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ABSTRACT 

The southern galaxy ESO 565-11 is a very clear example of a nearly face-on ringed barred spiral where 
the bar axis and the major axis of the inner ring are significantly misaligned. The object is important because 
the normal configuration is alignment, based on statistics of apparent bar/ring position angles for large 
samples of ringed galaxies. In this paper, we verify, using deep CCD surface photometry and Fabry-Perot 
interferometry, that the bar/ring misalignment of 60° seen in ESO 565-11 is intrinsic. We show that ESO 
565-11 has two important nonaxisyrnrnetric components: the primary bar, and a luminous oval distortion 
which contains a greater proportion of the total luminosity. The primary bar is of the "ansae" type, showing 
bright enhancements at the ends. The inner pseudoring is a minor contribution to the total light at the rim 
of the oval distortion. Thus, ESO 565- 11 can also be characterized as a misaligned bar/oval galaxy. There 
is a very faint outer pseudoring beyond the oval distortion. In the center of the galaxy, a starburst nuclear 
ring of collosal physical size dominates the morphology. The ring is about 3.5 times the average size of such 
features and is defined by ten giant and at least three lesser H II regions which contribute 77% of the total 
Ha luminosity of the galaxy. The position angle of the major axis of the ring changes by 23 ° in the direction 
of rotation from Ha to B to I, and in the latter filter is aligned nearly perpendicular to the bar in projection. 
The ring is also imbedded in a more extended disk of diffuse Ha emission. The inner pseudoring is defined 
by much fainter discrete H II regions. © /995 American Astronomical Society. 

I. INTRODUCTION 

Galaxy morphology provides a wealth of puzzles for as
trophysical research. Often, the seemingly minor details of 
morphology are overlooked in favor of the more basic prop
erties of galaxies, such as bulge-to-disk ratio and star forma
tion history, because these aspects are tied to the way galax
ies form and evolve. Yet, the details are sometimes very 
interesting and can also contain important information on the 
internal dynamics and evolution of galaxies. 

The alignment of bars and inner rings in normal spiral and 
SO galaxies is one such detail. Theoretical studies have sug
gested that if inner rings are in general related to a specific 
orbit resonance in a bar-perturbed potential, then the shapes 
and alignments of those features could reflect the properties 
of periodic orbits. It is well known from analytic work (see 
Sellwood & Wilkinson 1993, and references therein) that the 
periodic orbits in a bar field are aligned either parallel or 
perpendicular to the bar. Using test-particle simulations, 
Schwarz (1981, 1984, 1985) first clearly demonstrated how 
rings might form in barred galaxies, with two key ingredients 
being dissipation and the existence of various resonances. He 
suggested that inner rings in SB galaxies are linked to the 
inner 4: 1 resonance and that they should be aligned parallel 
to the bar axis. Subsequent studies (Combes & Gerin 1985; 
Byrd et al. 1994) have confirmed this finding and revealed 
other important aspects of the ring formation process. 

'Visiting Astronomer, Cerro Tololo Inter-American Observatory, National 
Optical Astronomy Observatories, which is operated by the Association of 
Universities for Research in Astronomy, Inc. (AURA), under cooperative 
agreement with the National Science Foundation. 

The recognition that observed inner SB rings are likely to 
be intrinsically oval and aligned with the bar axis was first 
made by G. de Vaucouleurs (see Plate 1 of de Vaucouleurs & 
de Vaucouleurs 1964). A strong case was NGC 1433 [de 
Vaucouleurs 1959; see the left panel in Fig. 1 (see Plate 97)], 
which was included in the Mount Stromlo survey of bright 
southern galaxies by de Vaucouleurs (1956). Two
dimensional kinematic observations of NGC 1433 by Buta 
(1986) demonstrated very clearly that the large inner ring of 
this galaxy is highly elongated (intrinsic axis ratio 
b/a$0.70) and that its intrinsic major axis is aligned with 
the bar major axis. That this is likely to be a general phe
nomenon has been demonstrated by statistical studies of ap
parent inner ring axis ratios and apparent bar/inner ring 
alignments (Buta 1995, and references therein). Thus, theory 
and observation are in remarkable agreement on this subtle 
aspect of galaxy structure. 

At this time, however, it is becoming clear that exceptions 
to the above rule of alignment do exist. The southern barred 
spiral galaxy ESO 565-11 (MCG -3-24-12) is an unusual 

example from the Catalog of Southern Ringed Galaxies 
(CSRG, Buta 1995), where we are certain that the inner 
pseudoring and the bar are significantly misaligned intrinsi
cally. By misaligned, we mean that the intrinsic angle be
tween the bar and ring major axes is intermediate between 0° 
and 90°. ESO 565-11 was discussed recently by Buta & 
Crocker (1991), who presented CCD images and a color in
dex map of the central regions. It was noted that the galaxy 
has a spectacular circumnuclear ring of blue associations of 
unusual relative size inside of a prominent, but peculiar, 
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boxy bar. In a compilation of the metric characteristics of a 
large sample of nuclear rings, Buta & Crocker (1993) dis
covered that the nuclear ring in ESO 565-11 has an intrinsic 
size 3.5 times the average for such features, based on redshift 
distances. In addition to this big nuclear ring, ESO 565-11 
has a bright, oval inner pseudoring and a very much fainter 
and rounder outer pseudoring. The near circular apparent 
shape of the outer pseudoring suggests a low inclination, yet 
the bar and inner ring are misaligned by 60° in projection. 
This unusual configuration merits further study, because pre
vious models of barred spirals have not predicted such ex
treme misalignment if inner rings are in general related to the 
inner 4: 1 resonance. 

In this paper, we verify the apparent bar and inner ring 
misalignment in ESO 565-11 using imaging Fabry-Perot 
interferometer observations. Together with deep CCD sur
face photometry, these observations make ESO 565-11 the 
best established case of intrinsic bar/inner ring misalignment 
yet identified. Previous cases are NGC 6300 (Buta 1987), 
NGC 4319 (Sulentic & Arp 1987; as discussed by Buta 
1995), and several other suspects from the CSRG (see Fig. 
32 of Buta 1995). None of these others is as clearcut as ESO 
565-11, pending further observations. We discuss (Sec. 7.1) 
the possible causes of intrinsic bar/ring misalignment. We 
also discuss in this paper the properties of the nuclear ring of 
the galaxy. We find intense Ha emission from the feature and 
extreme blue colors for the underlying associations, indica
tive of very young ages. We suggest that the nuclear ring is 
the site of a very recent starburst. The gas kinematics in the 
region are found to be peculiar. 

2. OBSERVATIONS AND REDUCTIONS 

The observations were made during two observing runs. 
Imaging with the TI No. 3 CCD was obtained with the CTIO 
1.5 m telescope at f/7.5 in 1990 February. The CCD was 
operated in a 2 X 2 binning mode yielding a pixel size of 0~ 54 
square and a field of view of 3'.5 square. The gain setting 
used was 1.7 e- ADU- 1, and the read noise was 5.9 e-. The 
filters and exposure times used were 300 s each in Johnson B 
and V and 200 s in Cousins I. Unfortunately, scattered light 
from a bright star just outside the field seriously limited the 
usefulness of these images for surface photometry at radii 
much beyond the central 20" (see photographs in Buta & 
Crocker 1991). A second set of images that did not have this 
problem was obtained in 1992 March with the Tek lK No. 2 
CCD, also on the CTIO 1.5 m telescope at f/7.5. These im
ages were obtained only in B (1200 s) and/ (150 s) and have 
pixels 0~43 square and a field of view 7'.4 square. The gain 
setting used was 1.6 e - ADU- 1, and the readnoise was 
4±1e-. Both sets of images were obtained on photometric 
nights and the images were calibrated using both faint 
E-region standards (Graham 1982) and equatorial standards 
(Landolt 1983). All flat fielding, bias subtraction, and cosmic 
ray removal were performed using IRAF software.2 

2IRAF is distributed by National Optical Astronomy Observatories, which is 
operated by the Association of Universities for Research in Astronomy, un
der a contract with the National Science Foundation. 

TABLE I. Global optical characteristics of ESO 565 - I 1. 

Parameter 

o:(1950) 0 

6(1950) 0 

CSRG typeb 

SGC type< 

ESO-B type• 

BT 
logA, (0'.1) 

(B - I)T 

(B - I). 

logD2s (0'.1) 

logR2s 

<P2s(1950) 

qd 

'Pd{l950) 

Notes to TABLE 1 

'Lauberts (1982). 
bButa (1995) 
ccorwin et al. (1985). 

