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1 INTRODUCTION 

ABSTRACT 

We present new Gemini spectra of 14 ne,', objects found within the HI tails of Hickson 
Compact Groups 92 and 100. Nine of them are GALEX Far-UV (FUV) and Near-UV 
(NUV) sources. The spectra confirm that these objects are members of the compact 
groups and have metallicities close to solar, with an average value of 12+log(O/H )~8.5. 

They have average FUV luminosities 7 x 104Q erg s- l, very young ages « 100 l\lyr) 
and two of them resemble tidal dwarf galaxies (TDGs) candidates. We suggest that 
t hey were created within gas clouds that were ejected during galaxy-galaxy interac
tions into t he intergalactic medium} which would explain the high metallicities of the 
objects, inherited from the parent galaxies from which the gas originated. We conduct 
a search for similar objects in 6 interacting systems with extended HI tails, NGC 2623, 
NGC 3079, NGC 3359, NGC 3627, NGC 3718, NGC 4656. We found 35 UV sources 
with ages < 100 Myr} however most of them are on average less luminous/mass;ve 
than the UV sources found around RCG 92 and 100. We speculate that this might 
be an environmental effect and that compact groups of galaxies are more favorable to 
TDG formation than other interacting systems. 

Key words: galaxies: interactions - galaxies: star formation - (galaxies:) intergalactic 
medium - galaxies: star clusters 

Interacting galaxies are ideal laboratories to probe galaxy 

evolution since tidal interaction is an important mechanism 

in shaping galaxies properties as we measure today. The HI 
gas, which is both the reservoir for star formation and an ex

cellent tracer of the large-scale galaxy dynamics, is affected 

by tidal :nteraction and is often found in tails outside in-

teracting gala:des. One of t he key questions regarding the 

encounters of disk galaxi~ is the fate of the stripped. HI 

gas. Do these HI intergalactic clouds form ne\( ste!lar sys

tems and/or dwarf galaxies known as tidal dwarf ga.laxies 

(TDGs)? And if they do, is there an! difference in the types 

of objects that could be formed based on the type of en

vironment where they are located? We have embarked in a 

series of papers trying to answer th(>'5€S questions. In Torres

Flores et aI. (2009), de Mello et al. (2008a) and Mend .. de 

Oliveira et al. (2004, 2006) we showed a few Hickson Com

pact Groups (HCGs) contain TDGs and intragroup star

forming regions. Other authors have also found TDGs and 

many young globular cluster candidates in compact groups 

(e.g. , Iglesias-Paramo & V(lchez 2001 and Gallagher et a.l. 

2001). Other cases of intergalactic star-forming regions have 

also been reported outside interacting ga~ax.ies (e.g. Ryan

Weber et a1. 2004, Hulla.n et a1. 2011, Oosterloo et al. 2004, 

Werk et aL 2011), including young «10 J\fyr) small stellar 

clusters in the HI bridge between hISI and M82 (de Mello 

* Based on observations obtained at the Gemini Observato:y, 

which is operated by t he .A.:sociation of Universities for Re

search in .\8tronomy, Inc., under a cooperative agreement with 

the NSF on behalf of the Gemini partnership: the National Sci

ence FO!mde.tion (United States), the Science and Teclmology Fa.

cilities Council (United Kingdom),·the National Research Council 

(Canada.), CONICYT (Chile), t he Australian Research Council 
(Australia), )'linisterio da Ciencia e Tecnologia (Brazil), and 1.11n

isterio de Ciencia, Tecnologia e Innovacion Productiva (Argentina 
- Observing run ID: GN-2003A-Q-53 a.nd GN-2007B-Q-87. 
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et a1. 2008b) and outside the merger remnant NGC2782 

(Torres-Flores et aI. 2012). 

The importance of these newly formed objects as prod

ucts of collisions is still debatable. They may be responsible 

for enriching the intragroup medium with metals which may 

ha.ve broad implications for galaxy chemodynamical evolu

tion (Week at al. 2011). They could grow to become inde

pendent objects as dwarf galaxies, or live as stellar clusters 

in the distant halos of their hosts. In addition, one cannot 

exclude the possibility that they will dissolve and not re

main gravitation"ally bound, yielding only ver:' sparse star 

streams, or Cal.1 back onto the progenitor (Bournaud & Due 

2006). 

IN i:nages of tidal tails, obtained with the Galaxy Evo-

lution Explorer (GALEX) satellite, showed UY-bright ra-. 

gioos coincident with HI density enhancements (Hibbard et 

al. 2005, Neff et al. 2005). ~.Iore recently, Thilker et aI. (2009) 

reported the discovery of massive star formation in the Leo 

primordial HI ring which is having one of its fiest bursts of 

star formation. Therefore, UV and HI data together pro

vide a powerful technique for identifying and studying star 

forming regions in the vicinity of interacting galaxies. In de 

1.lello et £II. (2oo8a) we presented a sample of 16 star forming 

region ca:ldidates in the intergalactic medium surrounding 

HeG 100. Here we present the optical data obtained \',-ith 

Gemini for H CG 100 and also for another compact group, 

ReG 92. \\-e also present the UV"data of six interacting 

galaxies with HI tails where we discovered 35 stellar cluster 
candidatfS. 

This paper is organized as follows: §2 presents the data 

and results for HCG 92 and 100; §3 presents the comparison 

sample and the discUBSionj §4 presents the Summary, and the 

Appendix describes the comparison sar!lple in more detail. 

Throughout the paper we assumed OM = 0.3, OA = 0.7, and 
Ho = 100 h Ian S-1 Mpe-1 , with h=0.71. 

2 HCG 92 AND HCG 100 

The targets analyzed here are newly identified members 

of two H:ckson compact groups of galaxies, HCG 92 and 

HCG 100 (Hickson 1982) located within their HI tails. 

HCG 92, known as Stephan's quintet (e.g. Moles et a1. 1997, 

Sulenticet 8,1. 2001, Gallagher et al. 2001), is formed by three 

late-type galaxies (NGC 7318., 7318b, 7319), one early-type 

(NGC 7317) at 80 Mpc and one object, NGC 7320, which 

is a foreg.ound object. Mendes de Oliveira et a.!. (2004) pre

sented the discovery of four intergalactic Hn regions in the 

HI tail of HCG 92 located more than 25 kpc from the nearest 
group gala.xy. 

