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RESUMEN

Reportamos un estudio de las propiedades Spticas de radiogalaxias débiles
(WRGs) del catalogo V2, para obtener las propiedades fotométricas de banda ancha
e informacién morfoldgica crucial para nuestras imagenes de banda angosta en Hoa
y [O III] (Carrillo et al. 1997). Este trabajo contiene imdgenes 6pticas CCD de 30
radiogalaxias débiles obtenidas en V, R e I. Presentamos los resultados morfoldgicos
y fotométricos de las WRGs y se discuten su relaciones con la radio estructura y
el medio ambiente en el que estin inmersas. Encontramos que la mayoria de las
WRGs son elipticas, tienen morfologias peculiares y se encuentran en ambientes de
alta densidad de galaxias. Los colores dpticos de las WRGs son peculiares si se
comparan con colores de galaxias elipticas normales pero similares a los colores de
los AGNs. Los perfiles de brillo superficial de la mayoria de las WRGs siguen la
esperada ley de de Vaucouleurs para elipticas en la mayoria de los radio, pero en
todos los casos se observa una caida o aplanamiento en las porciones mds internas de
los perfiles, probablemente producido por una fuente de emisién nuclear adicional.
Los efectos de mareas producidos por galaxias compafieras descritos por Kormendy
(1977) para elipticas, son claramente evidentes en las porciones externas de los
perfiles de las WRGs y pueden ser asociados a efectos de interaccion.

ABSTRACT

We report on a study of the optical properties of weak radio galaxies (WRGs)
from the B2 survey, to obtain the broad-band photometric properties and mor-
phology information crucial for our narrow-band imaging at Ha and [O III] study
(Carrillo et al. 1997). This paper contains optical CCD images of 30 radio galaxies
obtained at V, R and I. We present the morphological and photometric results and
discuss their relationship to the radio structure and environmental properties. We
find that most WRGs are E galaxies, have peculiar morphologies and are located in
high galaxy density environments. Optical colors of WRGs are unusual if compared
to colors of normal ellipticals, but similar to AGN colors. The surface brightness
profiles of most WRGs follow the de Vaucouleurs law expected for ellipticals at
most radii, but in all cases a turnover or flatness is observed in the innermost por-
tion of the profiles, possibly produced by an additional nuclear emission source.
The tidal effects produced by galaxy companions described by Kormendy (1977)
for ellipticals, are clearly evident in the outer parts of the WRGs profiles and can
be associated to interaction effects.

Key words GALAXIES -ACTIVE — GALAXIES -INTERACTIONS —
GALAXIES-NUCLEI — GALAXIES-PHOTOMETRY
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1. INTRODUCTION

This is the first in a series of papers discussing op-
tical and infrared properties in low luminosity radio
galaxies (P14 g, < 10%*° W Hz™') with FRI ra-
dio morphologies (Fanaroff & Riley 1974). We have
obtained optical images of 30 radio sources selected
from the second Bologna survey (B2). The images
obtained include broad-band data at V, R, and I,
presented here, narrow-band data at Ha and {O II1]
at the corresponding galaxy redshifts presented in
Carrillo (1995) and Carrillo et al. (1997), and J, H,
and K data presented in Cruz-Gonzéalez, Carrillo, &
Salas (1997).

Although early type galaxies are known to be poor
in cool gas, the discovery of near-nuclear extended,
and very extended line-emitting gas (e.g., Baum et al.
1988) in E and SO galaxies is quite puzzling. The ori-
gin of the extended emission line nebulae (EELNs) at
distances of several kpc of the nuclei of radio galaxies,
may suggest that the gas has been acquired during
interactions with a gas rich companion. The mani-
festations of such interactions should be observable
in the optical. In fact, Smith & Heckman (1989a)
study of powerful radio galaxies (PRGs) showed that
more than half of their sources have morphological
distortions and unusual colors probably due to in-
teractions with galaxy companions. Another possi-
bility, is that the emission line gas is the product
of the intracluster environmental gas, but the sta-
tistical estimates are still quite uncertain. In PRGs
the presence of extended emission-line gas is quite
common as is shown by Baum & Heckman (1989a,
1989b). These authors found that in a sample of
powerful radio sources (P14 guz > 10?45 W Hz"l)
with FRII radio morphologies, 85% of the galaxies
have resolved line-emitting regions, with a variety
of morphologies: some sources are small, centrally
condensed and roughly symmetric about the host
galaxy nuclei, often with roughly “oval” or “ellip-
tical shapes” while in other, there are extended fila-
ments at tens of kpc from the host galaxy nucleus.
Gonzalez-Serrano & Carballo (1993), studied a sam-
ple of 24 low-luminosity radio galaxies (B2) with ob-
served radio jets; 7 of these galaxies are also studied
in our paper. These authors show that a high fraction

(75%) of their objects have morphological peculiar- -

ities that can be associated with indicators of other
recent merger processes or gravitational interaction.
These authors and Heckman et al. (1986), argue
that the difference between FRII and FRI sources is
that the first interact with gas-rich systems, while
the latter interact with gas-poor galaxies, and that
the host galaxies of low-luminosity radio sources with
jets could form cD galaxies.

The principal goals in our study of low-luminosity
or weak radio galaxies (WRGs) are the understand-
ing of the following questions: (1) what is the mor-

1993).

phology of the weak radio galaxies? (2) are the host
galaxies normal E galaxies or do they have abnor-
malities? (3) what is the origin of the peculiarities
in WRGs: collisions, merging or interaction with am-
biental cool gas? (4) if interactions occur, what are
the morphological types of the galaxies involved? (5)
what is the fraction of WRGs with abnormal mor-
phology and how does it compare to powerful radio
galaxies? and, (6) what is the effect of the possible
interactions in the morphological properties of the
extended radio sources?

In this paper we present the broad-band optical
images, photometric and morphological properties.
The paper is organized as follows: In § 2 a descrip-
tion of the observations and sample is presented, the
image analysis procedures are described in § 3, the
photometric and morphological results are in § 4, fol-
lowed by a discussion of the WRG properties found
in § 5. An individual galaxy description is presented
in § 6, and a summary of results and conclusions are
in § 7.

2. OBSERVATIONS

2.1. 'Sample Selection

The observed sample consists of 30 galaxies iden-
tified with the radio sources of the Second Bologna
Survey (B2). This survey is divided into two groups:
the bright sample, complete to limiting magnitudes
mp, = 15.7 (Fanti et al. 1973; Colla et al. 1975a,
1975b), and the faint sample, complete to my = 16.5
(Fantiet al. 1978). The first group is associated with
galaxies in the Zwicky Catalogue, while the second is
identified with galaxies in the POSS plates. The B2
sample is defined by S408 Mmuz > 0.25 Jy and +24° <
§ < +34° (Colla et al. 1973). The complete sample
has been studied at 1.4 GHz with different configura-
tions of the VLA (Parma et al. 1986; de Ruiter et al.
1986; Fanti et al. 1987). The radio studies pro-
vided information about radio galaxy luminosities,
morphological properties (Fanti et al. 1987; Parma
et al. 1987), jet properties (Parma et al. 1987), and
polarization (Morganti et al. 1987; Capetti et al.

