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Introduction

Observational attempts to define parameters which contain information pertinent to galaxy
formation and chemical enrichment, have usually concentrated on the nuclear regions of early-
type galaxies. This is most noticeable for chemical line indices and marginally less so for velocity
dispersions and rotation curves. The number of galaxies for which the radial dependence of the
above parameters extends to 0.5 R, is small, albeit growing. The work described here is an
attempt to use data for extended regions in galaxies generated for a sizeable sample in order to
study statistically significant trends. -

The Data

During the period 1985-87 the La Silla 3.6 m telescope equipped with the Boller and Chivens
spectrograph was used to obtain long slit spectra of 42 early type galaxies, 24 of which are
classified as ellipticals, 15 as SO, one as c¢D, and 2 as spirals which excludes them from further
discussion. Since the spectra were taken for another different program, we generally obtained oh-
servations with the slit at two position angles north-south and east-west always passing through
the nucleus with exposure times not exceeding 20 minutes. The resolution of these spectra lay in
the range 7-8.5 A. Spectra of a series of G and K giants were also taken to be used as templates,
and the usual flux standards to ensure that all measurements were made on flux calibrated spec-
tra. Special care was taken with sky subtraction to ensure we made measurements inside radii
where a 10 percent change in the sky level caused not more than a 10 percent variation in the
Mg, absorption line index.

Using the fourier quotient technique (Bertola et al. 1984) we have determined velocities and
velocity dispersions as a function of radius of the galaxy. For several nights we lacked template
spectra and used stellar spectra from other runs, sometimes corrected by gaussian convolution
for a slightly different resolution. A comparison of results from spectra obtained in different
runs showed that good agreement was always obtained for galaxies in common. In addition
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different templates gave similar results. Central velocity dispersions obtained by averaging all
measurements inside the inner 5 arcseconds were in good agreement with those found by Davies
et al. (1987).

We estimate that our velocity dispersions were measured with 10% uncertainty down to 150
km/sec, and with 20% uncertainty down to 100 km/sec.

Using the same spectral data we computed the following indices defined by Burstein et al.
(1984) as a function of radial distance — Mg,, Mg,, HA3, NaD, TiO, and TiQ,. In general,
in order to treat data of comparable accuracy, we have summed spectra along the slit to keep
formal errors within a given amount for all radial distances. All indices have been corrected for
velocity dispersion by using the central velocity dispersion for each galaxy. The corrections were
negligible for the molecular bands and reach 20 percent at o ~ 300 km/s for both the HA and
NaD indices.

Radial logarithmic gradients for the velocity dispersions and the line indices have been
computed using a linear least squares fit to all the data points. We stress here that for the
present set of data these gradients apply on the average to regions of the galaxy in the range
0.2R. < r < 1.5R. with 75 percent grouping in the range 0.3 R. - 1.5 R.. Gradients computed
for significantly smaller or larger radii may well be different because these indices are known to
change at differing rates in many cases with radial distance. Clearly the linear fitting used here
contains an assumption about radial dependence which may be abandoned when more extensive
accurate data becomes available.

Results

From the kinematical data we have been able to detect possible signs of decoupled cores in
6 objects including IC 1459 (see Figure 1). Since we use only the gradient of Mg, in the following
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Fig. 1. The left hand side shows a plot of velocity dispersion o, velocity v and line strength
~ versus radius for IC 1459. The right hand side shows the line indices as a function of log R
(radius) where the vertical dashed line marks the position of 1/2 R.. Position angle is marked.
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Fig. 2. Shows plots of the various gradients of line strengths versus the Mg, gradient.



analysis and interpretation it is worth noting beforehand how the gradients of the other in-
dices mentioned above correlate with that of Mg,. The results are summarized in Figure 2. To
a high level of significance the gradients of Mg, and NaD correlate positively with that of Mg,,
and TiO, correlates weakly, while the gradients of HB and TiO, show no significant correlation.
While a correlation or lack thereof between these 3 indices and Mg, may have an astrophysical
origin and consequence, any such relationship is obscured for technical reasons. In the case of
the H index the bandwidths defining this index are narrow and therefore not well sampled in
our spectra; in addition because of the nature of our sample, in many cases Hf3 emission may
fill in the absorption. For TiO; and TiO; the absorption feature is so weak that our accuracy
may not be adequate to the task.

