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Abstract. High resolution broad and narrow band images and long sdittspscopy of the peculiar galaxy IC 1182 are pre-
sented. The analysis of the broad band images reveals aeistoorphology with a large, heavily obscured disk-likeisture
and several knots in the central region. Galactic mates@he of it in the form of two slender tails, is detected weljdred
the main body of the galaxy. The second, fainter tail andrs¢¥%aots are reported here for the first time. The galaxy loésc
indices of an early type object exceptB, which is significantly bluer than what is typical for thigd of galaxy.

The narrow band images centered offedent emission lines show that the galaxy is a very powerhitter. Most of the
knots detected in the central region and in the prominehetaérging eastward from the galaxy are very luminous @) &hd
have typical sizes about 1 kpc (FWHM). The emission in themfiaes extends all over the galaxy, with plumes and arc-like
structures seen inddat large distances from the center. The observed, uncedétt flux corresponds to a total luminosity of
3.51x10* erg s?, about 3 times that of the starburst galaxy Arp 220. We hauaddhat the internal extinction deduced from
the observed Balmer decrement is high all along the slity &it v ~ 1, so the corrected SFR could amount to 99 pér year.
On this basis IC 1182 is found to be a very powerful starbuakixy. Surprisingly, the source is not in the IRAS Point Seur
Catalogue.

The emission knots detected in the central region of thexgddave line ratios that place them close to the border ofeég@n
occupied by active nuclei in the diagnostic diagrams. Udliregbest determined diagnostic ratio, [OQHB vs[NII] /Hea, they
can still be classified as extreme Hll-like regions. We retitat the same kind of line ratios are also measuredfireint
places in the galaxy, adding to the idea that the nuclearrities can be explained in terms of stellar photoionizatibime
metallicity we have measured for the ionized gas in the tvighibest central knots is low, 0.1,Zand 0.06 Z respectively, and
their measured helium abundance is also lower than solar.

In the main body of the galaxy, besides the reported knogsdisstribution of the ionized gas resembles that of an iedidisk
about 12 kpc in size. The spectroscopic data show howevemales rotation pattern. We interpret them as corresponding
to two identifiable disk galaxies with observed rotation éitades of 200 km st and 100 km st respectively. The stellar
absorption lines detected in the bigger system do not shgwelaar rotation pattern.

The data presented here indicate that IC 1182 is a high Iwitynstarburst system. Its global properties and pectikarcan be
understood as corresponding to two systems that can stidldegnized, in the process of merging, with two tidal taiteeeging
from the central region of the galaxy. In the main tail there several candidates forming tidal dwarf galaxies. Theswesl
low metallicity of the ionized gas, together with the low dityzle of one of the systems, suggests that the processvewal
late-type, gas-rich spiral galaxy that is supplying moghefgas to the system.
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1. Introduction

Send offprint requests to: M. Moles . .
* Based on data obtained with the Nordic Optical telescope (Il_g 1182 (Mkr 298) is a bright, early-type (SOp) galaxy beleng

Palma, Spain) with ALFOSC. Also based on observations petai INd t0 the Hercules cluster. Itis placed at the end of theastre
with FORS1 at the ESO Very Large Telescope (Paranal, Critey, Of galaxies running from the center of the cluster (definetddy
on observations collected with DFOSC at the D1.54m telesedthe brightest galaxies, NGC 6041A, B) toward the East. Its pecu-
European Southern Observatory (La Silla, Chile) liar morphology is apparent on DSS images, where a long, lin-
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ear, knotty structure extending’88rom the main body of the Table 1.Log of the Photometric Observations
galaxy to the E is clearly visible. In the picture by Arp (1972
diffuse material associated with the galaxy is also visible to-

ward the NW. These are clear signs of interaction. The impres Filter WL FWHM  ExpT Date Seeing
sion that the galaxy is involved in some interaction or meggi nm-nm S
process is reinforced by the discovery reported by Rafagiell Gunnr 6800 1020 2x 120 0595 @’'40
al. (1999) of two bright knots separated £y8’3, at PA~ 130 BesB 4400 10Q0 120 0595 @’'53
in the central region of the galaxy. BesB 4400 1000 2x 1000 0§98 105
IC 1182 has some other peculiarities. Bothun et al. (1981) BesV 5300 800 2x700 0§98 115
found that it has total colors that correspond to an earlg typ Gunnr 6800 1020 2x500 0§98 (@'80
object, except UB, that is too blue for an E or SO galaxy. BesU 3620 600 600 0899 0’89

BesU 3620 600 1800 0899 1’10
BesB 4400 1000 300 0899 @91
BesV 5300 800 300 0899 @'76
Gunnr 6800 1020 600 0899 @'80

They also reported (see also Salpeter & Dickey 1985) that
IC 1182 has an unusually large HI mass fraction for an early
type galaxy. Their data reveal the contribution to the oleser

HI profile of a close companion, most likely interacting with Bes| 7970 1570 300 0999 @61
IC 1182, but even after taking into account that contamina- Bes| 7970 1570 600 0999 @'80
tion, IC 1182 is still very HI-rich, with log(M/Lg) ~ —0.5. [l 521.4 105 1800 0899 Q'76
On the other hand, IC 1182 is not associated with a powerful Strgy 5470 220 1500 0§99 @73
radio-continuum source. Dickey and Salpeter (1984) regort HoeN 6788 45 1200 0899 @66
the detection at 1415 MHz of a rather weak source, probably HoW 6577 180 1200 0899 @76
extended, at the position of IC 1182. [Sl] 6965 50 300 0899 @65

