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Abstract. NGC 5291 is an early type galaxy at the edge df. Introduction

the cluster Abell 3574 which drew the attention because of U.'llﬁe formation of galaxies is still largely poorly understood.

unusual high amount of atomic gas 6 x10'° M) found as- ) ; > )

. . L Y%ung galaxies producing their first generation of stars are hence

sociated o it. The Hi is distributed along a huge and fr"J‘gmemgctivel searched. The favorite and natural target is the distant

ring, possibly formed after a tidal interaction with a companioh y . . . g L
— early — Universe; in the nearby Universe, metal deficient blue

galaxy. We present multi-slit optical spectroscopic observations . .

and optical/near-infrared images of the system. We show 55" pact dwarf gala>§|es (hereafter BCDGs) embeddgd in large

NGC 5291 is a LINER galaxy exhibiting several remnants esumably primordial HI clouds are also good candidates (e.g.
; . . . huan et al. 1997) although most of them may have an under-

previous merging events, in particular a curved dust lane anfj f% old stellar component (Papaderos et al. 1996: Doublier

counter-rotation of the gas with respect to the stars. The atori 9 P P : '

[ .
hydrogen has undoubtly an external origin and was proba %aulet 1996). Another class of young galaxies has emerged

accreted by the galaxy from a gas-rich object in the cluster. ﬁ%grfre;?:;izg,d('ﬁ:rce);';t]é?r_?ggsg) g%l ?rﬁlsjz(:z,?;o';zg%istgsé
is unlikely that the HI comes from the closest companion gﬁg 9 ! 9

. u " X llar material tidally pulled out in the intergalactic medium

EIeGaCﬂS zk? 1’()th;c;f:l\i?oC?teasrzg,:e?tﬂ:ﬁﬁ(%hg Sappearsrstr%m interacting parent galaxies (Schweizer 1978; Hibbard et
We e analy e proeries of 11 ol counterpfl 94 1 1995 DU e 98T e e e by
to the clumps observed in the HI ring. The brightest knots sh(?}/]vg to study in the framéwork of ga?/axy forrLation because
strong similarities with classical blue compact dwarf galaxieg. ntrary to the BCDGS. an uoper limit can be given for their,

They are dominated by active star forming regions; their Moy 'thy h of th ' l _ppb ¢ thei 9 t galaxi
recent starburst is younger than 5 Myr; we did not find evfige- e epoch of the Colision between their parent galaxies
- .fhat can be estimated thanks to numerical simulations. Most of-
dences for the presence of an old underlying stellar populat|?§.

NGC 5291 appears to be a maternity of extremely young o n star-forming TDGs are found at the end of the long stellar

jects most probably forming their first generation of stars. BoFﬁ”S observed in interacting systems. Of special interest though

in pre-enriched gas clouds, these recycled galaxies have an & - objects born in H tidal tails not contaminated by an old

gen abundance which is higher than BCDGg (Z on average) fSt llar componen_t expelled from the parent d|s_ks. This oceurs
. L - . in systems involving early-type galaxies for which stellar tails

and which departs from the luminosity—metallicity relation obaiée difficult to produce

served for typical dwarf and giant galaxies. We propose thi A remarkable example of such objects is NGC 5291. It

property as atool to identify tidal dwarf galaxies (TDGS) amonI composed of a perturbed elliptical o lenticular galaxy
the dwarfgalaxy population. Several TDGsin NGC 5291 eXI’"QjGC 5291, in close interaction with a disturbed galaxy, known

strong velocity gradients in their ionized gas and may alreaeﬁ/the “Seashell” because of its suggestive morphology. Both

be dynamically independent galaxies. galaxies have a projected separation of 12 kpc. They belong to
) S ) ... the outer region of a cluster of galaxies, Abell 3574 (also known
Key words: galaxies: individual: NGC 5291 — galaxies: inter- IC 4329 and Klemola 27) and are situated at a distance of
actions — galaxies: formation — galaxies: ISM — galaxies: dwagg di .
_ radio lines: galaxies Mpcll. Longmore et al. (1979) (hereafter L79) noticed on a
Schmidt plate the presence of faint knotty extensions distributed
along an arc crossing NGC 5291. But contrary to what is ob-
served in classical disk-disk systems, these knots do not form

Send offprint requests to: pduc@eso.org
* Based on observations collected at the European Southern Obsér-In this paper we use ¢4= 75 km s™! Mpc~!. At the distance of
vatory, La Silla, Chile. ESO RI53.1-076 and ESO N56.A-0757 NGC 5291, 1" = 0.28 kpc.
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Fig. 1. aOptical R band NTT image of the colliding system NGC 5291 in the cluster Abell 3574. The main protagonists are a lenticular galaxy,
NGC 5291, and a disturbed galaxy, “the Seashell”, a fly-by object at velocity greater than 406 Kine VLA HI contours from Malphrus et al.

(1997) are superimposed in blue on the main image. A wider-field image from the Digitized Sky Survey has been inserted under the CCD frame
to cover all the gas extension. Most HI peaks have optical counterparts identified as giant HIl regions, with properties similar to star-forming
dwarf galaxies. The total field of view i€)!5x 10’9 (176 x 183 kpc). North is up and East to the lefi.V-K’ color map of NGC 5291/Seashell.
Obscured regions, such as dust lanes, show up in red. Foreground stars have been subtracted.



P.-A. Duc & I.F. Mirabel: Tidal dwarf galaxies around NGC 5291 815

Table 1.Observational parameters o i e

Optical imaging ESO 3.5m + EMMI (red branch) FEAAE ;
Date: July 1994 SRASE 2 o :
CCD: Tektronix 2048, 027"/px i . ¥ SORE e
Filters: Bb,V,R : Z
Exposure time: 5 min i g i .
Spectroscopy EMMI - Multi-Object Spectroscopy
Date: July 1994 -
Slit width: 1.5” 3 Al
Grism: ESO#3, 2.26/px : £
Exposure time: 4< 30 min o ’ * 4 - I
NIR imaging ESO/MPI 2.2m + IRAC2B : g - e B

Date: February 1996 3 . ;
Detector: NICMOS 3, 25§ 0.49"/px ; '
Filters: J,H,K’ - :
Exposure time: 3% 1 min S "

(mosaic)

a continuous optical tail. L79 took the spectra of the brigh
est knots and identified them as giant extragalactic HIl regiol
Single dish 21 cm observations revealed the presence in that: 5 = : s
tem of unusual quantities of atomic hydrogen (L79). Recen| %~ - e : ; ' "
Malphrus et al. (1997) (hereafter MSGH97) published amap| ¢ % o
the HI gas observed with the Very Large Array. They showg
that the atomic hydrogen forms a huge asymmetric and clun| =" S SR S
ring with a diameter of- 200 kpc. The HI clumps appearto bel w2 e ¥
associated with the optical knots discovered by L79. Ir]Cldelgi_g. 2. Near-infrared recombined K’ image of the field around NGC

tally some spectrophotometric information is available in t.r§291, obtained with IRAC2 at the ESO/MPI 2.2m telescope. The two

literature for one of the knots thatshoweo.l up in an Object Prigifjqpest tidal dwarfs are detected and indicated by the arrows. The
Survey of Hil galaxies (Maza et al. 1991;Reet al. 1991). flanking noisy frames have lower integration time.

