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Abstract. We present a detailed study of the cluster pair SL 3%tached by the external tidal forces while shorter separations
& SL 349. This candidate binary cluster is located at the northray lead to mergers (Sugimoto & Makino 1989, Bhatia1990).
western rim of the LMC bar. Based on photometric data we fifithe number of chance-pairs of objects uniformly distributed in
that both clusters are coeval with an age of 8300 Myr. We space can be estimated adopting a formula presented by Page
use the Call triplet in the spectra of individual red giants 1975): Roughly half of the pairs found may be explained by
derive radial velocities. Both components of the binary clusterere chance line-up. This suggests that at least a subset of them
candidate show very similar mean velocities¥74+10kms~!  must be true binary clusters, i.e., clusters that are formed to-
for SL 349 andr 279 & 4kms™! for SL 353) while the field gether and/or may interact or even be gravitationally bound.
stars show lower velocitiesy( 240 &+ 19kms~1). These find- Depending on their masses and separations binary clusters
ings suggest a common origin of the two clusters from the samél eventually merge or become detached. At one stage during
GMC. In this sense the cluster pair may constitute a true binahe merger process the former binary cluster could have one
cluster. We furthermore investigate the stellar densities in asidgle but elliptical core (Bhatia & McGillivray 1988). Recently
around the star clusters and compare them with isopleths ate-Oliveira etal!(2000) performed numerical simulations of star
ated from artificial, interacting as well as non-interacting staftuster encounters which could represent a possible scenario
clusters. Gravitational interaction leads to a distortion whidb explain the ellipticities found in several star clusters in the
can also be found in the observed pair. Magellanic Clouds.

Star clusters formin giant molecular clouds (GMCs), but the
Key words: stars: Hertzsprung—Russel (HR) and C-M diagranaetails of cluster formation are not yet understood (Elmegreen
— stars: kinematics — galaxies: clusters: individual: SL 353, iet al.[1999). Fujimoto & Kumai (1997) suggest that binary or
dividual: SL 349 — galaxies: Magellanic Clouds multiple star clusters form through strong, oblique collisions be-
tween massive gas clouds in high-velocity random motion, re-
sulting in compressed sub-clouds revolving around each other.
Since the components of a cluster pair formed together, they
should be coeval or at least have a small age difference com-
The Magellanic Clouds offer the unique possibility to study st@atible with cluster formation time scales. Binary clusters are
clusters in general and binary clusters in particular. These t&gpected to form more easily in galaxies like the Magellanic
companion galaxies are close enough to resolve single st&i®uds, whereas inthe Milky Way the required large-scale high-
but distant enough to make the detection of close pairs of stgfocity random motions are lacking. Indeed only few binary
clusters an easy task. About a decade ago, Bhatia & Hatzidigpen cluster candidates and no globular cluster pairs are known
itriou (1988), Hatzidimitriou & Bhatia[(1990), and Bhatia et alin our Galaxy (see for example Subramaniam & Sagar 1999).
(1991) surveyed the Magellanic Clouds in order to catalogue blowever, binary globular clusters are not expected to survive
nary cluster candidates. To qualify as a binary cluster candiddt¥e gravitational forces of the Milky Way (Surdin 1991).
the maximum projected centre-to-centre separation of the com- In case of tidal capture two clusters would be gravitationally
ponents of a pair was chosen to4sel’3, which corresponds bound, but age differences are likely. Encounters of clusters
to ~ 19 pc in the LMC if a distance modulus of 18.5 mag i§an be traced using isodensity maps (de Oliveira €t al.11998,
adopted. A binary cluster with larger separation may becorheon et al 1999). Though van den Bergh (1996) suggests that
tidal capture becomes more probable in dwarf galaxies like the
Send offprint requests 1é. Dieball (adieball@astro.uni-bonn.de)  Magellanic Clouds with small velocity dispersion of the cluster

) stqulongr?fervations taken at the European Southern Obsegyastem, Vallenari et al (1998) estimated a cluster encounter rate
tory, La Silla, Chile.

