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Abstract. The mid-infrared (5—16:m) spectral energy distri- N, O, and heavier elements has been found to be an order of
bution for an individual quiescent molecular cloud in the Smathagnitude lower in the SMC than in the disk of the Milky
Magellanic Cloud (SMC) was observed using ISOCAM. The/ay (Dufour et al. 1982), so heating, cooling, and chemical
spectrum is dominated by broad emission bands at 6.2, 7.7, anocesses dependent upon metal abundances can be expected
11.3um, with weaker bands at 8.6 and 12ih. As these are to be different from our local interstellar medium (ISM). In
the same bands, with similar shape and relative strengthspasticular, the properties of dust in the SMC could be quite dif-
observed in the ISM of our Galaxy, the same carriers must eXistent from dust in the Milky Way, because dust is composed
in both galaxies. The carriers are widely considered to be lar@enost entirely (by mass) of elements that are substantially less
molecules or clusters of aromatic hydrocarbons, which absatbundant in the SMC. The visible extinction per unit H column
ultraviolet and visible photons and emit mid-infrared photordensity is about an order of magnitude lower in the SMC than
during high-temperature pulses. Based on the brightness of ithéhe Milky Way, suggesting that the total dust abundance may
mid-infrared emission and the estimated strength of the radézale with the total metal abundance (Bouchet et al. 1985). The
tion field in the SMC, the absorption by aromatic hydrocarbospectrumof SMC extinction (or the SMC ‘extinction curve’)
is of order 10% of total dust absorption, comparable to the cdsesignificantly different from that of our Galaxy: the SMC has
for Galactic dust. Ultraviolet observations of extinction of moselatively stronger ultraviolet extinction, and it lacks the 2175
SMC stars have shown that dust in the SMC does not absérbump that is so prominent in the Milky Way extinction curve
in the 2175A feature that is so prominent in Milky Way ex-(Savage & Mathis 1979).
tinction. If aromatic hydrocarbons and featureless extinction Infrared emission from the SMC was detected by the
curves were ubiquitous in the SMC, then we would concludefrared Astronomical SatellitdlRAS, with bright and ex-
that aromatic hydrocarbons are not the carriers of the A175ended 60 and 10Qum emission and weaker emission at
feature. However, SMC extinction curve measurements are b2 and 25:m (Schwering & Israel 1991, Sauvage et al. 1990,
ased toward hot, luminous stars, where aromatic hydrocarb@lsumura 1993). The 12m IRASimage shows very little dif-
are destroyed, so that the absence of the z&mmp may fuse emission, being dominated by a few compact regions. The
not be typical of SMC dust. The presence of aromatic hydrareak 12:m emission from the SMC suggested low-metallicity
carbons in the SMC further demonstrate that these moleculedaxies may be lacking the aromatic hydrocarbons that domi-
exist even in an interstellar medium with an order-of-magnitudate the 12m emission from the Milky Way. In this paper, we
lower metallicity than in the disk of the Milky Way. describe one observation that is part of a lalgéared Space
Observatory(ISQ, [Kessler et al. 1996) Guaranteed Time pro-
Key words: galaxies: individual: SMC — galaxies: abundancegram designed to characterize the mid-infrared emission from
—galaxies: irregular — ISM: dust, extinction — infrared: galaxigaterstellar dust in a wide variety of environments. The cloud
—infrared: ISM: lines and bands SMC B1#1 was selected as an extragalactic target to charac-
terize a quiescent, low-metallicity environment. The cloud was
discovered serendipitously during observations as part of the
1. Introduction Swedish-ESO Submillimeter Telescope Key Program to map

. ) ) CO-line emission from some star forming regions in the SMC
The Small Magellanic Cloud (SMC) provides a unique envig,hio et al. 1994; Lequeux et al. 1994). The cloud is far from

ronment for studying interstellar matter. The abundance of y trace of O stars in existingcHand radio continuum maps

Send offprint requests 1WV.T. Reach, (reach@ipac.caltech.edu) ~ (S€€ Fig.5 of Rubio et al. 1993), and its molecular-line emis-

* Based on observations with the Infrared Space Observatory (IS&)PN is narrow, indicating that the gas is dynamically quiescent.
ISO is an ESA project with instruments funded by ESA Member Statéfierefore the dust emission from the cloud is likely excited by
(especially the PI countries: France, Germany, the Netherlands andar@mbination of the average SMC radiation field and, possibly,
United Kingdom) and with the participation of ISAS and NASA.
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some associated stars. As such, the cloud represents a relatively
simple laboratory for studying the properties of SMC dust using
its infrared spectrum, away from sites of high-mass star forma-
tion.