Photometric images of 30 weak radio galaxies are
presented 1n this paper. Two selection criteria were

- adopted, all galaxies are members of the B2 sur-

vey with low redshifts (z < 0.07), and most of them
have a core and jet radio structure with radio pow-
ers P14 gHg < 10243 W Hz ™! (i.e., they are all type
FRI). The source 1318434, which has an uncertain
B2 identification (Fanti et al. 1987), was included
due to its interesting peculiar optical morphology.
The characteristics of the WRGs studied here are
presented in Table 1: col. 1, B2 source; col. 2, other
names; col. 3, redshift; col. 4 and col. 5, coordinates;
col. 6, visual or photographic magnitude; col. 7,
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galaxy morphological type; col. 8, radio source type through the following broad-band filters: Johnson V/
(B2 Survey): bright (B), faint (F); col. 9, comments. and Kron-Cousins R and I.

Two Thompson CCD detectors were used:

9.9 Instrumentation 384 x 576 and 1024 x 1024, which —with the f/7.5

- secondary— yield an image scale in the focal plane

The observations were carried out at the 2.1-m of 0.3"/pixel and 0.25"/pixel, respectively. Thus

telescope of the Observatorio Astronémico Nacional the fields of view are 1.93'x 2.89" and 4.25'x4.25’,

at San Pedro Martir (OAN/SPM), B.C., México, in each case. The CCD detector properties are:

during several observing runs: April and September Th384 x 576, 11 e~ ! read-out noise and 23 pum pixel

91; March, June, July, September and October 92; size; Th1024 x 1024, 5.73 e~ ! read-out noise and

April and September 93. CCD images were taken 19 pm pixel size.
TABLE 1

SAMPLE OF B2 RADIO GALAXIES

Source Other Morph. Type
B2 Name z a  (1950) ¢ m Type B2 Comments
(1) (2) (3) (4) (5) (6) (M (3 (9)
0034425 0.0321 00 34 26.8 2525 26 14.80¢° B
0055+26 NGC 326 0.0472 00 5540.7 263544 1250 D B group of gal.
0116+31 4C31.04 0.0592 0116 47.1 315507 15.70®* DB B group of gal.
0120+33 NGC 507 0.0164 012050.7 325945 13.00¢ E B group of gal.
0206435 4C 35.03 0.0375 020639.3 353341 1490* D B
0331+39 4C 39.12 0.0202 03 3101.0 391125 1420* E B
0838432 4C 32.26 0.0680 08 38 06.8 323539 14.80° E2 F pair of gal.
0913+38 0.0711 09 1339.1 383041 15.70° ... F
0916433 0.0500 09 16 50.1 3307 54 15.70* Sc B
1108427 0.0331 1108434 271406 14.60° E B
1116+28 0.0667 1116 19.1 281032 14.30° .. F
1122439 NGC 3665 0.0067 1122014 390219 11.60* E2 B
1217429 NGC 4278 0.0021 121736.6 293329 11.20® E B BLRG
1318+-34¢ 0.0232 1318 16.9 342356 14.80¢ .. B peculiar gal.
1322436 NGC 5141 0.0175 1322354 363819 13.90* D B
1339426 4C 26.41 0.0688 13 3930.7 263720 14.20° SE F
1346426  4C 26.42 0.0633 1346 35.0 26 50 30 15.50* CD B Abell 1795
1357428 0.0629 1357452 284428 14.60° .. F
1422426 0.0370 14 2226.5 265126 15.60* K2 B
1441426 0.0621 14 4153.9 261351 14.30° F
1557426 0.0442 1557459 260451 14.30° .. F
1652439 4C 39.49 0.0337 1652 11.8 395025 13.70* N B Mk 501
1658430 4C 30.31 0.0351 16 58 48.9 301232 15.10° F pair of gal.
1752432 0.0449 1752445 323445 14.30° .. r
1833+32 3C 382 0.0586 18 33 12.0 3239 18 15.50* D3 B BLRG
1855437 0.0552 18 55 54.3 3756 27 14.90¢ .. B group of gal.
2116426 0.0164 2116 20.7 261408 14.00® E B
2236435 0.0277 2236 12.3 350411 15.00* E B group of gal.
2320432 0.0177 2320434 321509 14.50* S B
2335425 NGC 7720 0.0301 233559.0 264515 13.90* D B Abell 2634

¢ Photographic magnitude.
b Visual magnitude.
¢ Source with uncertain identification.
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TABLE 2

STANDARD STARS
Date of Observation Standard Stars

(1) 2)

Apr. 1991 99-340, 99-438, 105-447,
105-448, 109-231

Sep. 1991 109-1082, 111-2864, 115-349

Mar. 1992 96-405, 96-406, 97-346

Jun. 1992 104-305, 104-306

Jul. 1992 104-461, 106-485

Sep. 1992 114-473

Oct. 1992 114-473

Apr. 1993 101-24

Sep. 1993 92-336, 111-773, 111-775

2.3. Photometric Observations

A set of standard stars from Landoldt (1983) were
acquired each night for the photometric calibration.
The standard star observations are presented in Ta-
ble 2, which contains the date of observation and the
list of standards for each observing run.

The details of the galaxy observations are pre-
sented in Table 3. The contents are the following:
col. 1, source name; col. 2, date of observation; col.
3, filter; col. 4, integration time; col. 5, FWHM of
PSF. Most galaxies were observed with all the fil-
ters during the same observing run and some galax-
ies were observed in two different runs for calibration
purposes. The typical seeing during our observations
was in the range 1.0 to 2.2”.

3. IMAGE ANALYSIS

The reduction of the two-dimensional CCD frames
follows the standard procedures (e.g., Kent 1984;
Cornell et al. 1987). The NOAO Image Reduction
and Analysis Facility (IRAF) software package was
used. The adopted reduction procedure was the fol-
lowing;:

1. To remove the detector response, each image is
bias subtracted, using a mean of 9 bias frames, and
then divided by the mean of at least 4 flat field sky
exposures obtained at twilight.

2. The sky background is determined in each
frame to first approximation by constructing a count
frequency histogram and estimating the intensity
level corresponding to the maximum frequency.

3. Accurate determination of object centroids is
performed, by fitting a Gaussian bidimensional pro-
file to the data, centered on the brightest excess in
each object, generally corresponding to the galaxy
nucleus. To partly remove residual misalignments
in the regions where light gradients are more pro-
nounced, the images were smoothed using Gaussian
filters of 2 pixels FWHM.

4. Direct inspection to the frames allowed removal
of cosmic rays and bad pixels.

5. The galaxy images were calibrated using the
faintest U BV RI standards of Landolt 1983. The
images R and [ from the Kron-Cousins system were
transformed to the Johnson system. The colors
(V- R), (R—1) and (V — I) for the galaxies,
were obtained using the extinction coefficients for
OAN/SPM of Schuster (1982). The extinction (Av )
was obtained from Savage & Mathis (1979) and the
redshift correction (Ky (z)) was obtained using the
formulas of Whitford (1971). The color transforma-
tion equations for the two CCDs used are presented
in Carrillo & Martinez (1997).

6. The WRGs images and magnitudes presented
in this paper correspond to the final image obtained
at each filter. This final image is the combined image
of at least 4 frames obtained at each filter.

7. V, R, and I magnitudes are derived by inte-
grating the light profiles up to the radius that corre-
sponds to the 25 mag/arcsec? isophote. The magni-
tudes are measured quantities and are not corrected
to the face-on values.