ReG 100 is formed by a bright central Sb galaxy 

(HeG 100s), an irregular galaxy with an optical tidal tail 

(HCG l00b) , a late-type barred spiral (HCG 100c) and a 

late-type edge-on spiral (HCG l00d). It is the last group 

of Hickson's catalog (1982) and is at 76.3 Mpc (vR=5,336 

km/s). d. Mello et a1. (2008a) presented GALEX FUV and 

NUV images of this group and identified 15 FUY sources 

located ir. the vicinity of the intergalactic HI clouds of the 

compact group which extends to over 130 kpc away from 

the main galaxies. 

2.1 Spectroscopy with Gemini/GMOS 

We have obtained new spectra of dozens of UV sources iden

tified within the HI tails of ReG 92 and HCG 100 and de

rived their radial velocities. We also determined metallici

ties for those which turned out to be at the BaIne redshift 

of the groups. Observations were performed with the Gem

ini Multiobject Spectrograph (GMOS) at Gemini North in 

June 2003 (HCG 92) and in October and November 2007 

(HCG 100). We centered GMOS slit on members of the 

groups and on sources which were identified in Mendes de 

Oliveira et al. (2004) and de Mello et al. (2008a). Other ob

jects in t he field were also observed when there was space 

left in the muitislit mask. The spectra were acquired using 

the B600 and R400 gratings. 

Exposure times for HCG 92 were 3x 1500 sec for the 

8600 granting and 3x1000 sec for the R400 grating, covering 

£~om 3700 to 8000 .\. For HCG 100 data, the total exposure 

times were 3 x 600 sec and 3x1200 sec for the B600 and 

R400 gratings, respectively, and the final spectra covered a 

wavelength interval of 3700 to 7000 A. Position angles were 

20 and 300 degrees, from the usual orientation of Gtl.10S 

values for the airm"-'s were 1.22 (R400) and 1.08 (B600) fo; 

HCG 92 and 1.03 for HCG 100, respectively. The seeing of 

1 aresec matched well the slit size of 1 aresee in both cases. 

All spectra were biased, trimmed, fiat fieided, and wave

length calibrated with the Gemini IRA F package versior. 

1.8 inside IRAF1. The final spectra have typical resolu

tions. of 3.2 and 7.0 A for B600 and R400 gratings, re

spectIvely. The spectra of the regions in HCG 92 were not 

flux calibrated given that there were no st andard calibra

tors observed. around the time the data "'-ere taken. \Vhile 

the regions of HCG 100 had their flux calibrated using the 

spectrum of the stars BO+284211 (R4oo) and Hiltner 600 

(8 ~OO) . observed in December 11 , 2007. For reddening cor

rection we used the intrinsic Ha-/ H,B ratio, with an intrinsic 

value taken by Osterbrock (2006) for an effective tempera
ture of 10000K and NI!.=102. 

We found 12 and 2 sources at the same redshift of 

HCG 92 and HCG 100, respectively. Four of the 12 'sources 

had already been confirmed as members of HCG 92 bv 

Mendes de Oliveira et al. (2004). 

2.2 GALEX data 

We obtained GALEX FUV and NUV background sub

tracted. images from the Multimission Archive at the 

Space Telescope Science Institute (MAST) and followed t he 

met hod by de Mello et. al (2008a) to select UV sources 

within the HI tail or in the outskirts of the HI map. FUV 

and NUV fluxes were calculated using Morrissey et al. (2005) 

m),=-2.5Iog!F), / a),] + b)". Fluxes were multiplied bv the ef

fective filter bandpass (FU\'= 1528 ± 269 A and 'NUV = 

2271 ± 616 A) to give units of erg S- l cm-2. 

The GALEX fields of view are 1°.28 and 1°.24 in FUV 

and NUV, respectively, ana the pixel sc91e is 1.5 arcsec 

pixel-to The images have a resolution (FWH~I) of 4.2"and 

I lRAF is distributed by the National Optical Astronomy Obser

vatories, which are operated by the Associa.tion of Universities of 

Research in Astronomy, Inc., under cooperative agreement with 

the Na.tional Science Foundation. 
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Figure 1. N"UY image of HCG 92. Seven UV sources detected ~n the GALEX images are marked. North is up and East is to the left . 

Bar length if' 1'. 

5.3" in FUV and NUV, respectively. Despite the broad 

FWH11, GALEX is a.ble to detect faint UV sources. The 

medium imaging survey, for instance, reaches m= 24 and 

24.5 in ruv and NUV with typical exposures of l,500s 

(Bianchi et al. 2007). GALEX images have also been used 

extensive;y to search for very low surface brightness objects 

(e. g. Thilker et al. 2007) such as the ones we are inter

ested in detecting. We chose the parameters to detect the 

UV with Source Extractor and perform photoroetr~r (ver

sion 2.4.3, Bertin & Arnouts 1996, hereafter SE) following 

the presc:iption of de Mello ct a1. (2ooBa, 2oo8b) which was 

fine tuned for detecting low surface brightness objects and 

clumpy systems. We matched both catalogs, FUV and NUV, 

within 3
11

-4
11 

radius. The SE's UV magnitudes (l\lag_&uto, 

AB s!'stem) were corrected for foreground Galactic extinc

tion using E(B - V) obtained from Schlegel et aI . (1998) 

and AFUV = E(B - V) x 8.29, and .~NUV = E(B - V) x 

8.18 (Seibert et al. 2005). We used the Cortese et aI. (2008) 

method for computing the internal extinction for each ob

ject in the FUV band. For each AFUV, we used Seibert et aI. 
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(2005) extinction law, shown above, to obtain the E(B-V). 
2 

FUV and NUV colors were estimated using the task 

PROT in lRAF, inside a fixed aperture of 4" or 5" radius, 

depending on the sizes of the sources, centered on the cen

troid of tne light djstribut~on of each NUV band detection. 

2.3 Ages, masses and metallicities 

We used the method described in de I\lello et a1. (2008a, 

2008b) to derive ages and masses from FUV and NU"

GALEX images (Thble 1). !'or each region, ages were es

timated t~sing the models given b~ - Starburst99 (SB99, Lei

therer et al. 1999). These models were generated for an in

stantaneous burst, solar metallicity, Cba~rier (2003) UlF, 

and are optimized for GALEX filters transmission curves. 