Another sign of peculiarity of IC 1182 is the sizeable polar- [Sl] 6965 50 2400 0§99 131
ization it shows (p= 1.09%, ab= 104.5, Martin et al. 1983). It [S] 6965 0 1800 0999 @92

is also an X-ray source. Huang and Sarazin (1996) reported de

tection of an individual source coincident with IC 1182 when _ ) o
making high resolution ROSAT observations of the Herculd4ar to the main one, a complex rotation pattern of the icthize
cluster. Rafanelli et al. (1999) pointed out that the softay- 9@, and evidence for a generalized star formation prodess a
luminosity of the nucleus of IC 1182 is close to the mean val@¥er the galaxy. These peculiarities lead us to classify1821

for Seyfert 2 galaxies. They also argued that the existirtg d&S @ Starburst galaxy, resulting from an ongoing merging pro
on the X-ray variability of the source would imply a sourc&€SS involving two spiral galaxies, one of them gas rich &nd o
size too small to contain the supernovae necessary to peodiather late type.

the observed luminosity. This would be strong evidencetfer t

presence of an active nucleus at the center of IC 1182. 2. Observations and data reduction

The nature of the nucleus of IC 1182 has been the sub-

ject of some discussion. It was first classified as Seyfert 2 b€ 10g of the photometric observations is given in Tdfile 1.
Khachikian and Weedman (1974), but the line ratios report¥{f made three short exposures of IC 1182 with the direct CCD
by Koski (1978) are closer to those of a LINER (see Viega§2Meraattached to the NOT in May 95, two throtjgh the Gunnr
Aldrovandi & Gruenwald 1990). Heckman et al. (1981) rdilter and_the thlrd_lr_1 Bessel B. The spatlal scaleis&pixel.
ported that the observed line profiles are due to the superpdd'® Se€ing conditions were exceptional40 and 053, re-
tion of several components that are spatially and kineralyic SPectively. Inspection of the co-added image of the two red e
distinct, and Véron et al. (1997) classify it as a compasgiec- POSUres led us to notice a linear feature that, startinggimher
trum object. region of the galaxy, runs northward, almost perpendiciaar
The reported properties and the high internal extinctiah aHe Préviously known eastward optical tail. That featureldo
high Ha luminosity we find in the present work (see below/'0t be appremated in the noisier B image. This prompted new
should correspond to a high IR luminosity galaxy. Surpgsin observations that were carried outin 1998 gnd 1999.
the only IR source detected by IRAS at the position of IC 1182 All subsequent images were taken with ALFOSC. The
is one close to the bright knot at the end of the long tail eme,%andard Bessel U, B, V, |, and Gunn r filters were used for
ing toward the East of the main body of the galaxy, wiih= t e_broad band images. We also_obtalned narrow band fil-
240 mJy in the IRAS PSC (Beichman et al. 1986), corresport§! images, centered on the (redshifted) [OIB007, Hy, and
ing to Lrir ~ 107 L, at the distance of the galaxy. [SI]246717,6731 lines, and continuum images trough filters
We present here new photometric and spectroscopic dgg&tered in nearby spectral regions (Stromgen y for thél][OI
for IC 1182 gathered with the NOT (La Palma), the 1.54f1€, and Hr wide for the Hr and [SI]] lines). In all cases
Danish telescope (La Silla), and the VLT Antu (U1, Paranaﬁ'.[andard stars for extinction and calibration purpose®wbr

These include broad and narrow band images under good to¥ed- _ _
cellent seeing conditions, long slit spectra with threfedent The reduction process of the broad band images was done

slit orientations, and MOS observations of the detectedsknd/Sing the standard IRAF packagehe galaxy IC 1182 s in-
The new data reveal the presence of several knots in a highly IRAF is the Image Analysis and Reduction Facility made
obscured central region, a second, faint tail almost pefigen available to the astronomical community by the National i€t
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cluded in our long term program of photometry of galaxies ifable 2.Log of the Spectroscopic Observations
nearby clusters and the photometric calibration of the droa

band images was done following the steps described in Fasano

et al. (2002). The internal calibration errors are smalhant

0.03 magnitudes in all the bands. Once calibrated, the pack- Telescope Date  Grism Slit PA /ix ExpT(s)
age AIAP (Fasano 1990) was used to produce accurate modelsALFOSC 0899 7 2 128 148 1800
of the galaxy. Its capability to create any kind of interaeti 08/99 8 I'2 128 124 1800
ad hoamasking of the images makes it particularly well suited 03/00 13 12 113 052 2400
to analyze the existence of sub-structures. The prograseid u gll_:'(:)OS%:C/ MOS %ggg ; ié o 11-32 iggg
to generate faithful, smooth versions of the overall ligis-d 08/99 8 I'2 128 124 1800

tribution of the galaxy avoiding the influence of the possibl
embedded features. The model galaxy is then subtracted from
the observed image, leaving the structural features, if\ay
distinctly shown.