We report here a detailed optical and near-infrared study
of NGC 5291, focussed on its extragalactic HIl regions. Us-
ing multi-object spectroscopy and BVRJHK’ imaging, we hawerere centered on three areas: on NGC 5291 itself, on region sit-
analyzed the properties of these objects. We present in[Seatafed 3’ to the South, and on a region situated 4’ to the North.
the observations and data-reduction; we describe in Sect. 3#kg images were obtained from adjacent fields offseted by 2.
protagonists of the interaction, and finally discuss in $éct. 4 thlhat way, the entire system was covered although the actual
physics and origin of the forming galaxies. total integration time was higher on the three principal fields.
Several photometric standard stars from the list of UKIRT faint
IR standards (Casali & Hawarden 1992) were observed under
photometric conditions.
All observations of NGC 5291 have been carried out at la Silla The data reduction of the optical images involved classi-
(ESO). Observing parameters are summarized in Table 1. cal procedures carried out with the CCDRED package within
IRAF. The data reduction of the infrared images were carried
out with scripts using IRAF build-in procedures. The images
were dark subtracted and flat-fielded with dome flats. lllumina-
Large field optical B,V,R images were obtained in July 19%bn corrections were done using an illumination frame created
using EMMI installed on the 3.5m NTT telescope under podrom a star scan on 18 positions on the detector. Allimages have
seeing conditions (2”). An R image of the field is shown ithen been sky-subtracted with sky images obtained by median
Fig.[1. Several photometric standard fields (Landolt 1992) wedikering the jittered adjacent frames. They were then registered
observed during the run. to a reference optical CCD image. The final combination was

Near-infrared J,H and K’ images of the system were obperformed by the “imcombine” IRAF procedure, after rejecting
tained in February 1996 at the ESO/MPI 2.2m telescope wihme files showing inhomogeneous background[TFig. 2 displays
the IRAC 2B instrument. Because of the small field of view dhe recombined K’ image of the field.
the camera (2’ in the configuration we used) compared to the to- Aperture photometry was carried out in all optical and
tal size of the systemy10’), we had to mosaic the field. Imagedroad-band filters, using the same aperture. The frames had pre-

2. Observations and data-reduction

2.1. Optical and near-infrared imaging
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Table 2. Properties of the parent galaxies order wavelength calibration was done with the O sky emission
lines. The velocity accuracy reached is better than 30 ki s

NGC 5291 Seashell The extraction of the individual spectra was not straightforward

because of the severe distortions in the MOS frame. Most ob-

Adopted distance 58 Mpc 58 Mpc jects exhibit strong emission lines and a very weak continuum.
Opiical velocity 4350kms” 3941 kms Therefore a direct tracing of the spectra along the wavelength
C]\;flacm extinction 0_'213 g‘ a9 E)rngmag axis was not possible. Instead, we have traced the sky contin-
B ¢ 13_%3 14.54 uum emission along the slit edge, applied the derived polyno-
v 12.68 13.93 mial fit to the object spectra and checked that the extraction
R 12.14 13.44 apertures were centered on all emission line peaks. A 10 % ac-
J 10.41 11.72 curacy for the absolute flux calibration was obtained from the
H 9.72 11.02 spectroscopic standards. A sky extinction curve typical for la

K’ 9.36 10.63 Silla Observatory was applied to the spectra. Potential illumi-

nation problems in the MOS field were investigated from the

HIl ion in NGC 5291 . . . .
regio spatial distribution of O sky lines in the MOS frames. The flux

Asg 1.7 mag variations are less than 10 %. Line fluxes and errors were mea-
Hp flux 6.31x10"ergem ?s™* sured with gaussian fittings with the IRAF “splot” procedure.
1(ON14959+50079/1(Hs) 1.0 The [NII]A6548, 6584, H, and [SII\6717, 6731 lines were de-
12+log(O/H) 8.7 blended. Data were corrected for extinction using the formula:
@ Ho=75kms T Mpc™?
b. =1l

:L79 found 3730 km's I(\) _ F()\) L 1057

I(Hg)  F(Hp)

viously been registered and PSF-matched. This was importantwhere F'()\) is the observed line fluxf()), the redenning
since the images were obtained in various seeing conditiofimction taken from Torres-Peimbert et al. (1989) atide log-
from 1”in the NIR to 2" in the R band. Tabld 2 and Table 4 disarithm reddening correction atHobtained from a theoretical
play the magnitudes of resp. the parent galaxies and the optidgl/Hz Balmer decrement of 2.85. The lines were not corrected
knots identified in Tablel3 and Fig._33—d. The optical photometiyr underlying stellar absorption. TableEl5,6 display the values
obtained for NGC 5291 and the Seashell is in good agreementf, ¢, the absolute flux and equivalent width of thg Hine

— within 0.1 mag — with photometric data from the literaturand the observed/corrected fluxes relative odf the principal
(Daly etal. 1987; Smith & Hintzen 1991). The magnitudes préines. For objects with detected ;{Hz and H, Balmer lines,
sented in Tablg]2 were obtained with a fixed polygonal apeve checked whether the Balmer line decrementgit; and

ture whereas the magnitudes in Teble 4 were measured withig/H., were consistent with each other. This allowed us to en-
a circular aperture with a radius given in Col. 3. Associateslire a level of confidence of 5 % for the relative spectrophotom-
accuracies are given in Talile 4. etry for the brightest lines of objects withs-luxes greater than
5x10~ ¢ ergcnm2s~1. Those are listed in Taklé 5 whereas the
objects with less good spectrophotometry are listed in Tdble 6.
Dubious values are marked with “:”. “-" indicates lines that have
We have used the multi-slit spectroscopic capabilities of EMMiot been detected and “+” lines that could not be measured be-
to simultaneously take spectra of several dwarf galaxy candause they were outside our spectral range.

