Astron. Astrophys. 350, 399—413 (1999) ASTRONOMY
AND
ASTROPHYSICS

Multicolor photometric properties of six early-type galaxies*

M.F. Saraiva, F. Ferrari, and M.G. Pastoriza

Departamento de Astronomia, Instituto disiEa, Universidade Federal do Rio Grande do Sul, Av. Bento, &wes, 9500 — C.P. 15051,
91501-970, Porto Alegre, RS — Brazil

Received 2 March 1999 / Accepted 19 July 1999

Abstract. We presentBV RI CCD surface photometry for 4 has provided the best fit in many instances (Caon et al. 1993).
elliptical and 2 SO galaxies that show bright emission lines the parameten takes values typically between 1 and 6, and is
their nuclear spectra. We obtained isophote maps, luminogigjated to the effective radius and to the absolute magnitude of
profiles, and basic photometric parameters. We also obtairikd galaxy (e.g. Prugniel & Simien 1997).
continuum subtracted d#[NII] images for 5 galaxies in our Surface photometry provides the isophote maps and the
sample, but only in two of them, NGC 6858 and ESO 18%rightness profiles necessary for a better understanding of the
54, we detected emission gas. We used the standard techni&hspes and luminosity distribution of elliptical galaxies. Other
of ellipse fitting to determine the radial variation of surfacenportant issues that can be addressed by multicolor surface
brightness, color, ellipticity, position angle and the fourth ordghotometry are color and color gradients, which give us infor-
Fourier coefficient of the deviations from elliptical shape to looknation about the metallicity and mean age of the stellar popula-
forisophotal twists, color gradients and fine structure variatiorigon. Although much smaller than in spiral galaxies, systematic
We have fitted am!/™ Sérsic law to the light profiles, finding color gradients have been found in early type galaxies (Prug-
that it provides a better fit to the light profiles of the ellipticalgiel & Herardeau 1998). These color gradients, as well as the
than the traditionat'/* law. However, this law does not provideintegrated colors, depend on the absolute magnitude.
a good fit for SO galaxies. Multicolor photometry has been used for the detection of the
interstellar medium in galaxies. Optical surveys have shown that
Key words: galaxies: elliptical and lenticular, cD — galaxiesmore than 70% of the early type galaxies contain ionized gas
photometry — galaxies: structure (Goudfrooij et al. 1994, Macchetto et al. 1996) and many also
contain dust (Ferrari et al. 1999). The origin of the radiation that
ionizes the gas and heats the dust is not well established. One
) very plausible mechanism is the radiation from post-AGB stars
1. Introduction (Macchetto et al. 1996, Ferrari et al. 1999), but photoionization
During the last two decades, several studies of early-type ga|ay_hot young stars, or nonstellar radiation, cannot be discarded.
ies led astronomers to revise their picture of these objects, IN this paper we preserftV' Rl CCD photometry of six
thought until the mid Seventies to be simple stellar systenf¥ight early-type galaxies, selected from a sample of 80 early-
consisting of an ensemble of stars arranged in an oblate sphefgi€ 9alaxies listedinthe SSRS (da Costa etal. 1988) as showing
flattened by rotation, totally deprived of gas or dust. emission lines in their spectra, which we observed to obtain pho-
Itis now well established that elliptical galaxies are not sufemetric parameters, such as isophotal shapes and colors, that
ported by rotation, but by anisotropies in their velocity dispefan give information on their basic properties and structure. As
sion, implying they might be triaxial or prolate. The observatiof secondary objective we wanted to contribute to the available
that in many of these objects the major axis of the isophotes multiCOIOI' phOtometI’iC data for e”|pt|CaI gaIaXieS, that is still
tates with increasing radius provided the evidence for triaxialit§" from being complete.
which can be intrinsic or originating in close encounters (Kor- This paper is structured as follows. In Sect.2 we present
mendy & Djorgovsky 1989, Capaccioli & Longo 1994) the observations and data reduction, in Sect. 3 we present the
A more recent result is that the surface luminosity profinalysis of the data, Sect.4 discusses each galaxy separately
frequently deviates from the “universal*/ law, and could in and Sect. 5 summarizes the results.
fact show a variety of shapes. Among these, tist lawr!/"

Send offprint requests 1.F. Saraiva (fatima@if.ufrgs.br) 2. Observations and data reductions
* Based on observations made at Cerro Tololo Inter-American Ob-

servatory, National Optical Astronomy Observatories, operated by #i9sSt of the galaxies were observed in June 1992 using the TEK
Association of Universities for Research in Astronomy, Inc., under coh024 CCD at the 91 cm telescope of the Cerro Tololo Inter-

tract with the National Science Foundation, and at the Obsmivato American Observatory (CTIO). The CCD was binn2e 2,

