-type galaxies. This supports the idea that
Artificial Neural Network (ANN), to try and classify all galax- the ELG are on fairly radial, and possibly first approach’ orbits
ies in the ENACS on the basis of their spectrum. The PCAt@wards their cluster centres, while their line—emitting gas has
an important first step in the classification as it compresses B8t yet been stripped. In addition, the late-type galawidisout
sentially all significant information of a spectrum into a limite@mission lines (i.e. with little gas) appear to have spatial and
number of Principal Components (PCs). kinematical properties that more resemble those of the early-
These PCs, which are linear combinations of the originBpe galaxies than those of the late-type galawigs emission
spectral fluxes, were subsequently used in an ANN. The ANKes. Apparently, if a late-type galaxy has passed through the
was trained to classify spectra using a subset of 150 galax@sster centre, most of its gas will have been stripped and the
for which the morphological type is known (D80). Another 12@alaxy will not show emission lines anymore.
galaxies for which the morphology is available from D80, thgcknowledgementswe thank Simon Folkes, Ofer Lahav and Avi
so—called test set, were used to determine the success rate ofithi@ for valuable discussions and suggestions. Bérs&is acknowl-
classification algorithm. edged for a stimulating discussion, and Richard Arnold for triggering
Classifying galaxies into three classes (E, SO and S+tyr interestin Artificial Neural Networks. We thank the ENACS team
the ANN yielded the correct galaxy morphology of D80 fofor allowing us to use the data, and Jaime Perea in particular for com-
49 + 6% of the galaxies in the test set. The success rate fRents about the spectral reduction.
creased t@3 + 4% when the galaxies were classified into only
two classes, early- (E+S0) and late-type (S+I) galaxies. FurthReferences
more,80 + 7% of the gaIaXieS with emission lines in their SpecBaiIer—Jones C.A.L., 1997, PASP 109, 932
trum (ELG) was classified as late-type. This fraction is larg@iviano A., Katgert P., Mazure A., et al., 1997, A&A 321, 84 (Paper
than the58 4+ 5% that one expects from the individual success Il
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