The narrow band, line and continuum images were also #Z (covering from 3700A to 6800A) and #8 (covering from
duced and calibrated using the IRAF packages. Before séf00A to 7200A), using two similar spectrographs, DFOSC
tracting the continuum, the line and continuum images wed8d ALFOSC. We found that both sets of data are very sim-
background subtracted, shifted and rotated until perfetcha ilar in all respects. Given that the ALFOSC data have better
ing between both images, and smoothed to the sdfeetive Sampling and spatial resolution, and a highgd,Sve will re-
seeing. This was performed using the IRAF task HICOMPr only to them in the following. The spatial sampling was
(Hansen and Jargensen 1998), that results in an accurdey b&f 376pixel. We also compared the two spectra taken with
than 0.1 pixel, or D02 in our case. The continuum level wagrisms #7 and #8 in the common region. The matching is better
fixed in such a way that normal E ga|axies in the field (D77 man 10% in the continuum flux IeveI, and much better in the
our case) disappeared when subtracted. This could be donkngtratios, so the data were merged in one set covering from
the 5% level. The calibration was established using spektro [Ol1] 43727 to the [SIIR16717,6731 lines. Comparison of the
tometric standard stars observed through the same filters. two spectra is indicative of the flux errors in our data.

Unavoidably, some of the narrow filters include nearby Ve havealsocompared thetlux measuredin our spectra
emission lines that can influence the final result. For examp{Vith the flux measured in the narrow band image for the same
the [NI1]116548,6584 lines are within the wavelength rang@®@. We find a satisfactory agreement, within 30%, between
covered by the H line filter. The Hy wide filter is also con- the two measurements. o
taminated, this time by the [OI] lines. Their importance can The zero pomt of the wavelength calibration was controlled
be judged from the line ratios derived from the spectra. Wéth the sky lines, producing a nominal accuracy of 0.2A, The
find that it amounts to 19% of the signal in the line filte?VOS exposure was intended to get information on the redshift
and to 4% in the continuum filter, with small variations fron@nd €xcitation ratios along the main tail. The data werecedu
point to point. The [OIIR5007 line filter includes the other@nd calibrated in a similar way. _
nebular line, [OII[N4959. This is however not very important A higher resolution spectrum was taken with ALFOSC us-
since this line enters only the wing of the filter. On the othdd grism #13. The slit at PA= 113 was placed through the
hand, the Stromgren y filter we used to get the continuum pigEnter of the galaxy and one of the bright knots, denoted CKN2
duces ghosts and the background is not completely smooth(§&€ Figurél3). The stellar velocity dispersion values vobre
fact, this is the limiting factor in detecting faint [Ollipatures. t@ined with the Fourier Quotient technique. We also obthine
However, whereas that contaminatidfeats the flux level and @ higher resolution spectrum with the VLT ANTU unit, us-
the detection of very faint features in the [OIll] line, itel NG FORS1 and grism 600R. The slit was placed through the
not change the conclusions about the general distribution &nots CKN2 and CKN4 (see Figufé 3). The flux calibration
ionization structure of the emitting gas. Taking all the§eats Was based on observations of the spectrophotometric standa
into account, we have estimated that the final accuracy in 48 LTT 7987. The emission lines were measured by fitting
total flux we reached is better than 5% i Hand better than Gaussian profiles.

10% in [Olll] and [SII], as judged from the results for thersta
dard stars. 3. Overall morphology of IC 1182 and embedded

The spectroscopic data were collected with threfedi structures
ent instruments: ALFOSC, attached to the NOT (La Palma )

DFOSC attached to the 1.54m Danish telescope at La Silla, aife well-exposed broad band images of IC 1182 have been
FORSI1 attached to VLT Antu (UT1) at Paranal (see Table J}%;ed to measure the global properties of the galaxy (see
Data reduction and calibration were done using the IRAF pa gure[d). The main photometric parameters of IC 1182 that
ages. Intermediate resolution spectra were taken witmgris'V& have obtained are given in TaBle 3. They are corrected for

galactic extinction, that amounts tgsA= 0.218 mag (Schlegel

Astronomy Observatories, which are operated by the Astoniaf €t al. 1998). The B magnitude and the¥and V-R color in-
Universities for Research in Astronomy (AURA), Inc., undentract dices we find are in good agreement with the cataloged values,
with the U.S. National Science Foundation. whereas our BV is about 0.3 mag bluer. The absolute B mag-

VLT /FORS1 0899 60R 0’8 62 105 300
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Fig. 1.B-band image of IC 1182. North up, East left. The plot is ceadeén CK. Notice the extension of the material around the
galaxy toward the NW, and the absorption feature in the ethtdy. In the upper left insert the same image, mediandilteis
presented to enhance the fainter features