8. V, R, and I profiles are derived for 30 weak
radio galaxies. These profiles correspond to the final
combined image.

4. PHOTOMETRIC AND MORPHOLOGICAL
RESULTS

4.1. Images

The final images of the WRGs studied in this pa-
per, are presented in Figures 1a to 1d. For brevity,
only R filter images are presented for each galaxy,
with the orientation north up and east to the left,
but V and I images are available upon request. The
bars in these images correspond to 15”. Of the 30
radio galaxies studied, we have photometric quality
images at V, R, and I for 27 WRGs and only at R
and [ for the remaining 3.

These images show that several galaxies are very
elliptical in appearance, others are pairs (usually
E+E) with comparable intensities and a common
halo, few are in groups of galaxies of different in-
tensities and the rest show small components fainter
than the dominant nucleus (hot spots) in a common
halo. v

Contour maps of radio galaxies at I are shown
in Figures 2a to 2d. The convention used for the
multiple component systems is as follows: galaxies
with companions are indicated by capital letters; A,
is the brighter and the rest are labelled in decreas-
ing intensity (B, C, ...); galaxies with hot spots, i.e.,
small components of low surface brightness, are la-
belled with lower case letters (a, b, ...) in order of
decreasing brightness (cf., Figure la to 1d and Ta-
ble 4, col. 2.
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TABLE 3
OBSERVATIONS
Int. FWHM Int. FWHM
Source  Date of Timeof PSF Source  Date of Time of PST
Name Observ. Filter (sec) (") Name Obser.  Filter (sec) (")

(D) @ 6 @ 6 (1) 2 6 @ 06

0034425 93 Sep® V 30 1.5 1339426 93 Apr® V 300 1.6
R 20 1.3 92 Mar® R 600 1.7
I 20 14 I 600 1.3
0055426 92 Oct® V 180 14 1346426 93 Apr® V 120 2.0
R 20 1.6 92 Mar® R 120 1.7
I 20 14 I 120 1.2
0116431 92 Oct® V 240 1.4 1357428 93 Apr® V 600 1.6
R 180 1.3 91 Apr® R 600 2.0
I 180 1.5 I 600 2.1
0120433 93 Sep® V 600 1.9 1422426 92 Jun® R 300 2.0
R 480 2.2 I 300 2.0
I 300 2.2 1441426 91 Apr® V 600 1.9
0206435 93 Sep® V. 600 1.5 R 600 1.9
R 300 1.6 I 600 1.6
I 180 1.5 1557426 92 Jul® V 180 1.4
0331439 93 Sep® V 300 1.4 R 300 1.3
R 300 1.4 I 240 14
I 300 1.5 1652439 93 Apr® V 180 1.3
0838+32 91 Apr® V 600 1.8 92 Mar® R 120 1.7
R 600 2.1 I 60 1.4
I 600 1.8 1658430 93 Apr® V 300 1.8
0913438 92 Mar® V 600 1.7 92 Jun® R 300 2.2
R 600 1.5 I 300 2.2
I 600 1.1 1752432 91 Sep® V 600 2.1
0916433 92 Oct® V 600 1.8 R 600 2.1
R 300 1.5 I 600 2.2
I 480 1.8 1833432 91 Sep® V 600 2.0
1108427 91 Apr® V 600 1.9 R 600 2.2
R 600 2.2 I 600 1.9
I 600 2.0 18554-37 91 Sep® V 600 2.0
1116428 92 Mar® V 600 1.2 R 600 2.1
R 300 1.3 I 600 1.9
I 120 1.0 2116426 92 Oct® V 45 1.6
1122439 91 Apr® V 600 2.4 R 40 1.6
R 600 1.8 I 30 1.7
I 600 2.2 2236435 93 Sep® V 240 1.7
1217429 91 Apr® VvV 600 2.2 R 300 1.6
R 600 1.7 I 120 1.5
I 150 1.5 2320432 91 Sep®  V 600 2.1
1318434 91 Apr® R 600 1.8 R 600 1.9
I 600 1.6 I 600 2.0
1322436 91 Apr® R 600 1.8 2335426 91 Sep?  V 600 2.1
I 600 1.6 R 600 2.1
I 600 1.6 [ 600 2.0

¢ Size of CCD: 1024 x 1024 pixel.
b Size of CCD: 384 x 576 pixel.
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Fig. 1a. CCD images of 30 B2 radio galaxies at R filter. In these maps, north is up and east is left. The bar corresponds

to 15",

4.2. Photometry and Geometry

The photometric results and geometrical param-
cters derived for the WRGs studied in this paper,
are given in Table 4 and Table 5. These parameters
were obtained using several routines in the IRAF
package: isophote (ellipse) in STSDAS, apphot in
DIGIPHOT (phot, polyphot, fitskypars, etc.). The
following quantities were obtained for each galaxy:

1. Total apparent magnitude in V, R, and I are
calculated with estimated photometric errors of 3-
5%. If there were multiple components in a common
halo the magnitude corresponds to all the compo-
nents. Apparent magnitudes at R and (V — R) and
(R —I) colors are given (cf., Table 4, cols. 2 to 4).

2. Ellipticity of the best fitting ellipse with a 25
mag/arcsec? limit. The e’s are observed values, i.e.,
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Fig. 1b. Same as Figure la.

no face-on corrections were applied. If there were
multiple components, each component in a galaxy
field is fitted and estimated errors are given (cf., Ta-
ble 5, col. 1).

3. Position angles in degrees of the best fitting
ellipse that correspond to the major axis, the values
of the P.A.s follow the usual convention (cf., Table
5, col. 2). The P.A.s are observed values, i.e., no
face-on correction were applied.

4.3. Light Profiles

The surface brightness profiles of each galaxy were
obtained using several routines in the STSDAS sub-
routines of IRAF. They were obtained from the el-
lipsoidal fits to the I images (previously convolved
with a Gaussian of 2 pixels FWHM). The profiles
are obtained from the intensity at different positions
along the major axis of the ellipse. We note that the
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S

B2 1ERE+E0

Fig. 1c. Same as Figure 1a.

profiles obtained at R and I show no significant dif-
ferences, but this would be further studied once the
near infrared analysis is completed.

In Figures 3a to 3h, we present the WRGs surface
brightness profiles, observed p (mag/arcsec?) versus
the fourth root of the major axis, al/* (arcsec!'/4).

5. DISCUSSION

5.1. Optical Morphology

A direct inspection of the broad-band images pre-
sented 1n Fig. la to 1d and the contour maps in Fig.
2a to 2d of the WRGs studied here, show that sev-
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Fig. 1d. Same as Figure la.

