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Abstract. We present?CO(1-0) molecular line anéV CCD In order to investigate the likely star formation mechanism
observations towards 0311-7651, a region in the Magellaniithin the Bridge, we have recently embarked upon aliHe
Bridge where cold atomic Hydrogen has previously been dgnthesis study, whose aim is to obtain the sizes, densities and
tected by Kobulnicky & Dickey. AdditionallyBV images of a velocities of Bridge gas cloudlets. The results will be compared
comparison field 1 to the South were taken. No CO was deto the predictions of Christodoulou et al. (1997) to see whether
tected to a limit of~ 0.06 Kelvin, and the colour-magnitudecloud-cloud collisions are a viable star formation mechanism
diagrams show no evidence for a stellar association in eitivathin the Bridge. In parallel with the above work, the present
field. study aims to search for molecular gas within the Bridge out
of which stars may form. The recent detectioncofd atomic

Key words: galaxies: ISM — galaxies: Magellanic Clouds -hydrogen in the ICM by Kobulnicky & Dickey (1999, here-
galaxies: photometry — radio lines: galaxies — radio lines: ISlslfter KD99) has fueled interest in this subject because within
the Galaxy, cold H is often associated with molecular clouds
(Garwood & Dickey 1989). Similarly, within the LMC, Marx-
Zimmer et al. (1998) found that 8/25 of pointings towards re-
1. Introduction gions showing H absorption also show CO in emission.

To our knowledge, no previous search for CO within the
ridge has been published. This is probably due to the perceived

Within galaxies such as the Milky Way and the Magellani

clouds, star formation is thought to occur within moleculat.,.. itvin ob . co d by the ratio of molecul
clouds (Shu et al. 1987). The formation of these clouds is drivafificulty in observing any CO, caused by the ratio of molecular
go atomic gas being much lower in the SMC and LMC than

by many factors, including large-scale gravitational instabilitie . .
. _a4n the Milky Way (by factors of~ 15 and~ 4, respectively),
shock waves from supernova explosions, random cloud cIOLr}aImbined With a conversion factor *X' for I(CO)-Hwhich is

coalescence and, within spirals, compression due to spiral deR? i . . :
sity waves (Brosch et al. 1998). At some point after molecul pme 20 and 6 times higher in the SMC and LMC than in the

cloud creation, a high density core is formed which collapses Oa_tlaxy (Israel et al. 1993 and references therein). As there is

form stars once it exceeds the Jeans mass (Vanhala & Cameeﬁ()' ence that metallicities in the Bridge are even lower than in

1998) the SMC (Rolleston et al. 1999), and that fractional CO contents
Within environments where the gas density is lower, itis poggcrease with metallicity (Israel et al. 1993), CO studies in this

sible that collisions betweenitloudlets shock the gas and Iea&eg'_?;' wil mev;tably be(;:hallt_agglng. h for CO within th
to star formation (Dyson & Hartquist 1983). One such regi € current paper describes a search for within the

on . o
where this may be occurring is the region between the Large a@%dg de ?t ct)ng gf tlr;eDggsktlor:rs] (%33111177%5511) whgre cgldgds db
Small Magellanic Clouds, the Magellanic Bridge. Even thou as detected by -Asihe . region observed by

the Hi gas density in the bulk of the Bridge is relatively lo pgg lies just to the south of Bridge regions searched by Ir-

(generally~ 10%°2! atoms cm2; McGee & Newton 1986), a win et al. (1990) and Battinelli & Demers (1992), we have also

number of blue stellar associations have still been formed Witmﬂ_dertaken a search for a stellar association towards this region

it (Irwin et al. 1990; Bica & Schmitt 1995). Spectroscopic anaHsmgBV CCD photometry.

yses of individual stars in the Bridge yield stellar ages that are ) )
as young as 7 Myrs (Hambly et al. 1994). Such objects mfstOPservations and data reduction
have been formed within the intercloud medium, and not sim-1 panish 1.54-nBV photometry

ply moved there from another birthplace. ] . .
The BV CCD observations presented in this paper were ob-

Send offprint requests tpsmoker@qub.ac.uk tained during three grey nights in December 1998 using the
* Based on observations made with the Danish 1.54-m and SEB#@nish 1.54-m telescope on La Silla. The LORAL/LESSER
telescopes at the European Southern Observatory, La Silla, Chile. CCD was used, which has 205pixels giving a field-of-view