Pico dos Dias, CNPg/Labofaio Nacional de Astrdéica, Brazil. therefore the final scale of the image was 0.792 arcsec/pixel.
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Table 1.Basic parameters from RC3

Object o (2000) & (2000) Type D5 Ros v Br Ap D
(hm) (! @) (km/s)  (mag) (mag) (Mpc)
1) 2 (3) 4 (5) (8 @) (8) 9) (10)
NGC 6849 2063 -4011.8 SBO 112 166 5910 13.00  0.07 74
NGC 6851 2035 -4817.0 E: 122 1.38 2895 1269  0.17 36
NGC 6958  2048.7 -3759.8 E+ 128 125 2557 1233  0.10 32
IC 4956 20115 -45355 EO: 102 1.04 5000  13.40 - 63
IC 4991 20184  -413.0 S()0?pec 154 1.44 5518 1156V  0.16 69
ESO185-54 203.4 -5551.8 E2 212 1.48 4176 1130V  0.15 52

Description of columns:

(1) name of the galaxy

(2),(3) position (2000 coordinates)

(4) morphological type from RC3. But in ESO-LV NGC 6849 is classified as E, and NGC 6958 as E-SO0.

(5) apparent major isophotal diameter at surface brightnesslevel 25 mag arcsec 2.

(6) ratio between the major and minor apparent major isophotal diameters at surface brightness f@28mag arcsec >
(7) mean radial velocity ¥sr in RC3 corrected for a dipole Virgo-centric flow following Tammann & Sandage (1985)
(8) total magnitude in the B system. It is followed by a “V” when it is a V-band magnitude.

(9) Galactic extinction in B magnitudes {An RC3)

(10) distance from V in Column 7, assuming a Hubble constant &i80(s Mpc)

Table 2. Observations.

Object scale  FWHM (B) Exposure time (sec)

(" Ipix) (@) B \Y, R I HA6649  HA6477
NGC 6849 0.792 2.0 1800 1400 400 400 3000 3000
NGC 6851 0.567 1.6 2400 2400 900 1200 - -
NGC 6958 0.792 3.0 1200 240 120 120 1200 1200
IC 4956 0.792 2.0 1800 400 180 360 650 900
IC 4991 0.792 2.0 2400 600 150 400 900 2400
ESO 185-54  0.792 2.0 2400 600 300 450 2400 2400

The filters used werd3, V, R, and I, and two narrow filters were then combined. The sky background for each broad-band

75A wide centered at 664 (to isolate the H+[NII] emis- image was determined with the IRAF routimesurfit  , by

sion line at the red-shift of the galaxy) and at 6437(10 isolate fitting a 2nd order polynomial to the frame regions around the

a nearby region of stellar continuum). The phase of the mogalaxy, after removing all the stars in the frames. The uncer-

was around 10 days, thus some of the galaxies were obsenadties in the sky background, including local fluctuations and

with bright sky. The seeing was in the range 1.722.8 deviations from the mean, were 0.007 magnitudes on average
One galaxy (NGC 6851) was observed in July 1992 usiiigr the BV RI filters for the frames taken with moon light,

a EEV P8603A CCD at the 1.60 m telescope of the Obséfty (sky) ~ 19mag arcsec~2], and 0.015 for the frames taken

vatorio do Pico dos Dias - Labor@tio Nacional de Astrdica, without moon light [y (sky) ~ 21 mag arcsec™2].

Brazil (OPD), also withB, V', R, and! filters. The final scale The photometric calibration of the data to the Johnson-

of the corresponding images was 0.567 arcsec/pixel. The ph@seisins system was made using observations of standard stars

of the moon was new, and the seeing was typically”1.For in the E-Regions (Graham 1982); 10 stars were used in the ob-

all program galaxies, at least two exposures were obtainedservations at CTIO, and 6 stars were used in the observations at

each band. Multiple exposures of standard stars from Grah@mD.

(1982) were also obtained for the photometric calibration. The The transformation equations between the standard magni-

observation log is shown in Table 2. tudes and colors (upper case), and the instrumental magnitudes

and color corrected for atmospheric extinction (lower case), for

2.1. Reduction of th&V RI images the CTIO observations, were:

The images were corrected for bias and flat-field using stag-—V = (1.26 +0.016)(b — v), — (0.45 £ 0.017)
dard IRAH routines, and the multiple exposures in each filter v = v, — (0.03 4 0.009)(B — V) + (22.58 4 0.008)

