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NGC 4650 A: A Nearly Edge-on Ring Galaxy?
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Abstract. The peculiar galaxy NGC 4650 A (α =12h 42m. 1; = δ—40° 26';
1950·0) has been studied by means of direct and spectral observations
with the ESO 3·6-m telescope. It is interpreted as a prolate, elliptical
galaxy surrounded by a warped ring of Η II regions, dust and stars. The
distance is 47 Mpc (H0=55 km s–1 Mpc–1). The ring is seen nearly edge-on
(inclination 85°) and it rotates. It has a diameter of about 21 kpc and
is bluer than the elliptical galaxy for which the (M/LV) ratio is ~12 in
solar units. The observed configuration may be the result of interaction
with the nearby galaxy, NGC 4650.
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1. Introduction
The peculiar galaxy NGC 4650 A (α1950 = 12h 42m 4s·6; δ1950 = –40° 26' 27")
is a member of the Centaurus group of galaxies, sometimes called the Centaurus
association or the Centaurus chain of galaxies; some 10 galaxies are lined up in the
sky. The central part of the chain is shown in Fig. 1. NGC 4650 A presents itself
(Fig. 2) as an object that consists of two, quite different components. The central
component is bright and compact and appears as an elliptical galaxy of axial ratio
~3, i.e. E6-E7 in the Hubble classification; the major axis is oriented in the NE-SW
direction. We shall refer to this as the Ε component. The outer component is fainter
and looks like an amorphous disc with a ring or spiral arms seen almost edge-on and
of which the west side is seen in absorption against the bright Ε component; we call
this the S component. It is extended in the NW-SE direction, approximately at
right angles to the major axis of the Ε component.
A first study of the Centaurus group and of NGC 4650 A in particular was made by
Sersic (1967) who at the time concluded that it had an active nucleus. In a later
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study Sérsic and Agüero (1972) obtained spectra of NGC 4650 A showing the
Η and Κ lines of Ca II in absorption and the λl3727 line of [O II] in emission. They
determined a radial velocity curve of the S component which within the accuracy is
confirmed by our measurements. NGC 4650 A is not in the Atlas of Peculiar Galaxies by Arp (1966) but it was included by Sérsic together with other galaxies of the
Centaurus group in his Catalogue of Southern Galaxies (1968).
As will be seen later, we derive for NGC 4650 A a distance of 47 Mpc, i.e. a scale
of 227 pc per arcsec. This scale will be used throughout the following discussion.
2. Observations
NGC 4650 A was included in the list of peculiar objects for direct photography
during the test period of the ESO 3·6-m telescope in 1977, and spectra were obtained
with the same instrument in 1978. The observational material is listed in Table 1.
Five direct plates were obtained during moderately good seeing at the prime focus
equipped with a Gascoigne one-element corrector. The scale is 18"·9 per mm. Four
of these were in the blue (IIIa-J + GG385) with exposure times from 5–90 minutes,
while one was in the red (IIIa-F+RG630) with an exposure time of 53 minutes.
The appearance of the galaxy on these plates will be discussed in Section 3.
Four spectra were obtained with the Boller and Chivens spectrograph equipped
with a Carnegie image tube at the Cassegrain focus of the 3·6-m telescope. The slit
positions are shown in Fig. 3 and radial velocities were measured (with the ESO
Grant machine in Geneva) at the positions indicated (A—O). The mean dispersion
was 114 Å mm–1. Fifteen lines of the helium-argon comparison spectrum were
measured (3727–5500 Å) and a polynomial of third order was fitted to give a rms
value of ± 0·20 to ± 0·25 Å.
Emission lines were observed in all positions A—Ο and absorption lines were seen
in the positions C, E, F, G, H, J and K. The spectral characteristics are discussed in
Section 4.

Table 1. Observational material

Figure 2. NGC 4650 A, reproduced from a 20 min (left-hand side) and a 90 min (right-hand side) IIIaJ+GG385 plate obtained with the 3.6-m telescope and a Gascoigne corrector in the prime focus.
Two knots, C and Μ are indicated.
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3. Morphology and spatial configuration
Concerning the nature of the present object, we can a priori list a number of possibilities:
(1)
(2)
(3)
(4)
(5)
(6)

A spiral galaxy with a prolate central bulge.
A collision between a spiral galaxy and an elliptical galaxy.
A ring galaxy.
Star formation due to a collision between a galaxy and an intergalactic cloud.
Ejection of matter from an elliptical galaxy.
Two widely separated galaxies in the same line of sight but with no physical
connection.