Value 

09h 26m 58' 

-20° 09'.6 

(R')SB(r.s)a 

(R)SB(r)0/a 

SB(r)a 

13.81 ± 0.03 

0.82 

1.98 

1.97 

1.198 

0.117 

149?1 

0.847 ± 0.005 

72?6 ± 0?5 
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We also observed ESO 565- 11 at Ha with the Rutgers 
Fabry-Perot interferometer on the CTIO 4 m telescope in 
1992 March. The etalon used had a FWHM of 2.3 A or 103 
km s- 1, and a Free Spectral Range of75 A or 3370 km s- 1 at 
>.. = 6669 A. The instrumental velocity dispersion is 44 
km s - I. The detector used was a Tek 512 with pixel size 
0'.'39 square and a field of view 2:7 square. The gain setting 
was 2.5 e- ADU- 1 and the read noise was 7e-. Each frame 
was separated by = 1.24 A or 56 km s - I, and nine frames 
were obtained at 7.5 min per frame covering a velocity range 
of 450 km s - 1. Normalization was accomplished using the 
bright local field star 57" to the south. The initial processing 
was again carried out with routines in IRAF. The velocities 
and emission line fluxes were computed using programs 
kindly provided by T. B. Williams of Rutgers University (see 
Schommer et al. 1988). No evidence for the "ghosting" 
problem noted in other observations with this instrument was 
found (see Caldwell et al. 1991). Except for one of the con
tinuum frames, the seeing varied by ±8% during the expo
sures. All of the frames were degraded to the seeing of the 
poorest emission frame, to improve the quality of the line 
fits. 

3. MORPHOLOGY AND REDSHIFT DISTANCE 

Table 1 summarizes available type estimates from sky sur
vey images for ESO 565-11 from the CSRG, the Southern 
Galaxy Catalog (Corwin et al. 1985, hereafter referred to as 
SGC), and the ESO-B catalog (Lauberts 1982). There is gen
eral agreement on the classification as an early-type spiral in 
the range SO/a-Sa. The right panel of Fig. 1 (Plate 97) shows 
the Tek B-band image. The image of NGC 1433 in Fig. 1 
was obtained with the same instrument as the image of ESO 
565-11. Both images have been oriented so that the major 
axes of the inner pseudorings are horizontal and the outer 
arms open clockwise. NGC 1433 provides a good com-

© American Astronomical Society • Provided by the NASA Astrophysics Data System 
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F IG. 2. Schematic diagram of the main features of ESO 565-11, properly 
oriented. The dotted outer ellipse is based on ellipse fits to faint outer iso
photes. The projected bar/inner ring misalignment angle is indicated. 

parison because it looks inclined about the same amount as 
ESO 565- 11 and is a definitive case of intrinsic bar and 
inner ring alignment. The inner rings of the two galaxies 
have about the same apparent axis ratio (q,=0.72 for NGC 
1433 vs 0.76 for ESO 565-11), and with respect to the ends 
of these rings, the outer arms of both galaxies form an R; 
outer pseudoring (see Fig. I of Buta & Crocker 1991). Both 
galaxies also have an inner lens which is prominent in the 
I-band images, and which is sufficiently oval that it too is 
bar-like. Figure I beautifully highlights the great difference 
in bar and inner ring alignments between the two galaxies. 
Neither galaxy is likely to be inclined by more than about 
35° based on ellipse fits to faint outer isophotes. Thus, the 
misalignment between the bar and inner ring in ESO 565-11 
is likely to be real. The results of some of the measurements 
in this paper are shown in the schematic in Fig. 2. 

Other points of comparison between the two galaxies con
cern the inner regions. Both galaxies have a clear nuclear 
ring, but that in ESO 565 - 11 is defined by much more 
prominent associations than the nuclear ring in NGC 1433, 
and also has a much larger linear and relative size (Buta & 
Crocker 1993; see upper left panel of Fig. 3 [Plate 98]). The 
bar of NGC 1433 is a normal case with leading dust lanes 
while that in ESO 565-11 is very boxy at the ends, shows 
"ansae," and has no strong, narrow leading dust lanes (see 
the B-1 color index map in the lower right panel of Fig. 3). 
Table 2 summarizes the angular diameters, axis ratios, and 
position angles of the main features of ESO 565-11 mea
sured from the images. 

The heliocentric radial velocity of ESO 565- 11 is 
u0 =4775 km s- 1, based on the Fabry-Perot interferometry 
described in Sec. 6. Using the linear Virgocentric flow model 
of Aaronson et al. (1982), we estimate a distance 3.6 times 
that of the Virgo Cluster, which would correspond to 60 Mpc 
if the distance to Virgo is 17 Mpc. The radial velocity re
duced to the centroid of the Local Group, u0=4510 km s- 1, 

gives the same distance for H 0=75 km s- 1 Mpc- 1• Thelin
ear diameters of the ring and lens features of the galaxy 
given in Table 2 are based on this distance. 

1590 

TABLE 2. Diameters and axis ratios. 

Feature Apparent Diameter Axis Ratio Position Angle Linear Dia.meter 

(1950) (kpc) 

Ha nuclear ring 

Inner pseudoring 

Outer pseudoring0 

Bar 

17" 
78" 

132" 
57" 

0.55 
0.76 
0.85: 

0.45: 

Note to TABLE 2 

93' 

148' 
46°: 

28' 

' Axis ratio and position angle are from CSRG (Buta 1995). 

4. SURFACE PHOTOMETRY 

4.1 Reduction of 'Zero Points 

38 

17 

Before discussing the parameters derived from the photo
metric images, we need to discuss the zero point deterrruna
tions. As mentioned in Sec. 2, standard stars were observed 
for both the TI and Tek images. Parameters transformed to 
the standard system using coefficients derived from these 
stars disagreed by 0.12 mag in B between the TI and Tek 
images. We thus decided to reduce both sets of images to the 
zero points of the photoelectric multiaperture photometry of 
Buta & Crocker (1992) . This was accomplished by simulat
ing circular aperture photometry on the CCD arrays. The 
corrections were -0.063 mag in B and -0.005 mag in I for 
the Tek images, and +0.056 mag in B, +0.037 mag in V, 
and +0.029 mag in I for the TI images. 

4.2 Basic Photometric Parameters 

From the Tek 1024 images, several basic photometric pa
rameters, including the total magnitude Br, the effective ap
erture A, enclosing half the total B-band flux, the integrated 
and effective B - I colors, and the isophotal parameters at the 
standard surface-brightness level of µ 8 =25.00 mag 
arcsec - 2, were derived (see Table I and de Vaucouleurs et al. 
1991). The total magnitude was derived by extrapolating the 
elliptically averaged profile derived in the next section, as
suming an exponential decline beyond the last reliable data 
point. The standard isophotal parameters were derived from 
ellipse fits to the isophotes. The ellipse fits were made using 
a general least squares routine which solves for the center, 
major and minor axis radii, and major axis position angle for 
an isophote at specified surface brightnesses. The results are 
illustrated in Fig. 4, which shows that for radii a>80", the 
major-axis position angle (reduced to epoch 1950) and axis 
ratio are nearly constant at the values 72'.6 and 0.847, respec
tively. These are listed as the disk position angle <Pd and axis 
ratio qd in Table I and are tentatively assumed to reflect the 
orientation parameters of the system (but see Sec. 6) . The 
axis ratio yields an inclination of 33° if we assume circular 
symmetry in the plane and use Eqs. (I) and (2) of Bottinelli 
et al. (1983). These formulae allow for a type dependence of 
the intrinsic flattenings and assume an oblate spheroidal 
shape. They were based on an analysis of RC2 (de Vau
couleurs et al. 1976) isophotal axis ratios at the surface
brightness level of µ 8 =25.00 mag arsec-2, and one may 
well question their application to the much lower surface
brightness level at which <Pd and qd are defined (µ8>27.0 
mag arcsec- 2). However, the µ 8 =25.00 mag arcsec-2 iso-

© American Astronomical Society • Provided by the NASA Astrophysics Data System 
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FIG. 4. Results of ellipse fits to isophotes of ESO 565- 11. Different sym
bols refer to different images and filters as indicated in the legend. The 
horizontal lines indicate the mean axis ratio and position angle at large radii. 
Position angles are on a 1950 coordinate system. 

phote of ESO 565-11 is essentially defined by the oval inner 
lens and cannot reflect the orientation of the system, as the 
kinematic data in Sec. 6 will show. 

4.3 Surface-brightness Profiles 

Figure 5 shows folded luminosity and color profiles along 
four axes: (a) the inner lens major axis, (b) the inner lens 
minor axis, (c) the bar major axis, and (d) the bar minor axis. 
The position angle of the inner lens major axis used is a 
preliminary value derived from analysis of the TI images. A 
more accurate value is given by the µ 8 =25.00 isophotal pa
rameters given in Table 1, but the difference will not change 
the profiles very much. Along the inner lens minor axis, 
which is closest in position angle to the photometric major 
axis, the outer pseudoring has a surface brightness of only 
2% of the B-band night sky brightness, making it one of the 
faintest known examples. The profile along the inner lens 
major axis shows a large plateau covering the radius range 
17" to 40". A considerable amount of the total luminosity of 
the galaxy is included in this lens feature, which is a bar in 
its own right (see next section). 