We have b lBO generated models using Salpeter IMF and com

pared the results with Chabrier IMF. The difference in age 

between the two IMFs is around f'V 2-4 t-.1:rr. [n this paper 

we are presenting only the results generated with Chabrier 

IMF. We have also included in Table 1 the errors for each 

age calculated from the errors in the colors. 

"re conpared the ages determined spectroscopically by 

l\Iendes de Oliveira et al. (2004) with our values using 

G:\LEX a"nd found an excellent agreement for 3 of the 4 

regions (".1,# 2 and #4) for HCG 92. The object for which 

our age cetermination disagrees with respect to Mendes de 

Oliveira et al. (their region C and our region 7) is too close 

to anothe: object and GALEX is not able to resolve them. 

We have also estimated ages from the HD: equi ... -e.lent widths 

and 8B99 models (Table 1) and found agreement between 

the methods for 4 sources in RCG 92 and the 2 sources in 

BeG lOll However , 3 sources in HCG 92 are much older 

,,:hen calculated using the UV data than when using Ha. 

This could be due to the fact that ultraviolet Light probes 

older stella.r population than Ha and/or due to other factors 

including wrong correction for dust attenuation and posi

tioning of the slit. We will discuss this later in this session 

when we compare our estimates with other authors. We can

not exclude the possibility that density bounded conditions 

could produce lower equiYalent widths, that leading to ap

parent older ages when derived from them and SB99. 

UV i:nages showing the location of the newly detected 

members of BCG 92 and of ReG 100 are shown in Fig. 1 

and 2. Tl:e Gemini optical i:nage (r filter; Fig.3) shows the 

peculiar and knotty morphology of the two UV sources in 

HCG 100 which resemble dwarf galaxies. They are located 

in the HI tail and we suggest that they might be TDG can

didates. 

In F:g. 4 we show spectra. taken with gra.tings R400 

and B600 for the two TDG candidates of ReG 100, and in 

Fig.5-6 we present two new star-forming regions of HCG 92, 

2 The \ alues we find for E(B-V} obtained from spectroscopy for 

regions 3 and 4 of ReG 100 are slightly different from the yalues 

calculated fro~ the UV images. This difference could be due to 

the fact tha.t the slit is not sampling t.he entire region and might 

be missing some of the regions where the U\' flux originates. E(B

\"} values e.re: Region 3 (0.10+-0.01, D.13) and Region 4 (0.09+· 

0.02, 0.05) - first value is from imaging, second value is [rom 

spectroscopy. 

regions 3 and 5, which are similar to the four objects de

scribed in Mendes de Oliveira et al. (2004). 

J\.Ietallicities of the regions were calculated using tpe 

empirical methods 03N2 and N2, proposed and calibrated 

by Pettini and Pagel (2004). These methods use Hne ratios 

[Om] >'5007 jHfJ plus [Nn] >.6584jHa and [Nn] >.6584jHa, 

respectively, to estimate oxygen abundances. These estima

tors are adequate for faint extragalactic sources, such as the 

ones we are dealing with, because they are based only on 

very bright lines. The uncertainties on the calibration of 

these methods are 0.14 dex for 03N2 and 0.18 for 1\2 when 

68% of the points are included. Table 1 shows t.he estimated 

meta.llicities for the regions in HCG 92 and HCG 100, plus 

our new results on .velocities (measured from the emission 

lines), masses, and agM. As it can be noted in Table 1, the 

metallicities derived from the 03N2 and the N2 methods are 

in close agreement. For one of the regions of HCG 92 (region 

6), we used only the N2 method due to the lack of HfJ· 

\Ve calculated line ratios and verified that all sources 

are· star forming regions as shown in the BPT diagnostic 

diagram (Baldwin, Phillip &Terlevich 1981) in !,ig.7. W. 

plotted all Sloan sources from Kauffmann et a1. (2003) for 

comparison. 

In Fig.S we show our new data plotted on . the 

metallicity-luminosity diagram (adapted from Fig. 3 ofWeil

bacher et e.1. 2003). We estima.ted oxygen abundances as

ing the method 03N2 described above. We also added new 

data from Croxall et a.l. (2009) to this figure. As expected, 

HCG 100 main members occupy the left side of the diagram 

where luminous and metal-rich objects are located. Nearby 

dwarf irregular galaxies (Richer & McCall 1995) follow the 

well-known correlation indicated by the linear fit. Based on 

Fig.8, all star-forming regions in the HI tail of HCG 92 and 

HCG 100 have metallicities similar to those of knots in tidal 

features, i.e. they have metallicities higher than those of lo

cal dwarf galaxies. LiBenfeld et a1. (2008) and Mendes de 

O!iveira et aI. (2004) found similar results for star-forming 

regions in the intergalactic medium of the systems Arp 94 

and HCG 92, respectively. 

Thus we conclude that the metallicity measurements 

obtained ·here allowed us to distinguish between "classi

cal" dwarf galaxies and objects from tidal origin. We con

clude that objects found within the HI tails of HeG 92 and 

HOG lOO were formed by pre-enriched material, and their 

metallicities are similar or higher to that of their progeni

tor galaxies. It is also possible that their higher metallicities 

are due to a phenomenon called Infant Mortality (Fall et aJ. 

2005) which destroys clusters by internal proCE'SSes. In this 

way, the continuous star formation ana destruction of stellar 

clusters could increase the metallicity of a given region after 

a few million years. 

We have compared the coordinates of our targets with 

the ones identified in Trancho et al. (2012) using Hubble 

Space Telescope images and Gemini spectroscopy of ReG 92 

and found no common sources. However, a close inspection 

of the HST images indicate that object T124 in Trancho et 

al. is the same as our object #6, but had wrong coordinates 

quoted in their paper. The HI tail is twice as long and has a 

different curvature than the optical tail , therefore HST small 

field of view did not cover the entire HI tail. The work by 

• 
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Figure 2. KUY image of HCG 100 where galaxy members a, b, c and d are labeled. Two TDC candidates, #3 and #4, are ma.rked. 

They fall \'lithin the HI tail as shown in de f..lello et a1. (20088). North is up and East is to the left . Bar length is 2'. VLA NHI contours 

are 0.6,1.2,2.1,3.6,4.4,5.1,5.9,6.6, 7.4xlO"o cm- 2
. 

Trancho et. aI. (see also Fedotov et aI. 2012) focused only on 

the opticru tail, missing most of the targets we discovered. 

