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Abstract. We presenB andR CCD images and optical spectroscopy in the range 3700-8900 A for the galaxy NGC 5666,
which until now was considered as a low-luminosity elliptical. The high-resolution images show a conspicuous spiral pattern
which is limited to the inner regiorr (< 57, or 1/6 of the isophotal radius) and a faint (presumably tidal) outer feature dotted

with small knots resembling star clusters or tidal dwarf galaxies.

The patchy spiral structure and the luminosity profiles suggest a late-type morphological type, but the disk is of high central
surface brightness and the bulge weak and very extended. The nuclear spectrum reveals typical emission lines found in late-type
galaxies, but the underlying nuclear stellar population and continuum only match that of an elliptical galaxy combined with a
young 1 Gyr) stellar population. These and other properties of the galaxy suggest that this could be a minor merger, at an
intermediate stage, between a gas-rich dwarf and a small early-type disk galaxy. If this is the case, the galaxy NGC 5666 will
provide important constraints to the theory of hierarchical galaxy formation.
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1. Introduction photometry measurements, give the galaxy a photometric type

of 7.7 (although with a quality of 6, the lowest accept-

NGC 5666 was first thought to be an elliptical galaxy. It wagy ey \hich corresponds Scd in the classical morphological
classified as compact by Nilson (1973) and as elliptical t@fassification

Djorgovski (1985) and Lake et al. (1987) (hereafter LSG87) Th | of thi is t t hot tri d
who found a luminosity profile which was well fitted by the oo o0 0 B e o 0 1oveal s tree 1

14 |aw. The latt h lso found a total intearated IgEectroscopic data on this galaxy in order to reveal its true na-
r law. The latter authors also found a total Integrated CoIf.q |t this galaxy had indeed been misclassified, it muddles
(B-V) = 0.9, which is typical of elliptical galaxies.

) " _ _ ) the issue on the nature of gas-rich ellipticals, and has to be
Since elliptical galaxies are generally devoid of interstefemoyed from the corresponding studies. Furthermore, reveal-
lar gas and thus of star formation, this galaxy attracted consjgy jis true nature may provide useful clues on the formation
erable attention when it was discovered that it had deteCtaBi‘egalaxies. The paper is organized as follows: In Sect. 2 we
amounts of HI (Peterson 1979; Lake & Schommer 1984) agdscribe the observations and data reductions. The model for
of CO (Gordon 1991; Lees et al. 1991). This cold interstelighe |yminosity distribution determined in Sect. 3 is subtracted
gas was then mapped in details (see Sect. 5.4) and the galafi, the original images to provide a detailed morphological
was included in most discussions on the origin of the gas adscription of the galaxy in Sect. 4. Our optical spectra and
on star formation in early-type galaxies, which remains an irgaa on Hi and CO from the literature are used to discuss the
portantissue to this day. ‘gaseous and stellar content of the galaxy in Sect. 5. We inter-

We first obtained high-resolution CCD images of thigyet our findings in Sect. 6, and a conclusion is given in Sect. 7.
galaxy for a survey of IRAS-bright elliptical galaxies, and,

to our surprise, these images clearly showed spiral structure. . _
The fact that this is not an elliptical galaxy was confirmed bg. Observations and data reduction

Prugniel & Heraudeau (1998), who, on the basis of aperuie ,ng R images were taken at the Canada-France-Hawai
3.6 meter telescope in July 1992. A 6401024 RCA CCD
e-mail: charly@oac . uncor . edu car,nera W,as used, With a pixel size of O.i&&\d covgring a
* Visiting Astronomer at Complejo Astr@amiico el Leoncito 6.9' x 110" area. The night was photometric and sgelng condi-
(CASLEO) Observatory. CASLEO is operated under agreement $i2ns were excellent, nameBWHM = 0.5” and 0.4 in the B
tween the Consejo Nacional de investigaciones Gfieati y Técnicas anNdR bands respectively. The log is summarized in Table 1.
de la Repblica Argentina and the National Universities of La Plata, The images were corrected for bias and flat-fielded using
Cordoba and San Juan. standard routines. Sky subtraction was carefully performed by
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Table 1. Photometric and spectroscopic observations. o
18 - ’;.0 o B data =
Images Spectra e, o R data
Filter Exp.(s) Date Range (A) Exp.(s) Date ' °
B 1200 31.07.92  3600-7000 3900 2.04.02 20

-2

R 600 31.07.92 5700-9000 >3900 4.04.02

22
averaging mean values of the sky on the borders of the images

to avoid galaxy contamination.