1 IRAF - Image Reduction and Analysis Facility - is distributed byhe Association of Research in Astronomy, Inc., under cooperative
the National Optical Astronomy Observatories, which is operated hgreement with the National Science Foundation, USA
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Photometry of the standard stars
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V—R = (0.96 £0.023)(v — r), — (0.07 £ 0.012) (SS), and zero points adjusted to photoelectric photometry (PP)
R—1 = (0.99 + 0.042)(r — i), + (0.68 £ 0.016) were, for the CTIO data:
and for the OPD observations were: (B=V)pp —(B—=V)ss = 0.054+0.04 (N =64)
(V)pp — (V)gs = 0.06+0.03 (N = 43)
B-V = (1.51+£0.04)(b — v), — (1.53 +0.06
1% ( 0.05 i)(() 03 ng Ef +(20 58)j: 0.02 (V= Rlep = (V = Rjss = ~0.00£003 (N =31)
B (0. 03)( )+ (20. 02) (R—TI)pp — (R—I)ss = —0.05+0.13 (N = 16)
V—R = (0.86£0.05)(v — 1), — (0.29 & 0.05)
R—1I = (0.85+0.07)(r — i), + (0.90 % 0.05) and for the OPD data:
A comparison between our CCD photometry of the standaff — V)rp — (B—V)ss = —0.28+0.03 (N =9)
stars calibrated to the Johnson-Cousin system through the above (V)pp — (V)ss = 0.08£0.03 (N =10)
equations, and Graham's photometry, is shown is Fig. 1.~ (y — R>PP — (V= R)gs = 0.20+£0.02 (N =38)
As a check of our calibration, we compared the magnltude% Dpp — (R—1D)ss = —0.13+0.04 (N = 5)

and colors of the galaxies obtained with the transformation equa:
tions, with the available aperture photometry of the galaxies.whereN is the number of apertures compared.

some cases it was necessary to do a transformation of the com-ig. 2 shows the comparison between our CCD photometry
piled R andI aperture photometry to the Cousin system. For alhlibrated to the Johnson-Cousin system, after the zero point
the galaxies that had available aperture photometry, we foustdft, and the photoelectric photometry for the four galaxies for
some magnitude and color differences between the photoelabich photoelectric photometry was available in all B R1

tric photometry and the calibrated CCD photometry. The zepassbands.

points of the transformation equations were then adjusted to

fit the photoelectric photometry of the galaxies. In the case Q
galaxies that had no photoelectric photometry, we maintaine
the zero points of the transformation equations. The mean dilhe images were corrected for bias and flat-field in the same way
ferences between the zero points from the standard stars adyor the broad-band images, and the multiple exposuresin each

3 Emission line images
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Integrated Magnitudes and Colors
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Fig. 2. Comparison between our CCD pho-
® Lauberts 84 % Shobbrook 66 (LdV83) tometry calibrated to the Johnson-Cousin
4 Poulain and Nieto 94 * Poulain 88 system (solid dots) and the available pho-
A Sadler 84 A Veron, Veron and Tarenghi 82 (LdV83) toelectric photometry in the same system
O Sandage and Visvanathan 78 (LdV83) #¢ Sparks, Disney and Wall 84 (LdV85) (Symb0|s exp|ained in the |egend). On|y the
% Wegner 79 (LdV83) m  Persson, Frongel and Aaronson 79 four galaxies that have photoelectric pho-
® Poulain 86 O Bucknell and Peach 76 (LdV83) tometry in the four passbands are shown.

filter were combined. To obtain the final continuum subtracteéle threshold sensitivity wag10~18 ergss~ cm=2" "2, the
Ha emission line images, we scaled the continuum image kev+[NII] fluxwas 1 10715 ergs s—* em~2, and the correspond-
match the intensities of the emission image using the parariveg Ha+[NII] luminosity was4 103® ergs s~ 1.
ters obtained from a linear regression of the mean intensity of These values are in the lower limit of the range ofHINII]
the isophotes in both images. This procedure should result ilueinosities calculated by Macchetto et al. (1996) for a large
continuum subtracted image with average zero intensity wheample of early-type galaxies.
there is no gas emission.
Only for two objects, NGC 6958 and ESO 185-54, we found
a significant number of counts in the central region above3a Analysis
threshold of two times the rms value of the background.
To compute the H+[NII] fluxes, we have converted the

measured counts into an absolute flux scale using Eq. (5)fihhand isophote maps of the sample galaxies are shown in
Macchetto et al. (1996). In our case, the parametier that Fig 3, after removing all the background stars, except the stars
equation ISE =1, since we have used a narrow filter centered &liperimposed on to the galaxies. As expected for early-type
A =6477Ato isolate and subtract the continuum. galaxies, the isophotes have shapes that resemble more or less
The Hx+[NII] flux for NGC 6958, measured above agjongated ellipses, some more pointed, others more squared.
threshold of sensitivity ofl 107! ergss™" cm™?arcsec™,  The main reason for the shape variations is a simple consequence
was estimated ag@10~'*ergss~' cm~?, corresponding 10 of inclination, but some of them cannot arise from inclination
an Ho+[NII] luminosity of 210%% ergs s~!. For ESO 185-54 effects, and are supposed to be indications of intrinsic features,

