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ABSTRACT

Context. The Galaxy Ultraviolet Explorer (GALEX) satellite has recently shown the presence of an extended, outer ring studded with
UV-bright knots surrounding the lenticular galaxy NGC 4262. Such a structure-not detected in the optical-is coupled with a ring of
atomic (HI) gas.
Aims. We want to show that both star-forming and HI rings surrounding this SB0 galaxy share the same radial distance from the
galaxy center and spatial orientation. We also model the kinematics of the ring(s) and of the galaxy body.
Methods. We make use of archive FUV and NUV GALEX data plus HI observations from the literature.
Results. We confirm that the UV-bright and atomic gas rings of NGC 4262 have the same extent and projected spatial orientation.
Their kinematics is not coupled with that of the galaxy stars.
Conclusions. It is possible that NGC 4262 has undergone a major gas stripping event in the past that was the origin of the present
“necklace” of UV-bright knots.
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1. Introduction

Before the advent of the Galaxy Evolution Explorer (GALEX)
UV-bright galaxy features with no counterpart in the optical
were unavoidably neglected. In particular, GALEX has shown
that over 30% of spiral galaxies possess previously unknown
UV-bright extensions of their optical disks (e.g. Thilker et al.
2007). This is also the case of the lenticular galaxy NGC 4262
in Virgo discussed here and surrounded by an extended, UV-
emitting ring lying well beyond its optical image.

The Hubble Space Telescope Advanced Camera for Surveys
(HST/ACS) imaging (Côté et al. 2006) unequivocally shows the
morphology of NGC 4262 as typical of an SB0 at optical wave-
lengths. More precisely, the galaxy has a bright, nearly spherical
bulge, a bar, and a lens extending well outside the bar radius
(Laurikainen et al. 2010).

GALEX NUV (1771–2831 Å) and FUV (1344–1786 Å) im-
ages (Fig. 1) instead show an external knotty feature, something
like “beads on a string” very likely made of individual, hot star
clusters. In this respect, NGC 4262-having clustered UV-bright
sources in its outer parts-could be classified as a type 1 extended
ultraviolet disk (XUV), a kind of feature discussed in detail by
Thilker et al. (2007) and properly modeled by Bush et al. (2010);
note, however, that the lack of Hα observations does not allow us
to state for certain we are looking at typical HII regions.

In this paper we want to ask the question whether the
(strict) coincidence of the UV knots and HI ring reflects a past

Fig. 1. GALEX combined FUV and NUV image of NGC 4262
(blue=FUV, yellow=NUV), showing how individual knots forming the
far-UV-bright ring.

interaction event. The origin of the UV-bright ring is by neces-
sity controversial. It could have formed with the galaxy itself,
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Fig. 2. Comparison of the optical (B+HST/ACS F475W) image of NGC 4262 (upper left), with GALEX NUV and FUV images (upper and lower
right, respectively, and the smoothed HI column density (lower left). Contours are 0.8, 1.6, 2.4, 3.2, and 4.8×1020 atoms cm−2. The field of view of
each panel is ∼5.′3 × 5.′3. The ring’s physical size turns out to be ∼8.5 kpc, while the galaxy body-as seen in the NUV-has a radius of only ∼4 kpc.

especially considering that tidal stellar and gas arms are often
offset (e.g. Mihos 2001). On the other hand, though the pro-
jected image rules out that NGC 4262 is a classical polar ring
galaxy (i.e. the ring is not at 90 degrees to the galaxy), and the
knotting of the ring is similar to the knotting instability seen in
the no-polar-ring Cartwheel galaxy, the presence of a ring sur-
rounding an SB0 recalls shell and polar ring early-type galaxies,
commonly thought to have undergone accretion and/or merging
phenomena (e.g. Marino et al. 2009).

Toward our goal, we want (i) to show that both star-forming
and HI rings surrounding this SB0 galaxy (see Fig. 2) share the
same radial distance from the galaxy center and spatial orienta-
tion; and (ii) to model the kinematics of the ring(s) and of the
galaxy body taking advantage of the existing innermost ionized
gas velocity field (Sarzi et al. 2006) and the outer neutral hydro-
gen rotation curve (Krumm et al. 1985).