TABLE 4

PHOTOMETRIC RESULTS

Source R (V-R)(R-1) Source R (V-R)(R-1)
B2 (mag) (mag) (mag) B2 (mag) (mag) (mag)
(1) (2) (3) (4) 1 (2 (3) (4)

0034+25 13.37 0.63 0.65 1339426 12.98 1.11 0.41

+0.04 +£0.01 +£0.01 +0.01 4£0.01 =£0.01

0055+26 12.93 0.77 0.71 1346426 13.43 1.10 0.15

+0.01 +£0.01 =+£0.01 +0.02 +0.04 +£0.04

0116431 13.73 0.64 0.69 1357428 14.35 0.31 0.58

+0.01 +£0.02 4£0.02 +0.02 £0.04 4+0.04

0120+33 11.67 0.91 0.93 1422426 13.86 0.56

+0.02 +£0.04 =+0.04 4+0.01 +0.02

0206435 12.91 0.65 0.68 1441426 14.20 0.45 0.63

+0.01 +£0.04 +£0.03 +0.04 4004 +0.06

0331439 12.66 0.70 1.00 1557426 14.17 0.55 0.82

+0.01 +0.01 +0.01 +0.03 +0.04 +£0.05

0838+32 14.00 0.61 1.01 1652439 12.61 1.01 0.83

+0.01 +£0.02 =+0.02 +0.02 4004 =+0.04

0913438 15.21 0.41 0.79 1658430 13.13 1.59 0.44

+0.01 £0.01 +£0.01 +0.04 +£0.03 +£0.03

0916+33 15.02 —0.90 1.46 1752432 14.68 —0.34 1.58

+0.01 +£0.01 £0.01 +0.01 4+£0.01 =+£0.01

1108+27 12.79 0.43 0.58 1833+32 13.69 0.77 0.42

+0.01 +0.01 +0.01 +0.03 +£0.05 =+0.05

1116428 14.75 —0.90 1.75 1855+37 13.55 0.34 0.74

+0.01 +£0.02 =+0.02 +0.01 +£0.01 =+£0.01

1122439 10.55 047 —-0.24 2116426 12.92 0.52 0.94

+0.01 £0.01 £0.01 - 4+0.03 +£0.01 +£0.01

1217429 10.04 0.54 0.51 2236+35 13.72 0.65 0.68

4+0.01 +£0.01 +£0.01 +0.03 4+0.01 =+£0.01

1318434 14.49 0.38 2320432 13.69 0.52 0.45

+0.02 +0.04 +0.02 4+0.04 £0.04

1322436 12.37 0.98 2335426 12.72 0.73 0.67

4+ 0.01 +0.01 +0.01 4+0.01 =+£0.01
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TABLE 5
POSITION ANGLES AND ELLIPTICITY

Source PA Source PA
B2 e () B2 e (°)
&) 2) 3 (1) 2  ©
0034+25 0.07 158 1322436 0.12 66
+0.01 £+ 0 +000 £+ 1

0055+26A 0.07 115 13394+26A 0.06 149
+0.02 + 8 +0.02 + 3

0055+-26B 0.04 108 1339+26B 0.08 129
+001 + 3 +0.01 £+ 3

0116+31 0.15 38 1346-+26 0.07 51
+0.01 £ 2 +0.04 + 2

0120433 0.02 9 1357428 0.08 110
+002 + 0 +0.03 + 4

0206+35 0.08 128 1422+26 0.17 136
+001 £+ 6 +005 £ 5

0331439 0.08 118 1441426 0.06 36
+0.01 + 3 +0.07 4+ 9

0838+32A 0 .13 134 1557+26 0.07 89
+0.02 +12 +0.04 + 2

0838+32B 0 .27 44 1652439 0.12 131
+0.01 + 9 +002 + 1

0838+32a 0.21 46 1658+30A 0.15 138
+0.01 +10 +0.03 £+ 1

0838+32b 0.26 49 1658+30B 0.07 135
+£002 + 7 +002 4+ 1

0913438 0.08 33 1752+32A 0.11 90
+0.01 + 8 +0.02 4+ 4

0916+33A 0.05 36 1752+32B 0.13 83
+0.018 £ 8 +0.01 £ 11

0916+33B 0.06 166 1833+32 0.09 89
+£002 £ 0 +0.04 +11

1108+27A 0.06 178 1855+37 0.05 58
+0.03 + 3 +002 £+ 7

1108+27B 0.08 111 2116426 0.07 63
+004 £+ 7 +0.01 +10

1116428 0.09 14 2236+35A 0.06 166
+000 + 7 +0.01 + 9

1122+39 0.11 32 2236+35a 0.22 110
+0.03 + 3 +005 + 6

12174+29A 0.06 37 2236+35b 0.13 118
+0.01 +15 +002 4+ 5

1217429a 0.15 63 2320432 0.15 108
+0.06 + 7 +002 £ 6

1318+34A 0.13 157 2335+26A 0.03 22
+0.03 4+ 2 +0.02 + 4

13184-34a 0.07 37 2335+26B 0.05 135
+0.02 + 9 +0.02 +18

eral galaxies, about 63%, have clear morphological man et al. (1986), and Smith & Heckman (1989a,

peculiarities. In Table 6, col. 2, we present the mor- 1989b): NE = normal E galaxies and ND = nor-
phological description of each galaxy in our sample. mal disk galaxies with no apparent peculiarities, B =
We have followed the terminology presented by Heck- bridge between galaxy and a companion, CE = radio
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B2 0034+-25.

B2 0055+26 (NGC 326).

B2 0116+31 (4C 31.04).

©

B2 0120433 (NGC 507).

B2 0206+35 (4C 35.04).

B2 0331439 (4C 39.12).

B2 0838+32 (4C 32.26).

B2 0913+38.

B2 0916+33.

Fig. 2a Contour plots of I-band images of B2 radio galaxies from our sample. The convention used for these multiple
component systems is a follows: galaxies with companions are indicated by capital letters, A is the brighter and the
rest are labelled in decreasing intensity; galaxies with hot spots, i.e., small components of low surface brightness, are
labelled with lower case letters (a, b, ...) in order of decreasing brightness.

galaxy and companion in common environment, D =
dust lane, T = tails, F = fans, S = shells. The tails
(T) refer to narrow structures (3:1 ratio of length
to width), they are not necessarily radial and could
be curved. In some galaxies two tails are found (2T).

© Universidad Nacional Auténoma de México ¢ Provided by the NASA Astrophysics Data System

The fans (F) are similar to the tails but they are wide
(ratio 1 < 3). The bridges (B) refer to structures that
join aradio galaxy with an apparent companion. The
shells (S) are filamentary curved structures. Dust
lane structures (D) due to obscuration by dust are
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)

B2 1108+27. B21116+28. B2 1122+39 (NGC 3665).

B2 1217429 (NGC 4278). j B2 1318+-34. B2 1322436 (NGC 5141).

B2 1339+26 (4C 26.41). B2 1346426 (4C 26.42). )0 B2 1357+28.
Fig. 2b. Same as Figure 2a.
clearly observed, some show a complex morphology. The morphological properties of the WRGs stud-
Few galaxies show boxy-shaped isophotes (BI) which ied in this paper and presented in Table 4 can be
are characteristic of merges. The presence of these summarized as follows: E
peculiarities occur at different surface brightness lev- 1. Normal galazies (37% of the sample). The
els (cf., contour maps) in the broad-band continuum WRGs that show elliptical symmetry are: 0034+25,
images. 0331439, 1116428, 1322436, 1357428, 1422426,
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B2 1422426. B2 1441+26. B2 1557426.

B2 1652+39 (4C 39.49). B2 1658430 (4C 30.31). B2 1752+32.

B2 1855+37.

B2 2116+26.

B2 1833+32 (3C 382).

Fig. 2¢. Same as Figure 2a.

1557426, 1652439, 1833432, 1855437; while
1441426 shows a normal disk structure.

2. Galavies with companions (73% of the sam-
ple). This means that most WRGs are located in a

companions: 0034425, 0055+26, 0116431, 0120433,
0206+35, 0838432, 0913438, 0916433, 1108+27,
1116428, 1217+29, 1318434, 1339+26, 1357428,
1441426, 16568430, 1752432, 1833432, 1855437,

rich galaxy density environment. The WRGs sam-
ple shows that several have one or more nearby

2116426, 2236435, 2335+26. The presence of such
companions might be the cause of galaxy activity
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B2 2236+35. B2 2320+32.