** Hubble fellow

1. Introduction
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of dN/dt ~ 1 - (10%r)~L. This makes tidal capture of youngTable 1.Observing log
clusters very unlikely.
The formation of low-mass star clusters tends to proceed hikiiter Exp.time [s] Seeind]

rarchically in large molecular complexes over sevétélyears Gunng 600 16
(e.g., Efremov & Elmegreein 1998). Leon et al. (1999) suggestinng 60 1.4
that in these groups the cluster encounter rate is higher and tBuang 40 14
tidal capture is more likely: Binary clusters are not born togethéunni 240 11
as a pair with similar ages but are formed later through gra@unns 20 1.2

tational capture. An observational test of this scenario would

require the detection of evidence of tidal interactions betwe®able 2. Transformation coefficients

clusters, whose age differences need to be compatible with the

survival times of GMCs. Filter ci Zi a;
Another binary cluster formation scenario is introduced by [mag] [mag]

Theis [1998) and Ehler@et al. (1997): Exploding supernovaésunng —0.060 & 0.006  1.685 4 0.030  0.206 + 0.019

close to the centre of a GMC sweep up the outer cloud mafa4nn: 0.051 +0.003 2.439+0.016 0.081 =+ 0.010

rial within a few Myrs and accumulate it in the shell. The large

amount of matter makes the shell prone to gravitational frag-

mentation and may eventually lead to the formation of maa&

open cluster-like associations (Theis et al. 1997, Ehkeaial. S

1997). In case of a dense ambient medium outside the cloud

or a very massive original molecular cloud the shell can 2 Photometric observations and data reduction

strongly decelerated resulting in a gravitationally bound syst . .
of fragments or stars which can recollapse. A galactic tidal fie e data were obtained on March 22' 1994, with EFOSC 2 at
acting on this recollapsing shell can split it into two or mor e ESO/MP12.2 mFeIescope atLa Slllalﬂ24?< 1024.coated
large clusters, thus forming coeval twin globulars (Theis 199 ?omson 3.’1156 Ch.'p (ESO. #19) v/vas us;ed with a pixel scale of
These clusters may stay together for a long time, though th 4.result|'ng in a field of VIew 96'8. " 5:8. These .data were
are gravitationally unbound. The evolution of their spatial sepg- tained W'th the Gung (which is s_|m|lar to_WashmgtorM)

d Gunn (corresponding to Washingtdre) filters used at the

ti inly d d the sh f the shock front at . .
ration mainly depends on the shape of the shock front & .2 m telescope. An observing log is given in TdOle 1. During

time of fragmentation. . X . . -
I g ! Eandard image reduction with MIDAS we noticed flatfielding

We are studying binary cluster candidates in the Magellarﬁ bl the ed fth Th hi
Clouds to investigate whether the cluster pairs may be of co oblems nearthe €0ges ol the EXposures. 1hus, each image was
t out resulting in a field of view of/3 x 3!5. Animage of the

mon origin and if they show evidence for interaction. While i . . .
is so far impossible to measure true, deprojected distancesllﬂgfiry c_Ius_te_r candidate is shown in .Fﬁb' L. .

tween apparent binary clusters, an analysis of their propert&%s Pmﬂligtgt'?g pho@ometr()j/wal\j”cg'&nsed outwith DAGPHOT Il
can give clues to a possible common origin. tetson ) running under to )

The binary cluster candidate SL 353 (or BRHT 33b, see Bha- The photometry was transformed using the standard fields
tia et al.[1991) and SL 349 (BRHT 33a) is located in the Outgpund SA110 and SA 98 (Geisler 1990) observed in the same
western part of the LMC bar. Based on integrated colours, Bi@&ght' . . : L
et al. [1996) suggest that SL 353 & SL 349 are coeval clusters We applied the following transformation relations:
of SWB type V (Searle et &l. 1980) which is in agreementwith _ ¢ — .. 1 4. X + c¢ - (G—1)
the findings of Vallenari et al. (1998). Leon et al. (1999) suggest

that the two clusters may even be physically connected. Based I

on ages for a large sample of star clusters, derived on the basRreX is the mean airmass during observation, capital letters
of integrated colours, Bica et al. (1996) propose an age gradigsiresent standard magnitudes and colours, and lower-case let-
of the LMC bar. Younger clusters are predominantly found igrs denote instrumental magnitudes after normalizing to an ex-
the eastern part, while older clusters of SWB type lll and highgbsure time of 1 sec. The resulting colour termgero points;

are concentrated to its western end. and atmospheric extinction coefficientsare listed in TabIE]2.
This paper is organized as follows. In SEtt. 2 we describe

the photometric data in general. Stellar density maps are pre- )

sented in Sedf3. The following section describes the colotrStellar density maps

magnitude diagrams (CMD) for the components of the clustghe cluster pair SL 353 & SL 349 (see Hij. 1) is located in the

pair. Ages for each cluster are derived and compared with pligner northwestern part of the LMC at the outer rim of the bar.