2. Data and data reduction

We took both GALEX FUV (1344–1786 Å) and NUV
(1771–2831 Å) images of NGC 4262 from deep frames (expo-
sure time = 9.1 ks [NUV], 7.2 ks, [FUV], respectively) belong-
ing to the program GI2 017 (P.I. Zhong Wang). The telescope has

a very wide field of view (1.25 degrees diameter) and a spatial
resolution ∼4.′′2 and ∼5.′′3 FWHM in FUV and NUV respec-
tively, sampled with 1.5′′ × 1.5′′ pixels (Morrissey et al. 2007).

We used FUV and NUV background-subtracted intensity
images from the GALEX pipeline to compute the ultraviolet in-
tegrated photometry and light profile of the galaxy. Background
counts were estimated from the sky background image and
high-resolution relative response map provided by the GALEX
pipeline itself. In addition, we used optical Sloan Digital Sky
survey (SDSS) archival images (Adekman-McCarthy et al.
2008) in the g (3630–5830 Å) and i (6340–8630 Å) wavebands
to obtain optical surface brightness profiles and (g − i) color
profiles.

Both UV and optical surface photometry have been de-
rived by means of the IRAF1 STSDAS ELLIPSE routine.
ELLIPSE computes a Fourier expansion for each successive
isophote (Jedrzejewski 1987), producing radial luminosity and

1 IRAF is written and supported by the IRAF programming group at
the National Optical Astronomy Observatories (NOAO). NOAO is op-
erated by the Association of Universities for Research in Astronomy
(AURA), Inc. under cooperative agreement with the National Science
Foundation.
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Fig. 3. UV/Optical surface brightness and color profiles of NGC 4262
main body. In each panel we always plot the sum of the two, single-
fitted profiles, (arrows mark the radial distance where the disk starts to
prevail). Upper panel shows the optical (g, i) profiles, while the middle
panel gives the corresponding UV (NUV, FUV) profiles. Both optical
(g − i) and UV (FUV-NUV) color profiles are presented in the bottom
panel. The innermost UV color point represents the mean value inside
the GALEX PSF.

Fig. 4. Position angle and ellipticity profiles for both optical and UV
images of NGC 4262. Upper left panel: optical ellipticity profile. Upper
right panel: PA optical profile. Lower left panel: UV ellipticity profile.
Lower right panel: PA UV profile.

geometrical profiles, sampled in nested ellipses, 2 arcsec wide.
These profiles are plotted versus galactocentric distance along
the semi-major axis in Figs. 3 and 4.

To estimate the errors on UV (AB) magnitudes, we prop-
agated the Poisson statistical errors on source and background
counts. In addition to the statistical error, we added an uncer-
tainty to account for systematic inaccuracies in the zeropoint of
the absolute calibration of 0.05 for FUV and 0.03 mag for NUV
(Morrissey et al. 2007). Our measured NUV total magnitude of

NGC 4262 is consistent within errors with the one measured by
Gil de Paz et al. (2007). We also derived the FUV and NUV inte-
grated fluxes of each individual UV-bright knot in order to esti-
mate its current star formation rate (SFR). They were computed
as m(AB)UV = −2.5× log CRUV+ZP where CR is the dead-time
corrected, flatfielded count rate, and the zero points ZP = 18.82
and ZP = 20.08 in FUV and NUV, respectively (Morrissey
et al. 2007). We corrected both UV fluxes and luminosities by
adopting the foreground reddening given by Schleghel et al.
(1998), namely E(B − V) = 0.035. With reference to the extinc-
tion curve of Savage & Mathis (1979), this translates into the
extinction values AFUV = 0.28 and ANUV = 0.32 having adopted
λeff = 1516 Å and 2267 Å, respectively, for the two filters above.