dates. 17 fuzzy galaxy-like objects have been selected from the We compared our spectrophotometry to the limited data set
opticalimage on the southern and northern sides of NGC 529 iesented in L79. We found at most 20 % differences for the
regions where L79 had detected HI emission. Their positions anain line fluxes of Knot a and i (F and B in L79). iReet al.
indicated in Fig[:Z3add. The slit lengths were adjusted to inclu¢€991) took also a spectrum of Knot i (K09.09 in this reference).
enough sky emission. Three longer slits were punched alon@l&e agreement with our measurements is better than 10 % for
South—North axis encompassing the nuclei of NGC 5291, tttee absolute spectrophotometry and 3 % for the line ratios.
Seashell and a small galaxy to the North—West of NGC 5291,

labeled as “C” on Fi@.3ald. Three stars in the field were also

chosen for accurate positioning of the mask. Four exposufesResults

of 30 minutes each were obtained with a low resolution gris
covering the 4500-7808 wavelength range. Several spec

trophotometric standards from the list of Hamuy et al. (199 SGH97. We describe hereafter the principal protagonists in-

were ObS‘?r"ed durin_g the run. ' . volved in the collision witnessed in the figure: NGC 5291, the
MOS files were bias subtracted and flat-fielded using aSPRGashell, and the optical counterparts of the huge HI ring.
troscopic flat obtained with an internal lamp. Wavelength cali-

bration was performed from He Ar lamp observations. A second

2.2. Optical spectroscopy

ﬂ?g. [ displays an optical CCD image of the region around
GC 5291, with superimposed on it, HI contours from
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Fig. 3a—d.MOS observations of the region around NGC 5281dentification chart: the objects for which spectra were obtained are labeled
with upper case letters for the cluster galaxies, lower case letters for the optical knots and number§ for identified background-galaxies.
Optical spectra of the two brightest optical knots in the HI ring (Knot a,i). Flux unitg@ré® ergcnm2s A~
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Table 3.ldentification of the optical knots (knT3)

Object L79 Name RA DEC Vopt L79 Vo Vi
J2000 J2000 kms kms?!' kms!
(1) (2) 3) (4) (5) (6) (7)
Knota KnotF 13:47:23.0 -30:27:30 46425 4645 4645
Knotb KnotM 13:47:19.5 -30:26:55 453612 4645
Knot ¢ 13:47:23.8 -30:26:43 464f 14 4666

Knotd KnotD 13:47:24.0 -30:26:21 45#29 4630 4577
Knote KnotC 13:47:26.6 -30:25:51 44153 4515 4666

Knot f 13:47:17.9 -30:21:58 4035 35 4121
Knot g 13:47:22.5 -30:21:46 41622 4192
Knot h 13:47:18.0 -30:21:11 40982 4138

Knoti  KnotB 13:47:20.5 -30:20:51 399611 4110 4143
Knotj KnotA 13:47:20.0 -30:20:25 407k 6 4100 4131
Knot k 13:47:17.6  -30:20:02 404t 13 4105

Table 4. Photometry of the optical knots

Name  aperture B \% R J H K’
arcsec mag mag mag mag mag mag

Knot a 4.0 18.8#0.01 18.630.01 18.2%0.01 17.9&0.05 17.68&0.15 16.560.07
10.5 18.46:0.01 18.2@-0.01 17.88&0.01

Knot b 5.5 19.840.02 19.6%0.03 19.33:0.02

Knot ¢ 2.5 21.880.08 21.630.10 21.220.05

Knot d 6.5 20.1%£0.05 19.690.04 19.3&0.03

Knot e 9.5 19.430.03 18.9%0.03 18.4&0.01

Knot f 3.5 21.32:0.10 21.0&0.10 20.570.04

Knot g 6.0 19.85:0.03 19.3%0.03 19.030.02

Knot h 5.0 20.0%0.03 19.76:0.03 19.3%0.02

Knot i 5.0 18.240.01 17.9%0.01 17.63%0.01 16.940.04 16.5%0.04 15.7%0.04
13.5 17.620.01 17.240.01 16.940.01
Knot j 4.0 20.2#0.03 20.03%0.03 19.6%0.02

Knot k 4.5 20.61#0.04 20.2%0.04 19.730.02

3.1. NGC 5291 of LINER galaxies (Veilleux & Osterbrock 1987). A spectrum
. e . - extracted 4” (1.1 kpc) south of the nucleus (Fiyj. 4c) features
NGC 5291 is classified as a peculiar elliptical (RC3, Daly lf"agsorption lines only; itis dominated by stars older than 10 Gyr.

al. 1987) although its disturbed morphology and color Sugg%spectrum extracted 8" (2.2 kpc) north of the nucleus (Hig. 4e)

more the presence of an SO disk. Distortions of the e”'pt'cgrlwows emission lines typical of HIl regions and hence discloses

isophotes are clearly visible in the outer South-East region (%eeere a star forming region

Flrg;s[?r?c):é-l;)r;ea\glljstclglr?; Tg‘:}:}izhot\gr;r:g E;gs]t 1abn ;fze;I:nthe The velocity field of NGC 5291 has been determined from

En or axis at a nucl r,di tan 9 10" (2.8 K Th V%] & 2D spectral information along the S—N direction, given by
ajor axis at a nuciear distance ot 14 (2.8 kpc). The he slit spectroscopy. We used the FCQ method developed by

colorindexin and outside the dust lane differs by 0.3 mag. Ifth&ender (1990), with, as template, a spectrum of NGC 4478, The

difference is due to extinction, the dust lane has at least 0.4 magjected velocity profiles of the emitting gas and the stars are

. . pr
of b_Iue absorpt[on. The galaxy_we}s however not detected in [Eﬁown in the inset in Fi@l] 5. The gas and stellar velocities are in
far-infrared during the IRAS mission.

; - ood agreement in the central regions but seem to diverge in the
The spectrum of its nucleus (see Hig. 4d) exhibits Balmgr . .
. ) ; . . rthern region. r r nter-r long the major-

and forbidden [OllI],[NII] and [SII] lines in emission buried orthern region. Stars appear to counter-rotate along the majo

. - . is with r he ioniz n larger scale with th
in an elliptical-like spectrum. Stellar features were subtrr:lctﬁea_lﬁS threspectto the ionized gas, and atalarger scale with the

. gas. We do not have any information about the kinematics
from the spectrum using the E2 galaxy NGC 4478 as atemplaé%ng the minor axis.