The appearance of NGC 4650 A on the available direct plates will now be described
in some detail. In particular, we shall discuss the morphology and the spatial configuration of the object and try to interpret its probable nature among the possibilities
listed above:
5m exposure plate: the nucleus is bright and circular in shape with diameter 3", or
~700 pc. A search for a second nucleus, on this as well as on other plates, was negative. This may be taken as one reason to assume that we are indeed faced with one
object only, and not with a superposition of two galaxies. This is an argument
against the possibilities (2) and (6) above. The inner part of the elliptical Ε component is just visible and the shading by absorption in the S component can be seen as
close as 3" SW of the centre.
20 m exposure plate: Figure 2 (left-hand side). The nucleus or central bulge is larger and
has become elongated with dimensions 6" × 4". The Ε component is extended to 30"
along the major axis. The S component is clearly visible with its two dense knots in
positions C and M. The most striking feature here is the band of absorption due to
the S component crossing the Ε component perpendicularly to its major axis. The
band has sharp edges and covers the range from 3"·0 to 6"·0 off the centre on the
major axis of the Ε component on the SW side. The band is about 700 pc wide. On
the NE side of the centre we find in the same range, 3"·0 to 6"·0 from the centre, a
corresponding band of increased brightness crossing the major axis of the Ε component; this is particularly obvious when fitting a smooth curve to the profile of a microphotometer tracing along the major axis. From this observation we draw two conclusions. First, the Ε component has, as would be expected, little or no absorbing
material, contrary to the S component. Second, when viewed along the line of sight
the Ε component must be located within the S component. We can therefore assume
with good confidence that the two components belong to the same object and have a
common centre, i.e. we can exclude possibility (6) above.
60m exposure plate: The absorption band has become sharper and a bit narrower,
slightly over 2" or about 500 pc wide. The band of increased brightness on the opposite side is clearly visible. The knot C is well defined and elongated with the dimensions 3" × 1"·5 or 700 pc×350 pc.
53m exposure plate: This plate exposed in red light was cut short due to technical
difficulties, but in the comparison with the 20m exposure blue plate it clearly demontrates the difference in colour; the S component is considerably bluer than the Ε component.

180

S. Laustsen and R. M. West

90m exposure plate: Figure 2 (right-hand side). The Ε component extends over 40"
(9 kpc) with an axial ratio of 3. Faint features (wisps) of the S component can be
followed to considerable distances, in the south to about 80" from the centre and
in the north to about 100" from the centre. This brings the total extent of the
galaxy to 40 kpc.
The structure of the S component is not obvious from the appearance on our plates
but we feel that it is best described by the denser areas forming a more or less regular
ring which is seen nearly edge-on. It is, however, not evident what size one should
attribute to the major axis of the projected ring. A first approach would be to
assume that the major axis is delimited by the points C and M. But the bends of the
projected ring at these two points are far too sharp, and there is also much material
outside these points, cf. Fig. 2.
An apparently more reasonable interpretation is that what we see is the projection
of a warped ring of such dimensions that almost all of the material of the S component forms part of the ring. In this case the points C and Μ become the points in
which the projected ring crosses over as a result of warping. A warped ring with
unit radius may be described by:
(x, y, z) = (cos v, sin v, a sinn v)
where υ is the azimuth angle and the two parameters a and n determine the degree of
warping. The ring is ‘ flat ’ along the X-axis, it bends ‘ upwards ” (positive Z ) in
the ‘ upper ’ half of the (X, Y)-plane (positive Y) and ‘ downwards ’ in the ‘ lower ’
half. The projection onto the tangential plane (the celestial sphere) is determined by
two parameters, the angle p in the ΧY-plane from the X-axis to the line of nodes
(Fig. 4), and the inclination i of the ΧY-plane, relative to the tangential plane.
By varying the values of the four parameters, α, n, p and i, we have tried to obtain
the best possible fit to the observed (projected) shape of the S component. After
successive appoximations, we find a= 0·3, n = 5, p = 65° and i = 85°. After proper
scaling and orientation these values reproduce the photographic image rather well as
shown in Fig. 5. The diameter of the ring is now determined to 90"–95", or 21
kpc. It should be noted that in order to obtain the best fit, the centre of the ring has
to be slightly displaced to the Ν of the centre of the Ε component.
A glance at Fig. 2 gives the immediate impression that the S component is not at
right angles to the major axis of the Ε component. This deviation from perpendicularity is further increased when we take into account the effect of warping. The
angle between the line of nodes and the apparent major axis of the Ε component is
close to 75°, cf. Fig. 5. It is interesting to note that the neighbouring galaxy in the
chain (No. 2 in Fig. 1) is located to a high degree of accuracy on the line through the
centre of NGC 4650 A and perpendicular to the line of nodes.
In conclusion, we therefore favour possibility (3) on a morphological basis. We
cannot exclude possibilities (1), (4) and (5) but Nos (2) and (6) are unlikely.
4. The spectrum
Four long-slit spectra were obtained of NGC 4650A; the slit positions are indicated
in Fig. 3. The lines which could be identified are given in Table 2, together with
the measured radial velocities.