nitude given in the Table (we have useg+70 km s* Mpc™) fined, in the sense that they change with the radius, in paatic
is also corrected for internal extinction, that we haveneated not too far from the center. But when the analysis is restdict
from the Balmer decrement measured from the long slit spe&o-the outer regions, from= 12’2 outward, those parameters
tra. As we will see below, a representative value of the colare better defined and, if not exactly constant, they chamge i
excess for the gas in the main body of the galaxydsyE= a narrow range, witls ~ 0.25, and PA~ 80. These values are
1. Using the recipe given by Calzetti (1997) for star formingimilar in all bands.
galaxies, this corresponds to 0.44 for the starlight, whigh
have applied to IC 1182. The total, corrected luminosity we To enhance further the fainter details, we have used the
find amounts to M = —22.67. This makes IC 1182 a very lu-higher resolution pictures obtained in 1995 and built a rhode
minous galaxy. With the new, corrected zMalue, the ratio galaxy as explained before. The model subtracted image in
M(HI)/L(B) is 15 times lower than that reported by Bothun éhe Gunn r band is shown in the Figdlie 2. Several structures
al. (1981). are clearly distinguished. First, the linear feature we fosn-
tioned, seemingly starting at the center of the galaxy and ru
In the upper left insert in Figure 1, we have plotted theing northward for 38 (27 kpc), at PA= 342, is well visible.
median filtered image of IC 1182 to show all the extensiond/e call it the Second Tail (ST), and it is reported here for the
including the structure toward the NW. A faint, knotty, lare first time. It also presents a knotty structure, even if the-co
feature emerging from the galaxy main body toward the Norttensations are not too prominent. Since the image correspon
is also visible. The most salient aspect revealed by thedbrda the Gunn r band, it would reflect theeHuminosity of the
band images in the main body of the galaxy is a large scale &beots, if they are emitters. We anticipate here that theyewet
sorption feature in the SW side (see Figllre 1). Otherwise, ttletected in the narrow bandsHmages. This tail ends with a
overall aspect of the galaxy is close to an spheroidal systetn diffuse, S-shaped structure (SSH), visible toward the NW side.
too dissimilar to an early type object. Indeed, parametech s It is very faint and contains three condensations (cledsipie
as the ellipticity,, or the position angle, PA, are not well dealso in the insert in Figurd 1). It has a dimension of 4dor-
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Fig. 2. Model-subtracted isophotal image of IC 1182 in Gunn r barttk @otted lines are the isophotes of the model galaxy.
Structures like the Main Tail (MT), but also a complex cehtegjion, a Second Tail, labeled ST, andfdse material (SSH and
RS) are revealed

responding to 29 kpc, and reaches more than 50 kpc from #lengated in the NW-SE direction and has a size of abtbit 7
central region. This is roughly the same length as that of therresponding te: 5 kpc. There are also 5 condensations, la-
previously known tail. Finally there is also a residual stame beled CK and CKN1 to CKN4, clearly detected. Three of them
(RS), marked in the figure, opposite to the central knots witlie along the border of the dust structure. The brightest cen
respect to the dust feature we have reported. tral knot is CK. As we will discuss below, it is not exactly the
nter of the continuum light distribution, that appeard¢o

|Bplaced to the North by 142 pc. It is the head of an elongated
structure at about PA 135, that includes CKN1. The knots CK

The details of the central region of IC 1182 revealed in e
model subtracted image are presented in the Figure 3. The
sorption structure we mentioned earlier is clearly visilles
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Table 3. Main properties of IC 1182 the galaxy. Both condensations are in fact double. The-inter
mediate region of the tail is fluse, without prominent knots
except for MTK3, itself fainter than the other. (We recaltde

B 1518 that the bright and compact object in that region, labelég
U-B -0.16 Stockton 1972, is in fact a star, as confirmed by Bothun et
\B/i\ér %2? al. 1981). The three farthest knots, MTK4, MTK5 (krebtn
Vol 1:16 Stockton) and MTK6 (knogin Stocktqn), are very bright, gnd
logfu, (erg/c?/s) —1287 all well resolve_d (MTK5 and MTKG6 include both two bright
& 0.25 sub-condensations at least). These three knots lie SaAa®7
PAP 2103 with respect to CK.

cZ(kms1?) 10300

Ms —2267 4. Structure and distribution of the ionized gas
logLy.(ergs?) 4271

log(Le/Mu) 0.67 The Hx line and continuum flux distributions are shown in

] the Figurd . The image in the upper panel reveals the size of
a Appargnt magnltydes and therHlux are corrected .for gxternal the emitting gas, with faint, fiuse extensions emerging in the
extinction only, with A = 0.218. Ms and the ki luminosity are - ot nlumes and arcs from the main body of the galaxy. In
also corrected for internal extinction, as explained intthe. A . .
particular, a remarkable arc-like structure emerges tdwlke

value of H, = 70 km/s/Mpc and a redshift of 10300 kntshave ) .
been used to estimate the distance g(l)(uth and reenters the galaxy from the West, with a size of
pc.

b Values for the external isophotes of the galaxy ]
¢ The redshift corresponds to CK The two bottom panels correspond to the central region

of the galaxy. Several condensations are distinctly seétuwin

(right bottom panel), in coincidence with the analysis of th

Gunn r band image discussed before. The most prominent
and CKN2, at 343 correspond to those reported by Rafanelinots are CK, the central one, and CKN1 to CKN4. The bright-
et al. (1999), whereas the remainder are reported here dor gt is CK. It shows an extension toward the SE, almost redplve
firsttime. Itis interesting to notice that CKN3, which is&ed with CKN1 at the end, as already seen in the B-Band image. We
very close to the galaxy center, is elongated in the diraatio have measured the positions of the knots in the line and con-
the eastward tail and, in fact, could be part of it. All the t$10tinuum images to ascertain whether they are the same ineall th
are well resolved in the broad band images, with typicalssizeands. We find that the positions agree within 0.1 pixels, ex-
over 1 kpc. ceptin the case of CK, theddpeak is dfset by 02 (142 pc) to

Otherwise, the most prominent optical characteristic dfie South of the continuum peak of CK. The central knots are
IC 1182 is indeed the presence of a linear, knotty structukgry luminous in H, with core luminosities, L., well over
that seems to start in the central region of the galaxy and ax# erg s even before any correction for internal absorption.
tends 88 to the East. It has been also detected in HI (vaFheir nature will be discussed in section 6.