3. Galaxy and UV-bright clumps photometry

The UV and optical surface brightness and color profiles of the
galaxy body are shown in Fig. 3. The luminosity profiles of
NGC 4262 at various wavebands indicate the predominance of
a peaked distribution, which appears linear when plotted in r1/4,
inside ∼16 arcsec and of an exponential distribution outside this
radius. Because of this, data was fitted with a double-component
curve made of a sum of a r1/4 law and an exponential law, span-
ning the full range of observed luminosity profiles. A prelimi-
nary fit was performed with only a single component, inside and
outside 16 arcsec, to define the starting parameters, which are
the effective radius re and the apparent surface brightness at the
same distance μe. Then a model with both components was run,
by adjusting the re and μe parameters for both luminosity laws
with the goal of minimizing the residuals between observed and
calculated surface brightness. To perform the fit, the very inner
region of the profiles, affected by the seeing (PSF = 2′′ in the op-
tical and PSF = 5′′ in the UV), were excluded. The best-fitting
parameters are listed in Table 1.

Then, the total magnitudes of both components, bulge and
disk were calculated and the resulting total galaxy magnitude
for each waveband was obtained. These values are also listed in
Table 1. We found very good agreement with the published val-
ues, within a few hundredths of a magnitude in i, g, and NUV
values. The error in effective radii and surface brightness were
calculated from the errors in the fitting parameters (slope and in-
tercept) and are also reported in the table. Errors in total magni-
tudes were obtained from the correlation coefficient of the model
fit vs the observed values.

As one can see, the disk contribution decreases as we go to-
wards shorter wavelengths, and is only barely visible in the FUV
profile. In Fig. 3 the radial position is shown where the disk starts
to prevail. We note that-unlike optical color g-i-the FUV−NUV
color becomes much bluer in the innermost region of the galaxy.
The innermost UV color point represents the mean value inside
the GALEX PSF.

In Fig. 4 we also show the ellipticity and position angle pro-
files for all four bands. The galaxy is seen almost face on, as the
apparent disk ellipticity is 0.1 corresponding to an inclination
of ∼26◦, assuming an intrinsic flattening of 0.25 for the disk. In
the g and i images the bar signature is clearly visible from 5 to
20 arcsec, with an increase in ellipticity (up to εbar = 0.4) and a
sharp change in the major axis to PA = 25◦. This is indeed the
position angle of the major axis of the bar and is almost coin-
cident with the PA of the major axis of the gas that reproduces
its observed kinematics (both of the neutral and ionized compo-
nents) as described in Sect. 5. In the NUV ellipticity and PA pro-
files, the signature of the bar is still present in the same region,
whereas it almost disappears in the FUV profiles where only the
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Table 1. Photometric parameters from the fit of the luminosity profile.

Band. mtot re (bulge) μe (bulge) re (disk) μe (disk)

mag arcsec mag/′′2 arcsec mag/′′2

i 10.96 ± 0.01 5.2 ± 0.92 18.40 ± 0.40 22.80 ± 0.22 21.82 ± 0.03
g 11.95 ± 0.01 6.0 ± 0.80 19.53 ± 0.29 26.81 ± 0.36 23.33 ± 0.04
NUV 16.26 ± 0.02 7.99 ± 0.99 24.93 ± 0.26 31.98 ± 1.5 27.96 ± 0.08
FUV 17.66 ± 0.1 6.03 ± 1.11 25.33 ± 0.42 15.2 ± 8.1 29.3 ± 1.13

bulge component is visible. The bar in the NUV is rounder than
in the optical (εbarUV = 0.3). Figure 5 shows a schematic view of
the galaxy (the apparent flattening on the sky of the stellar disk,
the bar and outer HI ring, and also the edge-on view of the sys-
tem with the line of sight is reported. In the upper right of each
figure the geometrical parameters are given).

In addition to the luminosity profiles we measured the inte-
grated mAB magnitudes and colors of the UV-emitting clumps
that are given in Table 2. The brightest clumps that we measured
were selected by optical inspection, and all the magnitudes ob-
tained inside an aperture of 7 arcsec in diameter. At the HST-
based, adopted distance of 14.6 Mpc (Jordán et al. 2005), our
(GALEX) spatial resolution is ∼400 pc and we cannot estab-
lish whether their physical size is in line with typical Galactic
loose OB associations (∼80–100 pc). In fact, the clump mea-
sured FWHMs are comparable to the large GALEX PSF (4–6′′)
and, as such, they are not resolved. As stated above, the adopted
distance to convert AB magnitudes to luminosities is 14.6 Mpc.
A map of individually measured, UV-bright clumps along the
ring is shown in Fig. 6. This figure shows the full properly
smoothed HI column density map (Krumm et al. 1985) super-
posed on the recent GALEX image of the galaxy and its ring.
The resulting match between the UV and HI rings is outstand-
ing by clearly representing the same feature. What is more, the
regions of highest HI condensation correspond to the brightest
complexes in the UV.