The photometric calibration was made using published
aperture photometry (listed in the HYPERCAT Catalogue, see 2 [
Prugniel & Heraudeau 1998) for NGC 5666 and six other |
galaxies observed the same night, The final calibration was
achieved by averaging individual zero points obtained for the1.4
seven observed galaxies. The estimated errors are 0.07 mag in
B and 0.05 mag ifR. m

Long-slit spectroscopy of NGC 5666 was carried out us-
ing a Tex 1024 CCD attached to the REOSC spectrograph ¢ 5 1 15 20 »s 2
on the 2.15 meter Ritchey-G#trén telescope at the CASLEO r (arcsec)

Observatory in April 2002. Two sets of three 900-second ex, | & ¢ 214 @ _ R) profiles for NGC 5666. The decomposition
posures were Obtamed_ in the 3700-7000 A and in the 57_O|RE) bulge (short dashed) and disk (long dashed) components is shown
9000 A ranges resp_ectlvg:-ly. The galaxy was observed uSing, Ane B data only.

2.5 long and 2.8 wide slit centered on the nucleus and ori-

ented in the E-W direction. We used a 300-line mmgrating

resulting in a spectroscopic resolution-ef A. The log of ob- convergence of the fitting algorithm. The functional form of

(o]
[
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3
<
I
Q)
g

servations is listed in Table 1. each fitted component is as follows:

The spectra were reduced with the standard IRAF routin? — l.exp (—7.688% ((r/r.)25 — 1 1
they were wavelength-calibrated using He-Ne-Ar comparisoﬁ) P (-7.688+ ((r/re) 2 @
spectra. The flux calibration was done with standard stars tal{gfy = |yexp (r/d) 2)

from the Catalogue of Southern Spectrophotometric Standards
(Stone & Baldwin 1983). The estimated rms uncertainty fer the bulge and the disk, respectively.
0.15 mag for residuals in fitting the system sensitivity func- In the above equationk is the intensity at the feective
tion. The final spectrum was corrected for galactic absorpticadiusre, g4 is the central intensity and the scale length of
using theAg value obtained by Schlegel et al. (1998). the disk component.
We also tried the & sic law (®Tsic 1968) to fit the bulge
component, namely:

N
The photometric profiles are presented in Fig. 1. Thé§r) = loexper/a)” )
were obtained using the ELLIPSE routine within STSDAShe free parameted is useful when one looks for deviations
(Jedrzejewski 1987). The clumpy structure in the innér Srom theRY“ law. However, our fit to the bulge is not improved
forced us to mask several HIl regions to obtain convergengih this law.
of the algorithm. In order to obtain the above parameters we followed the
The inner region of the galaxy consists of a small centralethod described by Schombert & Bothun (1987) using the
bulge and of a plateau which corresponds to the spiral structteIT routine implemented in STSDAS. The routine must be
shown in Fig. 2. The color profile shows that this inner regigsrovided with appropriate initial parameters to begin the fit.
is very red, and reacheB ¢ R) = 1.4 at the center. This could These parameters are generally guessed from visual inspectior
mean that the inner region is heavily obscured by dust, and tbthe profile, because the inner region is bulge dominated and
the bulge is in fact mostly hidden (see Sect. 5.3). the outermost region is disk dominated. However, as can be
The outer profiles have two slopes, suggestive of a disk asekn in Fig. 1, this is not the case. Therefore we used an ex-
of a halo of accreted luminous matter. A faint arm or tail attensive set of initial parameters for both bulge and disk and we
radius of about 15, visible in Fig. 3, appears as a slight bumpbtained the following results:
in the profiles. a) the final parameters are almost independent of the initial
In order to compute standard photometric parameters of thiees,
galaxy, we assume that it is composed ofRiff bulge and an b) the diference between the final parameters froffiedent
exponential disk. A halo component was not taken into accouries arose from the fitting interval, which is the main source of
since the larger number of free parameters would prevent #reor.