3.1. Isophote maps and ellipse fits
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Fig. 3. Isophote maps of the sample galaxies in iband. Isophote levels range froMGC 6849,= 18 to 24 mag arcse¢; NGC 6851 =
18 to 23 mag arcse¢; NGC 6958 = 18 to 23.5 mag arcseé; IC 4956 = 18 to 23 mag arcse?; IC 4991 ;= 18 to 23.5 mag arcseé;
ESO 185-54.= 18 to 23.5 mag arcseé. The differences between successive levels were 0.5 mag afdseall the maps.

such as triaxiality (Bertola 1981), or gravitational interactiodicates “boxy” isophotes, i.e, isophotes more rectangular than
(Binney & Petrou 1985). pure ellipses (Jedrzejewski, Davies & lllingworth 1987). Ben-
To quantify these differences, we have used the &sk der & Molennhoff (1987) found that “disky” isophotes are as-
lipse inthe STSDAS package for IRAF, fitting ellipse to thesociated with the presence of a disky subsystem intrinsic to the
B, V, R, andI isophotes. Our principal interest was to detegalaxy, whereas boxy isophotes tend to appear in massive ellip-
mine the position angleH{A) of the isophotes, their ellipticity tical galaxies, and might be an indication of interaction. Finally,
(¢), and the Fourier amplitudes of deviations from perfect ellighe average brightness along the isophotes gives the luminosity
ticity (cos 46 term, B4), as well as the the average brightnesdistribution in the galaxy, presumably associated with the mass
along the isophotes. The behavior of the position angle is distribution. By combining different filters, we can derive the
indicator of shape because, if the galaxies are spheroidal, itetor and therefore the type of stars that produce the observed
spective of the inclination, the semi-major axis will keep thiiminosity.
same direction (Mihalas & Binney, 1981). This implies that, Fig.4 shows the variation of the ellipticity, position angle
if the position angle rotates, the galaxy is probably triaxiahndcos 46 term (B4), with the 1/4 power of the ellipse semi-
Another possible origin of isophotal twist is interaction withmajor axis ¢!/4). The uncertainties were obtained directly from
another galaxy (Bender & Mlenhoff 1987). The behavior of the rms scatter of intensity data along the fitted ellipse. The
ellipticity in different wavebands is an indicator of dust, sinceariation of the isophotal brightness and color indices with
in the presence of dust the blue light will be more absorbede displayed in Fig.5, as well as the error bars in each level
than the red light - the blue isophotes will be more distortatiie to the uncertainty in the sky subtraction. The uncertainties
than the red ones. The Fourier teid is an indicator of the in surface brightness were calculated as:
presence of subsystems,a$ > 0 indicates “disky” isophotes, d Iy

i.e., isophotes more pointed than pure ellipses, B 0in- du = 1.0857 T o
gatary—sKky
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NGC 6849 NGC 6851 NGC 6958
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Fig. 4. Isophotal parameters ellipticity), position angle P A), andcos 46 Fourier term 84), as a function of the ellipse fourth power of the
semimajor axis¢'/4). The symbols circles, squares, triangles, and stars represent theilfgrsRk, andI respectively.

and the uncertainties in color were calculated by adding quadrat- The fit was made using the taskitld in the STSDAS
ically the uncertainties in surface brightness. package, using a Sersi¢/™ law (Sersic 1968, Ciotti 1991,
Graham et al. 1998), given by the expression

3.2. Shape of the luminosity profiles s, [(L)%A]
- . . o I(r)y=1,10 "L\
After fitting the ellipses, we re-ran the taskipse  keeping
fixed the shape of the ellipse using the mean values of the laglered,, = 0.868n — 0.142 is such that-. becomes the ra-
isophotes. In this way we obtained an elliptically averaged prgius enclosing half of the total luminosity of the galaxy, called
file along the major axis of the galaxy, and used this profile {ge effective radius, andl. is the surface brightness along the
find the function that best describes the brightness distributigidphote with radius,. Forn=4 this equation is identical to the
of the galaxy. de Vaucouleurs'/4 law, with the same meaning of the param-