4. Star formation rate

The present-day SFR of each UV-bright blob along the ring
can be derived – following Kennicut (1998) – using its UV
continuum luminosity and the relation

SFRFUV (M� yr−1) = 1.4 × 10−28 LFUV

(
erg s−1 Hz−1

)
.

FUV fluxes, luminosities, and SFRs are given in Table 2. Our
UV evidence of star formation within the galaxy body only ap-
parently contrasts with the lack of star formation derived in the
infrared by Shapiro et al. (2010). In fact, their low ratio between
8.0 μm and 3.6 μm SPITZER fluxes could be ascribed to a low
amount of dust as well.

5. Galaxy and ring kinematics

The innermost kinematics of NGC 4262 appears quite com-
plex. Sarzi et al. (2006) write that “this strongly barred galaxy
shows an integral-sign pattern in the gas distribution and a
twisted gas velocity field. In addition this object shows pecu-
liar asymmetric distributions for the central values of sigma and
for OIII/Hβ ratio. The gas and stellar kinematics are strongly

Fig. 5. A schematic view of the galaxy. Upper panel: the apparent flat-
tening on the sky of the stellar disk (black circles), the bar (red ovals),
and outer HI ring (green ovals) are shown. Lower panel: edge-on view
of the system with the line of sight reported. In the upper right of the
figures are reported the geometrical parameters.
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Table 2. Integrated photometric properties.

Object RA Dec mFUV(AB) FFUV LFUV mNUV(AB) FNUV LNUV FUV-NUV SFRFUV

(2000) (2000)
Galaxy 184.8776 14.87777 17.66 ± 0.12 2.466 6.41 16.26 ± 0.01 8.241 21.43 1.31 8.9
Clump 1 184.8732 14.89737 22.68 ± 0.39 0.0308 0.0800 22.06 ± 0.31 0.0544 0.142 0.62 0.112
Clump 2 184.8762 14.88732 21.18 ± 0.24 0.123 0.318 20.92 ± 0.19 0.156 0.405 0.26 0.446
Clump 3 184.8603 14.87558 20.69 ± 0.19 0.192 0.500 20.59 ± 0.18 0.212 0.548 0.10 0.700
Clump 4 184.8589 14.86833 21.61 ± 0.31 0.082 0.214 21.23 ± 0.24 0.117 0.304 0.38 0.300
Clump 5 184.8554 14.86131 21.32 ± 0.22 0.108 0.280 21.15 ± 0.23 0.123 0.327 0.17 0.392
Clump 6 184.8801 14.86162 22.13 ± 0.31 0.0510 0.133 21.70 ± 0.30 0.0759 0.197 0.43 0.186

Notes. (1) Coordinates are given in degrees; (2) fluxes are in units of 10−27 erg s−1 cm−2 Hz−1; (3) luminosities are in units of 1026 erg s−1 Hz−1;
(4) SFRs are in units of 10−2 M� yr−1.

Fig. 6. GALEX FUV image of NGC 4262 with
superimposed the labels of individual, pho-
tometered UV-bright clumps along the outer
ring. Their photometric parameters are listed in
Table 1. The field of view is ∼4.′3× 4.′3. The
red empty circle shows the size of the photo-
metric aperture used for all UV blobs (7 arcsec
diameter), while the white empty square on
the galaxy nucleus represents the size of the
SAURON field of view (33′′ × 41′′).