3. B and R luminosity profiles



C. J. Donzelli and E. Davoust: On the nature of the galaxy NGC 5666 93

Table 2. Photometric parameters.

bulge disk
Filter — my mé re ME 115 dP M¢  B/D

B 13.75 2400+05 13+x2 -17.55 1954+ 02 4+1 -1817 0.6
R 12.72 2270+04 13+2 -18.80 1807+02 4+1 -1935 0.6

2 |n units of mag arcsegé.

® In units of”.

¢ RY4 profile integration.

4 Exponential profile integration.

Fig. 2. Bimage of NGC 5666 minus bulgelisk model galaxy. North Fig. 3. Rimage of NGC 5666 minus bulgelisk model galaxy. North
is on top and East to the left. The lower left bar ig ¢91.5 kpc) long. is on top and East to the left. The lower left bar i$ 181.5 kpc) long.

Figure 1 shows the components fitted to Bi@uminosity
profile. We did not use the region§ 2 r <12’ and 1% <r < versusnfunction (Srsic 1982). Both methods show very sim-
22" in the fit. These “humps” in the luminosity profiles, whichilar results and they give; = 13.75, which is in good agree-
are more conspicuous in tiizband, are caused by strong Hliment with the valueB; = 13.80) listed in the RC3 Catalogue
regions and a faint outer aytail respectively (see Sect. 4).  (de Vaucouleurs et al. 1991). The derived asymptotic color is
The total luminosity of both components in both filters wad3 — R); = 1.03.
computed using the derived photometric parameters and inte-Table 2 lists the photometric parameters obtained for the

grating Egs. (1) and (2) as follows: bulge, the disk and the galaxy as a whole. Tifeaive and
. central surface brightnesses ang = —2.5 log () andmy =
L= f 1(r)2xrdr (4) —25l0g(lo), and are expressed in mag arce®he bulge-to-
0 disk ratios were derived from the luminosities calculated above
which yields: (Egs. (5) and (6)). Throughout this paper we have adopted a
Hubble constanitly = 70 kms* Mpc2.
Lbuige = 7.21ler2 (5) The luminosity profiles of NGC 5666 iB andR are dffi-
cult to interpret, since, as pointed out by LSG87, they closely
Laisk = 27l od? (6) follow the RY# law beyondr > 5”, despite the fact that this is
a spiral galaxy, as attested by the spiral structure (Fig. 2) and
for the bulge and the disk respectively. the gas contents (see Sect. 5). The bulge and the disk compo-

The total magnitude of the galaxy was estimated by tweents are atypical of a late-type galaxy: the bulge has a low
independent methods. The first one is the integration of thg and is very extended and shallow, (= 13", which cor-
intensity on the images in a series of simulated concentriesponds to 1.9 kpc), while the disk has a very highand
apertures. The second method consisted in integratingSthesteep profile (with a scale-length = 4”, which corresponds
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Table 3. Photometry of the resolved Hll regions. Two main structures appear: a very conspicuous spiral pat-
tern (Fig. 2) that is limited to the plateau of the luminosity pro-
ID radius [] mg (B-R) file, i.e. 2’ < r < 5”, and what looks like a faint and smooth
1 03 1923 0.05 tidal tail (Fig. 3). These tyvo s_ubsys‘gems are responsible for the
2 0.3 1963  -0.02 two excesses in the luminosity profiles.
3 05 18.58 -0.19 The inner disk shows a patchy spiral structure, dust lanes
4 0.3 19.50 0.31 and a number of strong HIl regions, an appearance which is
5 0.3 18.73 -0.31 typical of late-type galaxies. One notabldfdience is that, in
6 0.3 19.42 0.08 normal late-type galaxies, the spiral structure extends over the
7 03 19.41 0.30 whole disk. Table 3 lists the photometry of the resolved Hll
8 11 16.50  -0.24 regions, whose identification numbers appear in Fig. 2. Bhe
9 0.5 18.22 -0.44