etersi, andr.. We performed the fit by allowing, 7. andr,

to be free parameters.
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Fig. 4. (continued)
Table 3.Fit parameters with'/™ law It is important to note that the final parameters depend
strongly on the fitted region. In the inner part of the profile,
Object Fitregion[] n  L[u ac['] aclkpc] A g);] ; 9 . A ph. o pre |
L] n L L L where t _epom_ts are more packed and ave hig erl_ntensny_va-
ues, the inclusion of one or two more points in the fitted region
NGC 6849 ZZ?‘;S'Q 02'14 02354 ggo';l g%;z can change significantly the shape of the curve. In the outer
NGC 6851 5‘ 6—_39.7 F;O 2'2 05 1'7 18 2 99 part, the uncertainties are large, so the modeled profile may be
19'9_24'5 0'2 0 0'4 0 4'1 0 (')7 a little above or below the data points and still be a probable
NGC 6958 7 0-61.0 68 235 419 65 fit. Keeping these restrictions in mind, we performed the fit by
206-24.7 21 0.09 29 03 changing the initial parameters as well as the inner limit of the
IC 499 5.0-76.4 6 2485 71.22 23.7 fitted region, until we obtained the begt provided that the
20.9-24.9 - 004 237 0.8 fitted function did not fall above the observational points in the
ESO 185-54 7.9-76.4 49 239 556 10.5 faint part of the profile.
20.2-246 03 0.16 4.5 0.8 For one galaxy (IC 4956), the fit with theé&ic law was

¢ For this gal

laxy we had to keep n fixed

not adequate. For another (IC 4991), we had to kedixed
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Fig. 5. Surface brightness and color indices profiles averaged over isophotes, as a function of the fourth power of the semi-major axis of the
ellipse fitted to the isophote.

to prevent the fitted function from falling above the data in theorrelation between the indexand the parametefs andM g,
outer part of the profile. For these two galaxies, we made anotfauind by Caon et al. (1993) and Prugniel & Simien (1997), does
fit including an exponential disk in the fitting function, not exist among the galaxies in our sample. However, the galax-
ies seem to be separated in two groups, one containing the three
galaxies brighter than/g = —21 and the other containing the
two galaxies fainter than this value. Inside each group, there is
The final parameters, listed on Tables 3 and 4, are not @@ apparent correlation but our sample is far too small to pro-
only ones that can describe the observed profiles, but the oxigle any statistically valid result. The distinction between the
that best described the largest range of magnitudes (appréwie groups is not noticeable in the plot of versusre, where
mately four magnitudes) that we considered reliable. all the data lay very close to the relation found by Hamabe &
The best fit for each galaxy is shown in Fig. 6. Fig. 7 show&rmendy (1987), and also very close to the data of Capaccioli
the plots ofn against the effective surface brightness, the ef Caon (1991) for a sample of E and SO galaxies in the Virgo
fective semi-major axis, ellipticity, and absolute magnitude, stuster brighter thad/p = —20.9.
well as the relation betweelh andr,. IC 4956 is not shown in
the plots because it did not fit a®/” function. Apparently, the

B ELS P
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Fig. 5. (continued)
Table 4. Fit parameters with &'/™ law plus and exponential law
Object  Fitregion] n L [u] ac[”l aclkpcl Io[u] aol[”] aolkpc]
(] + + + + + + +
IC 4956 3.0-38.6 0.91 20.00 2.57 0.794 20.58 10.4 3.21
19.9-24.2 0.06 0.02 0.02 0.006 0.03 0.2 0.06
IC 4991 5.0-76.6 3.8 225 17 6.6 22.8 32 10.7
20.3-24.8 0.4 0.2 2.8 1.0 0.2 2.0 0.6
3.3. Integrated photometric parameters red gradient towards the nucleus can be seen in almost all the
. . alaxies.
The B, V, R, and I integrated magnitudes and colors werg

Table 5 lists the magnitudes and colors integrated up to the

obtained by integrating the light in elliptical annuli with th : . . .
shape of the external isophotes. The ellipses were the same?ll%%tde”'pse for which the ellipse fitting proceeded normally. The

. o . ed uncertainties include uncertainties in the sky subtraction
to obtain the elliptically averaged profiles. The growth curves din the calibration
for magnitude and color thus obtained are shown in Fig. 8.6&1 ’
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Fig. 6. Fit of the B mean surface brightness profile with arid™ law. The crosses are the elliptically averaged profile, the continuous line is
the fitted function. For IC 4956 and IC 4991 which fit demanded the inclusion of a disk model, the continuous line represent the sum of the disk

function (dashed line) and the bulge function (dotted line). The parameters of each function are listed in Tables 3 and 4. The arrows indicate the
limits of the fit regions.