B2 2335426 (NGC 7720).0)

Tig. 2d. Same as Figure 2a.

and peculiarity. Furthermore, several galaxies with
companions (50% of the whole sample), show the
presence of a common surrounding and extended
halo. These common halos are characteristic of E4+E
galaxy collisions or merges.

3. Dust lanes (7% of the sample). They are ob-
served in two galaxies in our sample: 0206435 (also
reported by Gonzalez-Serrano & Carballo 1993) and
1122+39 (Kotangi 1979). An important results is
that in all cases, the radio structure lies perpendic-
ular to the dust lane and that strong distortions of
the surface brightness profiles are observed.

4. Bridges, fans and tails. Bridges (30% of the
sample) between a main galaxy and its compan-
ion(s) are found in: 0055426, 0838+32, 0916+33,
1108+27, 1339+26, 1658+30, 1752432, 2236435,
and 2335+426. Fan-like structures (in 13%) are ob-
served in: 0116431, 0913438, 1339+26, 2236+35.
While tails (in 7%) were found in: 1346+26 and
2320+32.

5. Bozy isophotes (17%). Boxy-shapes isophotes
are observed in: 0116431, 1116428, 1318434,
2116426, 2320+32. Most cases show an elliptical
shape interior surrounded by a boxy external struc-
ture.

The morphological peculiarities are produced by
galaxy interaction or merging of E+E, S+S or mixed
pairs (e.g., Toomre & Toomre 1972; Toomre 1977;
Quinn 1984). The theoretical simulations of galaxy
interactions show that to produce tails a disk galaxy
is required, the shells (Quinn 1989; Quinn & Hern-
quist 1987), are produced by the capture of a small
S or E galaxy by a giant elliptical, the fans are pro-
duced by two giant ellipticals and dust lanes are the
by-product of two E galaxies encounter (Merritt &
Zeeuw 1983). The presence of extended haloes are
similar to those shown in E-E galaxy n-body in-

teraction models where merging takes place (e.g.,
Aceves, Cruz-Gonzalez, & Carrillo 1997). The ex-
tended haloes are produced by different dynamical
effects on the core and halo of the merging galaxies,
the halo responds slower to the collision effects and
distortions from the core geometry are produced in
the external part of the galaxies.

5.2. Position Angles

In Table 7 we summarize the results from the VLA
observations of the WRGs. The data was obtained
from the following papers: Parma et al. (1986); de
Ruiter et al. (1986); Fanti et al. (1986); Fanti et al.
(1987); Parma et al. (1987); Morganti et al. (1987);
Capetti et al. (1993). The contents of this table are:
col. 1, source; col. 2, size of the radio emitting region
(jet, lobe, halo, tail, wing) in arcsec; col. 3, position
angle of the radio region; col. 4, the difference in
optical and radio position angles (APA).

No relation is obtained from the comparison of the
optical and radio position angles of the WRGs. Ra-
dio galaxies of high redshift (z ~ 1) have their radio
axis aligned with the semimajor axis of the optical
continuum (e.g., Chambers, Miley, & van Breugel
1987; Mc Carthy et al. 1988), but radio galaxies of
moderate redshift (Baum & Heckman 1989a) do not
show any correlation. The WRGs studied here are
consistent with the latter.

5.4. Environment in B2 Galazies

As has been discussed above, several galaxies
show nearby companions and in some cases the 1m-
ages show one or more maxima associated with the
radio source position. It seems then, that most
WRGs are located in a rich environment of galaxy
density.  Furthermore, several galaxies are in a
known cluster or group of galaxies (30% of the sam-
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Fig. 3a. Observed surface brightness in the I-band versus the fourth root of the major axis, for B2 radio galaxies from

our sample. The solid lines represent the de Vaucouleurs law.

ple): 0055426 (group), 0116431 (group), 0120+33
(Zwicky 010743212, Piscis group), 0838+32 (Abell
695), 1339+26 (Abell 1775), 1346+26 (Abell 1795),
1855437 (group), 2236435 (group) and 2335+26
(Abell 2634).

Of the 9 galaxies in cluster or group, only in three
X-ray emitting haloes have been reported: 1339426
(Abell 1775), 1346+26 (Abell 1795) and 2335426

(Abell 2634) (Jones et al. 1979). The presence of
these haloes is important because one possibility for
the existence of emission-line regions is that they can
produced by cooling accretion flows of the X-ray gas
onto the dominant galaxy (Heckman 1981). In this
picture the X-ray gas in the cores of the galaxy clus-
ter can cool by thermal instabilities and accrete onto
the slow moving dominant galaxy.
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Fig. 3b. Same as Figure 3a.

5.4. Colors

Since galaxy interactions could trigger starburst
activity, we decided to study the galaxy colors (V —
R) and (R — I) derived from the aperture photome-
try, for clues on this problem. In Figure 4 we present
a color-color diagram of the WRGs alone, while in
Figure 5 we present the WRGs together with nor-
mal elliptical galaxies (Poulin 1988), quasars and BL
Lac objects (Moles et al. 1985), and Seyfert galax-
les (Hamuy & Maza 1987). As can be seen most
WRGs concentrate in a region of this diagram, in

the region dominated by AGNs and below the region
of normal ellipticals and the bulges of spirals. Nor-
mal ellipticals are redder in (R—I) than most AGNs
and WRGs. The locus of WRGs is indicative of star
formation activity, AGN activity or both.

There are seven WRGs that stand-out in this di-
agram. Three are extremely blue in (V — R) and
extremely red in (R — I): 0916433, 1116428 and
1752432, and are located in a region where no E
galaxies or AGNs are found. (V — R) of WRGs is
similar to AGN values but three sources are redder:
1339426, 1346426 and 1658+30 (reddest), also in
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Fig. 3¢c. Same as Figure 3a.

a peculiar region of this diagram. The remaining
source 1122439 is blue in (R — I) in a region associ-
ated with some BL Lac objects and quasars.

An inspection of the photometry presented in Ta-
ble 4, of the optical morphology presented in Table 6
and of the individual galaxy description presented
in § 5.6, allows us to conclude that most galaxies
with unusual colors have peculiar morphology and/or
galaxy companions. The extremely blue galaxies
0916433 and 1752432 have bridges in their struc-
ture, while 1116+28 has boxy isophotes which are
all evidence of galaxy interaction; of the extremely

red WRGs 1658+30 1s a pair of E galaxies with a
bridge, while 1339+26 and 1346426 are in a galaxy
cluster.

For very powerful radio galaxies (FRIl) with pe-
culiar optical morphologies, this effect is also found
by Heckman et al. 1986: the (B — V) colors are
bluer than normal ellipticals. But no work has been
reported for colors as (V — R) or (R — I). We con-
clude that all radio galaxies with peculiar optical
morphologies are significantly more likely to have re-
cent, or on-going, star formation. The role of possible
starburst activity can only be answered with imag-
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Fig. 3d. Same as Figure 3a.

ing studies in the near infrared (Cruz-Gonzélez et al.
1997).