vious studies. The spectroscopic data are described i Sectife projected distance between the clusters’ centréis

and radial velocities are derived in S&ét. 6. A comparison of tagsuming a distance modulusf— M = 18.5 mag (Wester-

observed isopleths with simulated ones for interacting and ngiind[1997) this corresponds to 18.1 pc. According to Sugimoto
& Makino (1989) this is close to the maximum separation at

eracting star clusters is given in S&ét. 7. In the last Bect. 8 we
mmarize and discuss the results.

Z[+a]~X+C[-(G—I),
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Fig. 1. Gunni-image of the cluster pair SL 353 & SL 349. North is up:; . .
) . e , ig. 2. Star density map of SL 353 & SL 349. The star density between
and east to the left. The field of view of this imagali8 x 35. These lggere cluster pair is enhanced. Note the distortion of SL 349 towards the

clusters are located _at th_e outer northwestern rnm of the LMC bar. _ble%ger cluster SL 353. Similar distortions are seen around the more
the stars marked with circles also spectroscopic data were obtalrrln L sive cluster

(see Secll]5)

Table 3.Number of foreground stars towards the LMC calculated from
which a binary cluster is still stable and will not be detached Biye data of Ratnatunga & Bahcall (1985), scaled to our field of view of

the outer tidal forces of the LMC. 4/3 x 35

We investigate the stellar density distribution in and around
the clusters by counting the number of stars in square cells apparent visual magnitude range
of 20 pixels length (corresponding €58 or 1.7 pc). To make Colour range 13-15 15-17 17-19 19-21 21-23
density structures and thus possible signs of interaction better- V' < 0.8 0.6 1.3 1.4 2.9 2.7
visible we applied & x 3 average filter for image smoothing.0-8 <5 -V <13 0.2 1.2 2.4 1.9 3.3
The procedure is described in more detail in Dieball & Grebé3 <5 =V 0.0 0.3 1.7 57 131
(1998).

The stellar density map is presented in Elg. 2. The star den-
sity between the two clusters is enhanced compared to the sizes of the regions covered by the clusters and the surrounding
rounding field density. The enhancement is abaw®ove the field we weighted the field star subtraction with field sizes.
field background and thus significant atza99%-level. In ad- We derived ages for the clusters by comparing the CMDs
dition, the smaller cluster SL 349 seems to be warped towamlgh isochrones which are based on the stellar models of the
SL 353. Also the density profile of SL 353 shows distortions: wéeneva group (Schaerer etal. 1993). The isochrones were trans-
see smaller arcs of enhanced density reaching to the north fordhed to the Washington system by Roberts & Grebel (1994).
south, and also to the northeast. Whether these features mightA distance modulus of 18.5 mag (Westerlund 1997) was
be tidal tails due to an interaction with the LMC tidal field oadopted. We assumed a metallicity of Z = 0.008 corresponding
even due to an interaction with the smaller companion SL 348,[F'e/ H| ~ —0.3 dex which was found by various authors for
as suggested by Leon et al. (1999), is hard to decide. the young field star population (e.g., Russell & Bessell 1989,
Luck & Lambert[1992, Russell & Dopita 1992, &henin &
Jasniewicz 1992).

Galactic field stars may contaminate our observed area. In
To derive the CMDs for each cluster we cut out a circular areader to assess whether foreground stars might affect our age de-
centred around the optical centre of each cluster. The radiaamination we compare our CMDs with the number of galactic
was chosen to be 100 pixels (corresponding4® or 8.3 pc) field stars towards the LMC estimated by Ratnatunga & Bahcall
for SL 349, and 120 pixels (correspondingtt¥y8 or 9.9 pc) for (1985). In Tabl€13 we present their counts scaled to our field of
SL 353. An investigation of the star density plots suggests thaew of 4/3 x 3/5. As can be seen, the number of expected fore-
most cluster stars are located inside the chosen areas. The clggtmind stars is small, and we do not expect an influence on our
CMDs were compared with the CMD of the surrounding fieledge determination.
and a statistical field star subtraction was applied to clear the The CMDs of the two clusters and the surrounding field
cluster CMDs from contaminating field stars which might affeend the isochrone fitting are described in more detail in the
the age determination. To take into account the different ariedlowing.