The color profiles in Fig. 5 show dips at the position of 
the nuclear ring, but are very noisy at large radii. To improve 
the signal-to-noise ratio at these radii, elliptically averaged 
profiles were computed using the adopted values of ¢>d and 
q d from Table 1 to define the averaging ellipse. The B and 
B - I averaged profiles are shown in Fig. 6 (see also Table 3). 
The colors beyond the nuclear ring show very little change 

1591 

20 

22 

24 
~ 

26 

28 

30 

3 

::i: 2.5 

~ 2 

1.5 

I 
20 

22 

24 
~ 

26 

28 

30 

3 

::i: 2.5 
~ 
::i. 2 

1.5 

0 20 40 60 800 20 40 60 80 
r (arcseconds) r (arcseconds) 

FIG. 5. Surface-brightness and color profiles along and perpendicular to the 
inner lens and bar major axes. Position angles (1950) are indicated. 

20 

22 

.. 24 :i. 

26 

28 

3 

:l: 2.5 , .. 
:i. 2 

1.5 

0 20 40 60 80 
r (arcseconds) 

FIG. 6. Elliptically averaged surface brightness and color index profiles in 
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TABLE 3. Fixed ellipse-averaged profiles of ESO 565 - J J.• 

O'.'O 
0.7 
1.6 
2.0 
3.0 
4.0 
o.o 
6.0 
7.0 
8.0 
9.0 

10.5 
11.5 
12.5 
13.5 
14.5 
16.6 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
29.5 
30-6 

µe 
2 

19.84 
20.01 
20.44 
20.86 
21.08 
21.13 
21.l4 
21.27 
21.40 
21.51 
21.70 
21.97 
22.26 
22.51 
22.72 
22.92 
23.06 
23.19 
23.30 
23.38 
23.42 
23.46 
23.50 
23.52 
23.56 
23.58 
23.6l 
23.63 
23.66 
23.69 
23.75 
23.81 

0.03 
0.02 
0.02 
0.02 
0.02 
0.02 
002 
0.02 
0.02 
0.02 
0.02 
0.02 
0-02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
O.Q2 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

PB -µ1 
4 

2.17 
2.21 
2.24 
2.19 
2.08 
1.95 
1.83 
1.81 
1.80 
l.78 
l.81 
1.88 
1.95 
2.01 
2.04 
2.07 
2.06 
2.08 
2.10 
2.10 
2.09 
2.09 
2.07 
2.06 
2.09 
2.07 
2.06 
2.03 
2.04 
2.00 
1.99 
1.97 

0.04 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
O.Q3 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

31'.'5 
33.0 
35.0 
37.0 
39.0 
41.0 
43.0 
45.0 
47.0 
49.0 
51.0 
53.0 
55.0 
57 .0 
09.0 
61.0 
63.0 
60.0 
67 .0 
69.0 
71.0 
73.0 
75.0 
77.0 
79.0 
81.0 
83.0 
85.0 
87.0 
89.0 
91.0 

Notes to TABLE 3 

Explanations: 
Col. I : radius in arcseconds. 

µe 
2 

23.87 
23.97 
24.07 
24.16 
24 .32 
24.49 
24.70 
24.90 
25.08 
25.34 
25.53 
25.69 
25.89 
25.96 
26.08 
26.10 
26.19 
26.27 
26.29 
26.41 
26.55 
26.61 
26.80 
26.88 
27.04 
27.24 
27.44 
27.65 
27.89 
27.95 
28.29 

0.0, 
0.02 
0.0, 
0.02 
0.02 
0.02 
0.03 
0.03 
0.03 
0.03 
0.03 
0.0,j 
0.04 
0.04 
0.05 
0.05 
0.05 
0.05 
0.06 
0.06 
om 
0.07 
0.08 
0.09 
0.10 
0.12 
0.15 
0.18 
0.22 
0.24 
0.31 

PJJ -µ1 
4 

1.98 
1.97 
1.97 
1.95 
1.94 
1.94 
1.94 
1.96 
1.92 
1.99 
I.99 
1.99 
2.05 
2.00 
1.08 
2.05 
I.98 
1.98 
1.92 
1.94 
2.03 
1.84 
2.02 
1.87 
2.05 
1.90 
1.63 
1.85 
1.97 
1.51 
1.78 

0.04 
0.03 
0.04 
0.04 
0.04 
0.04 
0.04 
0.05 
0.05 
0.06 
0.07 
0.07 
0.08 
0.09 
0.10 
0.10 
0.11 
0.12 
0.12 
0.14 
0.14 
0.18 
0.18 
0.22 
0.22 
0.29 
0.43 
0.44 
0.60 
0.76 
0.83 

Cols. 2,4: B-band surface brightness and B-I surface color (mag arcsec-2) . 

Cols. 3,5: internal mean errors on surface brightnesses and colors (including 
zero point error). 
•Based on average intensities within elliptical annuli having axis ratio 0.847 
and major axis position angle 72'.6. 

with increasing radius. The rings and bar contribute to the 
three large humps in the B-band profile. This kind of profile 
assumes all of the material in the galaxy is confined to a thin 
disk, and hence does not allow for the less flattened shape of 
the bulge. The ellipse fit profile in Table 4 (not shown) treats 

TABLE 4. Ellipse-fit profiles of ESO 565- 11. a 

"" 2 

jY,'OO 19.84 0.03 
0.67 20.02 0.02 
0.87 20.12 0.02 
I .OS 20.22 0.02 
1.25 20.32 0.02 
1.44 20.42 0.02 
1.63 20.52 0.02 
1.84 20.62 0.02 
2.06 20.72 0.02 
2.33 20.82 0.02 
2.79 20.91 0.02 
3.24 21.01 0.02 
5.70 21.08 0,02 
6.70 21.18 0.02 
8.50 21.27 0.02 
8.85 21.37 0.02 
9.55 21.47 0.02 

10.11 21.56 0.02 
J0.35 21.66 0.02 
10.55 21.77 0.02 
10.71 21.87 0.02 
10.87 21.98 0.02 
11.09 22.08 0.02 
11.24 22.19 0.02 
11.45 22.30 0.02 
11.66 22.40 0.02 
11.87 22.51 0.02 
12.40 22.61 0.02 
13.53 22.71 0.02 
15.73 22.81 0.02 
22.41 22.91 0.02 
24.61 23.01 0.02 
25.69 23.11 0.02 
27.54 23.21 0.02 
28.89 23.31 0.02 
30.52 23.40 0.02 
32.22 23.50 0.02 
32.93 23.61 0.02 
33.84 23. 76 0.02 
37 .02 23.89 0.02 

µ9-µ1 

• 
2.17 
2.21 
2.23 
2.25 
2.25 
2.23 
2.23 
2. 21 
2.20 
2.19 
2.10 
2.07 
1.76 
1.73 
1.60 
1.64 
1.57 
1.45 
1.48 
1.54 
1.62 
1.70 
J.77 
1.85 
J.93 
2.00 
2.08 
2.12 
2.10 
2.11 
2.09 
2.08 
2.10 
2.02 
2.02 
1.98 
1.99 
2.04 
2.02 
1.88 

µe 
2 

0.04 38~'12 24 .00 0.02 
0.03 39.86 24 .10 0.02 
0.03 41.l7 24.19 0.03 
0.03 41.92 24.29 0.03 
0.03 42.46 24.40 0.03 
0.03 43.12 24.60 0.03 
0.03 43.79 24.61 0.03 
0.03 44.65 24.70 0.03 
0.03 45.32 24.80 0.03 
0.03 46.32 24.90 0.03 
0.03 47 .42 25.01 0.03 
0.03 48.69 25.10 0.03 
0.03 49.56 25.21 0.04 
0.03 50.93 25.30 0.04 
0.03 51.94 25.41 0.04 
0.03 53.77 25.60 0.04 
0.03 55.14. 25.60 0.05 
0.03 56.94 25.70 0.05 
0.03 57 .69 25.81 0.05 
0.03 59.23 25.91 0.06 
0.03 62.98 26.01 0.06 
0.03 65.39 26. IO 0.06 
0.03 67.00 26.26 0.07 
0.03 71.08 26.39 0.08 
0.03 73.40 26.49 0.09 
0.03 74.19 26.60 0.09 
0.03 76.07 26.71 0. 10 
0.03 77.83 26.81 0. 11 
0.03 78.01 26.92 0.12 
0.03 78.80 27.02 0.13 
0.03 80.23 27.12 0.14 
0.03 81.28 27.22 0.15 
0.03 82.58 27.31 0.17 
0.03 83.30 27.•2 0.18 
0.03 84.32 27.51 0.20 
0.03 85.63 27.61 0.21 
0.04 87.01 27 .71 0.23 
0.04 87.74 27 .86 0.27 
0.04 88.50 28.01 0.31 
0.04 90.11 28.11 0.33 

Notes to TABLE 4 

Explanations: 
Col. I: fitted major axis radius in arcseconds. 