5.5. Surface Brightness Profiles

We divided the surface brightness profiles of ellip-
tical galaxies in our sample into three groups, accord-
ing to the degree of possible tidal influence by their
neighbors, following Kormendy (1977) classification.
The WRGs in our sample can be grouped in three
classes:

1. Class T1. There are no neighbors of any impor-
tance, so the objects should be dynamically isolated
(47% of the WRGs): 0034+25, 0206+35 (peculiar),
03314-39, 1116428, 1122439, 1217429, 1322436,
1346426, 1422+26, 1557426, 1855437, 2116+426.

2. Class T2. An intermediate group is required
where the degree of tidal influence is unclear. It
includes luminous galaxies with fainter companions
(13%): 0120433, 0838432, 1357428, 1652439 (pe-
culiar), 1833432 (peculiar), 2236+35.
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Fig. 3e. Same as Figure 3a.
3. Class T3. These are galaxies which have clude that tidal effects modify the external portions

at least one companion of comparable or greater
brightness located within several diameters (23%):
0055426, 0116+31, 1108+27, 1339426, 1658+30,

1752432, 2335+26.

An examination of the surface brightness profiles
(cf., Figs. 3a to 3h), shows that galaxies with non
de Vaucouleurs law profiles are all of classes T2 or
T3. However, in some cases some portions of the
profile do follow a de Vaucouleurs law.

We con-

of the WRGs light profiles. The group T1 success-
fully reproduces the light curve of a galaxy with a de
Vaucouleurs r= /% law, but in all cases the profiles
show a turnover, small bump, or flatness, in the in-
nermost regions, which could correspond to an addi-
tional light component in the profile (nuclear cxcess).
This peculiarity in the internal parts of the radial
profiles is also observed in class T2 and T3 galaxies.
We conclude that most WRGs (83%) show the inter-
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Fig. 3f. Same as Figure 3a.

nal turnover or deviation from de Vaucouleurs type
profiles produced by a nuclear emission source.
There are few WRGs with rather peculiar pro-
files: 0206435 has a kink that can be explained by
a dust lane; while 1652+39 (which is classified as a
BL Lac) and 1833432 (broad line radio galaxy) devi-
ate from the r='/% law either internally or externally,
and should be in class T2 contrary to their morphol-
ogy which classifies both as T1. Although we find no
evidence in these two WRGs for tidal influence their

profiles clearly indicate that they are in interaction
and/or that the nuclear activity modifies the overall
profile.

For spiral galaxies the surface brightness pro-
files do not follow the r~'/% law as expected, i.e.,
0916433, 1441426 and 2320+32.

Two extreme cases were detected. First, the pe-
culiar galaxy 1318434 where the profile follows a
curve with a slope of —1/4 but the observed curve is
above the de Vaucouleurs law. Second, the elliptical
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Fig. 3¢g. Same as Figure 3a.

galaxy 0913438 whose profile is much steeper than
an r~1/4 Jaw and very complex. From its morphology
we would expect a class T2 or T3 profile, but this is
not the case. '

The tidal effects evident in outer parts of the
WRGs profiles, are consistent with Kormendy’s con-
clusion that elliptical galaxies with nearby com-
panions of comparable luminosity have bright en-
velopes above the extrapolation of a de Vaucouleurs
law fitted to the inner parts, and that these en-

velopes are greatly reduced or absent in isolated
galaxies. Furthermore, most WRGs show evidence
of an additional nuclear component which introduces
a turnover in the innermost portions of the profiles
as compared to normal ellipticals.

6. INDIVIDUAL GALAXY RESULTS

A brief description of the individual galaxies stud-
ied in this paper is presented in this scction, which
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Fig. 3.h. Same as Figure 3a.

TABLE 6

MORPHOLOGICAL PROPERTIES

Source Source
B2 Components® B2 Components®
(1 (2) (1) 2)
0034425 NE 1339+26 CE, B, F
0055426 CE, B 1346426 T
0116431 CE, F, BI 1357428 NE
0120433 CE 1422+26  NE
0206435 D 1441426  ND
0331+39 NE 1557426 NE
0838432 CE, B 1652+39 NE
0913438 CE, F 1658430 CE, B
0916+33 CE, B 1752432 CE, B
1108427 CE, B 1833432 NE
1116428 NE, BI 1855437  NE
1122+39 D 2116426 CE, BI
1217429 CE 2236+35 CE, B, F, BI
1318434 2T, CE, BI 2320+32 S, 27T
1322436 NE 2335+26 CE, B

% NE = normal E galaxies, ND = normal disk galaxies, B =
bridge between galaxy and companion, CE = radio galaxy and
companion in common environment, D = dust line, T = tails, F
= fans, S = shells, BI = boxy-shaped isophotes.
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TABLE 7

RADIO PROPERTIES

Source Size® PA Source Size® PA
B2 " (o) B2 (//) (o)
(1) (2) (3) 1) (2) (3)

0034+25 40 Ejey 90 1346426 10 ext. 21

40 Wjeq 1357428 28 Nje¢ 180
0055+26 2.3 EW ee. 94 26 S;eq

0116431 core 1422426 24 E; ¢4 ~ 93

0120+33 60 Eqop. ~ 98 27 Wies

60 Wlob. 50 Elob.
0206435 34 SEje; ~124 60 Wiop.
33 NW; 1441426 120 Eop. ~ 70
0331+39 68 halo 165 80 Wiop.

0838432 110 Wyan  ~ —80 1557426 2.3 A ~ 64

15 NEying ~ 25 08B ~102

0913+38 >8E ~ 90 1652439 core 97

17TW 1658-+30 48 SWje; ~ —125

0916433 core 80 NE;.5. ~ 65
1108427 25 Ejer ~ 80 70 SEi0p.
40 Wiy 1752432  ~25 NE;¢; ~ 55

1116428 50 Ejet ~ 80 ~40 SW;eq
75 Wje;  ~ —65 18334-32 90 NEiop. ~ 59

1122+39 34 SEjeq ~130 ~50 SWiop.
40 NW;j, 1855437 6 Nios. 15

1217429 ~0.03 halo ~ —60 2 Sios. 44

1318+34 core 146 2116426 40 Nje 22

1322+36 27 Sjet ~ 0 40 Sjet

22 Nios. 2236+35 24 NE; 4 44

25 Siop. 22 SW,

1339426 198 HT® ~ 25 2335+26 360 NS;ai1 180
24 WAT® 324 EW a1

¢ Size and type of radio structure.
b Head tail radio galaxy.
¢ Wide angle tail radio galaxy.

includes the morphology and surface brightness pro-
file results.

B2 0034+425. Galaxy in the Zwicky cluster
0034.442532, a companion is located at ~ 44" to the
SE, and the radio galaxy is the 3" brightest cluster
member. The images presented here (cf., Fig. la)
correspond to the optical counterpart of the radio
galaxy. At V, R, and I the images show normal E
galaxy contours (NE, Fig. 2a) and our fits indicate
an r~'/4 intensity profile (Fig. 3a, T1). There is not
a strong indication of interaction with the SE com-
panion, as discussed by Gonzalez-Serrano & Pérez-
Fournon (1991), nor clear indications of other strong
peculiarities.

B2 0055+26 (NGC 326). Galaxy pair in a
common halo (cf., Fig. 1a). The contour map in

Fig. 2a shows the common halo and the two E-like
components. The most luminous source located to
the NW is associated with the radio emission. The
intensity profile shown corresponds to both nuclear
components (Fig. 3a) and is class T3. A third galaxy
is located to the SW and some traces of possible in-
teraction (bridge and contour distortions) could be
seen in the R frame.