decoupled.“To reproduce the complicated gas shape and kine-
matics we used a model composed by a set of rings (described
in Appendix A) inclined with respect to the sky plane and to
the galaxy’s reference plane. The intrinsic gas rotation curve is a
typical Brandt (1960) curve with a steep increase in the first arc-
secs from nucleus and an almost flat part outside (Fig. 7). The
observed values for atomic gas distribution and kinematics are
from HI observations by Krumm et al. (1985), while the ionized
gas kinematics has been studied by Sarzi et al. (2006). We de-
duced the values from the two-dimensional maps and graphs of
Krumm et al. (1985) and from a table of data used for the Sarzi
et al. (2006) work and kindly sent us by Dr. Marc Sarzi (the size
of the SAURON velocity field is overplotted in Fig. 6). For op-
tical emission lines error bars were included as the rms of the
velocities of each line. For HI points error bars were taken from

Krumm et al. (1985). The rotation curve was extracted along a
PA of 29◦, which corresponds to the sky elongation of the outer
HI and UV ring, from 80′′ to 120′′. Then, a 100-ring model was
generated that fits the ring shape in the inner part (flattening and
PA). This generates the i, φ geometrical parameters described in
Appendix A. The maximum extent of the model (100th ring)
was adjusted to 120′′, the maximum HI ring extent. As a first
approach, no warping or twisting of the set of rings was applied
(in the model Δδn = 0 and Δαn = 0 for all the rings). We found,
in agreement with Krumm et al. (1985), that the inclination of
the set of rings is 65◦, and their line of the nodes is at PA = 29◦.

After a solution for geometrical parameter had been found,
we tried different solutions to fit the observed rotation curve both
of HI and ionized gas. As a result, we found that the maximum
rotation of the ring holds at ∼13′′ with a maximum velocity of

Page 5 of 7

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201014750&pdf_id=6


A&A 519, A72 (2010)

Fig. 7. The observed rotation curve of NGC 4262 extracted along the
line of the nodes of the external ring (PA = 29◦). Inner data are from
Sarzi et al. (2006) while full squares indicate the HI velocity deduced
from Krumm et al. (1985). The model rotation curve crosses the points
both in the inner and outer regions.

∼210 km s−1±10 km s−1 (see Fig. 7). The inner kinematics of the
ionized gas may be influenced by the bar, which appears elon-
gated at the same PA of the ring. The peaks of velocity that ap-
pear in [O III]and Hβ at few arcsec from the nucleus may be
due to this deviation from circularity. Unfortunately, no observed
data for galaxy motions between 20′′ and 80′′ exist, so we tried
the simplest possible solution by fitting inner and outer data.

The intensity distribution of [O III] and Hβ lines published
by Sarzi et al. (2006) indicates a possible elongation of the gas
to PA = 0◦. If real, this may indicate a twisting or spinning in
the space of the gas ring toward the center. As an alternative,
they may be a surposition of the gas circulating inside the bar in
elliptic streamings with that of the disk in circular motion. But
the map of the ionized gas distribution appears quite irregular, so
we preferred do not search solutions with warped discs, to avoid
increasing the number of variables present in the model.

6. Origin of the stellar ring

Considering the clear symmetry the HI ring around NGC 4262,
is unlikely to come from a primordial cloud of neutral hydrogen
such as discussed in detail by Thilker et al. (2009) and Cortese
and Hughes (2009). In contrast, Bekki et al. (2005) model the
stripping of rings and arcs of cold gas as the result of interac-
tion with other galaxies. In this context, a stream of gas pulled
out of the disk of the galaxy (or contributed by a perturber) forms
stars when it is compressed. Such an interaction is also supported
by a further hint, namely the observed inner decoupling of gas
and stars velocity fields in NGC 4262 (Sarzi et al. 2006). In the
specific case of NGC 4262 the existence of a mutual interac-
tion with the other Virgo galaxy NGC 4254 has been proposed
by Chyzy et al. (2007), while another example of such merger-
induced, ringed lenticular galaxies could be NGC 404 (Thilker
et al. 2010). The UV-detected, disk’s star formation is likely to
be occurring independently of the above possible (ring-forming)
interaction event.