452 J.V. Smoker et al.: CO and optical observations of the Magellanic Bridge

Table 1.Log of '2CO(1-0) observations. DBS refers to the dual beameceiver was used in combination with the high and low reso-
switch mode of operation when the beam throw is 11 arcmine¥ers  |ution acousto-optical spectrometers (HRS, LRS respectively).
to the observed central velocity in the Local Standard of Rest. Coorgligr the HRS, the total bandwidth of 86 MHz was splitinto 2000
nates are of equinox J2000. channels, resulting in a velocity coverage~0200 kms ! and

a resolution of~ 0.11 kmst. For the LRS, 1440 channels
Source RA Source Dec OffsetRA  OffsetDec .V Time were contained within a total bandwidth of 995 MHz, giving

hh mm ss oV hhmmss  °’'"” (kms') (min) a velocity resolution oi~ 1.9 kms'. System temperatures
031154.8 -765152 025729.1 —-765702.8 200 15day in the range from 400-600 Kelvin. Every 2—4 hours, a
M I 032141.6 —764626.7 178 180 Pointing and focus test was performed using the SiO maser R
/ y 0326119 —764317.8 200 150 Dor (RA=04'36"45.59, Dec=—6204'37.8', J2000). We had

y /" 030205.9 —765549.5 178 60 plan_ned to obs_e_rve three different regions _in the Bridge, in-
// y 117 DBS 17 DBS 178 180 cluding the position of peak Hcolumn density and another

region observed by KD99, 0202-765. However, because ob-
serving time was lost due to high humidity and wind, we spent

of ~13.7 x13.7. Two areas in the Bridge were observed; the r(tahe full 12 hours of ob.se.rvmg time towgrds 0311-7651,
As we expected priori that any putative CO features would

gion where H absorption was detected by KD99 (0311_7651he faint, it was decided not to use frequency switching for the

and also a comparison field locatedtd the south (0311-7751). observations, for the reason that thimdus operandieaves

For each field a 22 grid was observed resuilting in a fieIdSizenoticeable baseline ripples in the final spectra, making iden-
of ~ 22'x22, with an overlap of~ 4’ between adjacent grid PP P ' g

. . o . o (}ification of weak features difficult. Instead, we initially used
positions. The integration time at each grid position was 300-s . . . . ) .
in B andV’, with the seeing full width half maximum typically position switching with the off-source position being located

being~ 1.5". 40 and 60 arcmin away from the on-source field, positioned at

Data reduction was performed within theasf environ- points on a line joining the SMC to the LMC. This positioning

. . o was done in the hope that any CO in the off-source position
ment. This included subtraction of dark current, debiasing a\r/]v%uld be shifted in velocity from that in the on-beam. At an

flatfielding (using twilight flats) to remove the pixel-to-pixel . . .
variations. Magnitudes for the programme stars were obtair@‘e(sgS umed Bridge distance of 50 kpc, offset positions of 40 and

by using point spread function fitting techniques within the arcmin correspond to spatial distances.cs80 and-~ 870

DAOPHOT package. Observations of six standard stars (Landgﬁ respectively. Given that typical CO cloud sizes in the SMC

1983, 1992) enabled the data to be corrected for the airmass ahedflrequently smaller than a few arcmin (Rubio et al. 1996),
) . Itis likely, although not certain, that our adopted beam throws
colour terms; theB3 andV data are thus tied to the Johnson sys-. . ..
. . . Will not cancel out any CO detected in the on-source position.

tem. Observations of the same standard stars on different nights : S
For the final 3 hours of observing time, we used the dual

indicate that on two of these (10 grid positions), conditions were oo . i i

: o . ) " eam switching mode of operation as the position-switched
photometric. For the remaining night (6 grid positions) Wherl:?aselines were not as stable as we had hoped for. In this mode
observing conditions were not photometric, the flux scale was ) '

bootstrapped using typically 10—20 stars in overlapping gri esecondary mirroris nodded by 11 arcmir (dr60 p.C) either
o o side of the main source. Of course, using this mode increases the
positions that were also observed on photometric nights. . -
! . : . chance that CO in the reference beam position cancels out any
The final magnitude list of stars is complete from, m-

15.0-22.0 mag. The bright end is limited by CCD saturation ang> " the on-source position. Finally, we note thab hours