B2 0116431 (4C 31.04). Galaxy pair in a com-
mon halo (cf., Fig. 1a). The contour map in Fig. 2a
shows elliptical like contours in the internal part and
a common halo which distorts them in the external
part. The most luminous source located to the NE
is assoclated with the radio emission. The intensity
profile shows both components (Fig. 3a, T3).

B2 0120+33 (NGC 507). Galaxy in the Zwicky
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I'ig. 4. Plot of (V — R) versus (R — I), for the radio

sources from our sample.

cluster 010743212, it is either the brightest or second
member in the cluster. In its halo a weak component
is detected to the SE of the nucleus (cf., Fig. 1a).
The contour map in Fig. 2a shows an elliptical shape
and the intensity profile does not follow an r=1/4 law
(Fig. 3a) since a kink is present in the external part
(T2).

B2 0206+35 (4C 35.04). Galaxy with a dust
lane that extends from NE to SW (cf., Fig. la).
Three fainter components to the SW are clearly de-
tected. The radio extended emission is perpendicu-
lar to the dust lane. The non-elliptical isophotes and
the companions are indicative of a tidal interaction
(Fig. 2a). CCD surface photometry also obtained by
Gonzélez & Pérez-Fournon (1991). Since the dust
lane is almost perpendicular to the major axis, the
intensity profile shows clearly a distortion from the
r=/% law at the dust lane location (Fig. 3b, T1 pe-
culiar).

B2 0331+39 (4C 39.12). Normal elliptical
galaxy with no traces of interaction (cf., Fig. 1a), the
halo contours follow the internal ones (Fig. 2a) and
the intensity profile follows the 1=1/4 law (Fig. 30,
T1).

B2 0838+32 (4C 32.26). In the literature this
source appears as a double system in a common halo
where the brighter galaxy is the center of Abell 695
cluster. We found a multiple system with at least
four galaxies in a common halo (cf., Fig. 1a), also
clearly shown in the contour map of Fig. 2a. The

Fig. 5. Plot of (V — R) versus (R — I), for the radio
galaxies from our sample, [filled circles], compared with:
quasars and BL Lac objects (Moles et al. 1985), [trian-
gles]; Seyfert galaxies (Hamuy & Maza 1987), [stars]; and
normal E galaxies (Poulin 1988), [squares].

brighter galaxy component is associated with the SE
component. The intensity profile shows a distortion
from the r=1/% law at the other components location
(Fig. 3b, T2).

B2 0913+38. Galaxy with two companions at
distances < 45" one to the N and one to the S. The
image shows an E galaxy with the external contours
slightly distorted, probably due to a weak interaction
with the companions (Figs. la and 2a). The intensity
profile is steeper than an r~='/ law (Fig. 3b).

B2 0916433. The structure in this galaxy
resembles a spiral galaxy with a double nucleus
(Fig. 1a). Tt is a system similar to late type systems
found in JRAS Markarian galaxies (e.g., Mazzarela &
Boroson 1993). The nucleus to the NW is the bright-
est and in one arm a possible H II region is resolved
(image at R, and Fig. 2a). The intensity profile for
this galaxy is distorted (Fig. 3c¢).

B2 1108+27. This is a pair of elliptical galax-
les with traces of interaction, here the eastern com-
ponent corresponds to the radio emission (Fig. 10).
The contour map of this E4+E pair in Fig. 25, shows a
common halo and external contour distortions. The
r~1/% profile shows a kink at large radii (Fig. 3¢, T3).

B2 1116+428. The images show an elliptical
galaxy with no traces of interaction (Fig. 1b). A
companion to the east is detected which is spatially
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related to the very extended radio emission. The con-
tour map shown in Fig. 2b shows an E-type structure
and the intensity profile follows an r~'/* (Fig. 3c,
T1).

B2 1122439 (NGC 3665). This elliptical
galaxy has a dust lane (e.g., Kotanyi 1979). The
images show this dust lane with direction NE to SW
(Fig. 1b). As in other cases (e.g., Kotanyi & Ekers
1979) the radio emission is almost perpendicular to
the dust lane. The dust lane is almost parallel to the
major axis (Fig. 26) and the intensity profile follows
an 1=/% law (Fig. 3¢, T1).

B2 1217429 (NGC 4278). Radio galaxy with
a companion to the NW in the same halo (Fig. 1b).
The contour map shows no distortion (Fig. 25) and
the profile follows an r='/4 (Fig. 3d, T1).

B2 13184347 This is a very peculiar galaxy
(Fig. 1b) with two almost perpendicular tails, to the
SE and SW. In the central region there are at least
3 maxima and the contours are clearly distorted to
almost boxy-like (Fig. 2b). The brightness profile
shows a kink in the external part and has a slope of
—1/4, but is below the de Vaucouleurs law (Fig. 3d).
This galaxy identification as a B2 is uncertain (Fanti
et al. 1987).

B2 1322436 (NGC 5141). Our image (Fig. 1b)
and contour map (Fig. 2b) show basically an ellipti-
cal galaxy, and the brightness profile follows an r=/4
law (Fig. 3d, T1). Signs of interaction with NE com-
panion, NGC 5142, at 2.3’ (Gonzdlez-Serrano & Car-
ballo 1993) which has boxy like isophotes, apparently
affect the radio structure of NGC 5141 (slightly dis-
torted jet morphology, e.g., Capetti et al. 1993) but
not the stellar continuum.

B2 1339426 (4C 26.41). Galaxy pair in the
center of Abell 1775 cluster. The radio emission is
associated with the SE galaxy which is more lumi-
nous. Our images (Fig. 16) show five sources in the
same halo. The NE emission coincident with the ex-
tended radio emission; Simon (1979) shows that the
brighter source corresponds to a “head tail” radio
galaxy while the NE is a “wide angle tail”. Fig. 2b
shows non-elliptical intensity contours possibly due
to the interaction. The intensity profile show both
galaxies (Fig. 3d, T3).

B2 1346426 (4C 26.42). This is the brightest
galaxy in the cluster Abell 1795. The image of this
¢D galaxy (Fig. 1b), shows an extension to the SW,
also shown in the contour map in Fig. 2b. The inten-
sity profile does not follow an r=*/4 law (Fig. 3e, T2).
This galaxy has been well studied by van Breugel,
Heckman, & Miley 1984; it has extended emission-
line nebulae spatially coincident with the radio con-
tinuum emission (see VLA map of O’Dea, Gallimore,
& Baum 1995) and anti-correlated with the radio
polarization; being a similar case to powerful radio

galaxies as 3C 277.3 (Miley et al. 1981).

B2 1357428. This galaxy shows no traces of
strong peculiarities (Fig. 15). Two nearby galaxies
located to the W within 45" may be producing a
small distortion in the external contour (Fig. 2b).
The intensity profile is class T2 (Fig. 3e).

B2 1422+426. This galaxy shows no traces of
strong peculiarities (Fig. 1¢) and is a normal elliptical
both in morphology (Fig. 2¢) and in an r~!/* profile
(Fig. 3¢, T1).

B2 14414-26. The image of this galaxy shows
a nearly face-on spiral pattern with two companions
to the E and NE of the nucleus at distances < 30”
(Fig. 1¢). The contour map shows an inner structure
typical of a stellar bulge or maybe a bar with a spi-
ral pattern (Fig. 2¢). The intensity profile does not
follow the r=1/# law (Fig. 3e).