4. Colour magnitude diagrams and isochrone fitting
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SL 353:The CMD of this cluster is shown in Figl 3, uppetar age of 508-100 Myr for both clusters. Based on integrated
left plot. Open and filled data points represent all stars which ar@ours, Bica et al[ (1996) suggest that the clusters are of some-
located inside a radius af)”’8. After statistical field star sub- what older SWB type V (800-2000 Myr). Studying the stellar
traction only the open circles remain. The CMD shows a widmntent of proposed binary clusters in the LMC, Kontizas et al.
blue main sequence. The width of the main sequence is cauE#B9) found the older cluster pairs in their sample, among them
in part by photometric errors (average seeifig) and crowd- SL 353 & SL 349, younger than 600 Myr, which agrees with our
ing. Also a pronounced red clump of He-core burning stars afiddings and those of Vallenari et &l._(1998).
some red giants can be seen. Most red clump stars remain aftefThe surrounding fieldThe CMD of the surrounding field
field star subtraction, an indication of the intermediate age isfshown in the lower diagram of FIg. 3. A mixture of popula-
this cluster. The ratio of red clump stars in the cluster and fions of different ages can be found around the cluster pair. The
the surrounding field is approximately 3:1. The small open ci&MD shows a bright blue main sequence and a few red super-
cles denote the stars that can be found inside an annult#$ of giants which represent the young population. The intermediate
where crowding is most severe. The width of the main sequeragge populations show up through the pronounced red clump of
and the scatter of the red giants is caused in part by this crovte-core burning stars and the red giants. Distinct young popu-
ing. Overplotted on the CMD are several possible isochronéations cannot be distinguished, but the overplotted isochrones
An isochrone resulting in an age of 500 Myr (upper line) givesre supported by corresponding supergiants. Fainter main se-
a good fit to the apparent main sequence turnoffatz 18.5 quence stars and red giants are plotted with smaller data points
mag. However, the evolved stars are not well represented by tioikeep the isochrones recognizable. The dotted isochrone fits
isochrone. Fitting the He-core burning giants results in highter the brightest main sequence stars and to some supergiants,
ages of 630 Myr (middle line) or 800 Myr (lower line) but alsaesulting in an age of 32 Myr. Also the 63 Myr isochrone (short
underestimates the luminosity of the main sequence turnafhshed line) gives a good representation of the few red super-
Since the fit to the main sequence provides a lower age limit @iants. We see again a few bright supergiant§'at~ 16.5
adopt a mean age of 55000 Myr for SL 353. mag which can be fitted with a 200 Myr isochrone (long dashed

Such a discrepancy between the main sequence turnoff ¢ind). Between 200 Myr and 400 Myr (solid line) the star den-
red giants luminosities was noticed in the CMDs of variousity along the subgiant branch seems to be lower, indicating a
other LMC star clusters, two prominent examples are NGC 18p6ssible decrease in the field star formation rate, but increases
and NGC 1850 (see Brocato etlal. 1989, Lattanzio ét al.|19@bain along and below the 400 Myr isochrone (solid line).
Vallenari et al| 1994b, Brocato et al. 1994). Unresolved binary Since the main sequences in the CMDs show a large scatter,
stars which could increase the luminosity of the main sequeritis impossible to derive a reddening via isochrone fitting. Thus,
turnoff were proposed as one explanation. Other possibilitie® adopt a reddening dfg_y, = 0.1 mag, corresponding to
include blue stragglers and/or rotation (Grebel etal. 1996). Vi, 72 = 0.15 mag (see Grebel & Robelts 1995, their Table 5,
lenari et al.[(1994a) point out that no direct evidence for a sifpr the transformation of extinctions in different filter systems),
nificant population of binary stars could be found, though ttes suggested from the reddening maps of Schwering & Israel
detection of close binary stars in the Magellanic Clouds is diff(1991).
cult if not impossible. Lattanzio et al. (1991) was able to solve
the problem by taking into account unresolved binaries as well