1.93 
1.92 
1.88 
1.88 
1.95 
2.00 
2.02 
2.00 
2.00 
2.01 
2.02 
1.98 
2.0'1 
1.97 
2.02 
2.01 
1.98 
1.99 
2.07 
2.12 
2.05 
2.00 
2.03 
1.86 
1.88 
J.97 
2.02 
2.07 
2.17 
2.15 
2.14 
2.17 
2.11 
2.17 

0.04 
0.04 
0.04 
0.04 
0.04. 
0 .05 
0.05 
0.05 
0.06 
0.06 
0.06 
0.07 
0.07 
0.08 
0.08 
0.08 
0.09 
0.10 
0.10 
0.11 
0.12 
0.13 
0.(5 
0.19 
0.20 
0.20 
0.21 
0.23 
0.23 
0.20 
0.28 
0.30 
0.34 
0.36 

Cols. 2,4: B-band surface brightness and B-1 surface color (mag arcsec- 2). 

Cols. 3,5: internal mean errors on surface brightnesses and colors (including 
zero point error). 
•Based on ellipse fits where the position angle, shape, and center are allowed 
to vary. 
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FIG. 7. Relative Fourier amplitudes and phases for the 20 component of the 
light distribution, where 0 is the angle relative to the line of nodes in the 
galaxy plane. Radii are normalized to the radius of the µc8 =25.0 
mag arcsec - 2 isophote. The plots are based on averaging within an ellipse of 
axis ratio 0.847 and position angle 72'.6. Solid curve is for the B band; 
dashed curve is for the / band. 

this region better and enhances the humps due to the bar and 
the nuclear ring. 

Fourier amplitudes and phases for the 20 component of 
the light distribution are shown in Figs. 7(a) and 7(b). These 
are based on averages within the ellipse defined by <Pd and 
q d . In the plots, the radius is normalized to the radius, 
r15=4T3, of the µ 8 =25.00 mag arcsec-2 isophote. The 
largest value of the relative amplitude / 2/ / 0 , where / refers 
to intensity and / 0 is defined by the surface brightnesses in 
Table 3, is achieved at r/r25 =1 in both B and/, due to the 
oval shape of the inner lens and pseudoring. These ampli
tudes assume that the outer disk isophotes define an axisym
metric zone. This is not likely to be the case, as the analysis 
of the kinematic data in Sec. 6 will show. The maximum 
/-band amplitude in Fig. 7(a) is probably an overestimate by 
less than 10%. 

4.4 Relative Flux Contributions of Components 

To obtain an indication of the relative flux contributions 
of the bar and inner lens, we integrated fluxes within ellipses 
as defined in Table 5. The nuclear ring (nr) zone in Table 5 
refers to a B-band isophote which encloses the entire nuclear 
ring. The bar and lens zones refer to ellipses which approxi
mately define those features. The last two columns in Table 5 
give the relative contributions to the total light of the fluxes 
from these zones. After subtracting the nuclear ring zone 
flux, the net bar light constitutes 21 % of the total B-band 
luminosity. After subtracting the flux from the bar zone, the 
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1593 BUTA ET AL. : ESO 565-11 

TABLE 5. Relative flux contributions of bar and lens. 

Feature a ef, ks k1 

nr zone 11~'0 112° 0.78 0.30 0.28 
bar zone 28'.'5 28° 0.45 0.51 0.51 
lens zone 47'.15 151° 0.77 0.85 0.85 
"bar" 0.21 0.23 
"Jens" 0.34 0.35 
"bar"/ "'lens" 0.61 0.66 

Notes to TABLE 5 

Explanations: a, <p, and q define the radius, position angle, and axis ratio of 
an ellipse which defines the zone; k 8 and k I are the relative contributions of 
the light from these regions to the total fluxes ; "bar" refers to the difference 
between the bar zone and nuclear ring (nr) zone fluxes; "lens" refers to the 
difference between the lens zone and bar zone fluxes . 

net inner lens flux contributes 34% of the total B-band lmni
nosity. Thus, the lens is a more significant contributor than 
the bar to the nonaxisymmetry in blue light. 

Although a decomposition of the bulge and disk compo
nents of ESO 565-11 would be useful, this is difficult to do 
in practice because of the complex structure of the galaxy. To 
obtain approximations to the disk and bulge scale lengths, 
we have fitted the central few arcseconds and the average 
interhump background with a standard photometric model 
consisting of an r 114 bulge and an exponential disk (Table 6). 
The profiles used for this purpose are a combination of el
lipse fits to the TI B and I images for radii less than 2~4, and 
the azimuthally averaged surface brightnesses from Table 3 
for radii greater than 15", as shown in Fig. 8. Because of the 
seeing (1T*=0~7-0'.'8) and the large pixel size in the TI im
ages, it was not possible to derive the effective radius of the 
bulge very accurately. The bulge effective radius given in 
Table 6 is an average of initial fits to the B and /-band 
profiles separately. The other parameters in Table 6 were 
computed after fixing this parameter. Also given in Table 6 
are estimates of the flux contributions of the bulge and disk. 
The galaxy appears to be a small-bulge Sa spiral. The re
sidual light (after subtraction of the bulge and disk models) 
amounts to about 21 % of the total B -band luminosity. To 
illustrate what the residual light looks like, we show in the 
upper right panel of Fig. 3 the bulge- and disk-subtracted 
/-band image. In this image, the bar presents a spiral char
acter and shows the bright "ansae" very well. It is unclear if 
the spiral character of the bar is real or due to dust on the 
leading sides. The color index map in the lower right panel 
of Fig. 3 shows little evidence for much redder colors in the 

TABLE 6. Decomposition Parameters for ESO 565-11. 

Parameter B 

µ! (mag arcsec- 2 ) 23.77±0.39 21.58±0.45 
r! 9'.'5±3'.'0 9'.'5±3~'0 

µ~1 (mag arcsec- 2 ) 24.08±0.06 22.05±0.18 
r!I 27~'1±0!'4 26'.'7±1'.'l 
k, 0.21±0.05 0.26±0.08 
k11 0.58±0.05 0.59±0.05 
km 0.21±0.07 0.15±0.09 

Notes to TABLE 6 

Explanations: µ., and r, are the effective surface brightness and effective 
radius, respectively, of a fitted component (!=spheroid, II=disk); k is the 
fractional contribution of a given component to the total luminosity, where 
the values assume a spheroid axis ratio of 1.00 and a disk axis ratio of 0.85 
(km refers to the residual light). 
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F1G. 8. B-band decomposition model. Dotted curve is bulge model, dashed 
curve is "disk" model, and solid curve is total model. Filled circles are data 
from Table 3; open squares are based on ellipse fits to TI B-band image. 

regions where leading dust lanes would normally be seen; 
however, we cannot rule out that scattered light from the blue 
associations in the nuclear ring are weakening the effects of 
extinction in these regions (see, for example, Benedict et al. 
1992; Witt et al. 1992). 

4.5 Magnitudes and Colors of Nuclear Ring Associations 

From the TI images we have extracted background
corrected magnitudes and colors for eight of the associations 
in the nuclear ring of ESO 565-11. The parameters were 
computed from profiles oriented radially outward from the 
nucleus through each association. The radial direction is the 
one least affected by contamination from other associations. 
However, the background has a steep gradient in each case, 
thus limiting the precision with which the magnitudes and 
colors of the associations can be estimated. We fitted linear 
or parabolic functions to the surface brightnesses on either 
side of each association, and subtracted this background 
from each profile. In general, the net profile could be well 
fitted by a single or a double Gaussian. For this purpose, a 
Gaussian fitting routine from Press et al. (1988) was used. 
The total flux of each association was estimated by assuming 
that the parameters from the radial profile fit are also valid in 
the perpendicular direction, so that the flux is 2n-J0a2, where 
/ 0 is the central intensity and IT is the fitted dispersion. The 
magnitudes so derived range from B = 18 to 20. The colors 
were difficult to derive accurately for all but the two bright
est associations because of the large background corrections, 
especially in the I band. However, the average colors over 
the eight associations are useful and are found to be (B - V) 
=0.05 ::!::0.10 and (V- /)=0.45 ::!::0.11. Internal extinction 
corrections are unknown, but corrected for galactic extinc
tion and redshift (see Buta & Williams 1995), these colors 
become ((B- V)0)= -0.01 and ((V-1)0)=0.41. This Cous
ins V - I color approximately corresponds to a Johnson V - I 
color of 0.52 using the transformation given in de Vau
couleurs & Longo (1988). These very blue colors are indica
tive of ages of at most 4-5 million years for the associations 
based on the instantaneous burst models of Leitherer & 
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FIG. 9. Three images of the nuclear ring region of ESO 565 - 11. Left: 
B-band bulge- and disk-subtracted image; right: Ha image; bottom: /-band 
bulge- and disk-subtracted image. Note phase shift in orientation of nuclear 
ring from Ha to/. All three images are in intensity units. The white bars are 
10" in length. The scale of the lower image is the same as the upper left 
image. Field stars have been removed from the B- and /-band images. 