;O;It'rigzg ex}eligegrzﬁfﬁ)mlefsme dutn:ter:al\t/llzfsogim'?ﬁgﬁir: The presence in NGC 5291 of morphological distortions,
' » N brep purpose. st lanes, star forming regions and a counter-rotation strongly

ratios of the emission lines measured on the stellar-free spectrum . ;
(INI] o584 /Ho. — 1.0 and [Olll]xs007 /Hg — 1.1) are typical suggests that this early type galaxy has accreted in the past ex
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Fig. 4. aR band contour map of NGC 5291/Seashell. Levels are separated by O@’f‘riagéOptical spectra of the nuclei of the Seashie)lgnd

NGC 5291 (), of a region situated 4” to the Soutt) {and of an HIl region situated 8” to the Nort#) (Flux units arel0~° ergcnr 2 s+ A1t
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Table 5. Spectrophotometry of the brightest knots

Line center f Observed, corrected fluxes relative 4100

Knot a Knot g Knot h Knot i Knot j
Ho 4101.7 0.202 263, 30 +2 + + +
Hy 4340.5 0.135 323,41 326, 38 - 4441, 44 4216, 44
[OlN] 4363.2 0.132 - - - 31,3 -
Hel 4471.7 0.105 62,7 - - 441,4 -
Hp 4861.3 0.000 1083 1007 100+9 100t1 100+6
(Ol 4958.9 -0.02 662, 65 658, 63 TH9, 71 86t1, 85 558, 55
[Olll] 5006.9 -0.028 20%3,197 194-7,187 1889,186 25%2,256 1898,187
Hel 5875.6 -0.21 162, 8 - 1348, 12: 1H0.5 -
[O]] 6300.3 -0.285 63,5 218, 14 - 6t1, 6 -
[O]] 6363.8 -0.301 52,4 746, 5: - 2+1,2 -
[NII] 6548.1 -0.332 381, 23 314,21 33t4, 28 18t0.5, 17 243,21
Ha 6562.8 -0.335 3622,285 431#7,285 3326,285 30&1,285 314,285
[NII] 6583.4 -0.340 812, 64 1054, 69 93t5,80 63+0.5,60 6#3,60
Hel 6678.2 -0.36 - - - 30.5,3 -
[SII] 6716.4 -0.369 492, 37 674, 43 55t6, 47 33t0.5, 31 447,41
[SII] 6730.8 -0.371 291, 22 45+4, 29 4245, 36 25t0.5, 24 265, 23
Hel 7065.3 -0.4 - - - 20.5,2 -
[Arlll]  7135.8 -0.412 - - - 90.5, 8 -
[Oll] 7320, 30 -0.435 - - - 6:0.5 -
c 0.31 0.54 0.20 0.07 0.14
flux (Hg) (10" ergcm2s™1) 3.83 1.42 0.89 7.72 0.89
eqw (Hs) (A) 145 82 112 140 69

% not observed;not detected

Table 6. Spectrophotometry of the other knots

Line center f Observed and corrected fluxes relative 4=H00

Knot b Knot ¢ Knot d Knot e Knot f Knot k
H~ 4340.5 0.135 + 4212, 42 7518, 75 6121, 61 + +
HpB 4861.3 0.000 10810 1008 100+£22 100t14 10022 1006t15
[Olll]  4958.9 -0.02 9812, 89 53t12, 53 5321, 59 4815, 48 26:47, 26 7312,73
[Olll] 5006.9 -0.028 23610,233 1239,123 240+19,240: 126-15,126 117+16,117: 19#412,197
[NIl]  6548.1 -0.332 25:16,21: 1116, 11: 23t11, 23 295, 28 25t7,25 23t6, 22
Ha 6562.8 -0.335 33811,285 25%7,257 27&13,277  29&9,290  28810,285 30%12, 285
[NII]  6583.4 -0.340 445, 37 656, 65 6910, 69 588, 57 799, 78 65t8, 62
[SI] 6716.4 -0.369 256, 21 349, 34 3510, 35 8939, 88 46t9, 45 496, 46
[Sl]  6730.8 -0.371 226, 18 13t6 27 +£10, 27 467, 45 32£8, 31 40t6, 37
c 0.22 0.00: 0.00: 0.02 0.01 0.07
flux (Hg) (10~ *® ergcm2s™1) 0.47 0.22 0.16 0.20 0.21 0.41
eqw (Hs) (A) 22 80 70 34 61 72

ternal material from cluster galaxies. L79 and later on MSGH®72. The Seashell
have shown the puzzling spatial association of NGC 5291 wi{.h . . :

. i ' : . [he optical and NIR images (Figl 1 and Hig. 2) of the Seashell
high quantltles of HI mass. We confirm that the sy;temm Optlcraﬁ:/ealpa perturbed morp?lolo(gy.ﬁits causlt:%]strzjcture is charac-
;ilgztﬁn(g (tg:eg":’:liléx%/) n\}sécvr\]/ﬁf d‘git;g?; %%rzlgiﬂ;rﬁ m ;:Fe_ristic of a tidally disrupted disk at the early phases of an in-

: s ; yp eraction (see for example the numerical simulations by Wallin
esis that the gtomlc gas was collected by NGC 5291 from otrleégo). The VLK’ color map (FidzJ1b) suggests the presence of
cluster galaxies. dust along a disk-like structure.

The nuclear spectrum (Figl 4b) shows strong absorption

Balmer lines. Only [Nlljsss4 IS seen in emission. It is obvi-
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1700 ‘ ‘ — ‘ — masses are greater tha®® M. The other optical knots em-
oo b % o, " 4600 - R bedded in less massive clouds have absolute magnitudes also in
g o %d o L ' . ehe ] the range of dwarf galaxies, but have a lower surface brightness:
4500 |- < ‘;;2:;3;%‘”:’3:;05 ] 23 — 23.5 magf{’. All these entities are extremely blue, with
Fa400 8 } ) '.:,*-'*; 3 an average B-V=0.3 (Tablg 7, Col. 3), which implies that they
Bk - "’ ) ‘ 1 are facing strong starbursts. Knot a and Knot i were detected in
5 F 1o 0 o the near-infrared. Their positions are indicated by an arrow in
§420°§ 2, g Fig.[2. Their V-K’ color of 2.0 (Tablél7, Col. 4) is also rather
"it00 [ O TE 5o 4 blue but somehow higher than for BCDGs.
oo b Ef 1 Y ] All 12 objects that we studied in the HI ring, but one, exhibit
g }Seashen 1 strong emission lines. The spectra are typical of Hll regions ion-
3900 = South North - ized by massive young stars (see Eig. 3a—db-d). They show very
" 200 100 0 100 200 300 weak continuum emission. The equivalent width gf Heaches

Projected angular distance (arcsec)

1504, avalue characteristic of a very young starburst. The phys-

Fig. 5. Velocity profile of NGC 5291 along the S—N direction. The xiC@l properties of the ionized gas, including its extinction and
axis is the projected angular distance to the nucleus of NGC 5291. TRetallicity, will be discussed in Se¢t. 4.1. These star-forming
full dots indicate the optical velocities of the knots and the squaré¥jects are gas-rich, with/,,/L; as high ad0 My /L (Ta-
the velocity of the associated HI clouds. The velocities of the pardole[4, Col. 6). The peak column density of all HI clouds that
galaxies are also indicated. The error bars take into account velogtjlapsed to form stars is abo¥e 102° cm~2 (MSGH97). Ken-
gradients. The inset shows the internal kinematics of NGC 5291 alomigutt (1989) discussed a critical threshold in the HI column
the S-N axis. The stars (empty dots) are counter-rotating with respgghsity for the occurrence of star formation in spiral galaxies;
to the ionized gas (full dots). Taylor et al. (1994) found it to be similar in HIl galaxies. A
threshold seems to apply also for the star-forming dwarfs around
) . NGC 5291. It is striking however that we did not find any ob-
ously more typical of an early type galaxy than of a spiral gala>J<,E\i(Ct brighter than, = 24 mag/" at the position of the most

with a collision induced starburst. Based on NIR SPectroscopit; ssive Hi clump, 1.5' north of the elliptical, although its peak
data, MSGH97 claim that it can not even be a post—starbt;s

. . ) Sumn density there is greater thag?' cm~2. Since this HI
object. At the mean optical velocity of the Seashell (Table lump is the closest to the parent galaxy, one may argue envi-

MSGHO7 did not detect any HI, suggesting that the galaxy Wash mental effects to explain the inhibition of the star formation
initially gas-poor. there.