as semiconvection. Their simulated CMDs then gave a godd>Pectroscopic data and their reduction

representation of the observed ones. In order to derive radial velocities, multi-object spectra (MOS)
SL 349Fig[3, upperright plot, presents the CMD of SL 34%or 22 stars in and around the star clusters SL535 & SL 349
Again, large and small open circles denote stars that remain aff@fre obtained on February 09, 1995, using EMMI RILD at the
field star subtraction. SL 349 is the smaller one of the clusteSO/NTT at La Silla. A TEK2048 x 2048 chip (ESO #36) was
pair, as can also be seen from the sparse main sequence angsed with a pixel scale af’27. The resulting field of view is
giant clump. The small, open circles represent the stars locageslx 8/6. Slit masks are prepared at the NTT during observation,
inside an inner, crowded annulus Bf’6. Fitting an isochrone the punch field covers x 8. Only 19 stars out of 22 for which
to the apparent main sequence turn@f (=~ 18.5 mag) results spectra were obtained are located inside the smaller field of
in an age of 500 Myr (upper line). However, note again thgew of the photometric datat{3 x 3/5). They are marked in
pronounced red clump that is present in the CMD. We findg 1. The spectra were taken with grism #6 which covers a
approximately twice the amount of red clump stars in the clusiggvelength range of 6000 to 8380when the slits are centred
thaninthe field, scaled to the same area. Fitting isochrones toghethe CCD chip, and provides a dispersion of,&_ger pixel.
core-He-burning red giants results in somewhat higher ages thaj brightest stars in both clusters are red giants (sed$ect. 4), so
isochrone fits that take into account the apparent main sequefgehose to obtain spectra of red giants at the Ca |l tripletat
turnoff, namely 630 Myr (middle line) or 800 Myr (lower line).8498A, 8662A and 85424 (see e.g. Olszewski et A, 1991). The
We adopt the same age of 55000 Myr for SL 349 that we wavelength coverage of the MOS depends on the position of the
already found for SL 353. slits with respect to the centre of the CCD. In order to reach the
Our findings are in agreement with former age determinga | lines the X-position of the slits was shifted abeut2/5
tions: Vallenari et al.[(1998) found from CMDs a very simior ~ 530 pixels resulting in a wavelength coverage of 6500 to
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Fig. 3. Colour magnitude diagrams of the cluster SL 353 (upper left)
and its companion SL 349 (upper right). The data points represent all
stars which are located in an annulus of 120 pixels corresponding to
40”8 around SL 353, and of 100 pixels corresponding48 around

SL 349, respectively. The open circles represent stars that remain after
statistical field star subtraction while the small dots represent field stars
contaminating the cluster area. Small open circles denote stars lying
inside a smaller annulug T’ for SL 353 andl3” 6 for SL 349) where
crowding is most severe. The crosses mark stars for which also radial
velocities could be derived; small crosses denote stars with velocities
that are concordant with field velocities. The colour of the stars red-
wards of the main sequence may be caused by the crowding in the
clusters’ centres. Several possible isochrones are overplotted on the
CMDs. Due to crowding a definitive age determination is difficult. We
adopt an age df50 4 100 Myr for both clusters. Note the difference in
age when fitting the main sequence turnoff or the red clump. The lower
diagram shows the CMD of the surrounding field populations which
comprise a mixture of ages. Stars wifi2 > 18 mag and red giants

are represented as smaller dots to keep the isochrones recognizable.
See text for more details
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— T 1 ' ' T T T T T T 1T T T T T T T T
800 [ V { starno- 1  Ca Il lines 7
600 { | TN =|  Fig. 4. The upper panel shows the spectrum
400 F : | ofthe Star no. 1 while the lower panel shows
> - the spectrum of the radial velocity standard
@ 200 [ : : | starHD 101266. Strong night sky absorption
2 —t lines are marked with arrows (only in the up-
: 8000 [ HD 101266 : : - per panel): The two sharp peaks\at 6867
i - 4 Aand\ = 7594A denote to the @B-band
6000 [~ 7 and G A-band, the other two more extended
4000 - bands starting ax = 7186 and 8164, re-
I spectively, are caused by atmospheric wa-
2000 = ; ; | ter vapor. For the crosscorrelation only the
ob——1 v b e b wavelength range between the dotted lines
7000 7500 8000 8500 was used. The Call triplet can be clearly
Wavelength [A] seen in both spectra
Table 4. Observing log of the spectroscopic data lines. Tabld'b gives an overview of the radial velocities for all
observed stars. The velocities listed are the error weighted mean
Object 2000 52000 Exp.time velocity  ofthethree velocities derived from the crosscorrelation between
(nms [°’" Is] [kms'] the programme and the three standard stars.

