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Introduction 

Observational attelnpts to define paranleters which contain information pertinent to galaxy 
forlllation and chelnical enrichment, have usua!ly 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 nUlnber of galaxies for which the radial dependence of the 
above paranleters extends to 0.5 Re is small, albeit growing. The work described here is an 

attelnpt to use data for extended regions in galaxies generated for a sizeable salnple in order to 
study statistically significant trends. . 

The Data 

During the period 1985-87 the La Silla 3.6 nl 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 S0, one as cD, and 2 as spirals which excludes theln from further 
discussion. Since the spectra were taken for another different program, we generally obtained ob
servations with the slit at two position angles north-south and east-west always passing through 
the nucleus with exposure times not exceeding 20 Ininutes. 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 tClnplates, 
and the usual flux standards to ensure that all Ineasurements were Inade on flux calibrated spec
tra. Special care was taken with sky subtraction to ensure we Blade Ineasurelnents inside radii 
where a 10 percent change in the sky level caused not 1110re than a 10 percent variation in the 
Mg2 absorption line index. 

Using the fourier quotient technique (Bertola et at. 1984) we have detennined velocities and 
velocity dispersions as a function of radius of the galaxy. For several nights we lacked tel11plate 
spectra and used stellar spectra from other runs, sOlnetimes corrected by gaussian convolution 
for a slightly different resolution. A conlparison of results frolll spectra obtained in different 
runs showed that good agreenlent was always obtained for galaxies in cOllunon. In addition 
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different tenlplates gave silnilar results. Central velocity dispersions obtained by averaging all 
meaSUreIl1ents inside the inner 5 arcseconds were in good agreelnent with those found by Davies 
cl af. (1987). 

We estilnate that our velocity dispersions were Ineasured with }0% uncertainty down to }.)o 

km/sec, and with 20% uncertainty down to 100 km/sec. 
Using the saIne spectral data we cOlnpuied the following indices defined by Burstein cl af. 

(1984) as a function of radial distance - Mg2 , Mgt, Hj3, NaD, TiO, and Ti02 . In general
in order to treat data of comparable accuracy, we have sUl1llned spectra along the slit to keep 
fornlal errors within a given alllount 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 lnolecular bands and reach 20 percent at (j '" :300 km/s for both the HI) and 
NaD indices. 

Radial logarithillic 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 tlw 
present set of data these gradients apply on the average to regions of the galaxy in the range 
O.2Re ::; r ::; 1.5Re with 75 percent grouping in the range 0.3 Re - 1.5 Re • Gradients computed 
for significantly sinaller or larger radii lnay well be different because these indices are known to 
change at differing rates in many cases with radial distance. Clearly the linear fitting used her(' 
contains an assuInption about radial dependence which Inay be abandoned when I110re extensive 
accurate data becoilles avai lable. 

Results 

FraIn the kinematical data we have been able to detect possible signs of decoupled cores in 
6 objects including Ie 1459 (see Figure 1). Since we use only the gradient of Mg2 in the following 
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Fig. 1. The left hand side shows a plot of velocity dispersion (j, velocity v and line strength 
1 versus radius for Ie 1459. The right hand side shows the line indices as a function of log R 
(radius) where the vertical dashed line 11larks the position of 1/2 Re • Position angle is 111arked. 
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Fig. 2. Shows plots of the various gradients of line strengths versus the Mg2 gradient. 
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analysis and interpretation it is worth noting beforehand how the gradients of the other in
dices Inentioned above c.orrelate with that of Mg2 • The results are sUlnmarized in Figure 2. To 
a high level of significance the gradients of Mgt and NaD correlate positively with that of Mg2 , 

and TiO:z correlates weakly, while the gradients of H{3 and TiO I show no significant correlation. 
While a correlation or lack thereof between these 3 indices and Mg-l lllay have an astrophysical 
origin and consequence, any such relationship is obscured for technical reasons. in the case of 
the H;3 index the bandwidths defining this index are narrow and therefore not well salnpled in 
our spectra; in addition because of the nature of our satl1ple, in lllany cases H{3 elllission may 
fill in the absorption. For TiO I and Ti02 the absorption feature is so weak that our accuracy 
Inay not be adequate to the task. 