The magnitudes and colors were corrected for galactic ex- This second procedure is often inadequate, because of the
tinction, by adopting the value for the galactic extinction in thiarge uncertainty in the photometry at these very faintlightlevels
B band [4,(B)] given in RC3, following the procedures of the(Caon et al. 1993). On the other hand, the fit of the growth curves
same catalogue to calculate the color excBé® — V'), and tothe profilesis fairly good, as can be seenin Fig. 8. Thus, when
using the color excesses ratios given in Buta & Williams (199%)e total magnitudes determined from the two methods differed
to calculate the color excessB$V — R) andE(V — I). by more than 0.15 magnitudes, we adopted the value given by

To obtain the totaB magnitudes, we proceeded intwo wayghe first method, otherwise we adopted the mean value from
first, we fitted a standard growth curve taken from RC3 to thmth measurements.
integrated magnitude curve; second, we extrapolated the ellipti- In Table 6 we list the extrapolated total magnitudes of the
cally averaged profile from the last ellipse to infinity by assungralaxies, and the corresponding absolute magnitudes. The aver-
ing the same brightness function distribution that best fitted thge values of the corrected total colors of the galaxies in our sam-

outer parts of the profile. ple are((B —V)?) = 0.97+£0.08, ((V — R)°) = 0.54 £ 0.03,
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Table 5. Integrated magnitudes and colors
Object a (arcsec) B (B-V) (V-R) (V-1
a (kpc) B° (B-v) (Vv-R" (v-I)P°
NGC 6849 76.4 13.6%+0.06 1.04+0.04 0.51+0.04 1.18+0.04
27.4 13.33+-0.06 0.98+£0.04 0.48+0.04 1.10+0.04
NGC 6851 46.15 12.970.06 0.91£0.044 0.580.021 1.230.036
8.0 12.86- 0.06 0.84+0.044 0.55-0.021 1.14-0.036
NGC 6958 76.4 12.580.02 0.94t£0.05 0.56+0.05 1.194+0.04
23.6 12.41+0.02 092+ 0.05 0.55+0.05 1.164+0.04
IC 4956 38.7 13.42-0.09 1.05+0.06 0.55+0.06 1.13+0.06
11.9 13.26+-0.09 1.01£0.06 0.53+0.06 1.03+0.06
IC 4991 76.4 1294 0.06 1.01+0.06 0.57+0.05 1.26t+0.04
25.5 12.81+0.06 0.97+0.06 0.55+0.05 1.22+0.04
ESO 185-54 76.4 12.66 0.14 1.12+0.08 0.58+0.07 1.13t+0.07
19.3 12.45+0.14 1.09£0.08 0.56+0.07 1.09+ 0.07

and((V —I)°) = 1.11 4+ 0.08. These are very typical of earlywhere we can see a small tendency of more luminous galaxies
type galaxies if compared with the mean color computed Iy be redder.
Prugniel & Herardeau (1998), and by Buta & Williams (1995).

A linear fit of the color-absolute magnitude relation resulider than the total colors. This means that theHiNII] emission

in:

B_
V_
v

~ 3

(—0.10 £ 0.04) Mg + (—1.1 +0.9)
(0.00 £ 0.02) Mg + (0.6 £ 0.5)
= (=0.01 + 0.054) Mg + (0.9 + 1.0)

The nuclear colors of the galaxies are in general a little red-

detected in the nuclear spectra of these galaxies (da Costa et al.
1988) cannot be caused by recent star formation in the nuclear
region, since young starbursts would make the colors bluer, not
redder (Bicaetal. 1990). Thus we conclude that, if these galaxies
do have ionized gas in their nuclei, post-AGB stars are probably
the main mechanism responsible for the ionization of the gas.
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Fig. 8. Magnitudes and colors integrated in ellipses as a function of the semi-major axis of the ellipse. The standard growth curves that best fit
the integrated magnitude curves are shown in the top panels as continuous lines.

4. Discussion might suggest the presence of dust or gas.FHgrofile shows

. : . : : a total isophotal twist 0b°. As the galaxy has no apparent
In this section we discuss the more interesting features of ed It“| P galaxy PP

alaxy separatelv and make comparisons amonda them <6mpanion this might be a hint of triaxiality. The color index
9 y sep y P 9 ' profiles present a small blue gradient outwards, of almost 0.2

NGC 6849 This elliptical galaxy is the flattest in our samplemagnitudes i/ — I. The integrated colors up to= 40" are

(e = 0.36), and its isophotes are very pointed around 35”.  very similar to the colors of an elliptical galaxy of the spectral
This is probably the reason for its classification as barred gnoup E2 of Bica et al. (1990), corresponding to red nuclei of
RC3. Nevertheless, the surface brightness profile can be weltly-type galaxies of low luminosity.

fitted by a one-component/™ law, showing no indication of

the presence of a bar, nor of a disk. The value that best descriN€C 6851 Surface photometry in th& and R filters was

the profile isn = 2.4, which means the profile is a little flatterpreviously obtained by Toniazzo, Stiavelli & Zeilinger [1992
than a de Vaucouleurs law. The isophotes, in comparison(TSZ)], and intheB, V, R, I filters by Sparks et al. (1991). The
with the other passbands, show stronger variations in ellipticitypphotal parameters in the present photometry are in agreement
in position angle and in deviations from elliptical shape, whichith the previous work, and show that this galaxy has disky and
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Fig. 8. (continued)

twisted isophotes. The diskiness of NGC 6851 is comparalaled this hypothesis is supported by the very red nucleus. The
to that of NGC 6849 B4 ~ 0.02), in fact these two galaxies luminosity profile is fitted by an''/ law along the range of
are the most diskier in our sample, and the most elongatedhasgnitudes 26< up < 24.