Before discussing gradients we can assess the quality of our data by comparing it with pub-
lished material. In Figure 3 we plot our nuclear values of Mg, versus published values for galaxies
in common taken from Davies et al. (1987). Good global agreement is apparent with no evidence
for systematic differences.

In Figure 4 we plot the nuclear values of Mg, versus the nuclear value of the velocity disper-
sion. Since both these parameters are related to the absolute luminosity of a galaxy a correlation
is expected and observed. This agrees with the statement of Gorgas et al. (1990) and the result
of Bender (1992) although over a more restricted range. Why this correlation obtains over the
complete range of elliptical galaxy systems, if galaxies in different luminosity (and mass) ranges
are formed by different mechanisms, is not straightforwardly obvious.

In Figure 5 we plot luminosity versus o (the Faber Jackson relationship). We have not at-
tempted to correlate residuals in this correlation versus residuals from other correlations because
many of the galaxies in our sample have been incorporated into other studies with larger samples.
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Fig. 3. Shows a plot of our central Mg, line strengths versus those of Davies et al. (1987) for
galaxies in common.
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Fig. 4. Central Mg, line strength is plotted against central o (velocity dispersion) using data
from our sample.
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Before proceeding to discuss statistical relationships formed from the ensemble of data, it is
worth looking at data for some individual galaxies. In Figure | the Mg, gradient for 1C 1459
changes with radial distance as does the NaD gradient. Indeed there is a suggestion that a rapid
change occurs at the point where the counter rotating core manifests itself (10 arcsec), in the
manner pointed out by Bender (1992) for other systems with decoupled cores.

A comparison of Figure 1 with Figure 6 shows that in NGC 1052 which has almost no gradient
in o, while the radial trend of Mg, is similar to that in 1C 1459, the gradient of NaD is much
greater.

A comparison of Figure 6 with Figure 7 shows that both NGC 5846 and NGC 1052 have
similarly flat o curves. However in contrast to NGC 1052, NGC 5846 has a negligible gradient
in Mg, and a very shallow gradient in NaD.

By making linear fits to determine gradients it is clear that we are losing details in the radial
properties that may contain important clues for understanding galaxy formation and chemical
evolution. The current data is not adequate for a more sophisticated analysis.

Having stressed the potential limitations in defining linear gradients, we note that there are
4 objects in our sample for which data exists over a radial distance < 0.2 R.. These have been
excluded from the following analyses which use gradients. Gradients for a galaxy have been
obtained by combining results from either side of the nucleus and different position angles when
available. In fact there was in all galaxies good agreement between the individual values and
the average.

We have found no effects on chemical gradients that distinguish galaxies with shells, dust
lanes, emission lines, X-ray emission, or radio emission.

Any correlation of Mg, gradient with o gradient is weak or non-existent.

In Figures 8 and 9 we show plots of the Mg, gradient versus maximum rotational velocity
and ellipticity respectively. The available data is restricted in Figure 8 because we observed only
a few of our objects on the major axis and these had to be supplemented with data from the
literature. The presence of galaxies classified as lenticular in this plot certainly strengthens the
correlation, as it does for a correlation between Mg, gradient and V;../o. This is probably true
for the apparent correlation with ellipticity, where one should be aware that unknown projection
effects complicate a ready interpretation.

There appears to be a significant correlation between the Mg, gradient and central values of
Mg, and the velocity dispersion g but only for the lenticular or lower mass objects.

There appears to be some, though not large, correlation between the Mg, gradient and the
B absolute magnitude of these galaxies. Separation into lenticular and elliptical types has an
affect on this conclusion.