Before discussing gradients we can assess the quality of our data by cOll1paring it with pub
lished Inaterial. in Figure 3 we plot our nuclear values of Mg2 versus published values for galaxies 
in COlnn1on taken frolll Davies ct at. (1987). Good global agreelnent is apparent with no evidence 
for systen1atic differences. 

in Figure 4 we plot the nuclear values of Mg2 versus the nuclear value of the velocity disper
sion. Since both these paran1eters are related to the absolute IUIninosity of a galaxy a correlation 
is expected and observed. This agrees with the statelnent of Gorgas et at. (1990) and the result 
of Bender (1992) although over a Inore restricted range. Why this correlation obtains over the 
complete range of elliptical galaxy systeIns, if galaxies in different IUlninosity (and 111 ass ) ranges 
are fOrIned by different Inechanislns, is not straightforwardly obvious. 

in Figure 5 we plot luminosity versus (J (the Faber Jackson relationship). We have not at
teInpted to correlate residuals in this correlation versus residuals froin other correlations because 
Inany of the galaxies in our saillple have been incorporated into other studies with larger satnples. 
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Fig. 3. Shows a plot of our central Mg2 line strengths versus those of Davies et at. (1987) for 
galaxies in COtlllTIOn. 
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Fig. 4. Central ~1g2 line strength is plotted against central (J" (velocity dispersion) using data 
froIl1 our SaIl1 pIe. 
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Fig. 5. Central (J" is plotted against absolute B Illagnitude A1s using our data for our sall1ple. 
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Before proceeding to discuss statistical relationships formed from the cnsclllblc of data, it is 
worth looking at data for some individual galaxies. In Figure I the fvlg 2 gradient for Ie 1459 
changes with radial distance as does the NaD gradient. Indeed there is it suggestion that it rapid 
change occurs at the point where the counter rotating corf' Inanifests itself (10 arcsecL in tlw 
manner pointed out by Bender (1992) for other systems with decoupled cores. 

A cOlnparison of Figure 1 with Figure 6 shows that in NGe 10.')2 which ha.s aJlllost no gradient 
in (j, while the radial trend of t\1g2 is silnilar to that in Ie 1459, the gradient of NaD is much 
greater. 

A cOlnparison of Figure 6 with Figure 7 shows that both NGC .')S4G and NGe 1052 have 
silnilarly flat (J curves. However in contrast to NGC 10.12, NGe .')846 has a negligible gradient 
in Mg2 and a very shallow gradient in NaD. 

By Inaking linear fits to deterrnine gradients it is clear that we are losing details in the radial 
properties that Inay contain ilnportant clues for understanding galaxy fonnation and chelnical 
evolution. The current data is not adequate for a lnore sophisticated analysis. 

Having stressed the potential lilnitations in defining linear gradients, we note that there are 
4 objects in our salnple for which data exists over a radial distance < O.L Re . These have been 
excluded froln the following analyses which use gradients. Gradients for a galaxy have been 
obtained by con1bining results froln either side of the nucleus and different position angles when 
available. In fact there was in all galaxies good agreelnent between the individual values and 
the average. 

We have found no effects on chelnical gradients that distinguish galaxies with shells, dust 
lanes, emission lines, X-ray el11ission, or radio ernission. 

Any correlation of Mg2 gradient with (J gradient is weak or non-existent. 
In Figures 8 and 9 we show plots of the Mg2 gradient versus Inaxill1Ull1 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 froln the 
literature. The presence of galaxies classified as lenticular in this plot certainly strengthens the 
correlation, as it does for a correlation between Mg2 gradient and Vrod (J. 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 ~1g2 gradient and central values of 
Mg2 and the velocity dispersion (Jo but only for the lenticular or lower Il1asS objects. 

There appears to be son1e, though not large, correlation between the Mg2 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 assull1ption of spherical syllllnetry to 
cOInpute the Il1ass of all the galaxies. Using the isothennal sphere approxirl1ation our final 
expression for the nlass is 

Mtotal = 3x103 
(J5 DRe 1110 

where (Jo is in kll1/S� 
D in Mpc� 
and Re in arcseconds.� 

The plot of Mg2 gradient versus Mtotal is shown in Figure 10. Once again there appears to be 
a positive correlation between these 2 quantities when the lenticular or lower lllass objects are 
considered alone. When all objects are considered any suggestion of a correlation disappears. A 
negative correlation may be Inarginally present when only ellipticals are considered. A siIllilar 
structure appears in a plot of Mg2 gradient versus MIL ratio. This presuInably is a reflection 
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Fig. 6. Silnilar plots to those in Fig. 1 for NGC 1052. 
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Fig. 7. Silnilar plots to those ill Fig. 1 for NGe 5846. 
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indicated by open circles in this and the following plots. 
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Fig. 10. A plot of the Mg2 gradient versus the log (Mass). See text for details of the lllass 
derivation. 

of the pattern seen in Figure 10 because. as noted before, there was only a sIl1all apparent 
correlation of Mg2 with absolute luminosity. 