Driel at al. 2003), who reported observations of the stm&ctu  The [Olll] image (not shown here) shows a very similar
and suggested that the bright knot at its tip could be a dwatfucture to that of the & image for the central region. The
galaxy. Looking at the aspect ratio and faint continuum lumiknots are all very bright, with CKN2 the highest excitation
nosity of the linear structure, it appears to satisfy thetrimas nodule (see below). The [Olll] image shows the presence of
portant conditions used by Keel (1985) tdfdrentiate between emitting gas far beyond the region of the central knots, but i
tidal tails and optical jets. It also seems to start at theezesf does not show the filamentary structure seemdin On the

the galaxy and, in fact, it is rather similar to the jets seen bther hand, the continuum image reveals a hint of the presenc
M87 and 3C273 for example. However, it contains stellar maf the knots CKN2 and CKNA4. It is true that, as explained be-
terial, HI, and belongs to a system that appears to be th& regore, the [NI]15199A enters the filter, and would contribute to
of the merging of two galaxies, where tails are expected. Tt measured flux through the continuum filter, but at a level
tidal nature of this long structure is strongly supportecy of about 1%. It rather corresponds to the presence of an old
discovery of a second tail, as expected in such cases. Excsgtpllar population associated with the emission line negjias

for the diference in continuum luminosity between both tailsppreciated in the corresponding spectra. The [OlIl] cantin

IC 1182 is morphologically similar to NGC 7252, the protoimage looks very much the same as that inkhecontinuum.
type of mergers (Schweitzer 1982). Consequently, we find tAfmally, the [SII] image also shows a distribution similarthat
designation “tails” more appropriate than “jets”. of Ha.

This long tail, called here the Main Tail (MT; see The distribution of the ionized gas in the body of the galaxy
Figure[l and®), 63 kpc long, has an irregular structure, cofms an overall morphology that corresponds to an inclingk di
pletely dominated by several resolved knots, labeled MTKthere the knots are embedded (see Fiflire 4). We find that the
to MTKS6 in the figure. The luminosity of the knots is largelyexternal isophotes can be fitted with an ellipse of h@jor
due to the presence of emission lines (see below). MTK1 aaxis, and 62 minor axis (12.%4.4 kpc), with an inclination of
MTK2 are elongated in the direction of the tail, at BA97, 68°. The center of the fitted ellipse is very close to CK. Given
at 14’5 and 196 respectively from the photometric center ofhe uncertainties, our measurements are compatible with CK
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Fig. 3. Isophotal tracing of the central region of the model sulte@d&Gunn r band image of IC 1182

being the center of the disk, itself at 142 pc from the center BITK6 are clearly double, others, like MTK5 or MTK2 have
the continuum, as already mentioned. The major axis has a gistinct extensions. The knots, as judged from their FWHM
sition angle of PA= 120, about 10 out of the line from CK values in the corresponding images, are well resolved (the i
to CKN2, and about 40 from the major axis of the continuumage resolution is’@85) in all cases. The sizes range frem
light distribution. 0.7 kpc tox 1.2 kpc. In principle they could simply be com-
) . ) ) ) plexes of smaller HIl regions that have not been resolved.

The Main Te_ul appears very consplc_uouslyln,l-wnh_ SeV- Otherwise, they could be proto-dwarf galaxies as those seen
eral condensations, already detected in _the B band image f'the Antennae (Mirabel et al, 1992) or in Stephan’s Quintet
labeled MTK1 to MTK®. They have klluminosities over 18 - \;ones de Oliveira et al. 2001). In fact, van Driel et al.qap

erg s 1, the brightest being MTKE6, at the tip of the tail. The ave recently reported that the brightest knot, MTK6, cdgd
are brighter than most of the giant Hll regions in nearbyalpir, .| qwarf galaxy.

galaxies (Melnick et al. 1987). Some of them like MTK1 and
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Fig. 4. The distribution of the ionized gas in IC 1182 as derived fribm Hr light distribution. The upper image reveals its
extension and large scale structure, in particular thettra of the Main Tail. The two bottom images correspond édéntral
region of the galaxy. Three distinct condensations are sebla (bottom right) in the central body: CK (with CKN1), CKNZ2,
and CKN4, and the innermost condensations of the MT. Thdaroantn image (bottom left), shows a much more smooth struc-
ture without condensations. Notice thefdience between the PA of the major axes of the continuum amsiem lines light
distributions