Heckman (1995), and are consistent with the intense Ha 
emission detected from the nuclear ring as discussed in the 
next section. 

5. IMAGING FABRY -PEROT INTERFEROMETRY 

We now turn to the analysis of the Fabry-Perot interfer
ometry. The reduction provided four images: the line inten
sity map, the continuum map, the velocity field, and the ve
locity dispersion map. 

5.1 H II Region Distribution and Luminosity Function 

1594 

according to the R-band transmission curve. The objective of 
these scalings and combinations was to simulate a Cousins 
R-band image. The photometric zero point of this image was 
then found using the photoelectric multiaperture photometry 
data. This allowed us to convert our instrumental H II region 
fluxes (in e- s-1 pix-1) directly into R-band magnitudes and 
then into physical fluxes (in erg s - t cm - 2) using the absolute 
flux calibration for the Cousins R-band given in Bessell 
(1979). Luminosities were calculated from these fluxes using 
the redshift distance of 60 Mpc. 

The luminosity function (LF) of the H II regions in ESQ 
565-11 was derived using two different methods to estimate 
total fluxes. For the very bright H II regions in the nuclear 
ring, we fitted Gaussians to the intensity distributions in a 
three-step process. First, we derived an Ha surface bright
ness profile across each nuclear ring H II region along a di
rection nearly perpendicular to the ridge line of the ring. This 
direction was chosen to minimize contamination from any of 
the other H II regions. Each profile could be interpreted as 
the sum of the individual H II region and a faint background 
of diffuse emission. In the second step, the diffuse emission 
was linearly interpolated beneath the H II region and sub
tracted, a reasonable approach given the small sizes of the 
nebulae. In the final step, the background-corrected surface 
brightnesses were fitted using the Gaussian-fitting routine 
from Press et al. (1988). In general, it was necessary to use 
two Gaussians to fit the surface-brightness profiles of the H II 
regions, one for the narrow core part and the other for the 
extended wings. 

Once good fits were obtained for the ten brightest nuclear 
ring H II regions, the Gaussian parameters obtained from the 
fitting routine were used to construct a two-dimensional im
age of each H II region. These images were subtracted from 
the array to reveal other fainter H II regions in the nuclear 
ring. In this manner we detected three additional H II regions 
in the ring. These were approximately fitted using the same 
procedure as for the brighter H II regions. The medium bright 
H II regions in the bar region just outside the nuclear ring 
could also be fitted in the same manner. For these, a suitable 
position angle for the surface-brightness profile was chosen 

Figure 3 (lower left panel) shows the Ha intensity map as to minimize contamination from other H II regions. Using the 
compared to other images of the galaxy. The main features Gaussian fitting parameters for all of these H II regions, we 
visible are the nuclear ring, the inner pseudoring, and a few computed the total flux assuming circular symmetry as was 
H II regions lying along the leading sides of the bar. No done for the broadband colors. 
emission is detected from the region of the outer pseudoring. For some of the fitted H II regions, and for all of those not 
The nuclear ring is a very intense source of Ha emission fitted, luminosities were computed from fluxes within aper-
compared to the other H II regions seen at larger radii; it is tures centered on each given region. The size of each aper-
embedded in a more extended zone of faint diffuse emission. ture was determined by eye with the aid of the circular image 
This region alone is shown enlarged in the top right panel of cursors in the SAOimage display tool. We checked the va-
Fig. 9. We did not obtain direct flux calibration of our lidity of this approach by examining a plot of the results of 
Fabry-Perot data, so that we cannot specify precisely how one method vs the other for those H II regions which were 
luminous the nuclear ring H II regions are. However, it is handled both ways (almost 1/3 of the sample). The sample of 
possible to indirectly calibrate Ha data using available Cous- H II regions was compiled using the IRAF routine DAOFIND 

ins R-band photometry from Buta & Crocker (1992). This on the line flux map with parameters suitably adjusted to 
was accomplished by scaling the continuum fluxes to the full allow for the highly nonstellar morphologies of the targets, 
Cousins R filter as defined by Bessell (1990), and then add- and supplementing this with a few faint regions found by 
ing to this image the measured Ha fluxes and rough esti- eye. The agreement between the Gaussian-fitted fluxes and 
mates of the expected contributions of [N 11] (taken to be the aperture photometry fluxes was found to be good, so the 
30% of Ha) and [S 11] (taken to be 10% of Ha), all scaled luminosity function was derived from the combined set of 
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TABLE 7. Hu re!lion luminosities. 

No. Feature Az Ay logL No. Feature 
1 2 3 4 5 I 2 

1 nr -8!'5 2'.'0 39.49 27 r 
2 nr 7.8 2.2 39.45 28 b 
3 nr -3.1 -4.8 39.35 29 
4 nr 4.1 3.9 39.34 30 
5 nr 7.4 -1.3 39.24 31 
6 nr -4.1 4.3 39.24 32 
7 nr -0.7 -4.7 39.21 33 
8 nr -0.2 4.7 39.13 34 
9 nr 4.0 -3.7 39.11 35 

10 nr -8.2 -1.4 39.08 36 
11 nr 1.3 -4.9 38.81 37 
12 nr 2.5 4.4 38.54 38 
13 r 24.8 27.5 38.51 39 
14 nr -7.8 4.4 38.46 40 
15 r -5.3 -31.6 38.41 41 
16 b 12.2 -3.7 38.38 42 
17 b -15.0 19.2 38.35 43 
18 b -14.1 7.1 38.33 44 
19 -22.5 -25.0 38.32 45 r 
20 r 11.5 -22.6 38.29 46 b 
21 b -15.0 19.3 38.24 47 
22 14.3 -18.9 38.16 48 
23 19.8 34.7 38.08 49 
24 -24.4 -31.8 38.04 50 
25 -19.4 -33.7 38.02 51 
26 23.4 -8.1 37.92 

Notes to TABLE 7 

Explanations: 

Az Ay logL 
3 4 5 

2'.'0 -37'.'3 37.87 
-16.6 13.4 37.84 
-33.4 -10.8 37.84 
-28.7 -20.3 37.83 

29.1 2.4 37.78 
13.7 -26.7 37.76 
23.1 -14.5 37.71 
6.6 -26.1 37.69 

-10.4 -32.3 37.69 
13.6 30.6 37.67 
5.9 31.1 37.65 

16.5 35.3 37.62 
11.4 35.9 37.61 

-20.4 25.4 37.54 
-5.1 29.3 37.43 

-31.5 -14.8 37.42 
-17.7 28.9 37.39 
-3.5 27.6 37.36 
25.9 19.0 37.29 
17.1 -9.0 37.26 
-1.5 36.1 37.12 

-15.9 -25.5 37.10 
9.6 20.8 36.85 

-32.7 5.6 36.84 
- 14.4 31.1 36.53 

Col. I : H II region running number (according to decreasing luminosity). 
Col. 2: feature which H II region is associated with (nr= nuclear ring; b= bar; 
r=inner pseudoring). 
Cols. 3,4: offsets in arcseconds from nucleus (positive llx to west; positive 
ily to north) in 1950 coordinate system. 
Col. 5: logarithm of Ha luminosity (ergs s- 1) for a distance of 60 Mpc, 
corrected for galactic extinction. 

fluxes. The data for 51 identified H II regions are compiled in 
Table 7, which gives offsets in arcseconds from the nucleus 
and the feature each H II region is associated with. Thirteen 
H II regions are associated with the nuclear ring, six with the 
bar, and the rest with the inner pseudoring. The 13 nuclear 
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FIG. I 0. Schematic of the nuclear ring region of ESO 565-11. The discrete 
H II regions associated with the ring are labeled with the numbers in Table 7; 
filled circles refer to the brighter, obvious ring H II regions, while the plus 
symbols refer to three additional possible H II regions found after subtrac
tion of Gaussian models of the brighter H II regions. Three of the four dotted 
lines refer to the position angle of the major axis of the nuclear ring in Ha, 
B, and/, based on the images in Fig. 9. Each line is labeled by the passband 
and the position angle </>- The position angle of the bar axis is also shown, as 
is the rotation direction based on the assumption of trailing spiral arms. This 
plot is meant to highlight the large phase difference in the morphology of 
the nuclear ring as the mean age of the defining stellar population increases. 
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FIG. IL H II region luminosity function of ESO 565-11, based on an ap
proximate calibration with R-band photometry. The 13 nuclear ring H II 
regions occupy the hatched portion of the histogram. 

ring H II regions are labeled with the numbers in Table 7 in 
the schematic in Fig. 10. 