17'30" -

2. Observations 3 18'30" - i
Our observations were made with the mid-infrared camera, IS@—

CAM (Cesarsky C. et al. 1996). The telescope was pointed tg- 0" -
ward J2000 coordinates B85m32.5, -73°1846.3' on 5 July <

1996. We used the Tpixel-field-of-view lens, for which only 19'30" i

the centraB’ x 3’ of the detector is illuminated. A first spectrum
(July 5, 1996) was obtained by rotating the circular-variable
filters (CVF) through the range 16.61 to 5.0i&h. A second
spectrum (2 Oct 1997) was obtained by covering the same wave- ‘
lengths but rotating the CVFs both forward and backward. Dur- ~73°2030" - | | | | ]
ing the second observation, we also observed a nearby reference 0"45m505 408 30° 20°

position outside the SMC, at J2000 coordinates4®)'32.5, oo (Br)

-73°1846.3’, to measure the Milky Way emission in the 10.74—
11.79 um range. For all observations, dark current was sub- ﬁ
tracted from the images using a library dark currentimage scaled
such that it matches the level of the unilluminated edges of our
images. The brightness level after dark current subtraction was ok
compared to that expected from an interpolation of Qi@BE
Diffuse Infrared Background Experiment (DIRBE) broad-band
observations at 4.9 and 1an. At low levels of illumination, ’g
the ISOCAM detectors exhibit some transient response, akid

17'30"

18'30"

they take time to stabilize to the true sky brightness level. We o

applied a transient correction algorithm that takes into accoufit

the initial rapid rise of the ISOCAM gain and a single exponen- 19307 - @
tial rise thereafter. The transient corrections are only about 10%

for wavelengths longer thanén, because the change in bright- U

ness as the CVF rotates is small; but at the shortest wavelengths,
the correction increases to 60%, because the sky brightness was

decreasing more quickly than the ISOCAM detector could stabi- -73°2030" - ‘ =) ‘ R, &
lize. The images at each wavelength were corrected for zodiacal oP45™M508 40° 308 208 108
light, stray light and vignetting by subtracting a special calibra- %zo00 (hr)

tion observation of a blank field, scaled by a model spectrum@gf; 1 jmages of the cloud SMC B1#1 from ISOCANtop) Image
the zodiacal light that matches t@OBEDIRBE data for the through the circular-variable-filter, within the 1.8 aromatic hydro-

same position and date (Reach et al. 1996a,b). To complemgbon feature, with2"” pixels. The image shows the average bright-
the CVF observations, we also present here a portion of an iness from 11.16-11.48m wavelength, minus the average brightness
age made with the ISOCAM through the LW2 filter (5—8s8) from in two windows just outside the feature (10.52-10.84 and 11.79-
on March 13, 1996. This image was reduced using the CAM I#2.1um). Contours are drawn at 0.5, 1, 1.5, and 2 MJy sTThis image

Digital Sky Survey. (bottor) Image through the wide, LW?2 filter (5—86n), with 6" pix-

els. Contours are drawn at 0.3, 0.6, 0.9, and 1.2 MJy .sThe im-
age contains diffuse emission from the SMCB1#1 molecular cloud as

well as unrelated SMC stars and the embedded source SMC004532.2-
3. Results 731840.

Fig.[Ma shows animage of the region we observed, in the .3

aromatic hydrocarbon feature. The 1L emission feature

comes mostly from the northwest corner of the image.[Fig. 14.3um image suggests that they are both tracing the same type
shows an image in the broad LW2 filter (5—-8.8). The LW2 of emission.

image shows some diffuse emission that is spatially associatedThe diffuse emission in the 11,3m image is coincident
with the emissionin the 11,3m feature, as well as several pointvith the molecular cloud SMC B1#1. This cloud has been
sources. The similarity between the wide-band image and thapped in the CO(2-1) emission line, revealing a cloud size
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only emission from one aromatic hydrocarbon feature, while
Fig.[d(b) shows a combination of point-like continuum sources
and diffuse emission from aromatic hydrocarbon features.
The Milky Way foreground is faint compared to our tar-
| get SMC B1#1: no aromatic hydrocarbon features (from the
““| l 1 Milky Way or the SMC), are detected in the southeast corner of
i rl ‘ ] 1 our CVF image, nor in the reference position outside the SMC
| (Fig.[2). Thus it is evident that the carrier of these features,
Hﬂ“ﬁ il alit widely considered to be aromatic hydrocarbons, also exist in
ol 1 ‘ the SMC.
| ! I|| The relatively bright point source in the LW2 image,
l ) SMC004532.2-731840, has an extremely red spectrum, shown
e 1 Fig_.[Z(b), rising continuously from 5-46n. The source spec-
Wavelength (um) trum is relatively featureless, so it does not appear as a promi-
nentsource inthe 11,38n feature image. Using the filterimages
(with 6” pixels), the point-like source has a flux densities of 23
and 5 mJy in the LW3 (12-18m) and LW2 (5-8.5.m) fil-
M ters, respectively. The source’s luminosity in the mid-infrared,
[ integrating over 5-16:m, is ~ 300 L. A possible Galactic
analog for this source is an ultracompact H Il region: the mid-
infrared spectrum is similar to that observed for an ultracompact
H Il region in M 17 (Cesarsky D. et al. 1996). The source could
also be a reflection nebula, but the featureless and extremely red
spectrum is completely different from reflection nebulae around
Milky Way stars.
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b Wavelength (um) Relation to extinction curve—fhe SMC is one of the most