In Fig.[5 the spectra of all 22 programme stars are shown.

SL353/349 ~ 051600 —685600.0 3600 We only plotted a wavelength range of 83&@ 8750A which

HD 101266 ~ 113850.73 4521453 30 +20.6 includes the Call lines from which we derived the velocities.
HD111417  124931.82 —454932.38 30 -16.0 The two strongest lines of the Calll triplet can be clearly seenin
HD 120223 1349 06.56 —43 44 00.1 30 —24.1 9 P y

all spectra at- 8670 A and~ 8550 A. The third and weakest
line appears at 8500 A.
Star no. 8 is the faintest star of our sample and thus shows
é e noisiest spectrum (see Hib. 5), which is also responsible for
e large error of the velocity (see Table 5). Also star no. 10
3 Bws a somewhat noisy spectrum and has a highgtars no.

0 and 22 must be foreground stars since their velocities are
small (14.4kms! and 84.3kms!, respectively). The minor
displacement of the Call lines can be clearly seen inFig. 5. All
Gther stars have velocities which indicate that they are LMC

fg;gz)ultl\jct sr?ectrt?]scorﬁg r?ducnons defs cnbeéj |n.EII|r|1_|gso lembers (approximately 200-320 km'ssee e.g. Rvot et al.
(T3E9). avelengin cafibration was performed using He- 1985, or Westerlund 1997). Stars no. 1 and 16 have velocities
spectra obtained in the same night with the same slit mask.

higher than 300 kms'. These two stars might be field stars
having such a high velocity, or they may be variable or binary
6. Radial velocities stars (see e.g. Fischer et[al. T993).
) _ N The programme stars are located in the field as well as in both

We derived the radial velocities for the 22 stars by crosgysters and in between the two clusters. It is striking that most
correlating each spectrum with the spectra of the three standgig}s |ocated inside the cluster areas have higher velocities while
stars listed in Tablg]4. An example is given in Eig. 4. The Upp@{imost) all field stars show lower velocities (see Table 5). The
panel shows the spectrum of the Star no. 1 (which lies outsid&gfnponents of our proposed binary cluster have very similar
the useful area of our imaging data) while the lower panel shows,an, radial velocities of 274 + 10km s~ for SL 349 (stars
the spectrum of the radial velocity standard star HD 101266. Thg 6, 8, 9, 10) andv 279 + 4kms~! for SL 353 (stars no.
whole wavelength range covered by the grism is plotted. Strogg 12, 13, 14, 17). The mean velocity for both clustersvis
atmospheric absorption lines are visible in both spectra. The;  7yms-!. In contrast the investigated field stars have
sharp peak ak = 6867A denotes the @B-band, and the even g|qcities of~ 240 + 19kms . The errors given for these
stronger double peak at= 7594A belongs to the @A-band  mean velocities are the standard deviations.
(Turnshek et al. 1985). Two 40-bands are visible, starting at  The expected internal velocity dispersion of a star cluster is
A = 7186 and 8164, respectively. ~ of the order of only few kms! (see, e.g., Westerlurid 1997).

Using the IRAF task xcor r inthe packagev we applied  owever, since the mean error of one single velocity measure-
a crosscorrelation between each programme and standard $&ht is~ 6.6 km s~ we do not state about the internal velocity
spectrum. For this purpose we only need the Calll lines. “ﬂ:igdfspersion of SL 349 or SL 353.
the region used for the crosscorrelation is marked with dotted

9000A. The slit width was~ 1” (corresponding to 4 pixels).
In the same night the radial velocity standard stars HD 1012
HD 111417, and HD 120223 were observed using the same
mask. An observing log is given in Tallé 4. The velocities
the standard stars were taken from Evans (11967).

Data reduction was carried out using IRAE'sodspec
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MWMWWW Table 5. Radial velocities of all 22 programme stars
WWW\[MW star no. velocity T2 M -T2 comment

WWWWMMW‘\/“W [kms™'] [mag] [mag]

o X O Ok~ W N o~

WWMWMW 1 313.&431 — — variable/binary?