Discussion 

We believe that it is preIllature 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 Il1uch Blore 
structure in the radial variations of Mg2 gradient (and (f gradient) to be elucidated with better 
data. For example we already know, because we now have better data extending to 111uch larger 
radii for NGC 2663 (Carollo and Danziger 1992), that we would derive a significantly different 
(larger) gradient of Mg2 by making a linear fit over this Inore extended distance. It is not yet 
clear what is an appropriate way to Ineasure these gradients. 

Nevertheless SOIne qualitative conclusions lnay indicate future directions to go with better 
data. We have pointed out that in plots of Mg2 gradient versus ~ot, ellipticity e, ~ot/ (f, log Mass, 
central Mg2 , and central (fa, there is always a correlation (albeit of varying degrees of confidence) 
for lenticular or lower nlass objects, or a correlation is strengthened by their inclusion. This 
seems to be qualitatively consistent with a dissipative collapse nlodel for galaxy fornlation first 
proposed by Larson (1974), and elaborated upon by Ti nsley (1980), Carlberg (1984), Ari Inoto 
and Yoshii (1987), Matteucci and Tornalnbe (1987) and Brocato et al. (1990). A Inetallicity 
gradient is expected to form as a consequence of gas dissipation, and it should increase with 
increasing Illass and luminosity due to the dependence of the tinle of onset of galactic winds 
on the mass of the galaxy. Also larger rotation and greater flattening would ilnply greater 
dissipation. However this would seenl to apply only to galaxies in our data set with 111asses 
~ 1011 MG , a very approxitnate liIllit at this stage. 



10 

. .� 
When we consider higher Inasses the situation is less clear - either 110 corrdatioll or negativ(' 

correlations exist. Could this be due to the fact that for galaxies of higher mass, til(' dominant 
mechanisln of galaxy fOrlnation is due to Inerging'? We note that Gorgas rt al. ( 1990) poi nted all t 

that in their sarnple of galaxies, the cD galaxies appeared to have 10WPI" t hall average gradients 
of Mg2 . VVe also note that it is in this mass dornain that Capaccioli ct <11. (1991) have noted a 
division in characteristics of galaxies in the surface-brightness versus effective ·radius He plane. 
One Blight wonder whether the 2 observed effects steIn froIn a C0l111nOn origin. Clearly an 
unalnbiguous classification of galaxies into lenticular or elliptical Inay lw fundalllental to our 
understanding. Alnbiguity probably still exists in our sarnple. 

Merging of spirals to fonn ellipticals can result in a lessening of gradients seen in tlw original 
galaxies (White 1980). This type of I110delling is still undeveloped and spiral-spiral Illerging is 
not accepted universally as a viable I11echanisl1l of E galaxy fonnation. In addition, as Inentiolwd 
previously, the continuity seen in the tight sequence observed in the 1\1g1 versus log ao plane 
is not obviously explained if 2 different InechanisIlls of galaxy fonnation dOlninate in different 
dOIllains of Inass. 

One way forward observationally is to obtain gradients of Mg2 at much larger radii. This 
should also be cOlnbined with good quality colour data, because there is a hint [raIn the work of 
Peletier et ai. (1990) that the structure observed by us in the Mg2 gradient versus log M diagram 
is seen in their diagram of (U-R) gradient versus MB . It Inay also exist in the plots of (B-R) 
gradient versus MB presented by Kormendy and Djorgovski (1989). Since it is known that Mg is 
created 1110stly in intermediate lllasS stars and Fe mostly in low Inass stars, one should attelllpt 
to gather infonnation not only on elements such as Mg but on elelnents such a.c:; Fe, in order to 
unravel how cheInical evolution proceeded with galaxy evolution. We Inentioned earlier that in 
our data we see apparently quite different behaviour for NaD (and probably TiO) relative to 
Mg2 • Unexpected differences are already beginning to enlerge in the behaviour of Fe relative to 
Mg2 as shown by the work of Worthey et aI. (1992) and Carollo and Danziger (1992). 
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