The redshift and excitation of the knots were measuréa ST since its PA and position do not correspond to ST as it is
from the MOS spectra. All the relevant parameters are deitec detected in the broad band images.
in the TabldH.
The knots in the newly discovered tail, ST, were not de5-' The complex kinematics of IC 1182
tected in Hr. This could be due to inglicient resolution of The spectra across CK and CKN2, at PA28, show a pecu-
our He images, or just that they are nottemitters. We are liar rotation curve of the ionized gas. We notice that tha+ot
inclined to accept the first hypothesis since, as discuseed tion curves obtained from thedd [NII] region of the two NOT
fore, the tail was only detected in the best seeing imageheln spectra taken with grisms #7 and #8, are in perfect agreement
emission line image we detected a bright region close todkhe mhe bluer grism #7 spectrum also includes th@ahd [Olll]
cleus, not far from the region where ST enters the central plines, that were used to determine the corresponding ootati
of the galaxy. However, we think that this is not directlyateld curve. As illustrated in Figurigl 5, there are markeffedences
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Fig. 5. The rotation curve measured at PAL28, from the k-N[lI] region (diamondyand from the I8-[Olll] region (triangles.
The 1o error bars are plotted. We also show the velocity distrdrufrom the NaD line rossels The dashed-dotted and dotted
lines correspond to theddand continuum distributions respectively, along the stigfe on the right vertical axis). The continuum
flux has been multiplied by a factor of 40 to show it in the sacsdes

between the two rotation curves derived from thé-[@Il]] ing disk, and through the knots CKN2 and CKN4, i. e., at more
and Hx-[NIl] regions. Given the agreement we have found béhan 3’ from CK. The lines are observed to be double peaked
tween the rotation curves derived from the4NII] region in  (Figure[®). The small amplitude system is detected only in a
both spectra, the fierences between the red and blue rotatiorery small region, whereas the larger amplitude system slaow
curves have to be considered as relevant. structure as expected for the positioning of the slit (Féfilix. It
Indeed, these €fierences and the overall structure of this worth to notice that the NaD line (not shown), coming mginl
measured velocity distribution along PA128 can be under- from the region around CK (brighter by a factor of 10 than the
stood in terms of two dierent rotating systems. The largestegion around CKNZ in the continuum), does not show any ro-
would be centered in CK, reaching the flat region of the rotiation pattern in any of the spectra. The NOT spectrum taken
tion at~ 2, with an observed amplitude of 200kms The With the slit at PA= 113, and grism #13, shows [OI#$007
systemic redshift corresponds to 10300 krh.sThe second @ndHg. Both emission lines are also double peaked. The main
system, smaller, would have the kinematic center, within oflyStem is traced only in the central.4The data agree with
resolution, at CKN2, reaching the flat regime~atl”’5 from those from the lower resolution spectra. The smaller system
CKN2, with an observed amplitude ef.00 km s . The rela- Only detected within 1, west side from CK (see Figuié 7).
tive velocity between the two centers amounts190 km s* . The data from all the spectra are consistent with the pres-
Given that the NOT spectra do not have enough resolutiondgce of two rotating systems. The main one would have a major
allow the simultaneous detection of the two components, thgis position angle consistent with that of the distribotid the
position of the center of the observed spectral lines woedd fionized gas, i. e., PA 120. The amplitude, once corrected for
flect the relative_ weight of the components, producing tinelki the inclination of i= 68°, amounts to- 230km sZ. This orga-
of data we obtain. nized rotation corresponds to a massive galaxy with an &dic
The higher resolution data are consistent with the previotige central mass (point like modelj ~ 2x10'° M,,. The data
considerations. The VLT data were taken with the slit atZPA also indicate that the stellar component is not rotating héee
62,i.e.,50 fromthe major axis we have deduced for the rotatneasured a velocity dispersion®f= 200 km s?. The second
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Fig. 6. Tracing of the k-[NIl Jregion of the spectrum of the central section of thead&ken with the VLT through CKN2 and
CKN4, to show the structure of the lines.

system, around CKN2, shows also an organized rotation, withio account the variations of the Balmer decrement alorg th

an observed amplitude of 100 kmts PA = 128. slit, we consider a color excess of E{B) ~ 1 as representa-
tive for the ionized gas component for the main body of the
6. The line ratios: diagnostics, reddening and galaxy. Since the galactic extinction amounts \E= 0.08
metallicity only, we conclude that IC 1182 has an important internal ex-

tinction and, therefore, other than the dust structure wes ha

The line intensities were measured in all sections wherg thgescribed before, IC 1182 would have important amounts of
are well detected in the NOT spectra. The Bind continuum distributed dust. The typical column density toward it webul
distributions are shown in Figuf@ 5. The line ratios along thhe 5.8<10?* atomgcm?.
slit are plotted in Figure 8. As already seen in the narrondban
images, the W, [Olll], and [SII] emission can be traced till The excitation ratio, [OlllJHB, shows two peaks, corre-
very far from the center of the galaxy. Even fainter lines aponding to the centers of the brightest knots, CK and CKN2.
[Ol] are detected at distances of several kpc from the centerThe highest value is reached at the core of CKN2, with values