magnitudes andg — R) colors were extinction corrected using

o 03 1913 -035 E(B- V) = 0.4 (see Sect. 5.3) anf(B - R) = 0.71. This

11 0.6 17.71 -0.28

12 03 19.60 033 value_ was calculated using the extinction curve from Savage &
13 03 1961  0.28 Mathis (1979).

14 0.6 18.15 -0.31 There are two categories of Hll regions according to color:
15 0.6 17.75 -0.36 those with B - R) ~ -0.2 + 0.2 and those withB — R) ~

16 0.5 19.87 -0.30 0.3. This dfect could be indicative of the presence of young
17 0.6 18.07 -0.25 and old star forming regions or just be the consequence of dust

effects. We also note that the bluer regions are on average one
magnitude brighter than the redder ones. In particular, region 8

to 0.6 kpc). The characteristics of the disk are also reminiscéigreafter Hil-8, for which we have the spectrum, see Sect. 5)
of those of early-type galaxies such as those studied by Scdf2§Me = 16.50, which corresponds tilg = -16.

etal. (1998). _The _falnt and smpoth (presumed tidal) featgre in the outer

If we compare these photometric parameters with tholedion rises at a radius of about’l the NW direction and

found in the literature for large samples of normal galaxies, WeV//aPs around the,\,/vhole galaxy. This feature is dotted with
find the following. The disk central surface brightnesg)(of SMall knots about.8” (=45 pc) in radius. This characteristic
NGC 5666 is higher than those of the 86 galaxies in de Jon?styp'cal of interacting or merging galaxies which show tidal
(1996) sample, and makes it a type 4 or less. On the other ails containing a variety of stellar structures, with sizes rang-

hand, the bulgeféective surface brightnessy) is normal for ing from those of globular clusters up to those of dwarf galax-
a late-type galaxy according to de Jong (1996, his Fig. 10) ies (Weilbacher et al. 2003). The absolute magnitudes for these

The photometric properties of the bulge and disk .a:urtesbaretm t:]e trangﬂR - ;i tot_lloh.Mr?.St featurles arf q
NGC 5666 also go in opposite ways to those of the norm ?jyk 0 teSS a5r (:7us Zribexcﬁ.ph no " w t;IC |.skverty7e_ongat§ '
spirals of Marquez & Moles (1999), whose bulges are compa%FI nots 3, o, £ an » WhiCh are too biue, knot 7 In partic-

and have on average smafletive radii (& = 0,22+ 0.65 kpc) ular is very blue, with B — R) = 0.06. The latter may be very
and high éective surface brigthnessasi‘?( _ ’20 1_0+ 0.54) young star clusters formed in the recent starburst (see Sect. 5),

while disks are more @use and extended, with lower central” super-star clusters like those of NGC 1741 (Johnson et al.

surface brightnessemg = 20.9+ 0.6) and larger scale lengths 999).
(dlB = 3.0+ 1.5 kpc). Furthermore, thB/T parameter (defined
by Kent 1985) for NGC 5666 is 04, a value which is typlcal @ The gas and Ste”ar popu'a‘“ons Of NGC 5666
Sa galaxies.
Finally, the concentration indexcs; defined by 5.1. Theionized gas and stellar populations

de Vaucouleurs (1977) has a value of 2.5, which corren qhectrym of the nuclear region of NGC 5666 is presented
sponds to an Se galaxy (Rrez-Gonalez et al. 2001, their j, rig 45 |t was extracted from a rectangular aperture cen-