The age reported by those a.uthors for T124 is in relative 

good agreement with the values we found for object #6 us

ing the Gemini spectra (1.5 Myr and 6 Myr, respectively). 

However, tl:e age we found using the UV data, ..... 100 Myr, 

is signifiCf.mly higher. This disagreement can be explained, 

as pointed out in Trancha at al., by the fact that the slit did 

not cover the entire complex and is missing the other com

ponents of t:1.e clump. The UV data on the other hand covers 

the entire region and is more representative of the cluster. 

The UV is also known for detecting older stellar popula

tion t han Ha and is a. good age indicator for this type of 

stellar clusters. Therefore, our results suggest that T124 (or 

#6) is ",100 Myr and 108
.
5 

M 0 1 making it the most massive 

TDG candidate in the outskirts of HOG 92. We have also 

inspected the location of this object wit h respect to the HI 
map (~.1endes de Oliveira et a1. 2004) and verified that it is 

located within one of density peaks which supports the idea 

that T124 (or #6) is a TDG candidate. According to Tran-
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Table 1. St ar-forming regions in the HI taB of HCG 92 and HCG 100 

ID ID...r.,gioll R .A. DEC . 
,. Ms C. 12 .... Jog(O.' H ) 12+ log(O/ H) Log{M . )b Agee. LFUV 

2000 2000 ( km 8 - 1) m ag 03N2 N2 Mv Mrr erg s - l 

HeG 92 l' 339.04583 33.98657 6615 ± 16 -12.30 8.44±O. 14 8.48±O.18 '.2 2.l±! [.5.4] 40.74 

2' 339.06250 33.98417 6613 ± 59 -H.9:1 8.35±O.14 8.45±O.18 4.3 2.2±;14.1J 40.71 

3 339.015833 33.96750 6577 ± 69 -11.158 8.45±0.14 8.55±0.18 '.1 2.4±iI!5.'5] 40.52 .' 339.05833 33.97306 66.'19 ± 515 -12.10 8.48±O.14 8..51± O.lB '.1 12.9±! [5.5) 40 . .50 , 339,99583 33.99417 6035 ± 19 -11.34 8.40±O.14 8.44±0.18 1 .• 5O.1±5 [15 .4J 41.30 

• 339.04583 33.93833 6543 ± 36 - 12.57 8.69±0. 18 8.6 loo± 3 [6.4) 41.67 

l' 339.04683 33.98361 6612 ± 59 -12.69 8.32±O.14 8.38±0. 18 1 .• l OO ± ~ (2 .44] 41.06 

3 339.07MlO 33.99333 5628 ± 17 -13.23 8.50±O.14 8.60±0.18 ·· ·17.6J 

9 338.97500 33.95389 6780 ± 12 -14 . 10 8.36±O.14 8.48±O.18 ... J3. 4] 

10 338.98750 33.97972 6020 ± 81 -15.25 8.62±O.14 8. 67±O.18 ... [6.3[ 

11 339,04583 33.98278 6M3 ± 52 -12.07 8.36±0.14 8.47±O.18 . .. [5.6J 

12 339,04583 33.97389 6621 ± 71 - 9.88 8.46±O.14 C.5.5±O.18 ... [3.9J 

RCG 100 3' 0.27083 13.02333 6440 ± 61 -14 .54 8.43±0.14 8.43±0.18 ' .1 1.0± : J6.1j 40.46 

.' 0.29167 13.08583 M37 ± 27 -13.42 S.42±0. 14 8 .55±O.18 ' .1 3 . 3±~ 1 2 . 1 ] 40.51 

a Calculat ed using magnitudes from l\.Jendes de Oliveira et 8.1. (2004) and de r-Jello et al. (2OOBa) . 

b Stellar mass (1.10) obtwned from Starburst99 monochromatic luminosity, LIMO (erg/s/A), faT the ages given in column 9. Stellar mass 

(M0) faT HlOO-#3 and H100-#4 are from dt! ?1.Iello et al. (2008). 
CAge (l\1yr) e3timated from FUV-NUY color. Values given in brackets: ages eetimated from Ha equhalent width and 8B99 models. 

d The respective ID's in Mendes de Oliveira et al. (2004) for regioIlB 1,2, 4, and 7 in this table are d, a, b , and c. 

e lD from de MeUo et aI. (20088,). 

Figure 3. Gemini image (filter r) of the two TOG candida ~ in 

the HI tail of HCG 100 as originally identified in de Mello et a l

(2OO8a) as objects # 3 (top) and #4 (bottom). North is up a.nd 

East is to the left. 

Figure 4. Spectra of HCG 100's regions 3 (top) and 4 (bottom) 

identified in de Mello et til. (2008a). These spectra were taken 

with 8600 and R400 gratings. The marked lines ,"'ere used to 

estimate the oxygen abunda.nce (12+1og(O/H)). A zoom into the 

Ha line region is shown on the right side of the top figure. 

cho et aL, two other stellar clusters close to T 124, T117 and 

T122, are 7 and 50 Myr but are not resolved in the GALEX 

image and therefore are not part of our analysis. Another 

object , T1l8, is 125 Myr and has not p assed our selection 

criteria (more details are given in the discussion Section 3). 

These 4 stellar clus ters afe within the optical tail which is 

estimated to have formed due to a close interaction between 

NGC 73iSA and NGC 7319 ~ 200 11yr ago (Renaud et aL 

2010). Therefore, our data show that HI tails in these two 

compact groups, HCG 92 and HCG 100, are laboratori~ of 
star formation. 
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Figure 5, Spectra of HCG 92's region 3. Spectra. taken with 

B600· gra'i.ing is in the top panel and R400 is in the bottom 

one, The marked lines were used to estimate the metaUici ties 

(12+10g(O/H)), These spectra "/ere not flux calibrated, given that 

no ca.libra ~ ion star was available, 

Figure 6. Spectra of HeG 92's region 5. Spectra taken with 

B600 grating is in the top panel and R400 are in the , bottom 

one, The marked lines were used to estimate the metallicities 

(12+ 1og(O/H)). These spectra were not flux calibrated, ginm that 

no calibrat ion star was available. 

3 DISCUSSION 

In order to explore whether the environment where the 

newly discovered stellar clusters and TDG candidates plays 

a Significant role ·in their formation, we have anal.rzed other 

interacting systems with extended HI tails using a sample of 

galaxies from the Rogues gallery of HI maps of peculiar and 

interacting galaxies compiled by J. Hibbard et aI. (2001)' . 