7. Summary and conclusions

Thanks to the UV-sensitive GALEX satellite we were able to de-
tect an extended, UV-bright ring surrounding the otherwise nor-
mal SB0 galaxy NGC 4262. Such a feature (not recognizable in
the optical) appears to host several knots, likely consisting of hot
star clusters. In this respect, having clustered UV-bright sources
in its outer parts NGC 4262 could be classified as a type 1 ex-
tended ultraviolet disk (XUV). About the origin of such a struc-
ture, one should be aware that theoretical models (e.g., Bekki
2005; Higdon & Higdon 2010) ascribe the onset of rings and
arcs of cold gas, as well as of the formation of young star rings,
to the past interaction with other galaxies. As a consequence,
and also considering the observed inner decoupling of gas and
stars velocity fields (Sarzi et al. 2006), we are fairly confident
that a past major interaction episode undergone by NGC 4262 is
responsible for the onset of the UV-bright ring we see today.

Acknowledgements. We are indebted to Marc Sarzi and the SAURON Team for
providing their kinematical data. We thank the anonymous referee for his/her
comments that improved our paper.

Appendix A: System geometry

We define an observer reference system X′′ Y′′ Z′′ whose Y′′ Z′′
plane coincides with the sky plane, and the X′′ axis represents
the line-of-sight. The HI distribution is assumed to lie on the XY
plane of a galaxy reference system in a set of concentric, circular
rings. The two systems are inclined by the angles i and φ (see
Fig. A.1), which are the inclination and the azimuth of the line
of sight with respect to XYZ. The relation between the coordi-
nates of the two systems is described by the rotation matrix R, as
discussed in Galletta (1983):
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

x′′

y′′

z′′

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠ =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

R11 R12 R13

R21 R22 R23

R31 R32 R33

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠ ×
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

x
y

z

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠ (A.1)

Each ring, labeled n, may be independent of the others and is in-
clined with respect to the galaxy reference plane by the angles δn
and αn, shown in Fig. A.1. The change in δn represents the warp-
ing of the gas plane, while the change in αn is the ring twisting,
if present. The coordinate system of each ring is then
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

x′′n

y′′n

z′′n

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
=

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

R′′11n R′′12n R′′13n

R′′21n R′′22n R′′23n

R′′31n R′′32n R′′33n

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
×

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

xn

yn

zn

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
(A.2)

with the additonal conditions

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

x′′ = 0 Skyplane

z = 0 Ringplane
(A.3)

The values of the coefficients Ri jn(i, φ, δn, αn) are listed in
Arnaboldi & Galletta (1993) and each ring is described by its
radius rn and by an angle 0◦ ≤ β ≤ 360◦.
⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

xn = rn cos βn

yn = rn sin βn
(A.4)

To extract a simulated rotation curve, we calculate the couples
of value {y′′, z′′} on the sky traced along a fixed PA according
to the relation:

z′′ = Ky′′ (A.5)
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Fig. A.1. Top panel: the angles of the observer with respect to the galaxy
reference plane. Mid-panel: the inclination of a ring with respect to the
galaxy reference plane. Bottom panel: image of the model rings plotted
on a DSS I image of NGC 4262. A circular “hole” has been created in
the rings image only to make the galaxy visible. The outermost ring is
at 200 arcsec, corresponding to the extension of the HI ring visible in
the other figures of this paper. The straight line across the rings indicate
the position of the slit used for extracting the model velocity values.

where K = tan(90+PA). With this assumption and the definition
of the ring plane (Eq. (A.3)), Eq. (A.2) become:
⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

y′′n = r(R′′21n cos βn + R′′22n sin βn)

z′′n = Ky′′ = r(R′′31n cos βn + R′′32n sin βn)
(A.6)

wich gives for each {y′′, z′′} point a unique β value crossing the
nth ring:

tgβn = −
R′′31n − K R′′21n

R′′32n − K R′′22n

· (A.7)

At this point, the rotational velocity of the nth ring projected
along the line of sight is

Voss(y′′, z′′, n) = Vcirc(rn)(R′′12n cos βn − R′′11n sin βn) (A.8)

where Vrot is the intrinsic circular velocity of the rings. To inter-
polate the observed rotation values Voss we used a simple rota-
tion curve described by

Vcirc(rn) = 3Vmax
rn/rmax

1 + 2(rn/rmax)3/2
(A.9)

according to Eqs. (26) and (28) discussed by Brandt (1960).
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