Table 7). This is the only photometric parameter in agreemegle ' 4t the peak of the brightness profile and the correspond-
with the classification of our galaxy. Since this parameter. o is 7 (~0.45 pc) in radius. It corresponds to an Sb
does r_10t depend on the photometric decomposition into bul& e galaxy (Kennicutt 1991). The spectrum shows a con-
and disk, this suggests that the laws adopted by us for thi3, 1 gominated by evolved giants stars and the additional
deco_mposmon are not_ Va“d, in the case of NGC 5666,/and signatures of a younger stellar population are more evident
thatitis a rather peculiar spiral galaxy. than in a typical Sa type spectrum. The ldnd [N11]2116548,
6584 emission lines are prominent and the equivalent width is
EW(Ha + [NII]) ~ 30 A. This value is typical for normal iso-
lated spirals (Kennicutt & Kent 1983). No forbidden oxygen
The next step was to build galaxy models from the two profildises were detected, meaning that this galaxy is rather metal
described in Table 2 and to subtract them from the real imaggsh.

The resultis shown in Figs. 2 and 3 for the innBiithage) and Figure 4b shows a spectrum of HII-8, which is locatéd 3
the outer regionR image) respectively. west of the nucleus (see Table 3). This spectrum shows a weak

4. Detailed morphology
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Nucleus

w Table 4. Photometry of the outer knots.
ID radius '] ms Mg (B-R?
1 0.3 23.50 >1.0
2 0.3 22.71 >1.8
3 0.3 23.47 22.84 0.63
4 0.3 22.99 >1.5
5 0.3 23.77 23.25 0.52
L 6 0.3 23.82 22.51 1.31
0 4000 5000 6000 7000 8000 7 0.3 22.75 22.69 0.06
e rosienan (e 8 0.3 2291 >16
L 9 0.3 23.27 >1.2
N E 10 0.3 23.72 22.99 0.73
" E & Lower limit calculated from the limiting magnitude iB
. ] (mg = 24.5).
of ]
1 MWWWMMM ]
c 5.2. Age and metallicity of the burst
ol Lo Ly
4000 P00 aveiength (angstrome) eo00 The nucleus and HII-8 have rather similar metallicities. The

Fig. 4. Spectra of the nucleus (top) and of HII-8 (bottom). The conl'—"‘tter Wer_e e_stlmated usm_g the N2 calibrator (Dem_aal al.
bined template formed with 80% of E1 and 20% of S7 is also show%ooz) whichiis very useful in the absence of the forbidden oxy-

A constant have been added to the template for ease visualisation. §8B lines. Both spectra give 4lbg (O/H) = 8.9, which corre-
plots show flux in units of 165 ergcn? st A-L. The size of the SPonds to solar metallicity (the solar value is 8.91; Demicol”