The first aspect we notice is the higlaHig ratio at all po- above 4. The excitation is important, about 2 or higher, aimo
sitions along the slit. It was measured always greater thanall along the slit, and the [OlIl] line can be traced as fartas t
reaching values between 8 and 10 in the central region. ia prmain Balmer lines. Another remarkable aspect is the ubjquit
ciple, that large value of the Balmer decrement could be dwd the [OI]16300 line. It appears as extended as the other lines.
at least in part, to the presence of absorption componedtrurits observed intensity relative toaHs very often> 0.1. Those
the Balmer lines. Indeed, that cannot be excluded before betlues are the most extreme that can be explained by stellar
ter resolution data are used and fitted by models. In any cgskeotoionization models (Evans and Dopita 1985), unlesg the
in the brightest regions, where we find the continuum to lage artificially high because of the presence of absorptien u
very faint, and any Balmer absorption could only play a mder Hx. All in all, the high values of the low ionization [QHl«
nor role, the decrement is very high. The observed rangeein #ind [SIIJH« line ratios found all along the slit, together with
Ha/Hg ratio does correspond to 0s8E(B-V < 1.22. Taking the rather moderate ratios of the high ionization linesnam-
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Fig. 7. The upper panel corresponds to the NOT grism #13 velocity filam the [Olll] and KB lines, measured along the slit at
PA = 113, through the center of the galaxy. The lower panel ptegée velocity data, measured with the ldnd [NI1] lines,
from the VLT spectrum along the slit at PA 62, through the knots CKN2 and CKN4. The positions are reteto CK and
CKN2 respectively, and the velocities are given relativéh®systemic measured velocity of 10300 krh sThe 1 errors are
of the size of the symbols,

inally compatible with photoionization by stars with, pags, The observed H/Hg ratio indicates an extinction amount-
some underlying absorption undeiHn any case, they would ing to E(B-V) = 1.06 (C(H3)= 1.40). The line ratios, cor-

be indicative of a highféective temperature, over 40,000 K, altected according to this value of the extinction, are given i
over the galaxy. The existence of shocks cannot be exclud&able[$. Plotting those line ratios on the diagnostic diatga

but they do not appear as a major contributor to the obsenmmdVeilleux & Osterbrock it can be concluded that:

line ratios, as judged in particular by the [NHl« ratio, always

smaller than 0.30. — In the [NIl]/Ha versus[Olll] /HB diagram, CK is placed

within the locus of the HIIl regions
— In the [SHlJHa versus [Olll]/HB diagram, CK is
(marginally) in the region of the active objects
— In the [OIlJHa versus [Olll]/HB diagram, CK is
(marginally) in the zone of the Seyfert 2 objects

6.1. The Central Knot, CK

We have shown before that CK is the center of the distribution
of the ionized gas, even if it is 142 pc South from the ceme., the nucleus of IC 1182 cannot be classified as eithieact
ter of the continuum, that is very faint. The emission is veryr Hil-like without some ambiguity. We notice that the diag-
compact and shows, even before any extinction correctidn, mostic ratios leastffected by extinction indicate that CK is an
atively strong high excitation lines like [NelHB868 and the HIl-region like object. Besides, there are other propertie
[Ol11] 1214363,4959,5007 lines (see Figlile 9). These togetlmmsider. First of all, as discussed before, it cannot brided
with the observed strength of the low ionization lines, ijgart that the Balmer line intensities could bexted by underlying
ularly [OI] and [SII], push IC 1182 toward the region occuabsorption. As it can be seen in Figliie 9, the stellar camtrib
pied by active objects in the diagnostic diagrams (Veill&ux tion to the continuum is not negligible in CK. The sense of the
Osterbrock 1987). correction is to push IC 1182 toward the area occupied by Hll
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Fig. 8. The line ratios distribution along the slit, measured frdva ALFOSC spectra at PA 128. (a) Hy/HB (solid line); (b)
The excitation ratio [OlllJHB (dashed line); (c) The [OMH« ratio (dotted-dashed line). This latter ratio was muléglby 50 to
put it on the same scale as the other ratios. The vertica limerk the position of CK and CKN2

regions in the diagnostic diagrams. Next to consider isitlee | tamination by the NaD doublet. We find it lower than solar by
profiles, that reflect the presence of several componerds, pt0-20%.
ducing a mixed spectrum.

Similar line ratios are also found in other sites in the gglax6.2. The knot CKN2
which makes the idea of some kind of nuclear activity eveﬂ1
less attractive. The presence of low and high ionizatioadin
throughout the galaxy is indicative of extremely powerfntla
generalized star formation processes. The low densitigthen
normal ratios of the low ionization lines with respect to th
Balmer lines is also indicative of pure photoionization krs.