We identified 25 interacting systems with GALEX data with 

exposure times > 1 ksec which have also been observed by 

the SloM Digital Sky Survey (SDSS). We followed the san:e 

method to identify UV sources and to obtain their ages as we 

did for the compact groups. Since we are looking for young 

I http://wwv.-.nrao.edu/astrores/Hlrogue:o/RoguesLiving.shtml 
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Figure 7. Line ratio diagram showing Sloan da.ta from Kauff

mann et al. (2003) and from star-forming regions in the HI tails 

of HCG 92 (triangles) and HeG 100 (dia monds) . Objects with 

line ratios below the red line are classified as HTI reglons. 
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Figure 8 .. \bsolute Magnitude (l1B) versus Ox ~ · gen Abundance 

for local isolated dwarf galaxies (cr0B6eB), knots in tidal features 

(open squares), main group members (asterisk), main members 

HeG 100 (stars), Hn region of Croxall et al. (2009, Hourglass), 

and our TDG candidates from HCG 92 (filled triangles) and 
HCG 100 (filled diamond). The line shows the correlation for 

dwarf galaxies from Weilbacher et al. (2003). The metallicities 

were obtained with 03N2 index for the m ajority of the regions. N2 

calibrator was obtained for only one region of HC G 92 . • \dapted 

from Weilbacher et aI, (2003). 

regions predominately composed by the luminosity of 0 , B, 

and A stars, we defined a conservative cut in age at 100 

Myr. We note that all new objects reported in the previous 

session for HCG 92 and HCG 100 are within t his age range. 

We have also adopted a cut in luminosity equivaient to 100 

o BV stars (100 x LFUV = 100 x 2 X 1037 erg S-l) or 4.2 

x 1039 erg S-I. This limit was set based on the luminosities 

of stellar clusters found in the HI bridge of M8~ and M82 

(a.k.a. "blue blobs") from de Mello et aI. (2008b). 

Six of the 25 interacting systems originally selected have 

35 UV sources with ages < 100 Myr and luminosity higher 

than 4.2 x 1039 erg S-1 insice the HI contours. A descrip

tion of each these six interacting systems is given in the 
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Appendix. In Table 2 we list the regions, their colors, ages, 

and lurn:::lOsities, assuming that they are at the distance of 

the parent galaxies. Figs. 10 to 15 show the different sys

tems with their Hl contours and the marked UY sources. 

We cannot exclude the possibility that a few or various of 

the UV sources we seiected might be unrelated to the in

teracting galaxies, i.e. might be chance alignments. How

ever, this method, when applied to HCG 100 by de Mello 

et a.L (2008a) , selected two TDG candidates within the HI 

tail and several stellar clusters in :t-• .f81 / AI82 (blue blobs, de 

Mello et ~ . 2008b). As shown in the previous session, our 

Gemini ~ IOS data reveal that these two T DG candidates 

are at the same redshift as the galaxy group. Therefore, 

t hese two multi-wavelength studies shov: t hat this approach 

is succes~ful in identifying UV sources which are eit her star

forming regions or TDGe related to the interacting systems 

with stripped HI gas. 

In order to compare the properties of the 35 UV sources 

found ou~side interacting galaxies with ones in HCG 92 a.r:.d 

HCG 100 we have calculated their lumin06itiE'5 and searched 

for similarities in the two populations. In Fig.9 we show the 

distribution of luminosities versus ages .for the 35 regions 

and we verify that the popt:lation of intergalactic regions 

contains objects with luminosities as high as '" 1042 erg S-1 

and as low as '" 1039 erg g - 1, our Im'.'er limit. It is possi

ble that the large range in luminosities indica.tes that we 

are dealing with different families -of objects, as suggested in 

Mendes de Oliveira et at. (2004) .• \8 seen in F ig.9 most of 

the regions in our sample are not as luminous 88 TDG can

didates found in compact groups (fiUed symbols), except for 

object 2 around NCO 3079 A.TJd object 1 a.rouDd NGC 3719. 

If that is the case, interacting galaxies are morc likely to 

host star clusters while compact groups are more likely to 

host TDGs, as can be seen in Fig.9. The low mass objec~s 

might be similar to the M81-M82 "blue blobs" described 

above. T ne high mass objects would then be the TDG can

didat~. The Kolmogorov-Smirnov probability t~ t confirms 

that luminosities of stellar clusters in interacting systems &."8 

significantly different from the ones in compact groups (KS 

= 0.00013), i.e. luminosities are lower in the former than in 

the latter. We have a lso calculated masses using Starburstg9 

(Column 8 in Table2) and the same trend is verified. 

Thrther spectroscopic observations of these regions, as 

we did for HCG 92 and HeG 100, are needed in order to 

confirm their membership and establish their metallicities. 

It is poSsible that the group environment is more conducive 

to TDG formation (or better said, TDG survival) than pairs 

and mergers. This is in agreement with the simulations by 

Bournaud & Duc (2006) where specific conditions such as 

low impact velocity (v< 250 km S-I), prograde encounters 

and mass ratio up to 4:1 may lead to TDG formation. ReGs 

might harbor these condit ions besides the possibility that 

group po~ential may be able t o drive TDGs away from the 

nearb!' proximity of their progenitor galaxies. 

4 SUMMARY 

We presented new Gemini spectroscop~ ' of fourteen sta:'

forming regions within the HI tails of R CG 92 and in 

R CG 100 confirming that they are at same redshifts of the 

groups. We estimated their metallicity and verified that they 

100 
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Figure ~. FUV luminosity (erg 5 - 1 ) versus age (I\lyr) for star

rormingregions outside galaxies in 6 interacting galaxies (di fferent 

symbol), HCG 100 (filled diamond) a.nd HCG 92 (filled trlangles). 

are metal-rich with respect to typical dwarf galaxies. This 

is possibly due to the fact that they were formed from pre

enriched material found in the intragroup medium. 

We analyzed GALEX FUV and NUY data of a com

parison sa.rr:ple of 6 interacting galaxies containing a total 

of 35 U\' sources in the Hl tails. These star-fo rming regions 

span a wide range of ages « lOOMyr) and luminOSity (lO~U~ 

- 1042 erg S-I). We compared their properties with those 

of t he star-forming regions in the HI tails of HCG 92 and 

HCG 100. We concluded that the!' have on average lower 

lurr.inosity than the ones in the HI tails of compact groups. 