region extracted is0.45 pc. et al. 2002). We can then determine the age of the burst of star
formation, using the models of Ceno"& Mas-Hesse (1994)
continuum and the same emission lines as in the nuclear sp&gich give the age of the burst as function B¥V(Hp) for a
trum, a|th0ugh with Stronger fluxes and |ardj_ﬁNs_ wide range of metallicities. In the present case the burst ages
We have used thEW of the more prominent absorptionin the nucleus and in HII-8 are 8 and 6 Myr respectively, pro-
lines (Caln3933, CNi4200, CH G band, and Mg@5175) to vided that the main source of ionization is OB stars and that no
characterize the stellar population of NGC 5666. TE/s additional nonthermal ionizing sources, an active galactic nu-
were used to classify the spectrum in terms of Bica’s (19895eus or shock-heated gas, are present. We also verified that
templates, which span the properties of the more usual fiS is the case, using the ([SIG717+[SI]16731)Ha and
clear stellar populations observed in normal galaxies. In gdfll] 16584Ha ratios (Coziol et al. 1997).
eral terms the characteristics of the templates are the following:
E1-E3 and S1-S3 are red stellar populations with metallicity 3 5,5t
decreasing from 4 to 1 times solar. S4-S7 is a sequence of in-
creasing contributions from the blue components, S4 contaiftss is an IRAS-bright galaxy, where dust is assumed to be at
10% of flux contribution af5870 A from populations youngerthe origin of the far-infrared emission. The presence of young
than 1 Gyr, while S7 contains 80%. However, we could nbbt stars (attested by the Balmer recombination lines) shows
fit in a satisfactory way both the continuum slope andEvg that there is warm dust, in addition to the cold dust heated by
of the absorption features with a single stellar population. V#dd red stars. The young stars are distributed in the inner disk
thus had to find a suitable combination of Bica's templates wath spiral structure, and théB(— R) profile indicates that the
account for the main properties of NGC 5666’s stellar popteddening due to dust occurs mostly in that region.
lations. Figure 4a shows the results. A template formed with The total apparent magnitude within this inner disk is
80% of E1 and 20% of S7 fits the stellar spectrum quite well4.60. The correction for internal extinction, usig¢B — V) =
This new template was then subtracted from the original gala@yt0 obtained in Table 5, gives a corrected magnitude of 12.85.
spectrum in order to get the pure emission-line spectrum of tAdding the corresponding luminosity to that of the outer re-
nucleus. Table 5 lists the fluxes and tB®Vs of the detected gion (presumably urfected by extinction) leads to a corrected
emission lines as well as the internal extinctie(B — V). This total apparent magnitude of 12.62. We also correct by 0.11
value was calculated assuming an intrinsigH3 ratio of 2.85. for galactic extinction (Schlegel et al. 1998), but not for in-
The main dfferences between the emission-line spectra dination efect, because this is a peculiar galaxy, with a disk
the nucleus and of HII-8 lie in the [SUB717[SII] 16731 ratio of unknown thickness. The corresponding absolute magnitude
and reddening. Region HII-8 has a reddening which is alméstMg = —20.11, which agrees very well with the value de-
double that of the nucleus, and a ratio [38Y17[SII]16731> rived from the Tully-Fisher relation (Sect. 5.4). The metallicity-
1, which indicates low electronic densities, as expected in ntuminosity relation (Zaritsky 1993), together with the metallic-
mal HIl regions. ity derived in Sect. 5.2, also suggests an absolute magnitude of
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Table 5. Emission line fluxes and equivalent widtis

Ha HB [NII] 16584 [SIIN6717 [SIN6731
Spectrum  Flux EW Flux EW Flux EW Flux EW Flux EW HB-V)
nucleus 40.0 144 9.7 3.7 19.2 6.9 5.6 2.0 6.7 24 0.40
HII-8 36.0 53.8 6.0 8.7 16.0 235 74 111 37 55 0.70

2 n units of 10'° ergcn? s72.

bnA.

that order. This is thus a giant galaxy, but a very compact one, However, this is not a normal Sc-Sd galaxy for several rea-
since the isophotal radius &g = 25 magarcseg is about sons.

297, or4.5kpc. The ratibpr/Lg = 0.39 makesitaverymod-  — The underlying stellar population could not be fitted in
erate IRAS-bright galaxy. One possible reason, which will aperms of Bica’'s templates for normal spiral galaxies, but rather
pear in the next section, is that the far infrared luminosity isith elliptical (E1)+ very young (S7) stellar populations.

limited to the inner disk of the galaxy. — The spiral arms are confined to the inner sixth of the
galaxy.
5.4. The neutral gas Ieng—thThe bulge is extended and the disk has a small scale