Figure 11 shows the resulting LF for all of the H II regions 
identified; the hatched region shows the contribution of the 
nuclear ring H II regions alone. The LF of the H II regions 
outside the nuclear ring is very similar to those of other SO/a 
and Sa galaxies (Caldwell et al. 1991), but the nuclear ring 
H II regions are more luminous than the most luminous H II 
regions typically observed in such galaxies. Thus, we have 
obtained evidence that the nuclear ring H II regions are ex
ceptionally luminous for this type of galaxy. The nuclear ring 
of ESO 565- 11 is the site of a spectacular starburst. 

5.2 Star Formation Rates and History 

Using the calibrated Ha fluxes, we can estimate the cur
rent star formation rate in ESO 565 - 11 using the initial 
mass function and Case B recombination formulation from 
Kennicutt (1983). For this purpose, we have computed the 
total Ha luminosity of the galaxy, as well as the luminosity 
of the nuclear ring zone. By "nuclear ring zone," we mean 
not only the nuclear ring as defined by discrete H II regions, 
but also the diffuse emission which underlies and extends 
beyond the ring. The size, shape, and position angle of this 
zone at the limit of detectability are given in Table 8. The 
diffuse emission region is 1.5 times larger in diameter than 

TABLE 8. Star formation rates and history. 

Parameter 

Radius of nr zone 
Axis ratio of or zone 

Position angle (1950) of nr zone 
logLHa(total) ergs ,- 1 

logLHa(nr zone only, total) erg s - 1 

logLn0 (13 discrete nr HU regions) ergs s- 1 

LHa(nr zone, total)/LHa(total) 

LHo(nr diffuse)/ LHa(nr zone, total) 

SFR(M ~ IOM0 ) 

SFR(total) 

<PastSFR> 

current/past SFR 

SFR per unit area. ( nr zone only) 

Value 

13~'4 
0.73 

96!7 

40.43 

40.37 

40.31 

0.867 

0.116 
0.04 M0 y,- 1 

0.24 M0 y, - 1 

5.06 M0 y,- 1 

0.05 
5.97 M0 pc-2 Gy,- 1 
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FIG. 13. Heliocentric radial velocity profiles along the photometric major and minor axes of ESO 565-11. 

the discrete nuclear ring and is less oval in shape. The 
nuclear ring zone so defined accounts for 87% of the total 
Ha luminosity of the galaxy. Using the luminosities of the 13 
discrete nuclear ring H II regions from Table 7, we find that 
12% of the emission from the nuclear ring zone is diffuse. 
Essentially 77% of the total Ha luminosity of ESO 565-11 
is due to these 13 discrete H II regions. 

The star formation rates based on the total Ha luminosity 
are listed in Table 8. The rate for stars having mass ;a, 10 J60 

is 0.04 J/60 yr- 1, while the total rate is 0.24 J/60 yr- 1. The 
average past star formation rate was estimated as described 
in Caldwell et al. (1991), from the disk luminosity and an 
assumed mass-to-light ratio of 4.8 for an Sa spiral. The disk 
luminosity used is based on the approximate decomposition 
given in Table 6. The disk accounts for 79% of the total 
B-band luminosity. Assuming a disk age of 15 Gyr, to be 
consistent with Caldwell et al., we find an average past star 
formation rate of 5.1 J/60 yr- 1. The ratio of the current to 
past star formation rate is thus 0.05. All of these values are 
consistent with the estimates for other Sa spirals studied by 
Caldwell et al. (1991). We thus find that the star formation 
rate in ESO 565-11 is not unusual for an Sa galaxy. 

5.3 Comparison of Ha and Broadband Nuclear Ring 
Morphologies 

The top left and lower middle images in Fig. 9 show the 
B - and I -band Tek images of the nuclear ring region after 
subtraction of the photometric models listed in Table 6. To
gether with the Ha image, these reveal an interesting char
acteristic of the nuclear ring morphology: the visual major 
axis of the feature appears to shift in phase from Ha to /. 
The bulge- and disk-subtracted B- and /-band Tek images are 
shown in Fig. 9 because these highlight the shifts most 
clearly, although the shift in isophote orientations is detected 
even in the images without the bulge and disk removed (see 
Fig. 4). The phase shift from Ha to I amounts to about 23° in 
the direction of rotation (assuming trailing spiral arms), as 
illustrated schematically in Fig. 10. The shapes of the bulge
and disk-subtracted isophotes just outside the ridge line of 
the ring also change with wavelength: from an axis ratio of 
0.61 in B to 0.66 in /. These are larger than the axis ratio of 
the nuclear ring, 0.55, in Ha. It is interesting that in the I 
band, the nuclear ring is nearly aligned in a position angle 

perpendicular to the bar. The phase of the Ha nuclear ring 
leads the bar by 65°. Although these angles are affected by 
inclination, we will show in the next section that the galaxy 
may be inclined much less than indicated by the shapes of 
the outer isophotes. 

The phase shift can be interpreted in a fairly simple way. 
Simkin et al. (1980) show a time sequence for a test particle 
model where a single inner Lindblad resonance (ILR) is al
lowed by the potential for any pattern speed (their Fig. 3). A 
gas ring forms near the ILR having a leading phase of about 
45° with respect to the primary bar, just as is seen in ESO 
565-11. The phase difference is not due to a different pat
tern speed for the nuclear ring, but rather is caused by the 
differing orientations of the x 1 and x 2 families of periodic 
orbits. Thus, the Ha nuclear ring has what seems to be a 
correct phase with respect to the primary bar for a newly 
formed gaseous feature. However, the bar will exert a torque 
on a feature as misaligned as the Ha ring is (see Combes 
1993). We expect that as the ring stars age, the orbits of the 
stars will become more aligned perpendicular to the bar, be
cause the x 2 stellar orbits are aligned perpendicular to the bar 
(Sellwood & Wilkinson 1993). Being close to the center, the 
time scale for the forced perpendicular alignment of the ring 
stars may not be very long (Combes 1993). Thus, we suspect 
that the /-band morphology of the ring is affected by stars 
which formed in a previous burst and which have had 
enough time for the bar to torque them into perpendicularly 
aligned orbits. This interpretation is complicated by the pres
ence of the misaligned stellar oval which surrounds the bar. 

6. KINEMATICS 

Figure 12 (Plate 99) shows the Ha velocity and velocity 
dispersion maps of ESO 565 -11. The velocity map includes 
only those points for which the fitted velocity has a formal 
error of ,;:; 10 km s - 1. The velocity field of the galaxy is 
intriguing. The velocity gradient is nearly perpendicular to 
the major axis of the inner ring. This rules out any possibility 
that the apparent misalignment of the bar and inner ring is an 
artifact of projection effects. Velocity profiles along the pho
tometric major and minor axes are shown in Fig. 13. A steep 
velocity gradient is found in the region inside the nuclear 
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TABLE 9. Parameters from velocity-position angle diagrams. 

Feature 
I 

inner pseudoring 
nuclear ring 

v, 
2 

4776 
4774 

Ve 

3 

108 
69 

Notes to TABLE 9 

Explanations: 
Col. I: feature isolated. 

75° 
70° 

Col. 2: fitted heliocentric systemic velocity (km s- 1) . 

Col. 3: fitted circular velocity (km s- 1). 

Col. 4: fitted line of nodes position angle (1950). 
Col. 5: standard deviation of fit (km s- 1). 

Col. 6: number of velocity points used (no rejections). 

8.5 
4.5 

N 

2755 
753 

ring. Figure 13(b), the minor-axis profile, reveals noncircular 
motions within a radius of ± 10". 

The velocity dispersion map in the right panel of Fig. 12 
reveals patches of higher than average velocity dispersion in 
the nuclear ring. However, most of the H II regions in the 
galaxy have velocity dispersions that are not resolved by the 
broad etalon. The measured velocity dispersions range from 
20-40 km s - 1, while the instrumental dispersion is 44 
km s - 1• This is in contrast to the ringed barred galaxy NGC 
5728, where the H II regions in an inner ring are barely re
solved and nuclear ring velocity dispersions range from 
50-90 km s- 1 (Schommer et al. 1988). 

As a first approximation, we will analyze the velocity 
field assuming circular motions dominate the velocities. Two 
regions are considered. First, the inner pseudoring was iso
lated within an elliptical region having major axis radius in 
the range 29"-49", axis ratio 0.76, and position angle 148°. 
Within this region, 2755 velocity points are found. Second, 
the nuclear ring was isolated within an elliptical region hav
ing major-axis radius in the range 6'.'5-10'.' .5, axis ratio 0.55, 
and position angle 93°. Within this region, 753 velocity 
points are found. The velocities were fitted as a function of 
position angle around each ring, and the systemic velocity, 
circular velocity, cosine of the line of nodes position angle, 
and sine of the inclination were solved for. Tests showed that 
virtually any inclination from nearly 0° to 35° represents 
both ring velocity-position angle diagrams almost equally 
well. Hence, the photometric inclination of 33° is not ruled 
out. Table 9 summarizes the remaining derived parameters 
after fixing the inclination at 33°. These solutions are illus
trated in Figs. l4(a) and l4(b), where the velocity points 
have been averaged within 10° intervals and the position 
angles have been reduced to a 1950 coordinate system. The 
formal errors in the fitted parameters are not listed because 
these are much smaller than the actual uncertainties; less 
than 50 distinct H II regions over both rings are involved in 
spite of the large number of velocity points. The estimates of 
the kinematic line of nodes position angle, 75° from the inner 
pseudoring and 70° from the nuclear ring, bracket the pho
tometric major-axis position angle. Figure 14 shows that cir
cular motions provide a good approximation to the velocity
position angle diagrams of both ring features. The small 
departures from the models could be due to noncircular mo
tions. 
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FIG. 14. Heliocentric radial velocity-position angle diagrams for the inner 
pseudoring and nuclear ring of ESO 565-11. The solid curves are based on 
circular rotation fits to the data. Error bars are the standard deviations of the 
points. Position angles are for 1950. 