We have used the Jaffe (1983) density law under the assumption of spherical symmetry to
compute the mass of all the galaxies. Using the isothermal sphere approximation our final
expression for the mass is

Mtotal = 3X10303DRC Al@

where og 1s in km/s
D in Mpc

and R, in arcseconds.

The plot of Mg, gradient versus Miqal is shown in Figure 10. Once again there appears to be
a positive correlation between these 2 quantities when the lenticular or lower mass objects are
considered alone. When all objects are considered any suggestion of a correlation disappears. A
negative correlation may be marginally present when only ellipticals are considered. A similar
structure appears in a plot of Mg, gradient versus M/L ratio. This presumably is a reflection



"IN 2010, qQH "IN 01, qH

wnn
M N 8 QN = 2
h ol ~ Y :
. . o O O O O OTWNO
O O O O O O NO BT B r R T I O T T FRRT
O WT%WA.E_._& _. ﬂ.alrnmq.lq.q.—._\ﬂu H —-quﬂ._wmm _ _c _. un —. —-~._. AH—D O ”I I.“ hl..nl m -
E- == = — [~ = £ x E
0~ E = * w0 N =+ =+ g
o\, — - =4 4 = x F 53 O
. E x * 4 O ] — =4 e o = O
48] = @ =+ 8 = - O E " * . .= wm s
p ..W.' Imml IWrI.I-I ||H._ 5 \nw H.I_h__:___:mm:_::_ l.Mv_ln.l_ ;— —'-.M 0.
k b oo b= Lo b lad Q@ o BRI TR e T eI w_r_.mwwm_: Thufﬁm !
__:J_:.r.u:__:: _:FL:—_:—: 2] 6 = m.l <4 3
QN E--B----- e SEe - 2 = = =+ -
o Ef = O#E A GC 8 v E BEF O3,
= =+ = 4% o QO Eq ES & E § 3o
O =2 * B Fu 30 o = = = i et
=) = 1 5 Jo 3 L Eo EC N E
= ES ES 3 3 = = LI S Ry
£ £ == g wn N E * =+ 3o
N - .lU.l =+ 3 O. .d_:_::___:—:_d.i—_..——»—____—14:—_:_:_.__FH‘ ]
wmh;:r_::r:n—t_ﬁ.ﬂﬁ_~_::_l——-ﬂﬂ»———_b_p—h——bh. 1

<TON— — N o No
OTNO AN R ;
< M AN -8 cooco o <
O .

cooo o~ o
. e i eIN ‘ol deN
N ouL deN 2
O
O
z
b
L__:J::_::_ .C:_J:_::_:F.H_:__:__:_r rm _::—:JE__ t:_._j#::_:—hh:ﬂ_.qqﬂ_:_J
- i T ] = C il T ]
O F T <+ .98 ) O F w—T 8 | s 48
>~ L T T ] 80 I~ [ = T &8 T 8 7
C rei T BT 8 ] i C @ T T ]
2 - mw 4 lvl & 1 o o 2 - 4 A . o
O T e - = © T T =
A L & I ] — 9 Q. r I T ’
& T + . Q 8 |t T + .
- -V - . Q <4 - .
N F T T Jdo 9 S © [ T T i
O oL BT T 1 5 2 < u T .
o [ & F T ] S - o [ & I I g
N s s L N Jo 3 V0 TN s 10 O ol Jo
O i 1 | T 8 17 a O [ ™ 1 & T 17
v [ e T I = ] o oy EF e I o® T e ]
L £ £ 1o < - Y g 1 v 45
Z B oetes = 48 e z, - T 4
o T -+ 4 o} A |m4| m_ T [} 14 5
_:.._::_::_ d:_::_::_:q‘u_:_::___:., I _::_::__:__ ___:__ :.LEE-F;LL-E-.
wn
OO0 OO — o 0000 OO A\ o
lsf=fels) 8 0 < O00d & 3 0
TON~— ~ = o g tON~ ~ =2 o
0 A L 2 0 A L

Log R(arcsec)

R(arcsec)
Fig. 7. Similar plots to those in Fig. 1 for NGC 5846.
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indicated by open circles in this and the following plots.
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of the pattern seen i Figure 10 because, as noted before, there was only a small apparent
correlation of Mg, with absolute luminosity.