The HI in NGC 5666 is more extended than the light distribu- — The BT ratio (Kent 1985) is typical of Sa galaxies.
tion by a factor of 3 and oriented in approximately the same — TheMy,/Lg andMy,/Lg ratios are those of an early-type
direction. Its distribution is clumpy, with the overall appeargalaxy.
ance of a ring, and there is a hint of a warp in the outer re- _ There is a faint and probably tidal feature dotted with
gions (LSG87). The ratid/y /Lg is 0.14, typical for an S0a- small bright knots (45 pc in radius).
Sa galaxy (Roberts & Haynes 1994). The rotation curve rapidly order to reconcile these contradictory properties, we sug-
reaches a plateau, at about 150 km WhiCh, with an inclina- gest that NGC 5666 is a minor merger, where a small ear|y_
tion of 29 gives a corrected velocity of rotation of 164 km s type disk galaxy accreted a gas-rich dwarf galaxy. Numerical
The absolute magnitude predicted by the Tully-Fisher relatigfimulations by Walker et al. (1996) provide several interest-
(Fouqig etal. 1990) is —20.1. This value is in perfect agreemgR predictions, some of which could be tested: the disk sur-
with our estimate from the photometry (Sect. 5.3). vives, but thickens and gets hotter (it has had time to cool
We have also calculatell/Lg, which reaches a value ofagain, since the galaxy appears to be rotationally supported);
6 at a radius of 9 kpc: this is more typical of ellipticals thag larger bulge forms (which is still partly obscured by dust),
spirals. warps arise (which seems to be the case for the HI distribu-
CO has also been detected in this galaxy (Wiklind &bn). Simulations of stochastic self-propagating star formation
al. 1995; Young 2002). The CO rotation curve predicts thatso make interesting predictions, although they do not identify
M/Lg ~ 2 in the inner 2.4 kpc. The ratidssr/M(H2) = 9.4 the origin of the spiral structure. Gerola & Seiden (1978) show
andLg/M(H.) = 24.1 were derived using the molecular masses model where star formation travels from center to edge in
estimated by Wiklind et al. (1995); while the first one is vergbout 3 Gyr. In NGC 5666, it has only traveled one sixth of the
close to the typical value for spirals-9), the second one isway, thus could have started about 500 Myr ago. This would
much too high for this classification-{). This indicates that date the merger event. Other possidieets of the encounter
CO and far infrared luminosity (thus dust) are confined in theave been identified in Sect. 4, namely small knots in the outer
same inner region. In contrast, elliptical galaxies show on avelisk and a large and smooth tidal feature in the outer regions.
ageLF|R/MH2 ~ 22 and d_B/MH2 ~ 230.
Both the HI and CO rotation curves show that the neutral _
gas is in circular rotation, in other words in dynamical equilibZ- Conclusion

rium. Finally, the ratioM(Hz)/M(HI) = 0.53. We have presented new optical CCD images and spectra of the
galaxy NGC 5666, previously thought to be an elliptical. On
our images appear a very conspicuous spiral arm pattern and
dust patches that were not noticed by previous authors due to
The spiral nature of this galaxy is borne out by our photomehe insuficient resolution of their images. However, the pho-
ric and spectroscopic data. The spiral structure suggests a ledmetric analysis indicates that this is a rather unusual spiral
type galaxy. The luminosity profile is not a simgRé/4 law galaxy: it does not have a standard bedlisk morphology, it

and can be decomposed into a bulge and a disk componéas a very small radius for its luminosity, and its spiral pattern
The concentration indesg; is that of an S& galaxy. The equiv- is confined to the inner region. While most of its properties
alent width of Hr+ NIl is typical of spiral galaxies. The neutralare those of a spiral, others are reminiscent of an elliptical, and
(Hl'and CO) gas contents also point to a spiral galaxy. there is an outer feature resembling a tidal tail. We are thus lead

6. Discussion
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to interpret this galaxy as the result of a recent minor merg€ougi€, P., Bottinelli, L., Goughenheim, L., & Paturel, G. 1990, ApJ,
If this is the case, the properties of this galaxy will be very 349,1

useful to constrain the theory of hierarchical galaxy formatidperola, H., Seiden, P.E., 1978, ApJ, 223, 129

and to guide numerical investigations of the evolution of galag®°rdon, M. A. 1991, ApJ, 371, 563

ies; to our knowledge, no predictions about the formation aﬁﬁ‘gmm:g’ w E 159a9;éA|_&? ?geiigel C. 1995, AGA. 300. 675
S\L/j(l)jlllijst:’?end?f spiral structure in gas-rich mergers have yet beﬁﬁchtmeier, W.K. & Richter. O.-G. 1988, AGA, 203, 237