The relative velocity of the Seashell is higher than rpe pgjiocentric velocities of the optical knots derived from
400 km s with respect to the velocity of NGC 5291. Thisyq reqshifts of the brightest lines are listed in Col. 5 of Table 3.
galaxy appears therefore to be rather a fly-by than a stronqlp{e errors come from the standard deviation of the individual

interacting partned. line measures. The velocities of the brightest knots compare
well with those determined by L79, indicated in Col. 6. The HI
3.3. Theoptical knots associated with the HI ring velocities, measured at the location of the optical knots, are listed

. . . in Col. 7. Fig[h presents the optical (black dots) and HI velocity
Fig.[1 d|stli|c;]sealthg prt(a)ser}gek;);dlffuse knotshqll along the e%gr'npty squares) profiles along the HI eastern structure. Both are
em par.to the Hiring. ur held does notreach its W(_astern P *milar, confirming the physical association of the optical knots
bgt animage from the Digitalized Sky Survey (superlmposed\mth the HI ring. The small discrepancies between the HI and
F'g'D.l) ShO\;VT]CIeH?rIy elongateddstructgres c_lc_)ariﬁsp;ondlng to EH% optical may be observational and due to the difference in the
positions of the HI western condensations. Table 7 presents i8i,| resolutions in the two spectral domains. In particular,
integrated photometric properties of the optical knots and th E will show in Sect[Z]1 that the ionized gas in some knots
HI gas content taken from MSC.;H97' Note however.that the OB&hibits velocity gradients that would not have been observed
to one match between the optical and HI features is not alwa}xsihe radio
possible since the visible and radio observations have differ- '
ent angular resolutions. The two brightest objects (Knot a and

Knot i, or F and B in the nomenclature by L79), have blue ag-4. Other objects

solute magnitudes of -15.5 and -16.4 resp. (see Table 7'/9°|V€Q picked up three other galaxies in our MOS frames, indicated
and central blue surface brightness of 22.3 ain magfy”  n rig [@a=d. Object “C” is an elliptical belonging to the cluster.
resp., values typical of blue compact galaxies. They are asg@-yica| velocity is 4700 km's'. Its spectrum shows Balmer
ciated with two of the most prominent HI clumps. Their Hby,qqrption lines. Objects “1” and “2” are background starburst-
.hka(? galaxies with redshifts of 0.074 and 0.202 resp.

2 There is a discrepancy between our velocity measurement and !
of L79, 200 km s lower. According to L79, the relative velocity of
the Seashell would be 600 ks Our redshift was determined from a
cross-correlation with a template galaxy with well determined redshift.
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Table 7. Integrated properties of the tidal dwarfs with a high enough S/N, we have first assumed that the electron
density and temperature were constant in the whole Hll region
Object Mz*  B-V*® VK ® My®  Ma/Le and were in particular the same in the O+ and O++ regions.
mag mag mag 10° Mg Mo /Mg Our spectral coverage did not reach the [} line.
1) 2) (3) (4) (5) (6) Taking for the [Ollls72r line flux the value measured

by Pena et al. (1991) — [OW}727/Hg = 3.71 —, we have

Knota -15.54 0.220.02 2.0&:0.10 091 3.6 determined the following lower values for the ionic abundances:

Knotb -14.13 0.22:0.03 0.13

Knotc -12.13 0.120.10

Knotd -13.83 0.44:0.06 054 101
Knote -14.57 0.4Z0.03 043 41
Knotf -13.83 0.44:0.01

Knotg -14.16 0.440.04 12 4+ 1og( 25 = 7.65 + 0.06
Knoth -13.98 0.22:0.04 H

Knoti -16.38 0.31-0.01 199005 248 4.4

O+
12+ log(~7) = 7754 0.1

This gives, with the previous approximation, a total oxygen

Knotj -13.74 0.23%0.04 0 ]

Knotk -13.40 0.35:0.05 abundance2 + log(pg) of:

: corrected for galactic extinction O+ + O++

b: from Malphrus et al. (1997) 12 + log(g) =12+ log(T) =8.0=+0.1

We have actually also detected weak [Oll] lines at 7320430
4. Discussion With the temperature diagnostic [Olr27/ [Oll] A7320,30, We
) , i , . have obtained, (OIll)=9200 K, a ionic abundance for O+ of
The following discussion mainly focuses on the properties gf3 44 4 total oxygen abundance of 8.4. Therefore it most

the optical counterparts of the HI clumps in NGC 5291. Wg oy that the O abundance in the HIl region of Knot i is largely
will show that they were most probably formed after a t'dfﬂreater than 8.

disruption c_)f the HI disk a§sociated with NGC 5291, and are Inthe absence of the [Oll]s¢3 line, the oxygen abundance

therefore *tidal dwarf galaxies” (TDGs). of the other knots can be estimated with empirical diagrams
introduced by Edmunds & Pagel (1984). Their method based

4.1. Properties of the optical knots on the measure of the single excitation parameter, [OIJ)/H

suffers from larger uncertainties — typically 0.2 dex — and an

The .physics 9f 11 OP“C&' knots qssociated With the Hl ring é?mbiguity. For a given excitation, the O abundance can be read
studied here in details. Talile 9 displays some integrated P8 two curves. We have parameterized the curves of Edmunds

ertigs derived from our spec.trophotometric data}: tl;g»'elhlmi— & Pagel (1984) (their Fig. A1) by the following equations:
nosity corrected for total extinction, the absorption in the blue,

the Star Formation Rate and an estimate of the metallicity. The o

first 5 objects listed are those with the smallest uncertaintiez + log () = —0.68log (I([O”I] 2950)+-1([ON] A5007) )