: . . : of observing were carried out with a central velocity of 200.0
}E?r{ii'?;ﬁng Egstgeciﬁzzl'ngalsieﬁggfzﬁrrgcrgsgzggz kms~! in the dynamical Local Standard of Rest (Allen 1973),
9 b 9 with the remaining time at a velocity of 178.0 km's This shift

where only al3 or VV magnitude was detected were frequentl%?s performed in order to more easily distinguish baseline rip-

cosmic rays; these ‘false positives’ were removed from the fma}es fromreal features. The observed source and position offsets

magnitude listif visual inspection showed them to be non-stellar, i
2 . : are shown in Tablgl 1.
Similarly, extended objects such as galaxies were removed from . .
The line data were analysed using $§IARLINK SPECX

the final magnitude list. It is noted that at the faint end there will

remain some contamination by galaxies due to the difficulty nackage (Matthews & Jenness 1997). There were few inter-

i ; . . erence spikes in the raw spectra although the quality of the
discerning these from stars at low signal-to-noise. : . . . .
baselines was variable. Data reduction simply consisted of com-

bining spectra after weighting by their root mean square noise
2.2. SEST2CO(1-0) molecular line spectroscopy level and subtracting a low order polynomial from the co-added
spectrum. The final spectra were converted to brightness tem-

12C0O(1-0) observations/4=115.271204 GHz) towards 0311- - ; )
7651 S/ven)a obtained using the Swedish-ESO )submillimetre tePe_rature by dividing by 0.7 which corresponds to the main beam

scope (SEST) during 23-26 April 1999. The IRAM 115 GHE’%'C'G”CV'

1 IrAF is distributed by the National Optical Astronomy Observa-

tories, U.S.A.
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3. Results

3.1. BV photometry

umber
100 150 200 250

Fig.[ displays thé” vs. (B-V') colour-magnitude diagram for
the two programme fields. No correction has been performeed
for Galactic reddening. Neither field shows a distinctive main
sequence for Bridge stars as is observed in the main Bridge '@
associations (Grondin et al. 1992; Demers & Battinelli 1998);

0

L 1
if present this would be visible as a branch wifg-1") ~ —-0.2 10 15 20
to +0.2 mag. extending from yn~ 16-22 mag. Fid.J2 shows
the positions of stars with yn < 20 mag. and B—-V) < 0.5 m, (mag.)

for both the source and offset fields. No obvious associations of ) _ _
blue stars are present in either field, although if any associat{df: 3 Hésgzgl'rfr;‘ig Sée”t?rg rpagn|tgdes‘t;)war%s5osélll-26§1 Ef'”ed
were present it is likely to be sparse and difficult to identiﬁ).ne) and 912 ( otte ine) W'@_. ) > -o. FIed circles

: . . . are the estimated Galactic halo contribution in the observed area of
Finally, Fig[3 shows a histogram of th&-band magnitudes for 2922 aremin
source and offset fields for stars witB—V") > 0.5. Following '
Demers & Battinelli (1998), in Fi§]3 we also plot the predicted _
Milky Way field star counts in our observed areaof22x22 3.2. SEST molecular line spectroscopy

arcmin. These were calculated by averaging the counts in 4§ 2, shows the final co-added spectrum for the position-
direction of the SMC and LMC estlmateq by Ratnatunga &jitched data, with Figl4b showing the corresponding plot for
Bahcall (1985) over stars of all colours. Brighter than m 18 5 ;4] beam switched data. Spectra have been smoothed to a
mag., the predicted Galactic counts match the observed Coyats, ution of 1.1 kms'. The RMS noise values in the spectra

in source and offset fields. Fainter than this, there is an excesgQf , 5 915 k. Although there is a hint of emission-at170
objects in both fields. A substantial fraction of this populatiop . s~! in Fig[da, this feature is probably due to baseline rip-

rnay_bfa explained as being extragalactic (i.e. distant_galaxi f rather than the presence '8CO. We thus conservatively
in origin as such objects exceed the halo star populationat lace our detection limits at 0.08 K and 0.06 K for the position-
~ 19 (Reid et al. 1996). At »=20, the predicted extragalacticy,itched and DBS spectra respectively.

count over an area of 222 arcmin is~ 22. Of course, some
of the excess may be due to bridge stars.
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('a)' A 1991), and assuming a similar ratio for the Bridge, it is clear
B 7] that the current observations were of insufficient sensitivity to

test this limit.
o r Future work in this area should concentrate on CO obser-
vations towards regions of higheriHolumn density within