The solutions in Table 9 show that the mean rotation level 
in the inner pseudoring is larger than that in the nuclear ring 
by about 50%. The circular velocity of 108 km s- 1 for the 
inner pseudoring yields a distance of only 24 Mpc, based on 
the total magnitude derived here and the B-band calibration 
of the Tully-Fisher relation provided by Pierce & Tully 
(1992). This is considerably less than the redshift distance of 
60 Mpc. Matching the redshift distance would require that 
the inclination of ESO 565- 11 be closer to 17°. Our analysis 

TABLE 10. Radial velocities of IO brightest nuclear ring H II regions. 

No. r <I> 
1 2 3 

8':8 77'.3 
2 8.1 285.3 
3 5.8 147.2 
4 5.6 313.2 
5 7.5 259.8 
6 5.9 44.0 
7 4.9 171.0 
8 4.6 2.9 
9 5.5 227.2 
10 8.4 100.4 

Notes to TABLE 10 

Col. I: running number (see Table 7). 
Col. 2: distance from center (arcseconds). 
Col. 3: position angle (1950). 
Col. 4: heliocentric radial velocity (km s- 1) 

Col. 5: velocity dispersion (km s- 1) . 

V U u 

4 5 

4808 30 
4746 33 
4778 39 
4755 41 
4741 24 
4805 33 
4767 36 
4784 36 
4737 25 
4805 32 
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FIG. 15. Luminosity-turbulence relation for giant extragalactic H II regions 
(solid line) , from Hippelein (1986) . The filled circles are the data from the 
IO brightest H II regions in the nuclear ring of ESO 565- 11. 

does not rule out such a low inclination, but the discrepancy 
with the photometric inclination is rather large. However, 
Schommer et al. (1993) present a detailed comparison of 
photometric and kinematic inclination estimates for 67 gal
axies where occasional discrepancies this large were found. 

Table IO presents the radial velocities and velocity disper
sions for the IO brightest H II regions in the nuclear ring. 
These values are based on an integration of the line emission 
within a small circular aperture centered on each H II region, 
to ensure that each object is entirely sampled. The velocity 
dispersions are corrected for instrumental resolution. The av
erage dispersion is au= 3 3 ± 6 (s.d.) km s- 1• The 
luminosity-turbulence relation for giant extragalactic H II re
gions (Hippelein 1986; see Fig. 15) predicts 
log Ltta=41.1, while the observed (log Ltta)=39 .26 
±0. 14 (s.d.), on the same distance scale. If the dispersions 
are correct and the H II regions are normal, the only way for 
the H II regions to match the mean relation is for the distance 
to ESO 565 - 11 to be increased by a factor of 7, or for our 
Ha calibration to be in error by a factor of 50. However, 
neither of these explanations is likely because Fig. 15 shows 
that there is no correlation between log a u and log Ltta for 
the nuclear ring H II regions. This suggests that the disper
sions could be spuriously high for the largely unresolved 
emission lines from these regions, or that the H II regions are 
not normal. Note that we do not know whether the individual 

150 

~ 
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~ 
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0 

0 

•---~ ~ • i -1 
• ! .,,.. 

-~"V 

20 40 
r (arcseconds) 

FIG. 16. Approximate rotation curve for ESO 565 - 11. The error bars are 
internal. 
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objects seen in the ring represent individual H II regions or 
groups of H II regions. 

Figure 16 shows the pseudorotation curve of ESO 
565-11 in the plane of the galaxy. This is based on an in
clination of 33° and line of nodes position angle 73°. A tol
erance angle of 90° was used, and the mean points are after 
one cycle of 2a rejection. We refer to this as a pseudorota
tion curve because it is well known that the rotation curves 
of barred galaxies are sensitive to viewing aspect (Sellwood 
& Wilkinson 1993). Velocities were deprojected and aver
aged at a given radius using a weight equal to !cos 81 , where 
0 is the angle in the galaxy plane relative to the line of nodes. 
The rotation curve rises to a turnover point near the radius of 
the nuclear ring. This is typical of nuclear-ringed galaxies 
(see, for example, Rubin 1980; Schommer et al. 1988; Buta 
1988). The rotation curve further rises substantially in the 
region of the inner pseudoring, and reaches an average of 
125 km s - I between 30" and 4 7" radius. This level differs 
from the deprojected amplitude of the velocity-position angle 
diagram because the latter amplitude is determined by points 
close to the galaxy major axis, while many of the points in 
the rotation curve having r> 3O" come from regions near the 
major axis of the inner pseudoring, which is close to the 
galaxy minor axis. Therefore, the cos 0 deprojection factor 
for the points having r> 3O" is large. Nevertheless, the ap
pearance of the rotation curve is not unprecedented. The 
same type of rotation curve is exhibited by the stars in NGC 
1553, an SO galaxy with a bright lens studied by Kormendy 
(1984) . Note that although the rotation curve of ESO 
565 - 11 looks well sampled in radius, this is of course mis
leading; there is good sampling in radius but not in azimuth 
at a given radius. 

7. DISCUSSION 

7.1 Misalignment: Due to Interactions or Different Pattern 
Speeds ? 

We have shown that ESO 565-11 is a nearly face-on 
ringed, barred spiral whose bar and inner ring are intrinsi
cally misaligned in the plane of the galaxy by nearly 60°. 
Since statistics of bar/inner ring position angles definitely 
favor alignment as the rule, then it is important to ask how 
misalignment comes about. The only n-body models which 
shed some possible light on this problem are those of Nogu
chi (1987), who made simulations of encounters between a 
self-gravitating disk plus rigid halo system and a comparable 
point-mass companion. The main result from his work is that 
the interaction coupled with the self-gravity of a disk can 
lead to formation of a bar in the inner regions where the 
rotation curve is rising and the rotation nearly rigid-body. 
This is very different from the models of Schwarz (1979) 
where the bar is a static field added to the potential and the 
flow of gas clouds is not affected by the self-gravity of the 
spiral structure. Of particular interest is the development of 
ring features around Noguchi's interaction-driven bars. 
These develop well after closest approach and in some cases 
do not persist for long. The features in his models resemble 
what is seen in ESO 565-11. 
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The idea of misalignment being somehow linked to 
interaction-driven bar formation has definite promise in a 
few other suspected cases of misalignment. NOC 619 and 
4319, discussed by Buta (1995), are candidate misaligned 
bar/ring galaxies which are definite members of small groups 
with close companions of comparable magnitude and red
shift. However, ESO 565-11 is not part of such a group. 
From a search with NED,3 the nearest comparable galaxies 
within 1° ofESO 565-11 are ESO's 565-6, 7, 8, 9, and 10. 
All are smaller than ESO 565- 11 , and the one nearest in 
position, ESO 565-10, is already 30' south, corresponding 
to a projected separation of 0.5 Mpc at a distance of 60 Mpc. 
Of these five galaxies, only the redshift of ESO 565-6 (58' 
to the northwest) is known: 4888±37 km s- 1 (Strauss et al. 
1992). This velocity is comparable to that of ESO 565-11, 
suggesting that ESO 565 - 11 is part of a loose grouping of 
galaxies. It is unclear whether a past interaction with one of 
these galaxies could have triggered the misalignment. Also, 
the primary bar of ESO 565 -11 does not lie in the rising 
portion of the rotation curve, as required by Noguchi's mod
els. 

Another possibility is that the structure of ESO 565- 11 is 
affected by multiple pattern speeds or nonlinear mode cou
pling, phenomena described by Sparke & Sellwood (1987), 
Tagger et al. (1987), Sygnet et al. (1988), and Sellwood & 
Sparke (1988). The idea is that spirals are independent pat
terns in barred galaxies, such that they have a lower pattern 
speed than the bar. In the mode-coupling scenario, the coro
tation radius of the bar coincides with the radius of the inner 
Lindblad resonance (ILR) of the spiral. As a consequence of 
the different pattern speeds, one would expect a random dis
tribution of phase difference between the ends of the bar and 
the beginning of the spiral arms. In the case of ESO 565-11, 
we note that the spiral structure begins at the ends of the bar, 
so there is no phase difference. However, Sellwood & Sparke 
(1988) present simulations showing that even with different 
pattern speeds, the spiral and the bar will often appear 
smoothly connected. 