\Ve suggest that this maybe is an environmental effect, Le. 

that compact groups of galaxies with tidal tails of H( are 

more likely to host more massive star-forming regions or 

mGs than other interacting galaxies. Spectroscopy of these 

sources are needed in order to confirm that they are at the 

same redshift as the interacting galaxies and to esta.blish 

their metallicities. 

4 .1 Appendix 

We present the GALEXj FUV images of the 6 interacting 

systems with extended HI gas. T he Fl;V sources with ages 

< 100 M~rr and L> 1039 erg 5-
1 are marked. The HI contours 

are adapted from Hibbard et a1. (2001). 

4.1.1 NGG 2623 

NGC 2623, also known as Arp 243, is located at 76.1 Mpc 

(Hattori et al. 2004). Bournaud et al. (2004) and Hattori et 

al. (2004) classified this object as a merger in an advanced 

stage. Hibbard & Yun (1996) found that a large part of the 

HI gaS is located far away from the stellar component of 

NGC 2623. 

In our analysis we detected two young UV sources in 

the western tail of NGC 2623, as show in Fig. 10. One of 

them (region #1 in Figure 5) seems to be associated with 

the giant HII region (which could be a TDG cand idate) 



Figure 10. FUY image of NGC 2623, regions with ages < 
100 !\lyr are marked with circles of 6" radius. HI contours=4 

x1019cm-2x2n are from VLA C+D-array and provided by Hib

b.,.d e' at. (2001). 

detected by Bournaud et aI. (2004) in their Fabr!'- Perot 

study. The age of this region is only 3 Myr. Its mass is 

about five times the mean m8BB of the intergalactic Hu re

gions of !\.Iendes de Oliveira et aI. (2004). \\'e detect another 

young region, #2 (Figure 10), within the HI contours of 

NGC 2623. Interestingly, this region is also detected in the 

Her map shown in Bournaud et al. (2004). The detection in 

the narrow band ima.ge confir:ns that these two regions be

long to the NGG 2623 system. In Table 2 we list the main 

physical parameters for each object. 

4.1.2 NGG 9079 

NGC 3079 is a giant spiral galaxy with two compan

ions, MeG 9-17-9 (northesst) and NGC 3073 (southe ... t). 

NGC 3079 is located at 15 Mpe (de Vaueoulers et a1. 1991) 

and it is a Se) fert 2/LINER with X-ray emission (Irwin & 

Saikia 2C>03; Kondratko et al. 20(5). This galaxy is one of the 

brightest observed merge'" (Henkel et al. 1984). NGC 3073 

is a dwarf galaxy with an elongated HI tail aligned with the 

core of NGC 3079. 

We found six UV sources (Fig. 11) in this system. One 

of them seems to be associated with the HI contours of 

NGC3073. In Table 2 we list the main physical parameters 

for each Dbject. HI contours 

4·1.9 NGG 3959 

NGC 3359 is a barred spiral galaxy with several spiral arms 

and an irregular morphology in the outer parts of the disk. 

NGC 3359 is at 13.4 Upc (Rozll.'l 2008) a.nd it shows 

strong ar:ns in the UV which are not observed in the optical. 

We detected 7 UV sources (Fig. 12) in this peculiar spiral, 

plus one UV source in the isolated HI cloud fa.r from tl::e 

disk (region 5). 

4.1.4 NGG 3627 

NGC 3627 is part of the Leo Triplet together with NGC 3623 

and NGC 3628. The system is located at 6.7 Mpc (de Vau

couleurs 1975) and contain a remarkable Hi bridge and tail 

which ca:! be due to an encounter between the galaxies in 

the Pll.'lt. 

Star formation in HI tails 9 

Figure 11. FUV image of NGO 3079, regions with ages < 100 

11yr are marked with circles of 10" radius. NGC 3073 is a. weak 

UV source close to source #3 in the figure. HI contours=(0.5, I , 

1.5, 2 .4,4, 10, 15, 25, 45) x1020cm-2 are nom VLA o..array and 

provided by Hibbard et al. (2001). 
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Figure 12. FUV image of NGC 3359, regions with ages < 
100 !\Jyr are marked. with circles of 11" radius. HI contours=3 

x 1019cm- 2 x2n are from WSRT (30" resolution). The most outer 

contour is 5xl018cm-2 for 60" resolution, and provided by Hib

bard et at. (2001). 

Here we present the results (Table 2) only for NGC 3627 

(Fig. 13) since the other members are outside the GALEX 

field of view. We find only one UV source within the HI 

contour, located close to where HI seems to peak. 

4.1.5 NGC J718 

NGC 3718 is part of the Great Bear group and it is at 17 

~Ipc ('fully 1998). This galaxy has a peculiar morphology, 

showing strong dust lanes and diffuse/peculiar spiral arms. 

It has a la.rge extension of HI gas, far from the optical disk 

(Allsopp 1979). 

NGG 3718 has 11 UV sources within the HI con.tour in 

both arms of the galaxy and outside the R25 optical radius 

(Fig. 14, Table 2). 
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Table 2. UY sources (ages < 100 Myr) in HI tails of 6 interacting galaxies 

ID ID..region R.A.J2000 DEC.J2000 FU\'·NUVB Age Myrb LFUV (ergs-I) LQg(M. )c 

NGC262~ I 12iUS834808 25.7584667 -0.14 ± 0.16 3.6±\ 40.14 '.1 
NGC262~ 2 129.5805054 25.1511082 0.03 ± 0.11 S2.7:!:/, 40.61 6.' 
NGC307~ I 1.50.5500161 55.631844: _0.43 ± 0.02 l.O±~ 40.52 4.3 

NGC307~ 2 UiO • .'S.'514526 55.5880432 _0.21 ± 0.12 3.0± ~ 39.23 3.' 
NGC307~ 3 150.1344757 55.6083908 0.02 ± 0.04 334± 3 39.48 6.0 

NGC307~ 4 1&1.5026245 55.7128906 - 0.19 ± 0.14 
. ! 