I(Hg)
(see Secf. 212). e
4.1.1. Metallicity for the upper branch and
A direct determination of the heavy element abundances, lid+ log(g) = 1.74 10g(1<[0”|] A495?()ﬁ;()[0|”] A5007)
particular the oxygen abundance, in the ionized gas requires the 1635

knowledge of the electron temperature and density of the O++

region. The flux ratiq[OIl] y4959 + [OIN] x5007)/[ONI] x4363, for the lower branch.

particularly sensitive to the electron temperatdigOlll) , The metallicity of Knot i obtained from the lower branch,
may be used to determine it. Unfortunately the [QUss line 7.3, is inconsistent with the lower limit of 8.0 derived using
is weak, especially in metal rich regions. [ONl}es is barely T.(Olll). Therefore the oxygen abundances should preferen-
seen in Knot i only (see Fig._3a-dc). Thir detection tially be read from the upper branch. The abundances estimated
should be considered as an upper limit. L79 anéaPet al. withthat hypothesis are presented in Table 9 (Col. 5). The values
(1991) also claim a weak detection for that line. Our limidletermined with different methods for Knot i are summarized
[ONI] xa363/Hs = 0.03 is consistent with the upper limit of in Table8. This table gives in particular estimates based on the
0.046 given by Piga et al. (1991). We have used the “nebularhore reliable paramete®23 = ([Olll] x4959 + [Oll] A5007 +
package within IRAF to determine the physical paramete®Il] x3727)/Hg (Skillman 1989b; Torres-Peimbert etal. 1989).
of Knot i and its ionic abundances. We measured an uppire mean oxygen abundance of all the knots is 8.8/t =

limit for T,(Olll) of 12700 K. From the electron density0.36, with a rather small dispersion. This value is much higher
diagnostic [Sll}s717/[SII] x6731, We foundNe = 120 cm~—3. than that derived in typical blue compact galaxies (commonly
Because of the limited number of diagnostic lines available < Z,/10).
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Table 8.0xygen abundance of Knot i

] Empiral method:
] + From the excitation parameter:
2 1 12+log(O/H) upper 8.3& 0.2
3 1 12+log(O/H) lower 7.28: 0.2
:fﬂ ] + From R23:
« 1 R23 0.85+ 0.07
1 12+log(O/H) upper 8.3 0.2
© 12+log(O/H) lower 7.6A4 0.2
1 Physical method:
T T.(Olll) < 12700 K= 600 K
-19 -18 -17 -16 -15 -14 -13 -12 -11 -10 Ne 120 Cm73
Mg
12+log(O+/H+) >7.75+ 0.1
Fig. 6. Metallicity vs absolute blue magnitude for the tidal dwarfs in 12+l0g(O++/H++) > 7.65+ 0.06
NGC 5291 (black points) and a sample of isolated dwarf irregula2+l0g(O/H) >8.00+ 0.1

galaxies (open points; from Richer & McCall 1995). The oxygen abun-

dances have been estimated with the empirical method of Edmunds &

Pagel (1984), using the upper branch of their Table Al. A lower limitable 9. Properties of the TDG HlI regions

for the metallicity of Knot i, derived using its electron temperature,

is indicated by an arrow. The tidal dwarfs deviate from the unlversabbject LH; A SFR 12+l0g(O/H)

correlation between luminosity/mass and metallicity. 0% ergs? mag Mo yr upper
(1) (2) (3) 4) (5)
Knot a 15.5 0.88 0.031 8.46
Knot g 5.7 1.53 0.012 8.47
Fig[8 shows the O abundance vs the absolute blue magnitudf@ot h 3.6 056  0.005 8.46
for all optical knots. A correlation has been well established<noti 31.2 019 0.063 8.38
between luminosity (hence mass) and metallicity for classicaf"°!] 3.6 041 0.007 8.48
dwarf and giant galaxies (e.g. Skillman et al. 1989; Richer &not b 1.9 0.63 0.004 8.39
McCall 1995; Skillman et al. 1997). A sample of nearby dwarfknot ¢ 0.9 0.00: 0.002 8.57
irregular galaxies with well determined metallicities, from theKnotd 0.6 0.00: 0.001 8.41
list of Richer & McCall (1995), has been added in Fij. 6. It isKnote 0.8 0.06:  0.002 8.57
clear that the dwarf galaxies in the HI ring of NGC 5291 do notKnot f 0.8 0.04:  0.002 8.63
Knot k 1.7 0.20 0.002 8.45

follow the luminosity—metallicity relationship. They roughly
keep the same metallicity over arange of 4 magnitudes and seem

to be too metal-rich for their luminosity. Such a discrepancy can

be understood if the dwarf galaxies have not been much polluted

by metal production during the recent star-formation episodesi.2. Extinction

The uniformity of their metallicity would be a consequence L .
of a uniform pre-enrichment of the HI clouds in which the)The absorption in the blue, derived from the Balmer decrement,

were formed. In this respect the dwarfs in NGC 5291 diffeieems to differ significantly from one object to the other (see

from classical BCDGs that were likely formed in primordiaira,ble@’ Col. 3). For.in_stance, the total abs_orption of the two
gas clouds. brightestknots aand i differs by 0.7 mag. Taking into account the

A relative high metallicity for galaxies born out of tida"ygalactic absorption in the direction of NGC 5291, our measure-

expelled material had already been noticed in studies of NS indicate that Knoti suffers very little redenning whereas

interacting systems NGC 4038/39 (Mirabel etal. 1992), Arp 16ge e?<t|nct|on in Knot ais at I.east 0.5 mag. T_h_|§ result.ls surpris-

(Duc & Mirabel 1994), NGC 7252 (Duc 1995) and NGC 299¥19 given the rather uniformity of the metal“cm_es noticed here

(Duc et al. 1998, in preparation). above, and favors local effects. No correlation is found between
We have estimated an O abundance of8.2 for the HII s and the K flux.

region in NGC 5291 (see TaH[é 2) from [Olll] and;Hfluxes

corrected for stellar absorption and the empirical method 9f1.3. Current star formation

Edmunds & Pagel (1984). This value is slightly higher than the

metallicity of the optical knots. The excess could be due toAAmOSt all the dwarfs in the HI ring experience active star for-
local enrichment by the galaxy itself mation episodes. We estimated the current star formation rate

from the H, luminosity and the formul&F R(My yr—!) =
7.07x10742L,, (erg s1), valid for 0.1-100 M, (Hunter &