Figure 3. Slit positions in NGC 4650 A. Positions (A-O) indicate where radial
velocities were measured. The spectra are identified by their log book no. (cf.
Table 1).
LAUSTSEN AND WEST

Figure 5. Geometrical interpretation of the S-component. The figure shows the
projection of the best fitting ring (a = 0.3, n = 5, i = 85°, p =.65°) superposed on
a 90 min exposure.
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Figure 4. Geometrical interpretation of the S component. As described in the text, a warped ring
was fitted to the shape of this component. The figure shows the projection of the best fitting ring
(a = 0·3, n = 5, i = 85°, p = 65°) in a perspective drawing. The line of nodes, i.e., the line of intersection of the XY-plane with the tangential plane, as well as the line connecting azimuths 0° and
180°, corresponding to the straight diameter in the warped ring, are shown. The part of the ring
behind the tangential plane is drawn as a dashed line, while the part in front is fully drawn. The
ring warps ‘upwards’ in the lower part of the figure and ‘downwards’ in the upper part. The
values of the azimuth angle υ in Fig. 5 have been indicated at 10° intervals.

The emission line spectra are all of low excitation, although, certain differences in
excitation are noted as listed in Table 2. Most, if not all, of the emission appears
to arise in Η II regions. The strongest knots are apparently giant Η II regions with
diameters of the order of 500 pc (~2").
The absorption line spectrum of the Ε component (E, G, F) is typical of an elliptical
galaxy although the strengths of the Balmer lines in absorption (4340, 4101, 3969)
appear somewhat higher than usual, leading to an earlier spectral type (~GO) than
most ellipticals (~G4). We note, however, the Mg I triplet (5175) and the Mg Hband (5269) as well as the Na I D-band, typical of late-type dwarf stars; these lines
are normally present in elliptical galaxies.
In the following, further information is given about some of the spectra:
Position C: This knot was observed twice (B158, Β182) and the measured velocities
are in very good agreement; the mean value is given. I (6562)/I (6583) 1 and 3727
is strong. The absorption lines have about the same velocity as the emission lines
but they are very faint and could not be measured with confidence.
Position F: Both [N II] lines are well visible; I (6583) > I (6562)>
G-band is very broad and diffuse and could not be measured. The
Ca II) coincides with the night-sky H-line (3969) at 2800 km s–1
measured.
Position G: It appears that Hβ consists of a narrow emission line,
on a broader absorption line. The [S II] 6731–6717 lines are barely visible.