39.95 3.' 3.7±R 
NGC307{! 5 160.4724426 5!'l.7403946 -0.32 ± 0.13 2.1±h 39.80 3.3 

NGC307~ 6 15(UI094452 55.68564.61 -0.22 ± 0.21 2.3±\ 40.31 3.' 
NGC335{' 16Ui22'2015 63.1473923 -0.26 ± 0.21 2 . 7±~ 40.70 4.3 

NGCa36{l 2 161.5304108 63.1609001 _0. 13 ±O.20 3 . 7 ± ~ 39.65 3.' 
NGC335~ 3 161.5033569 63.2215042 _0.30 ± 0.18 2":Jj 39.92 3.' 

NGC33.5~ • 161 . .5233002 63.2346001 -0.09 ± 0.17 4.2±, 41.02 '.0 
NGC33.59 • 161 .1769409 63.1001740 -0.23 ± 0.06 2.9±i 39.63 3.2 

NGC33.5~ 6 161.7M7220 63.2623863 -0.25 ± 0.2 2 . .5±,ij 39.64 3.2 

NGC33M 1 161.60i:9429 63.2815933 -0.16 ± 0.13 3.H, 39.66 3.' 
NOC362':" 170.1'186084 12.9696226 0.67 ± 0.08 o.a

t 
41.43 ,., 

NOC371£ 173.2M8.523 1:13.1872864 0.14 ± 0.19 84·1S± · ~.t 41.57 1.2 

N OC3716 2 173. 24.59717 53.1571503 O.OIS ± 0.27 49.7±g 39.86 '.8 
NGC371£ 3 173.2224731 .53.1303406 -0.08 ± 0.06 12.2 ± i 41.42 '.9 
NGC371f: 4 173.2071838 53.14&4157 0.05 ± 0.13 49 . .57 40.38 '.1 
NGC371f • 173.1886292 ">3.1.5~993 0.02 ± 0.12 41.0 ±~ 39.81 ' .0 
NGC31U 6 173. 1446991 53.1508026 -0.02 ± 0.17 30 . 0±~ 39.71 ••• 
NGC371E 1 173.0174866 53.1026154 0.11 ± 0 .09 1 1.8±! 40.42 6.0 

NGC3716 • 173.0256724 52.9917626 0.02 ± 0.18 40.3±1 39.76 ••• 
NGC37H , 173.1674805 52.9503860 0.13 ± 0.18 79.9±t\ 39.62 ,., 
NGC37H. 10 173.2238617 53.039741 5 0.01 ± 0.14 37.S±2 39.79 4.' 
NGC371f 11 173.0760498 53.034.5230 O.OlS ± 0.12 48.7±04 39.91 •. , 
NGC465f 191.0442352 32.2628098 -0.015 ± 0.20 3.8±14 40.5lS 4.' 
NGC465f 2 191.07015109 32.2710037 -O.OQ ± 0.20 10 8±l..:ill 40.01 '.1 
NGC465Ei 3 191.0773621 32.2755814 _0. 10 ± 0.18 

. I 
39.79 3.' 2.5±A'l 

NGC4656 • 191.0822449 32.2876625 _0.24 ± 0.06 1.8±1p 40.22 3.1 

NGC4656 • 191.08Ui887 32.2807884 -0.25 ± 0.22 1.3±\ 39.68 3.3 

NGC4656 6 191.0652161 32.2919M0 -0.07 ± 0.03 13.8±1 39.83 '.1 
NGC4656 7 191.080810:; 32.3008008 -0.31 ± 0.14 I .O±f 40. 13 3.' 
NGC465fi • 19 1.08 11768 32.31lO995 -0.09 ± 0 .13 2.5±0 39.82 3.' 

a. FUV and NUY magnitudes and errors were obtained using lRAF task phot (Poisson). The errors in the colors were calculated using 

the magnitude errors added. in quadrature. 

b Age (Myr) estimated from FUV~NUY color. 

c Stellar mass (~I0) obtained from Starburst99 monochromatic luminosity, LUi30 (erg/s/A), for the ages given in colwnn 6. 

4·1.6 NGC 4656 

NGC 4656 is a spiral galaxy (Se) interacting with NGC 4631 

(Roberts 1968). They are linked by an HI bridge and are at 

7.5 ~Ipe (Hummel et al. 1984). The bright region to the 

North of NGC 4656 resembles a TDG in the process of for

mation. 'We detected 8 UV sources in this area (Fig. 15 and 

Table 2). 

ACKNOWLEDGEMENTS 

We are grateful to an anonvmous referee for helpful com

ments and suggestions. DFdM was funded by NASA ~ 

search Grants NNG06GG45G and NNG06GG59G. F. V-V. 

acknowledges the financial support of FAPESP through an 

M. Sc. Fellowship, under contract 2007/06436-4 .C. U d. 

O. acknowledges support from Brazilian agencies FAPESP 

(projeto tematico 2006/5621:l-9), CNPq and CAPES. S. 

TF. acknowledges toe financial support of FONDECYT 

(Chile) through a post-doctoral positioD, under contract 

3110087 and FAPESP t hrough the Doctoral position, under 

contract 2007/07973-3. This research has made use of the 

NASA/IPAC Extragalactic Database (NED) which is oper

ated. by the Jet Propulsion Laboratory, California Institute 

of Te chnolog~r, under contract with the National Aeronau

tics and Space Administration. Some of the data. presented 

in this paper were obtained from the Multimission Archive 

at the Space Telescope Science Institute (MAST). STScI is 

opera.ted by the Association of Universities for Research in 

Astronomy, Inc., under NASA contract NAS5-26555. Sup

port for MAST for non-HST data is provided by the NASA 

Office of Space Science via grant NAG5-7584 and by other 

grants and contracts. 

REFERENCES 

Allsopp, N.J. 1979, MNR:\S, 186, 343 

Baldwin, J.A., Phillips, r>.1. r>.1., & Terlevich, R., 19B1, PASP, 93, 

5 

Bertin, E., & Amouts, S. 1996, A&A 8.S., 117, 393 

Bianchi, L. 2007, ApJS, 173, 659 

Bournaud F., Due P.-A., Amram P, Combes F., Gach J.-L. 2004, 

A&A, 425, 813 

Bournaud, F. & Due, P.-A., 2006, A&A, 456, 481 

Chabrier, G. 2003, PASP. 115, 763 

Cortese, L., Boselli, A., Franzetti, P., et aI. 2008, MNRA8, 386, 

1157 

Croxall, K, van Zee, L., Lee, H., et al. 2009, AJ , 705, 72 

de Mello, D. F., Torres-Flores, S. & Mendes de Oliveira., C. 20088, 

AJ, 135, 319 

de Mello, D.F., Smith, L. J., Sabbi, E., Gallagher, J. S., Mountain, 

M. & Harbeck, D. R. 2oo8b, AJ, 135, 548 

de \'aucouleurs, G. 1975, ApJ , 202, 319 



, 

4' 

Figure IS. FUV image of NGC 3627, regions with age<> <: 100 

I\.I~'T are marked with circles of 8" radius. HI contours= (3, 5, 10, 

15, 25, 50, 75, 100, 200, 400, 600) K km 8- 1 are from Arecibo 

and provi1ed by Hibbard et aI. (2001) . 