824 P.-A. Duc & I.F. Mirabel: Tidal dwarf galaxies around NGC 5291

Gallagher 1986). Th& F'R, given in Tablé P (Col. 4), ranges 150

between 0.001 M yr—! and 0.063 M, yr—!. 3

The mean equivalent width of thesHline (see Tablg]5) is 100 - % ]
80 A, a value comparable to that of HIl galaxies (Terlevich et i 3
al. 1991). The highest values measured on Knot a and Knot, s - ] , Koot b - 1
140 A, indicate that the current starburst in these objects i 99 a5 99
extremely young. Evolutionary synthesis models of instanta% o §§§®§§2§§3 EE% ﬁé@ﬁﬁm is%{
neous bursts by Ce® & Mas-Hesse (1994) or Leitherer & 3 [ 9 H 1
Heckmann (1995) constrain the burst to be younger than 4 My?f, 50 b 0 % % ]
whatever the assumed metgllicity. AWolf-Rayet bump between | 5 ﬁﬁ;i; Knot a ]
rest-wavelengths 4630—4680is barely detected in Knoti (see -1 ®%H> ]
Fig.[3a=tic). Its equivalent width is 8. Given that value, the } ]
model of Cenviio & Mas-Hesse (1994) for metallicities similar ~** — I 2 0 z 1

Angular distance (arcsec)

to those of the NGC 5291 dwarfs 43 — further restricts an

age between 3 Myr and 5 Myr. Fig. 7. Velocity profiles of the ionized gas of Knots a, i and h along the

S—N direction.
4.1.4. Stellar populations

The continuum of the optical knots is extremely low and does rfbl-5- Dynamics

exhibitany absorption features tracing evolved stars. Indirect ifyre witness in the Hi ring of NGC 5291 the collapse of HI clumps
dications for the absence/presence of an old stellar populatjgRging to the formation of independent entities. Some kinemat-
may be obtained from optical and infrared photometry. Duringg signatures of such instability should be observable. Itis also
the first 5 Myr of the burst, most of the light is dominated byypected that after awhile, these objects become gravitationally
the contribution of the gas ionized by OB stars; the line emigyund and start even rotating, as it was likely observed for the
sion dominates in the optical broad-band filters (60—80 % in Byarf galaxy in the tidal tail of Arp 105 (Duc et al. 1997a). Un-
whereas the continuum emission prevails in the near-infrargghunately the spatial resolution of the HI observations is too
(~ 50 % in K) (Kriger et al. 1995). The NIR colors of Knot iy to directly investigate the velocity field of knots that have an
corrected for galactic extinction — J-H=0.39; H-K'=0.73 — argnqular size of 5-10". Instead MSGH97 used the velocity width
those expected for pure gas continuum emission (J-H=0.29dfthe H lines to claim that Knot i (their Knot B) is gravitation-
K=0.72; Kruger et al. 1995). The contribution from hot dust igjly hound. Slit spectroscopy of the ionized gas provides with a
negligible. On the H-K" vs J-H color-color diagram, Knot i ispetter sampling limited by the seeing (1.5” for our observations)
situated well outside the tracks of red giant stars (Thuan 198§D@ng one spatial dimension. Fig. 7 shows the velocity profiles
which confirms the absence of evolved stars. along the S—N direction for three of the brightest knots. The
However a V-K' index of 2.0, corrected for galactic extincyg|ocities were determined from the redshifts of the brightest
tion, as measured for Knot a and Knot i appears to be rather [g@s. The spatial axis originates at the peak of theethission;
compared to the color of young blue compact galaxies (Thugje velocity is relative to that position. Gradients steeper than
1983; Thuan 1985), and that predicted by models of young stago km s over distances of 3 are seen, with indications
bursts. AV-K’ of 0.5, independent of metallicity, is expected fog¢ flattening at the edges. At the distance of NGC 5291, this
bursts aged between 3 Myr and 5 Myr (Céwvi& Mas-Hesse translates into a gradient of at least 120 km/&pc. It would
1994). During the red-supergiant phase, between 10-15 Myr,3& premature to impute these motions to rotation because we do
K=2 can be reached for a metallicity similar to that of NGC 5294t know the 3D velocity field and orientation of the objects. If
dwarfs, whereas during this phase a much bluer V-K color is pigsvertheless we speculate that Knots a and i are seen face-on
dicted for metal deficient objects like BCDGs. A reddening igng that the S-N direction is their main rotation axis, we derive a
expected for bursts younger than 3 Myr, but its level is uncefynamical mass dfx 10° M, inside their optical radius. This
tain due to the errors of the models at the burst onset. Therefg{§ss is of the same order as the masses of the associated HI
the age constrained by V-K seems higher than what the Néyyds, meaning that the objects would still essentially be in a
colors and spectrophotometric data predict. This could indicgjgseous phase, and contain little stellar and dark matter. Note

problems with the models or the observations. It more probalj)so that Knot i would counter-rotate with respect to the Hi ring.
means that the star formation extended during a period of about

10 Myr, with the current burst being younger than 5 Myr. Fur- . .
ther investigations using the whole spectral energy distributigr?- ©rigin of the Hl in NGC 5291