B2 1557+26. This galaxy shows no traces of
strong peculiarities (Fig. 1¢), and is a normal ellipti-
cal both in morphology (Fig. 2¢) and profile (Fig. 3f,
T1).

B2 1652+39 (4C 39.49, Mk 501). This source
is a well known BL Lac object (e.g., Ulrich et al.
1975). The images show an extremely compact
source with a surrounding nebulosity (Fig. 1¢ and
Fig. 2¢). The intensity profile is class T2 (Fig. 3f).

B2 1658430 (4C 30.31). This is a pair of galax-
ies (Fig. 1c) in a common halo, possibly two ellipti-
cals, in which the most luminous one is to the SW
(Fig. 2¢) and is associated with the radio source. The
intensity profile includes both galaxies (Fig. 3f) and
follows an r~1/* law only in the external part (T3).

B2 17524-32. This is another E+E pair of galax-
ies (Fig. 1¢) in a common halo, in which the most lu-
minous one is to the W (Fig. 2¢) and is associated to
the radio source. The intensity profile includes both
galaxies (Fig. 3f, T3).

B2 1833432 (3C 382). This radio galaxy has
a rather complex radio structure (Black et al. 1992),
and from its radio structure closer to an FRII type
source rather than a weak radio galaxy (FRI). The
image (Fig. 1c) shows that it is in a dense group of
galaxies with 3 nearby faint companions (E, W, and
SE) at distances < 30”. The elliptical shape contours
(Fig. 2¢) may indicate a weak interaction with the
western companion and the intensity profile is class
T2 (Fig. 3g).

B2 1855+437. This galaxy is the brighter source
in a group of galaxies (Fig. 1¢). The elliptical-shape
contours (Fig. 2¢) indicate an E galaxy and the in-
tensity profile follows an r=/% law (Fig. 3¢, T1)

B2 2116426 (NGC 7052). The image shows
an elliptical galaxy with a box-like structure (Fig. 1¢)
in a rich stellar field. This galaxy is well studied by
Gonzalez-Serrano & Pérez-Fournon (1991) who clas-
sified it as a boxy elliptical with a central structure.
Our contour plot is presented in Fig. 2c and shows a
possible companion to the NW at a distance < 15”
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indicating that this galaxy is not a normal E galaxy;
this evidence is also supported by Gallagher (1986)
who reports a small nuclear dust lane, which is not
evident in our CCD images. Contrary to this result,
the intensity profile is class T1 (Fig. 3¢).

B2 2236+35. The image (I'ig. 1d) shows a pos-
sible ¢D galaxy with a group of galaxies in a common
halo. The contour plot (Fig. 2d) shows that at least 2
galaxies to the SE are in the ¢D halo but the images
show that maybe the NW source is also in 1t. The
intensity profile (Fig. 3¢, T2) shows two kinks due
to the companions. The radio structure (Morganti
et al. 1987) shows a NE to SW double-sided jet that
extends ~ 20" on each side.

B2 2320+432. This is a galaxy classified as a spi-
ral but our observations show that the morphology
is more of a peculiar galaxy (Fig. 1d). To the east-
ern part of the nucleus we found two tails or a shell
extended structure (Fig. 2d) and a weak companion
to the NW. The intensity profile shows clearly the
presence of the tails (Fig. 3h).

B2 2335426 (NGC 7720). Galaxy pair in the
cluster Abell 2634, morphologically classified as a
D galaxy. The brighter source is the southern one
shown in Fig. 1d. This is a good example of a galaxy
with a bridge, both galaxies have a common extended
halo (Fig. 2d). This is a well studied source in the ra-
dio that presents curved and pronounced radio jets.
The intensity profile shows the presence of the com-
panion (Fig. 3k, T3).

7. CONCLUSIONS

The main results of the V| R, and I imaging study
of 30 weak radio galaxies (WRGs), which involved
morphological properties, surface photometry, col-
ors, surface brightness profiles and radio versus opti-
cal properties, can be summarized as follows:

1. The WRGs morphologies show that most ob-
jects (~ 87% of the sample), are elliptical galaxies of
diverse surface brightness, 1.e., WRGs include galax-
ies from ¢D galaxies to low surface brightness E’s.
Few WRGs are spirals (~ 10%) and the remaining
ones are peculiar galaxies.

2. About 63% of the host galaxies of WRGs show
peculiarities in their optical morphologies.

3. The morphological peculiarities are made ev-
ident by structures at larger and/or smaller scales
such as fans, tails, shells, dust bands and double nu-
clei, which are somewhat similar to structures ob-
tained in numerical simulations of interactions and or
merging of galaxies (e.g., Toomre & Toomre 1972).

4. Most galaxies have companions, ~ 73%, which
means that most WRGs are located in rich galaxy
density environments. The presence of such com-
panions might be the cause of galaxy activity and
peculiarity. Furthermore, several galaxies with com-
panions (50% of the whole sample) show the presence

of a common extended halo. These common halos are
characteristic of K+ galaxy collisions or mergings.

5. About 30% of the WRGs are members of a
known group or cluster of galaxies. About 10% have
observed associated X-ray haloes, suggesting that
part of the extended ionized gas could be enhanced
by intracluster gas or by galaxy interaction with a
gas-rich companion.

6. The previous results are consistent with a
general scenario for radio galaxies (Heckman et al.
1986), in which the powerful sources are preferable
in low density galaxy regions, while weak sources are
preferable in high or moderate galaxy regions.

7. A comparison of the position angles of the
optical stellar continuum and the radio synchrotron
continuum shows no correlation. This result is con-
sistent with Baum & Heckman (1989a), results for
moderate redshift radio galaxies.

8. The (V — R) and (R — I) colors of WRGs lie in
the region dominated by AGNs and below the region
of normal ellipticals and the bulges of spirals. The lo-
cus of WRGs is indicative of star formation activity,
AGN activity or both. Most galaxies with rather un-
usual colors compared to the majority of WRGs have
peculiar morphology and/or galaxy companions, and
these objects are more likely to have recent or on-
going star formation produced by the galaxy tidal
interaction or merger.

9. The surface brightness profiles of the ellipti-
cal WRGs were divided into three groups, accord-
ing to the degree of possible tidal influence by their
neighbors (Kormendy 1977): Class T1, dynamically
isolated, (47%); Class T2, unclear degree of tidal in-
fluence, (13%); and Class T3, galaxies which have at
least one companion of comparable or greater bright-
ness located within several diameters, (23%).

10. The peculiarities present in the elliptical
WRGs produce deviations of the intensity profiles
from the de Vaucouleurs law. Classes T2 and T3
show strong deviations from de Vaucouleurs law spe-
cially in the external regions of the WRGs, while the
group T1 successfully reproduces the light curve of
a galaxy with a de Vaucouleurs r=/4 law at most
radii.

11. Most WRGs (83%) show an internal turnover,
small bump or flatness of the brightness profile in
the innermost regions, which could correspond to
an additional light component in the profile (nuclear
excess), as compared to normal ellipticals de Vau-
couleurs type profiles.

12. The tidal effects evident in outer parts of the
WRGs profiles, are consistent with Kormendy’s con-
clusion that elliptical galaxies with nearby compan-
ions of comparable luminosity have bright envelopes
above the extrapolation of a de Vaucouleurs law fit-
ted to the inner parts, and that these envelopes are
greatly reduced or absent in isolated galaxies.
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