e overall aspect of the spectrum of CKN2 is that of a high
excitation HIl region (Figur&l9). The continuum is less ptee
than that of the central region, with a smaller stellar dentr
Qution. The Balmer decrement is very high here too. It cor-
responds to C(B) = 1.62, or (E(B-V) = 1.2 mag. The cor-
rected line ratios (see Tallk 5) are close to those expemted f
Accepting the HIl nature of the emission region we sd#gh Tett (= 50,000 K) Hll region. Still, the values of [QHia
in IC 1182, the line ratios correspond to a very low ele@nd [SllJHa place (marginally) CKN2 in the zone occupied
tronic density (the sulfur lines indicate that we are in they active, Seyfert 2 objects in the diagrams by Veilleux &
low density regime). The electronic temperature of CK the@sterbrock. As before, we notice that the best measured in-
amounts to more than 16000 K. As for the metallicity, sinadicator places CKN2 in the area of the HIl regions in the di-
the O[I114373 is well detected, it can be determined in thegnostic diagrams, and that some absorption under the Balme
standard way. We find Z 1/16 Z, (see Tablé€l5). The mainlines andor the composite nature of the spectrum would help to
uncertainties come form the error in the [Olll] auroral lmed reconcile all the line ratios with those predicted by Hlliceg
from the high extinction correction to apply to the Ofi§i727 models.
line. The fact that the O[11}4363 line is detected indicates  The electronic density of CKN2 is also low, and the elec-
that the metallicity is well below solar. The He abundance isonic temperature 11600 K, significantly lower than in CK.
difficult to determine given the high extinction and the corFhe O[Ill]14363 line is also detected here. The metallicity,
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Fig. 9. The spectra of the most prominent knots, CK (upper panel)GKN2 (bottom panel). For both knots the spectra are
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Table 4.Main properties of the bl emission of the central andTable 5. Extinction corrected line ratios (in log)
MT knots in IC 1182

Nucleus NK2
Knot cz OIlll/HB FWHM L e
(kms?t) (OII7RE (kpc) xlO“Ogrgs‘1 Cs 149 167
[0l A3727 054 Q047
CK 10300 275 12 12300 [Nelll] 23869 -072 -060
CKN2 10400 400 08 2640 [Ol11] 214363 -121  -140
CKN4 07 457 [Ol11] 245007 044 060
MTK1P 10241 248 08 0.34 [NI]] 245200 -104 -128
MTK2¢ 10303 095 27 0.32 Hel15876 -011 -012
MTK3P 10 020 [O1126300 -094 -101
MTK4 10332 239 10 0.22 [NII] 26584 -055 -070
MTK5 10394 223 Q9 0.23 [SI1]216717 6731 -038 -052
MTK6Y 10425 223 10 074 [S1]1A6717/[SII] 16731 017 Q15
ne(cm3) ~ 100 ~ 100
a The Hr luminosity corresponds to the cores of the knots, defined Te(K) 16100 11600
by the isophote corresponding to the FWHM. The luminosity is 12+ log[O/H] 7.70 800
corrected only for external extinction for the MT knots, dod
internal and external extinction for the central knots. a The line ratios are relative togHill [NI]] 25200 (included), and
b Double knot. The size is for each subcondensation. Thesihe relative to Hy for the other lines, except the last one which is the

FWHM of the whole knot is 1.4 kpc. The luminosity is for the  ratio of the two [SlI] lines. All the values are from the NOTegjra
whole region.

¢ MTK2 is diffuse and complex.

d The data are for the brightest, NE condensation.

even if almost double that of CK, is still significantly lower
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than solar. Finally, the He abundance is similar to that of Clét al. (2003) have analyzed the X-ray flux distribution in the
about 10% lower than solar. Antennae Galaxy and concluded that the X-ray emission is as-
sociated with young stellar clusters. IC 1182 could be, at th
sense, similar to the Antennae Galaxy.

The evidence of the data lead us to consider IC 1182 as an
The global morphology of IC 1182 is reminiscent of an earlgngoing merger. The Main Tail, and the Second Tail we report
type galaxy, but with important peculiarities. In the contim here for the first time, together with the the S-shaped nsdteri
light, IC 1182 shows an entangled structure, with 0.25 and observed far from the body of the system and the presence of
PA = 80 when the outermost isophotes are considered. A lokigots in the central region are clear signs of gravitational
tail, 63 kpc long, emerges from the central region to the Eeraction. The data we present here indicate that that ngprgi
at PA = 97, with a knotty structure. We have detected a newrocess is now approaching the final steps. Morphologitadly
much fainter tail running almost perpendicular to the previjalaxy is close to a spheroidal system with peculiaritiastie
ous one, and stretching for 27 kpc from the center. It is cotwo galaxies are still dynamically distinct. The observethr
tinued by a difuse, large S-shaped structure toward the NWopn amplitudes indicate that the involved galaxies arbeat
already visible in the photographic picture by Arp (1972). Idifferent, an early and a late type spiral. Th&atence in lu-
the model subtracted image we have constructed, one seesirasity between the two tails would be an indication of the
large, disk-like dust structure, already hinted in the Bidban- mass diference between the two galaxies. The organization of
age, with a size of 5 kpc. Finally, to the SW of the dust struthie ionized gas in a disk is in agreement with the predictions
ture, there is a residual structure that appears distimetige by the models developed by Barnes (2002). The low metal-
model-subtracted image. These characteristics, in péatithe licity deduced for the gas in the two central knots indicates
discovery of the Second Tail, strongly suggest that IC 1182at important amounts of fresh gas have been supplied by the
could be a merging system. Moreover, several knots along th&e galaxy in the process of interaction and merging. The SF
main tail, detected in the broad band and khages, are re- deduced from the W luminosity is very high, amounting to
solved. They could be forming tidal dwarf galaxies as se®® M, per year, after correction for the high internal extinction
in the Antennae (Mirabel et al. 1992) or in Stephan’s Quintethich places IC 1182 among the very bright starburst gaaxie

(Mendes de Oliveira et al. 2001), as recently suggested by va
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not confirmed by our spectroscopic analysis, that points out r. 1981, ApJ, 247, 403
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