Figure 14. FUV image of NGG 3718, region with age .:: 

100 Mvr ~ marked with circle of 10" radius. HI contours = 2 

x lO20cm- 2 x2n are from WSRT and provided by Hibbard et aJ. 

(2001). 

de Yaucouleurs, G., et a1. 1991, Third Reference Catalogue of 

Bright Galaxies (New York: Springer) 

Fed.otov e t aI. 2012. AJ accepted (arXiv: l105.584(}C: l ) 

Fall, S. ~ l., Cbandar, R" & \\nitmore, B. C. 2005, ApJ , 631, 

LI33 

Gil de Paz, A" Boissier, S., Madore, B., et at. 2007, ApJS, 173, 
·185 

Gallagher, S . C., Charlton, J. C., & Hunsberger, S. D. et aI., 2001, 

AJ, j22, 163 

Hattori T ., Yoshida M. , et aI . 2004, AJ , 127, 736 

Henkel C. , Cuesten R., Downes D., Thurn C., Wilson T. L., Bier

mann P ., 1984, .\&.A, 141, L1 

Hibbard J., van Gorkorn, J .H., Rupen, ~l.P , et al. 2001, ASP 

Conference Series, Vol. 240 

Hibbard , J., Bianchi, L., ThUker, D., et aI. 2005, ApJ, 619, L87 

Star jormatioH in HI tails 11 

Figure 15. FUV image of NGC 4656, and a zoom of the candi

date to TDG, the regions with ages < 100 f..Iyr are marked with 

circles of 4" radius. HI cont.ours =2 xlOJg e::n-2 x2n are from 

WSRf and provided by Hibbard et aI. (2001). 

Hibbard, J., &. Yun, M. 1996, Conference Cold Gas at High Red-

shift. eds. h1. N. Bremer. 

Hickson , P. 1982, AJ, 255, 382 

Hickson, P. 1993, Astrophys,Lett. Comm., 29, 1 

Hummel, E., Sancisi, R., &. Ekers, R. D. 1984, A&'A, 133, 

Iglesias-P ramo, J. & \'Ichcz, J. 1-1. 2001, 550, 204 

Irwin J. A. &. Saikia D. J. 2003, HNRAS; 346, 977 

Kauffmann, G., Heckman, T.M. , White, S.D.1I., Charlot , S. , 

Tremonti, C., et al. 2003, MNRAS Mi, 54 

Kondratko P., Greenhill L. t Uoran J . 2005, ApJ, 618, 618 

Leitherer, C., Schaerer, D., Goldader, J., et al. 1999, ApJS, 123, 

3 

Lisenfeld, U. 1.IWldell, C .. G., Schinnerer, E., at aI. 2008, AJ, '685, 

181 

~ Iend es de Oliveira, C., Cypriano, E.S., &. Sodre,L. Jr, BaIkowski , 

C. 2004, ApJ, L17 

.Mendes de Oliveira, C., 'Thmporin S., Cypriano, E.S., Plana, H., 

Amram, P., &. Sodr ~, L . Jr, BaIko'NSki, C. 2006, AJ, 132, 570 

Moles, !It., Sulentic, J. W., &. 11arquez, I. 1997, ApJ 485, L69 

Morrisey, P., Schiminovich, D., Barlow, T., at ai. 2005, ApJ, 619, 

L7 

Mullan, B ., at aI. 2011 , ApJ 731, 93 

Neff, S.G. , Thilker , D., Sibert, M. , et at. 2005, ApJ, 619, L91 

Pettini, ~L &. Pagel, B. E. J., 2004, 1I.INRAS, 348, L59 

Oosterloo, R., et al. 2004 in 'Recycling Intergalactic and Interstel-

lar Matter ' IAUS 217. Eds., P-A Due , J. Braine, & E. Brinks, 

486,492 

Osterbrock, D. , Ferland, G., 2006, "Asb'ophy3ics of Gaseous Neb-

ulae and Active Galactic Nuclei" 

Renaud, F., Appleton, P. N., &l Xu, C. K. 2010, ApJ 724, 80 

Richer, M. &. McCall, M. 1995, ApJ 445. 642 

Roberts, ~ l.S. 1968, ApJ , 151, 117 

Ryan-Weber, E.V., Meuerer,G.R., Freeman, K.C.,et aI. 2004, AJ, 

127, 1431 

Schelegel, D.J ., Finkbeiner , D.P., & Davis, M. 1998, ApJ 500, 525 

Seibert , H., Martin, D., Heckman, T. , et 11.1. 2005, ApJ 619, L55 

Sulentic, J. W., Rosado, M., Dultzin-Hacyan, D., Verdes-

Montenegro, L., Trinchieri, G., Xu, C., & Pietsch, V,'. 2001, 

AJ 122,293 

Thilker, D., Donovan, J., Schiminovich, D., et aI. 2009, Nature, 

457,990 

Thilk.er at al. 2007, ApJS, 173,538 

Thrres-Flores, S., Mendes de Oliveira, C. , de ~Je llo , D., et 11.1. 2009, 

A&A 507, 723 

Torres-Flores, r..lendes de Oliveira, C., de Mello, D. , et aI. 2012 , 

MNRAS, 421, 3612 

Trancho, G., et 801. 2012. submitted (arXiv:1201.5149vl) 



12 de Mello et al. 

Tully R. B. 1988, Nearby Galaxies Catalog (Cambridge: Cam

bridge Univ. Press) 

Weilbacher, P. r..l., F\-itZ47V. A. , Due. p . et aJ . 2002, ApJ 579, L79 

Weilbacher, P. H ., Due, P.-A., & Alvensleben , U. F-v. 2003, A&A 

397, 545 

Werk, J.K, et at 2011, ApJ 678, 888 