R . . d]edrzejewski, R. 1., 1987, MNRAS, 226, 747

ecent analysis of the HDF showed that galaxies tendedyi\son, k. E., Vacca, W. D., Leitherer, C., Conti, P. S., & Lipscy, S.
be of smaller radius and higher surface brightness in the past, 3 1999 AJ, 117, 1708

and mergers seems to be the mechanism (Ferguson et al. 2G@Mnicutt, R. C. 1991, ApJS, 79, 255

Thus, this galaxy can be a present day equivalent of high corennicutt, R. C., & Kent, S. M. 1983, AJ, 88, 1094

pact SB galaxies or can also be considered as a zero-redstfit, S. M. 1985, ApJS, 59, 115

prototype of merger at an intermediate stage and should be viexge G., Schommer, R. A., & Gorkom, J. H. 1987, ApJ, 314, 57
useful to interpret future observations of galaxies at large red- (LSG87)

shifts where mergers are known to be more frequent. Lake G., & Schommer, R. A. 1984, ApJ, 280, 107
Lees, J. F,, Knapp, G. R., Rupen, M. P., & Phillips, T. G. 1991, ApJ,

379, 177
AcknowledgementsWe thank P. Poulain and G. Monnet for obtaining\mrqueZ |. & Moles M. 1999. AQA 344. 421
the CCD images of this galaxy, and Ph. Prugniel and Dr. B. Binggelijson, p. 1973, Uppsala General Catalogue of Galaxies, Nova Acta
(refer_ee) for helpful commc_ants anq sugestions. ) Regiae Societatis Scientarium Upsaliensis, Ser. VA. vol. 1 (UGC)
CJD is grateful with Paradies, Freiburg, and for the skilled and googsre7-Gonalez. P. G. Gallego, J., Zamorano, J., & Gil de Paz, A.
humored assistance of the CASLECOfkta 2001. A&A. 365. 370
Peterson, S. D. 1979 ApJS, 40, 527
Prugniel, Ph., & Heraudeau, P. 1998, A&AS,128, 299
Roberts, M. S., & Haynes, M. P. 1994, ARA&A, 32, 115

References Savage, B.D., & Mathis, J. S. 1979, ARAGA, 17, 73
Bica, E. 1988, A&A, 195, 76 Sérsic, J. L. 1968, Atlas de galaxias australes, Observatorio
Cervifio, M., & Mas-Hesse, J. M. 1994, A&A, 284, 749 Astrondmico de @rdoba
Coziol, R., Contini, T., Davoust, E., & Consitg, S. 1997, ApJ, 481, Sérsic, J. L. 1982, Extragalactic Astronomy (Dordrecht: Reidel)

L67 Schombert, J. M., & Bothun, G. D. 1987, AJ, 93, 60
de Jong, R. S. 1996, A&A, 313, 45 Schlegel, D. J., Finkbeiner, D. P., & Davis, M. 1998, ApJ, 500, 525
Denicob G., Terlevich, R., & Terlevich, E. 2002, MNRAS, 330, 69 Scorza, C., Bender, R., Winkelmann, C., Capaccioli, M, & Macchetto,
de Vaucouleurs, G. 1977 ApJS, 33, 211 D. F. 1998, A&AS, 131, 265
de Vaucouleurs, G., & Pence, W. D. 1979, ApJS, 39, 49 Stone, R. P. S. & Baldwin, J. A. 1983, MNRAS, 204, 347

de Vaucouleurs, G., de Vaucouleurs, A., Corwin H. G. I. et al. 199W¥alker, I. R., Mihos, J. C., Hernquist, L. 1996, ApJ, 460, 121
The Third Reference Catalogue of Bright Galaxies (New YorR\eilbacher, P. A., Duc, P. A., & Fritze-v. Alvensleben, U. 2003, A&A,
Springer Verlag) (RC3) 397, 545

Djorgovski, S. B. 1985, Ph.D. Thesis, California University, BrekeleYViklind, T., Combes, F., & Henkel, C. 1995, A&A, 297, 643

Ferguson, H. C., Dickinson, M. & Williams, R. 2000, ARA&A, 38, Young, L. M. 2002, AJ, 124, 788
667 Zaritsky, D. 1993, PASP, 1006