well. But while NGC 6849 presents a moderate isophotal twist

of less than 10, the isophotes of NGC 6851 has a strong wedNGC 6958 This is the galaxy in our sample with more elliptical
east twist of 30. Twists this large are normally indicative ofisophotes B4 ~ 0), and the one with the strongest isophotal
interaction. Although this galaxy has no apparent companidjst, of almost 100 westward. It also has the more concave
itis classified as a member of a group with 5 ga|axies by Mai&l,minOSity profile; the exponent of the Sersic law that best fits
da Costa & Latham (1989). Another possibility for the origithe profile is 6.8. These two last features could be explained
of the twist is triaxiality, as already suggested by TSZ. In thRy interaction. Nevertheless, the nearest galaxy in the field is a
galaxy theB isophotes behave differently than the other cofaint disk galaxy 320 to the west that seems to be very farther
ors, but this difference is restricted to the nuclear region, whed@ay. If this galaxy suffered interaction, the companion galaxy
the B isophotes have greater ellipticity, are more pointy, ariél probably already merged. This possibility would be consis-

have different position angle. This may be associated with dugiit with NGC 6958 being classified as a cD galaxy, believed to
arise from galaxy mergers. The inconsistency is that this kind of
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Table 6. Total magnitudes of the galaxies with smallest isophotal twist. The position angle
profiles has a big bump at~ 20", except in thel filter, that
Object Br®C  AdoptedBr m—M  Mr(B apparently is caused by masking a bright star at that position.
Brt?f (Br)° Mr(B)° As in the case of IC 4991, its color gradient is very small.
@ @ 3 4 ®)
NGC 6849 13.32 13.3% 0.06 34.35 -21.04
13.30 13.24+0.06 -21.11 5. Conclusions
NGC 6851 12.65 12.66 0.06 32.78 -20.10
12.67 12.49-0.06 -20.27 About the shape of the isophotes
NGC 6958 12.28 1228023 3252 -20.24 All galaxies in our sample show some degree of twist in the po-
11.95 12.1G+0.23 -20.34 " .
IC 4956 1311 132016 33.99 2079 sition angle, varying from less thlan 10to more than 90 dggrees.
1330 13.1+0.16 -20.89 The amount of twist is clearly anti-correlated with the maximum
IC 4991 1251 12.6-0.11  34.19 -21.59 ellipticity, as previously noted by other authors (e.g. Benachio
12.64 12.4-0.11 -21.79 & Galleta 1980), and with the modulus of th#4 coefficient
ESO185-54 12.14 1240.16 33.58 -21.48 (the maximum ellipticity and the modulus @4 decreaseas
12.11  12.0:0.16 -21.58 the twistincreasey and consequently the4 modulus is corre-
Description of columns: lated with the maximum ellipticity in the sense that the modulus
(1) name of the galaxy. of B4 increasess the maximum ellipticitjincreasesSince the

(2) total B magnitude derived from the standard growth curve (firstaximum ellipticity depends on inclination, the deviation of el-
line), and from the extrapolation of the luminosity profile using thipticity may be in part an effect of the inclination. However the
fitted function (second line). sign of B4, that is, the kind of deviation from elliptical shape,
(3) adopted totabs magnitude, as explained in Sect. 3.3 (firstline), anfas no correlation with the ellipticity. Thus it does not depend
total B magnitude corrected by galactic absorption (second line). T i cjination, and must therefore be an intrinsic characteristic
quoted uncertainties are the quadratic sum of the uncertainties indgﬁhe galaxy.’

mean of the two values in Column 1 and the errors in the integigte .
magnitude as in Table 5. Among our 6 galaxies, NGC 6849, NGC 6851, and

(4) distance modulus, using the adopted distance in Table 1. ESO 185-54, have significant deviations from elliptical shape
(5) absolute magnitude as observed (firstline) and corrected by galagtﬁ‘l‘ > 0.02). The first two have d|5k}/ isophotes, and'the third,
absorption (second line) ESO 185-54, has very rectangular isophotes, and is the only

object in our sample located in a rich field of galaxies. This is

compatible with the suggestion by Bender &NMenhoff (1987)
galaxies are usually very luminous, whereas the distance mdttit boxiness is probably the result of mergers of galaxies. On
ulus derived from the radial velocity of NGC 6958 indicates the other hand, the fact that it is also one of the galaxies with
has low luminosity (/g = -20.24). smaller twist implies that, either its boxiness did not originate