2 265.5:2.5 — — field star

3 268.5:3.7 14.52 1.61 field star
W"WW“WW 4 231.H2.4 16.62 1.48 field star

5 2327429 16.31 1.12 field star
[T NIV T e s 6 275226 1667  1.70 cluster star
WMWMWMWW”“”V 7 248.7:3.2 16.57 1.62 field star

8

9 283.9£8.2 16.97 1.27 cluster star
o IR aaaVieaney 9 2602150 1524 158 cluster star
e i e 10 277.6:9.8 16.47 1.36 cluster star

5 11 MV“'WVWW 11 279.4:3.4 16.56 1.52 cluster star
-g 12 12 275.3t2.7 15.74 1.08 cluster star
5 WWW 13 284.0:2.5 16.35 1.35 cluster star
Z 13 14 280.4:35 16.35 1.97 cluster star
» WWWW 15 235442 1611 144 field star
MWWW\/’MW 16  318.5:2.7 1653  0.78  variable/binary?
15 17 275.23.6 16.82 1.15 cluster star
16 T R e e 18 238.3:36 1667  1.80 field star

WMMMFW‘\/M 19 206.9-2.7 16.56 1.33 field star
17 20 14.4£3.2 16.05 1.00 foregr. star
YA I et oo 21 229.8:33 1532  2.02 field star
WWW 22 84.3t3.4 — — foregr. star
20 *”"’\WL‘\/\““”LM\J“’WMJM«VWJ Table 6.Observational parameters used to create artificial star clusters
21

P WMWWM\MW cluster totalmass number halfmassradius tidal radius
WWW/’W [Mo] of stars [pc] [pc]
| | | |

SL353 7300 20100 6.6 23.0
8400 8500 8600 8700 SL 349 4800 13100 3.3 20.6
Wavelength [A]

18

Fig. 5; Spectra 9f the stars no. 1 to 22. Only the wavelength range of
8350A to 8750A which includes the Call lines and which was used
for the crosscor[elation is plotted. 'I;he Call triplet rest wavelenghtisn between the cluster pair SL 353 & SL 349 (18.1pc). The
are at\ = 8498A, 8662A and 8542A. The Call lines for the stars star density between the clusters, where the density profiles are
no. 2_0_ and 22 are less d_isplaced compared to the other spectra Wb\?@rlapping, is enhanced.
identifies them as galactic foreground stars. See text for more details In order to get an idea whether an interacting cluster pair
could be discerned from a mere overlap by chance in the line-of-
sight, we performed N-body simulations using the GRAPE3a
special purpose board in Kiel. The equations of motion were
Whether two clusters are interacting or not is hard to decide mtegrated using the standard leapfrog scheme with a constant
the base of imaging data. According to de Oliveira ef al. (1998ne step of 0.15 Myr. Additionally, we allowed for a Plummer
encounters of star clusters can be traced using isodensity mapfening with a softening length of 0.1 pc. Since we assume
However, the field in which the clusters are embedded mthat the cluster pair SL 353 & SL 349 is a ‘real’ pair we chose a
likely influence the isopleths, and the distinction between fiefghrabolic orbit as a limiting case to unbound pairs. In case of a
and cluster stars is a difficult task (Leon efal. 1999). ‘true’ gravitationally bound cluster pair, one would expect ellip-
Assuming a Kroupa IMF (Kroupa et al. 1993) we estimatiéc orbits and, thus, a series of repetitive encounters which should
the total masses, the number of stars, and the half-mass and tiésiilt in even stronger signatures of an interaction or eventually
radii of the star clusters SL 353 and SL 349. The observatiorsditeady in a merger. At the beginning we started with a well de-
parameters can be found in Table 6. tached system at a separation of 100 pc. The minimum distance
Based on a King model and the parameters listed in Tdbl¢réached at t=0) was set to 12 pc. The simulation was stopped
two artificial star clusters were created which resemble the ali-separation of 18.1 pc, i.e. 13.4 Myr after closest approch. For
served ones. Figl 7 shows the density plot of the two artificigsimplicity, the tidal field of the parent galaxy is not considered
clusters placed at the same distance as the projected separtnis simulation. Fid.J6 shows a face-on view of both clusters.