0.1

; L - the Bridge. KD99 only sampled a few ICM regions for cold

N F e+ H1, and it may be that hydrogen in this phase, with associ-
= | (b) _ ated CO, is present and detectable in other regions of the Bridge.
o

Antenna temp. (K)

|
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4. Discussion and conclusions

With regard to the optical results, the present images show Iﬁgferences

strong evidence for a stellar association in either source or offaéen C.W., 1973, Astrophysical Quantities. 3rd edition, Athlone Press,
field. This is unsurprising as the observed region lies at the ex- University of London

treme southern edge of the Bridge. It is possible, however, tfgttinelli P., Demers S., 1992, AJ 104, 1458

a few of the bluer objects observed in Fig. 1 with,=19-22 Bica E.L.D., SchmittH.R., 1995, ApJS 101, 41

mag. are stars associated with the young general field populaffspsch N-. Heller A., Aimoznino E., 1998 ApJ 504, 720

of the Bridge (Demers & Battinelli 1998). Alternatively, suc hristodoulou D_.M.,_Tohhne J.E., Keenan F.P., 1997, ApJ 486, 810
objects have the correct visual magnitude for blue horizon ;fmers S., Battinelli P, 1998, AJ115, 154

b h he di f the Brid H . son J.E., Hartquist T.W., 1983, MNRAS 203, 1233
ranch stars at the distance of the Bridge. However, given imoto M., Murai T., 1984, IAU Symp. 108, 115

relatively young age of the Bridge (less than 200 Myr; Fujimotganyood R.W., Dickey J.M., 1989, ApJ 338, 841

& Murai 1984), combined with the fact that our observed poSirondin L., Demers S., Kunkel W.E., 1992, AJ 103, 1234

tion lies outside the haloes of both the SMC and LMC (Irwin @{ambly N.C., Dufton P.L., Keenan F.P., et al., 1994, A&A 285, 716

al. 1990) we believe this to be unlikely. A final alternative is thatwin M.J., Demers S., Kunkel W.E., 1990, AJ 99, 191

the blue stars may be foreground Galactic evolved blue horizdsrael F.P., Johansson L.E.B., Lequeux J., et al., 1993, A&A 276, 25

tal branch stars. To distinguish between these various possifibulnicky H.A., Dickey J.M., 1999, AJ 117, 908 (KD99)

ities would require optical spectroscopy in order to determih@ndolt A.U., 1983, AJ 88, 439

stellar spectral types/luminosity classes and radial velocities-2ndolt A.U., 1992, AJ 104, 372 _
Although disappointing, the lack 38CO detection is per- Marx-Zimmer M.,ZlmmerF., Mebold'U.,etaI.,1998, IAU Symposium

.. . .. 190, New Views of the Magellanic Clouds. p. 73
haps not surprising. Towards 0311-7651, and only conS|der||()|%t

. T : thews H., Jenness T., 199ARLINK Cookbook 8, Rutherford
Bridge velocities from 100-350 knt$, KD99 determined an Appleton Laboratory/CCLRC

H1 column density of 1.210°% cm~?, a peak temperature of\jcGee R.X, Newton L.M., 1986, Proc. Astron. Soc. Aust. 6, 471
1.37 K and a brightness temperature integral of 65 K kKfn's Ratnatunga K.U., Bahcall J.N., 1985, ApJS 59, 63

For the current data, assuming a SMC-like conversion faciéid I.N., Yan L., Majewski S., Thompson I., Smail I., 1996, AJ 112,
from CO-H, of 6x10?' cm~2 (K kms~1)~!, the limiting H, 1472

detectable column density is 3.6x10%° AV, where AV is Rolleston W.R.J., Dufton P.L., McErlean N.D., Venn K.A., 1999, A&A
the width of the molecular line in knts, which is typically 5 348, 728

kms~! for clouds within the SMC (Israel et al. 1993). Hencelubio M., Garay G., Montani J., Thaddeus P., 1991, ApJ 368, 173
for there to have been a detection at the current positidh/Pio M-, Lequeux J., Boulanger F., etal., 1996, A&AS 118, 263
the Hy/H 1 ratio would have to have exceedes &V. Given onu F-H., Adams F.C., Lizano S., 1987, ARA&A 25, 23

thatthe H/H 1 ratio in the SMC is of the order 0.07 (Rubio et alyanhala H.A., Cameron A.G.W., 1998, ApJ 508, 291
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