IC 4956: This face-on galaxy is the faintest in our sample, arl & Merger event, or that mergers do not always cause rotation
the data has low signal-to-noise. This, added to the small ellfy-the isophotes. o L

ticity of the isophotes (between 0.1 and 0.15) results in a very 1 1€ isophotal parameters ellipticity, position angle &hl

large uncertainty in the position angle, and in a very strong twg?,mt vary S|gn|f|cant!y among the filte¥s, R, andJ, bUt_ShOW

of the isophotes. The best defined isophotal parameter Bthe® little different behavior in the filter, probably associated to
coefficient, that points to a disk shape 6t < r < 16”. Al- deviations caused by the presence of some dust or/and gas. The
though it is classified as elliptical, its luminosity profile canngtmaller signal-noise ratio of thé isophotes may also be con-

be fitted by a one component luminosity law. It is well fitted bylbutmg to this effect, when observed in the external isophotes.

a sum of ar'/%-91 Sérsic law and an exponential disk, which in
practice is equivalent to the sum of two exponentials. Thus tA®out the shape of the luminosity profiles

galaxy is better classified as an SO. _— .
The four elliptical galaxies, NGC 6849, NGC 6851, NGC 6958,

IC 4991: This SO galaxy is the mostluminous in our sample, ang,q eso 185-54, were fitted by a one-componéft Sersic

the one with smallest color gradient. It has isophotal parametg(s, \yith», varying between 2.4 and 7.0. The lenticular galaxies
similar to those of NGC 6958, in the sense that both galaxigs 4956 (previously classified as elliptical), and IC 4991, were
have variations in ellipticity increasing outward accompanigght fitted by a combination of ad/™ and an exponential law,

by one directional isophotal twist (westward in both cases, Biyfih 1, assuming the value 0.9 for one galaxy and 3.8 for the
much smaller for IC 4991), and no significant deviations frofyher, This confirms that while elliptical galaxies and bulges
elliptical shape. The light profile is well fitted by a SperMG have brightness profiles that can be well described by a Sersic
law, but the fl'['IS better with a combinations of a Sersic law ang,, (with shapes that can be more flattened of more curved than
and exponential law. ade Vaucouleurs law), the brightness profiles of two component
ESO 185-54 This is the only galaxy in our sample with rectsystems such as disk galaxies, cannot be well fitted by a Sersic
angular isophotes, and the only one in a rich field. It is also ofzv alone and require a two component model.



M.F. Saraiva et al.: Multicolor photometric properties of early-type galaxies 413

We did not find a unique correlation of the indexwith Capaccioli M., Caon N., 1991, MNRAS 248, 523
the parameters,, i, and Mp. Our data seem to show twoCapaccioli M., Longo G., 1994, A&AR 5, 293
correlations, one valid for galaxies brighter, and other valid féotti L., 1991, A&A 249, 99
the galaxies fainter than thalz = 21, suggesting that theda Costa L.N., Pellegrini P.S., Sargent W.L.W., et al., 1988, ApJ 327,
correlation depends on luminosity. However, the small number 544

statistics do not really allow us to reach firmer conclusions. FerrSrrést” Pastoriza M.G., Macchetto F.M., Caon N., 1999, A&A in

Graham J.A., 1982, PASP 94, 244

About the colors Graham A., Lauer T., Colless M., Postman M., 1998, preprint

) Goudfrooij P., Jong J., Jgrgensen H.E., Ngrgaard-Nielsen H.U., 1994,
All the galaxies except IC 4956 show at least a small red gra- Agas 105, 341
dient toward the nucleus, which could be an effect of age Ramabe M., Kormendy J., 1987, In: de Zeeuw P.T. (ed.) IAU Symp.
metallicity. The gradient is very accentuated in NGC 6851, and 127, Reidel, Dordrecht, p. 379
in this galaxy it might be associated to the presence of dust.Jedrzejewski R., Davies R., lllingworth G., 1987, AJ 94, 1508

The integrated and nuclear colors of the galaxies are typik@rmendy J., Djorgowsky S., 1989, ARA&A
of their morphological type, with no indication of significant-auberts A., 1984, A&AS 58, 249 o
events of star formation younger than one billion years in th@ng0 G., de Vaucouleurs A., 1983, The University of Texas Mono-
nucleus. This discards the possibility of the presence of hot 9raPhs in Astronomy No. 3, Department of Astronomy, The Uni-
S versity of Texas at Austin, Austin, Texas (LdV83)

young stars there that could be ionizing the gas, and supports the T
hypothesis that post-AGB stars are responsible for the obserbgago G., de Vaucouleurs A, 1985, The University of Texas Mono-
. VP P P graphs in Astronomy No. 3A, Department of Astronomy, The Uni-
ionized hydrogen. versity of Texas at Austin, Austin, Texas (LdV85)
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