and updated evolutionary synthesis models are in preparatigiz physical association between the HI ring-like structure
(Fritze-v.Alvensleben & Duc 1997). and the early-type galaxy NGC 5291 seems to be well estab-
In any cases, the available data show no evidence for {iged. In particular the systemic optical velocity of the galaxy
presence of an old stellar population contributing significantpyrresponds exactly to the central velocity of the HI rotation
to the OVera” Stellal’ pOpulation Of the knots in NGC 5291 curve (See F|g[]5) However the quantity Of H| invo'ved —_
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4.9x10'° M (MSGH97) —is extremely important for a lentic-that they are pre-existing dwarf galaxies belonging to the cluster.
ular object. An HI mass to blue luminosity rationft Mg /L, The optical knots are therefore most likely second-generation,
as measured in NGC 5291, is not even observed in normal giédal, dwarf galaxies. What caused the fragmentation and col-
rich spirals. An external origin for the HI observed in ellipticalapse of the HI clouds to form TDGs is still not well understood,
and lenticular galaxies is commonly proposed (e.g. Knapp etalthough in the case of NGC 5291, ram pressure effects by the
1985; Bertola et al. 1992). The atomic gas in NGC 5291 caimtra-cluster medium could play a role. Hawarden & Chaytor
not originate from a primordial intergalactic cloud. The meafi1996) discuss this hypothesis using X-ray observations of the
metallicity we estimated in its underlying Hll regions; 73, is  system.
too high; later large-scale enrichment by the the parent galaxy
itself is unlikely since the HI is much more extended than th :
galaxy. More probably the lenticular has accreted this gas frof'r? - Tidal dwar galaxies
a companion during interaction/merger events. Indeed we h&ptical and HI studies of a now significant number of inter-
noticed in the core of the galaxy several features which may &eting galaxies (Hibbard & van Gorkom 1996; Duc & Mirabel
remnants of previous collisions: in particular the presence ofL897) have shown that dwarf galaxies are often produced during
dust arc, a star-forming region, and a counter-rotation of the ggaactic collisions. In all the systems studied so-far, only a few,
with respect to the stars. generally one or two, TDGs were observed. In NGC 5291, more
The atomic gas could have been supplied by one of th&n 10 star-forming galaxies were produced. The vitality of
cluster companions near NGC 5291. Direct mass transfers beeh a galactic nursery could however only be apparent and the
tween a spiral and an elliptical have already been observed, fiesult of atime scale bias. The tidal dwarfsin NGC 5291 seemto
e.g. in the interacting system Arp 105 (Duc et al. 1997a). The younger than in other interacting systems (Duc et al. 1997b).
nearby Seashell galaxy is an unlikely gas-provider candidafébard & Mihos (1995), using numerical simulations, have
though, since this galaxy was probably originally gas-poor (speedicted that a large part of tidally expelled material fall back
Sect[3:R). Another hypothesis is that NGC 5291 absorbed indts the parent galaxies within 1 Gyr after the collision. Dwarf
pastone or several gas-rich objects. One can exclude the involyalaxies in the vicinity of giant galaxies may also be tidally dis-
ment of dwarf galaxies. The number of merger events requiregpted. Therefore it is expected that only the most massive and
would be too high to account for the high HI mass observedistant TDGs may survive. This means for NGC 5291 that prob-
NGC 5291, although it is not a very luminous galaxy, couldbly only Knot a and Knot i, situated at resp.50 and 60 kpc from
be the result of a merger between two spirals and be thereftreir parent, have a significant life expectancy and will become
a post-starburst, in a far more advanced stage than the typioaly independent galaxies. Also the fact that the most massive
merger NGC 7252. No long stellar tails, remnants of a diskH clump, but also the closest to NGC 5291, has no optical
disk collision, are indeed observed. A similar explanation wasunterpart, clearly shows that the formation of tidal dwarfs is
recently proposed by Morganti et al. (1997) for the origin afot an easy process in the neighborhood of giant galaxies.
the HI in the elliptical galaxy NGC 5266. Such an event would The discovery of velocity gradients in the ionized gas of the
have therefore occured long before the recentencounter betwidal dwarfs in NGC 5291 and Arp 105 (Duc et al. 1997a) sup-
NGC 5291 and the Seashell. ports the idea that some TDGs may be gravitationally bound.
The structure of the HI distribution itself — an asymmetrrom the analysis of HI data, Duc et al. (1997a), Hibbard et
ric ring — is puzzling. L79, Duc (1995) and recently MSGH93l. (1997) and MSGH97 reached the same conclusion. Mainly
extensively discussed its origin. because of a lack of angular resolution, it is not yet known
Appleton (1983) suggested that the infall of gas from whether TDGs are supported by rotation. Their dark matter con-
tidally disrupted galaxy could directly lead to the formatiotent, which according to numerical simulations of interacting
of a ring. However, apart from the gas-poor Seashell, theresigstems, should be low (Barnes & Hernquist 1992), is observa-
no obvious remnant of such a disrupted object in the vicinitionally not well constrained (see Selct. 411.5). Tridimensional
of NGC 5291. On the other hand, there is a strong resemblagtical spectroscopy of TDGs would be very helpful to address
between the ring in NGC 5291, the huge HI ring discoverdtese issues.
by Schneider (1989) around M105 in the M96 group, and, at a The contribution of tidal dwarfs to the overall population
smaller scale, more classical ring galaxies. Numerical simufzf-dwarf galaxies is largely unknown. In groups and clusters,
tions have shown that high-speed head-on collisions form riigould be significant, as claimed by Hunsberger et al. (1996).
like structures in both the stellar and gaseous componentsVilthez (1995) found that dwarf galaxies with companions also
NGC 5291, a large HI disk hit at high velocity by a companioseem to deviate from the mass-metallicity relation and part of
galaxy — not necessarily the Seashell which appears to be toem may be recycled objects (Compare his Fig. 9 with our
close to the target — could have produced the ring. Fig. [8). Metallicity measurements appear indeed as a useful
There is little doubt that the optical objects lying along thtool to identify a tidal origin in a dwarf galaxy once the stel-
HI ring were formed simultaneously after the collapse of a sitar/gaseous tidal bridge that links it to its parent has dissipated.
gle gas structure. There is an excellent match in position almgidently the fact that Knotiin NGC 5291 appeared in an Ob-
velocity between the optical knots and the gas clumps. The ujeietive Prism Survey and was classified as an HIl galaxy (Maza
formity of their metallicity distribution argue against the ideat al. 1991) is perhaps not so anecdotal. Some contamination in
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catalogs of BCDGs by tidal dwarfs cannot be excluded, espic, P.-A., Brinks, E., Wink, J. E., & Mirabel, I. F.: 1997a, A&A,
cially in clusters. 326, 537

We finally note that young tidal objects like those ifPuc, P.-A., Fritze-v. Alvensleben, U., & Mirabel, I. F.: 1997b, in G.
NGC 5291 are good laboratories to study the star formation Mamon, T. Thuan, & T. Tran (eds.), Extragalactic Astronomy in
in the local Universe. They are simple objects, still in a verEP the Infrared, Ed. frontieres

. - c, P.-A. & Mirabel, I. F.: 1994, A&A 289, 83
early stage of their evolution and are not polluted by an o Uc, P-A. & Mirabel. | F.- 1097, Messenger 89, 14
stellar component.

Edmunds, M. G. & Pagel, B. E. J.: 1984, MNRAS 211, 50

. Fritze-v.Alvensleben, U. & Duc, P.-A.: 1997, in Kyoto IAU 23, pp
5. Conclusion ID2-050P

We have studied 11 extragalactic HIl regions in the neighbd#amuy, M., Walker, A. R., Suntzeff, N. B., Gigoux, P., Heathcote,
hood of NGC 5291 and have clearly shown that they were S- R. & Phillips, M. M.: 1992, 'PASP 104, 533
born within the same HI ring-like structure associated with tg&warden. T. G. & Chaytor, D. H.: 1996, BAAS 189, 120.17

alaxy. This perturbed lenticular has probably suffered one pbard, J., van der Hulst, J., & Bames, J.: 1997, in preparation
9 Y- P . S P Yy I%)bard, J. E., Guhathakurta, P., van Gorkom, J. H., & Schweizer, F.:
several interactions in its past and accreted its hydrogen gas; g9, a3 107 67

from other cluster galaxies. NGC 5291 could even be the resuftparg 3. E. & Mihos, J. C.: 1995, AJ 110, 140

of an evolved complete merger between gas-rich spirals.  Hipbard, J. E. & van Gorkom, J. H.: 1996, AJ 111, 655

The brightest knots in the HI ring exhibit properties similafunsberger, S. D., Charlton, J. C., & Zaritsky, D.: 1996, ApJ 462, 50
to those of blue compact galaxies: high central surface brightunter, D. A. & Gallagher, J. S.: 1986, PASP 98,5
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