7. N-body simulations
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Fig. 6. N-body simulation of a close encounter of two star clusters which resemble our observed cluster pair. The two clusters approach each
other on elliptical orbits under the influence of their gravitational forces. The tidal field of the parent galaxy is not considered in this simulation
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Fig. 7. Density plot of two artificial star clusters without any interac-

tion. The centre-to-centre separation between the clusters is the sgges. Isopleth of the two artificial clusters with interaction, the dis-

as the projected distance between the observed pair SL 353 & SL 34%ce between the two clusters is the same as ifLFig. 7. The region

(18.1pc). The star density between the clusters, where the density pigween the clusters shows enhanced star density. The larger cluster

files are overlapping, is enhanced shows a distortion while the smaller but more compact one remains
mainly undisturbed in the isopleth

The isopleth of the interacting clusters, again at a distance
of 18.1 pc, is presented in F[d. 8. Again, a region of enhanced
star density connects both clusters. Furthermore the larger cligs-SL 353. These findings support that both clusters may have
ter shows a distortion while the smaller but more compact ofigmed at similar times and from the same GMC. In this sense
remains mainly undisturbed in the isopleth. The density plot tifey may constitute a true binary cluster.
the observed cluster pair (Fig. 2) shows a similar, northeast to We investigate the stellar densities in and around the binary
south distortion around the more massive cluster SL 353. Hooluster SL 353 & SL 349 and find an enhanced density between
ever, the observed northern distortion and the distortion of tiee two clusters. The smaller cluster SL 349 shows a distortion
smaller cluster SL 349 are not seen in Elg. 8. towards SL 353, and similar distortions can be seen around the
We want to emphasize that the parameters used to creagye massive cluster.
the artificial clusters are based on our observations, but are only Vallenari et al. [(1998) found a distortion of the isophotal
estimates and should not be taken as strict values. The simglentours, similar to our Figl2, and a twisting of the isopleths
tions are meant for qualitative comparison and a more detailgtich they regard as a sign of interaction and physical connec-
simulation is barely possible since the parameter space carfit between the two clusters. It is remarkable that the age of
be further restricted on the base of our data. this binary cluster is higher than the theoretical survival time of
few 107 yrs for physically connected cluster pairs suggested by
Bhatia (1990). Leon et al. (1999) suggest that SL 349 & SL 353
are part of a larger star cluster group in which interacting binary
Fitting isochrones based on the Geneva models (Schaerer etlakters are formed later via tidal capture, thus explaining an
1993) to the CMDs, we find that the components of the doutdge larger than the theoretical survival time. However, another
cluster SL 353 & SB49 are coeval within the accuracy of ouexplanation could be that the survival time might be larger in
data, and we derive an age of 55000 Myr for both clusters. the LMC bar where the tidal field might be weaker, as proposed
The clusters are sufficiently old that the Calll triplet visibl®y Elson et al.[(1987, their Fig. 13).
in the spectra of red giants could be used to derive radial veloc- Whether the distortion of the clusters is indeed a sign of pos-
ities. 22 stars in and around the two star clusters were invesible interaction cannot be decided on the basis of our imaging
gated. Most stars located inside the cluster areas show similata alone.
velocities of~ 277 + 7kms~! whereas almost all field stars  Based on observational parameters we created two artificial
show lower velocities of 240 + 19 kms~!. Two foreground star clusters. The isopleths of the non-interacting pair as well as
stars were identified through their velocities which are too loaf a simulated interacting pair of star clusters were compared
to belong to the LMC population (14 knt$ and 84kms?', with the observed density plot. The density plot of the artificial,
respectively). interacting pair shows a distortion of the more massive cluster
Both components of the binary cluster candidate are of tivich can also be found in the observed isopleth, however, the
same age and, furthermore, have very similar mean radial wbserved distortion of the smaller cluster SL 349 is not seen in
locities of~ 274410 kms~! for SL 349 andv 279+4kms™! the artificial density plot. It seems likely that this cluster pair

8. Summary and conclusions
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shows signs of interaction, however, this does not necessaFigcher P., Welch D.L., Mateo M., 1993, AJ 105, 938
imply that both clusters are gravitationally bound. Fujimoto M., Kumai Y., 1997, AJ 113, 249
Geisler D., 1990, PASP 102, 344
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