I (6548). The
K-line (3933,
and was not
superimposed
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Position H: I (6562)/1 (6583)~1.
Position M: The Balmer lines and [O II] 3727 are somewhat stronger than [O III]
5007. The latter appears to be concentrated towards the centre of this knot.
Position O: Most outlying point where emission lines could be measured. I (3727)/
I (5007) < 1 , i.e. low excitation.
5. Dynamical structure
Radial velocities were determined by means of emission lines for all the positions A-O,
and also by means of absorption lines for the positions E, G, Η and J. All determinations are listed in Table 2 with the used lines indicated for each position. The correction to be applied for the motion of the earth is + 25 km s–1. Radial velocities
determined from absorption lines are systematically smaller than those determined
from emission lines for the same positions. This difference is of the order of 100
km s–1 and does not appear to be connected with an expansion of the ring. Otherwise
we would have expected to find emission line velocities which are smaller than the
absorption velocities, especially in the nearer edge of the ring (positions D and E);
this is not the case. Part of the discrepancy may be explained as due to systematic
errors in the measurement, but it still looks as if there is a real difference. Future,
high-resolution spectroscopic observations are necessary to verify this.
The heliocentric systemic velocity V=28 61±11 km s–1 was determined by applying
all measured lines, emission as well as absorption lines, in the major axis of the Ε
component, i.e. in the positions E, F, G and H. It has been adopted for the determination of a cosmological distance. Correction for the solar motion is made according to Yahil, Tammann and Sandage (1977): ∆V = — 285 km s–1 giving V0 = 2576
km s–1. By adopting H0 = 55 km s–1 Mpc–1 we derive the distance 47 Mpc and a
scale 227 pc arcsec–1.
Bergwall et αl. (1978) gave V=2870±60 km s–1, in perfect agreement with our
value. An earlier determination was made by Sérsic and Agüero (1972) who from
three lines found a heliocentric velocity V=2530 km s–1 for the central object.
de Vaucouleurs and Corwin (1976) applied a correction of —55 km s–1 to this giving
V=2475 ± 180 km s–1. This is nearly 400 km s–1 lower than our value. The most
likely explanation is a possible systematic error in the earlier determination.
The measurements in Table 2 have been plotted in Fig. 6. It is seen that the
S component rotates; taking into account the projection effects, we find a rotational
velocity of ~180 km s–1, 10·5 kpc from the centre. Assuming Keplerian velocity,
the enclosed mass becomes 8 1010 M⊙ which is a reasonable value for the Ε component. The mass-to-luminosity ratio is determined on the basis of the photometry
by Sérsic and Agüero (1972). With mv (total)=13·6 and distance modulus (m—M)
=33m·3, i.e. Mv = — 19m7, we get (M\L)v = 12 in solar units.
There is no measurable rotation along the major axis of the Ε component, leading
to the conclusion that this object is prolate.
6. Discussion
We interpret the present object, NGC 4650 A, as an elliptical galaxy (the Ε component), surrounded by a warped ring (the S component). The projected size of
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the central galaxy is 9 kpc. The diameter of the ring is about 21 kpc, but including
outlying material, the overall size is almost 40 kpc.
We see only one nucleus in this object and it does not appear to be particularly
active, although the emission lines in the spectrum along the major axis of the elliptical galaxy do have a weak maximum near the centre (positions F-G in Fig. 3). There
is a little or no rotation along this axis and the spectra that cross the galaxy Ε and W
of the nucleus (in positions Ε and H) indicate that, the rotation, if any, around the
major axis must be slow. Thus the galaxy belongs to the prolate type; other examples
are given by Bertola and Galletta (1978). The galaxy has strong, apparently rather
broad absorption lines, probably as a result of internal motion, but spectral observations of higher resolution are necessary to confirm this. There is an unexplained
difference of ~ 100 km s–1 between the absorption and emission line velocities. The
mass and the mass-to-luminosity ratio are not untypical for an elliptical galaxy.
The surrounding S component has the geometrical shape of a warped ring, inclined 5° to the line of sight. The spectra show that most of the knots are large Η II
regions, although there are signs of a stellar component in the form of weak absorption lines. It also contains a significant amount of dust which manifests itself as
the strong dust band, W of the centre, seen in Fig. 2 (left-hand side). The emission
regions appear to lie on the ring. It is possible that the ring is the edge of a warped
disc, but in that case the disc must have low surface brightness, as indicated by the
“ void ” areas, NW and SE of the nucleus, between the denser edges of the
S component. The N-part of the ring is receding, relative to the central galaxy, and
the S-part is approaching; the velocity curve corresponds to a rotation. On the basis
of the present material, there is no unambiguous indication of expansion or contraction of the ring. Similarly, we do not feel that the currently available, somewhat
limited data warrant the construction of a dynamical model of the ring. Further
spectral observations of higher angular and spectral resolutions are most desirable
for a fuller understanding of this peculiar object.

Figure 6. Radial velocity curve of the S component. The measured values, together with the error
bars, are shown for emission lines (circles) and absorption lines (square),. The lettering corresponds
to the positions in Fig. 3.
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At the most, a few dozen ring galaxies are known at this time. Due to the obvious
selection effect, most of these are seen nearly face-on; to the best of our knowledge,
NGC 4650 A is the hitherto best candidate for an edge-on ring galaxy. Photographs
of other ring galaxies may be found in the article of Theys and Spiegel (1976) and
detailed investigations of some objects of this class have been carried out by Graham
(1974), Fosbury and Hawarden (1977) and Dennefeld, Laustsen and Materne (1979).
Reviews of the various theories of formation of ring galaxies have been written
by Chatterjee (1979) and Dennefeld and Materne (1980). It is not clear whether
ring galaxies are results of close encounters of galaxies with intergalactic clouds
(Freeman and de Vaucouleurs 1974) or with other galaxies (Lynds and Toomre
1976; Theys and Spiegel 1977).
In the case of NGC 4650 A, the nearest neighbour is NGC 4650 or rather its companion (No. 2 in Fig. 1). The radial velocity of NGC 4650 (Bergwall et αl. 1978) is
within 100 km s–1 of that of NGC 4650 A, but the velocity of the companion has not
yet been measured. Nevertheless, it is most likely that the three are physically connected (note that the velocity of ESO 322-IG64, No. 4 in Fig. 1, is ~4800 km s–1, i.e,
they do not belong to the group). The angular distance from NGC 4650 A to galaxy
No. 2 is ~ 220", or about twice the size of the ring of NGC 4650 A. We also remark
the apparent alignment of the line of nodes of the ring which is perpendicular to
the line connecting NGC 4650 A and NGC 4650. Whether in fact the ring did
originate during a close encounter among these galaxies cannot be concluded at this
stage. It would be interesting to perform model calculations on this system.
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