Discussion

We believe that it is premature to draw strong conclusions on the basis of the present data.
This is because, as indicated earlier, we have been able to derive gradients only over a restricted
range of radial distance, and that with only a linear fitting routine. Clearly there is much more
structure in the radial variations of Mg, gradient (and o gradient) to be elucidated with better
data. For example we already know, because we now have better data extending to much larger
radii for NGC 2663 (Carollo and Danziger 1992), that we would derive a significantly different
(larger) gradient of Mgy by making a linear fit over this more extended distance. It is not yet
clear what is an appropriate way to measure these gradients.

Nevertheless some qualitative conclusions may indicate future directions to go with better
data. We have pointed out that in plots of Mg, gradient versus Vi, ellipticity e, Vio /o, log Mass,
central Mg, and central oo, there is always a correlation (albeit of varying degrees of confidence)
for lenticular or lower mass objects, or a correlation is strengthened by their inclusion. This
seems to be qualitatively consistent with a dissipative collapse model for galaxy formation first
proposed by Larson (1974), and elaborated upon by Tinsley (1980), Carlberg (1984), Arimoto
and Yoshii (1987), Matteucci and Tornambe (1987) and Brocato et al. (1990). A metallicity
gradient is expected to form as a consequence of gas dissipation, and it should increase with
increasing mass and luminosity due to the dependence of the time of onset of galactic winds
on the mass of the galaxy. Also larger rotation and greater flattening would imply greater
dissipation. However this would seem to apply only to galaxies in our data set with masses
< 10" Mg, a very approximate limit at this stage.
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When we consider higher masses the situation is less clear — either no correlation or negative
correlations exist. Could this be due to the fact that for galaxies of higher mass, the dominant
mechanism of galaxy formation is due to merging? We note that Gorgas ¢t al. (1990) pointed out
that in their sample of galaxies, the cD galaxies appeared to have lower than average gradients
of Mg,. We also note that it is in this mass domain that Capaccioli et al. {1991) have noted a
division in characteristics of galaxies in the surface-brightness versus effective radius K. plane.
One might wonder whether the 2 observed effects stem from a common origin. Clearly an
unambiguous classification of galaxies into lenticular or elliptical may be fundamental to our
understanding. Ambiguity probably still exists in our sample.

Merging of spirals to form ellipticals can result in a lessening of gradients seen in the original
galaxies (White 1980). This type of modelling is still undeveloped and spiral-spiral merging is
not accepted universally as a viable mechanism of E galaxy formation. In addition, as mentioned
previously, the continuity seen in the tight sequence observed in the Mg, versus log oo plane
is not obviously explained if 2 different mechanisms of galaxy formation dominate in different
domains of mass.

One way forward observationally is to obtain gradients of Mgy at much larger radii. This
should also be combined with good quality colour data, because there is a hint from the work of
Peletier et al. (1990) that the structure observed by us in the Mg, gradient versus log M diagram
is seen in their diagram of (U-R) gradient versus Mp. It may also exist in the plots of (B-R)
gradient versus Mg presented by Kormendy and Djorgovski (1989). Since it is known that Mg is
created mostly in intermediate mass stars and Fe mostly in low mass stars, one should attempt
to gather information not only on elements such as Mg but on elements such as Fe, in order to
unravel how chemical evolution proceeded with galaxy evolution. We mentioned earlier that in
our data we see apparently quite different behaviour for NaD (and probably TiO) relative to
Mg,. Unexpected differences are already beginning to emerge in the behaviour of Fe relative to
Mg, as shown by the work of Worthey et al. (1992) and Carollo and Danziger (1992).
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