The presence of a prominent oval lens underlying the in
ner pseudoring makes ESO 565-11 more complicated than 
the barred galaxy models described above. The region of the 
oval lens contains more I -band light than the bar as we have 
shown in Sec. 4.4. By comparison, the inner pseudoring and 
spiral structure of ESO 565- 11 are a minor component of 
the structure. The presence of the primary bar, the oval lens, 
and perhaps even the stellar oval associated with the nuclear 
ring makes ESO 565-11 reminiscent of barred galaxies with 
secondary bars (de Vaucouleurs 1975; Jarvis et al. 1988; 
Pfenniger & Norman 1990; Friedli & Martinet 1993; 
Wozniak et al. 1995). There is evidence that secondary bars 
in the bulges of barred galaxies have no preferred phase 
angle with respect to the primary bar (Buta & Crocker 1993; 
Wozniak et al. 1995), which suggests that the two bars have 
different pattern speeds (Pfenniger & Norman 1990). In ESO 
565-11, the oval lens is like a primary bar which drives a 

3The NASA/IPAC Extragalactic Database (NED) is operated by the Jet Pro
pulsion Laboratory, California Institute of Technology, under contract with 
the National Aeronautics and Space Administration. 
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two-armed spiral to the outer Lindblad resonance (OLR). 
This would explain the R; morphology of the outer pseudor
ing with respect to the major axis of the oval lens. The bar of 
ESO 565 - 11 would be analogous to a conventional second
ary bar, only of much greater extent. It is unclear whether the 
nuclear ring would be a feature driven by this bar or an 
independent pattern itself, with pattern speed different from 
both the bar and the oval lens. However, we have suggested 
in Sec. 5.3 that the sense of the observed phase shift of the 
nuclear ring major axis from Ha to I and the alignment of 
the feature perpendicular to the bar in / favor a pattern speed 
similar to the primary bar. 

7.2 Other Nuclear-Ringed Galaxies 

It is interesting to compare the nuclear ring of ESO 
565-11 with nuclear rings in other barred galaxies that have 
been observed recently. Specific cases are NOC 1097 (Hum
mel et al. 1987), NOC 5728 (Schommer et al. 1988), NOC 
7469 (Wilson et al. 1991), and NOC 7552 (Forbes et al. 
1994b). Three of these galaxies display nuclear activity, and 
three include either a stellar or a nuclear bar inside the 
nuclear ring. The nuclear rings in all four objects range from 
0.9-1.5 kpc in diameter on our adopted distance scale 
(H0=75), while that in ESO 565-11 is 5 kpc in diameter. 
The angular diameter of the nuclear ring in ESO 565 -11 is 
comparable to that in NOC 1097, and larger than the others. 
These other nuclear rings also appear much rounder in pro
jection than that in ESO 565-11, even though none of their 
parent galaxies is highly inclined. Although these four 
nuclear rings are not as clumpy as that in ESO 565-11, 
comparably clumpy examples do exist (e.g., NOC 5248; 
Morgan 1958). 

The Fabry-Perot study of NOC 5728 by Schommer et al. 
revealed double-peaked emission in the nucleus, interpreted 
as evidence for either inflow or outflow depending on the 
geometry. ESO 565 - 11 reveals only weak possible emission 
in the nucleus. The nucleus appears to be inactive at the 
present time, as in NOC 7552 (Forbes et al. 1994a). There is 
no evidence as yet for a nuclear bar in ESO 565 -11. 

Why does ESO 565- 11 have such a large nuclear ring 
compared to other barred spirals? The inner and outer rings 
are also larger than average but are not the largest examples 
known (see Table 2 of Buta & Crocker 1993). The mass 
within the inner pseudoring (based on Fig. 16, not the 
velocity-position angle diagram) is 5X 1010 ~ 0 (for ~=60 
Mpc. The galaxy is not unusually massive or undermassive 
for its type. The mass distribution may be unusual, however. 
The galaxy is not very centrally concentrated, and the inner 
Lindblad resonance may be farther from the center than is 
usual. 

8. CONCLUSIONS 

We have presented deep BVI CCD surface photometry 
and Ha Fabry-Perot interferometry of the southern galaxy 
ESO 565 -11. The main results of our study are as follows: 

(1) ESO 565-11 is a peculiar barred spiral with a full 
complement of ring and pseudoring features and a strong bar 
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of the "ansae" type. The bar and inner pseudoring of the 
galaxy appear misaligned by an angle of about 60° in pro
jection. Since the outer pseudoring and isophotes appear 
fairly round, the appearance strongly suggests that the appar
ent bar/inner ring misalignment is intrinsic. This would be 
very atypical, since statistics of apparent bar/ring position 
angles for large numbers of ringed barred galaxies favor par
allel alignment as the rule. 

(2) The velocity field of the H II regions of the galaxy 
verifies convincingly that the misalignment is indeed intrin
sic. This makes ESO 565-11 the first definitively confirmed 
case of this phenomenon in a galaxy that is not obviously 
interacting with another galaxy. H II regions in the inner and 
nuclear rings give a kinematic line of nodes in excellent 
agreement with the photometric major-axis position angle. 
However, application of the Tully-Fisher relation to the sys
tem favors an inclination much lower than 33°. The disagree
ment could be indicating that no part of the disk of ESO 
565- 11 is axisymmetric down to the lowest detectable light 
level, or that the velocities in the inner pseudoring underes
timate the maximum rotation velocity appropriate to the ap
plication of the Tully-Fisher relation. 

(3) The inner pseudoring is actually a minor component 
that defines the edge of a strong inner lens. The total amount 
of light (and possibly mass) in this lens appears to exceed 
that of the bar. Thus, ESO 565 - 11 is better characterized as 
a misaligned bar/oval galaxy. 

(4) The nuclear ring is the site of a spectacular starburst of 
unusually large linear and relative size. The feature is defined 
mainly by 10 giant H II regions which contribute more than 
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70% of the total Ha luminosity. The position angle of the 
major axis of the ring changes from 93° in Ha to 116° in the 
/ band, with intermediate values in the B and V bands. This 
smooth phase change with increasing mean age of the stellar 
population could be linked to the effects of gravity torques 
on the orbits of the aging ring stars. 

(5) The cause of the intrinsic bar/inner ring misalignment 
in ESO 565-11 is uncertain. It cannot be understood in 
terms of the usual barred galaxy test-particle models, which 
predict alignment if inner rings are associated with a reso
nance just inside corotation. A more promising explanation, 
that the bar and misaligned inner ring formed from an inter
action, would not seem to work in this case because ESO 
565 -11 has no significant close companions, although the 
galaxy could be a member of a loose grouping of faint ESO 
galaxies near 4800 km s _, redshift. We tentatively conclude 
that ESO 565-11 has two significant bisymmetric perturba
tions of comparable extent that at the present time are mis
aligned. It is unlikely that this could be a stable situation, and 
it may represent an extremely transient phase in the evolu
tion of some barred galaxies. Thus, ESO 565- 11 adds a new 
dimension to the problems of ringed, barred galaxies. 
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Fro. 1. Left panel:NGC 1433, an aligned bar/inner ring galaxy; right panel: ESQ 565-11, oriented similarly to NGC 1433 to highlight the clear bar/inner ring 
misalignment. Both images are B band and were obtained with the same CCD. The units are mag arcsec-2• The orientation and scale for the ESQ 565-11 
image are indicated. For the NGC 1433 image, north is at the top an east is to the right. A scale bar of the same length as that in the ESQ 565-11 image 
corresponds to 60'' for this image. 
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FIG. 3. Upper left: B-band image (units mag arcsec-2) of ESO 565-11, properly oriented with north at the top and east to the left; upper right: net /-band 
image (intensity units) after subtraction of bulge and disk model and removal of field stars; lower left: Ha intensity map (logarithmic units); lower right: B-1 
color index map (units mag arcsec-2), scaled such that blue features (B-/"'1.0) are dark and red features (B-/"'3.0) are light The white bars at the lower 
left of each left panel are 20" in length. The scale of both right panel images is the same as that at upper left. The nucleus is redder than shown in the B-1 
map, because the B an / images were not perfectly matched in seeing. 
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FIG. 12. Color-coded velocity (left) and velocity dispersion (right) maps of ESO 565-11. The receding section of the velocity map is coded red while the 
approaching section is coded purple, where red corresponds approximately to 4840 km s- 1 and purple corresponds to 4720 km s-1• The red bar in the lower 
left part of this frame is 30" in length. In the dispersion map, purple corresponds to essentially unknown velocity dispersion, because in these faint regions the 
dispersion was not solved for. Blue corresponds to about 25, green to about 40, and yellow to about 70 km s- 1. 
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