unusual environments in which to observe aromatic hydro-

. . . carbons in abundance because of two well-established facts.
Fig. 2. aMid-infrared spectrum of the surface brightness of the clou'x_j?rst the metallicity of the SMC is lower than in our Galax
SMC B1#1. This spectrum includes only7ax 7 pixel region with ’ Y y

emission from the molecular cloud, excluding thex 3 pixel region by a factor of 10, and the C/O ratio is also lower than in

around the point-like embedded infrared source. The error bars rejl Galaxy, which could affect the abundance of aromatic hy-
sent the random fluctuations plus the systematic differences betwéé@carbon molecules, which composed almost entirely of C
the spectra taken at three different times. The horizontal bar under fhemass/(Dufour et al. 1982). Second, the measured extinction
11.3um feature is an upper limit to the Milky Way contribution to thecurve of SMC dust is significantly different from that of Galac-
feature, obtained using the same CVF wavelengths but offset spatigity dust. In particular, most SMC extinction curves lack the
from the SMCb Spectrum of the mid-infrared flux density embeddegrominent 21757 bump so obvious in the Galactic extinction
source Sl_\/IC004_532.2-731840, made from the brightest pixel in tagrye (Savage & Mathis 1979). This bump is widely attributed
CVF continuum image. to graphitic particles. Clusters of aromatic hydrocarbons may
have similar spectral properties to graphite. Because the 2175
A feature is missing from the SMC, while the aromatic hydro-
of 50" x40’ (Rubio et al. 1996), similar in size and shape to thearbon abundance is high in the SMC, our results suggest that
11.3 um emission we see with ISOCAM. F[d. 2(a) shows tharomatic hydrocarbons are not responsible for the Z1B6mp
spectrum of the cloud, averaged over the diffuse emission, camthe Milky Way. However, at least one SMC star, Sk 143, has
parable to the extent of the CO emission, and excluding the extinction curve with the same shape as that of the Milky
embedded source, which is the peak pixel in the CVF imayéay, which suggests strong regional variations in the SMC ex-
and a point-like source in the LW?2 filter image. It is evidertinction curve [(Lequeux et al. 1982, Gordon & Clayton 1998).
that the diffuse emission is dominated by features at 6.2, 7Also, we have only detected the aromatic features from one
and 11.3um, corresponding to the brightest of the mid-infrareduiescent cloud, which may or may not be representative of
features that appear in similar spectra of Galactic intersteltsgpical SMC material. Therefore, it is possible that we could
clouds (e.g. Boulanger et al. 1996). The reasonably good cbe comparing the UV-visible extinction and mid-infrared emis-
relation between the diffuse emission in the LW2 image arsibn for regions with different dust properties. This problem
the 11.3um feature image is most likely due to the LW?2 filteicould be eliminated in the future, by observing the extinction
containing the 6.2 and 7.jm features. Thus Fi§l1(a) showsurve through the same type of region from which mid-infrared

—
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emission in observed. The aromatic hydrocarbons must absorb
a substantial fraction (see below) of the interstellar radiation
field, but we cannot be sure what photon energy range is excit-g° |- -
ing them. Observations of reflection nebulae excited by stars
with a range of spectral types indicate that aromatic hydro-
carbons may not require far-ultraviolet photons for excitation
(Uchida, Sellgren, & Werner 1998).

Comparison to Milky Way spectra-Fhe mid-infrared spec- 5 —22°
trum of the SMC contains features at the same wavelengths
as most galactic sources; however, the feature-to-feature raffos _
are quite distinct for the SMC. The spectrum of the diffusg =" |
cloud emission is well fit by a sum of 4 Lorentzians, repre-
senting the 6.2, 7.7, 11.3, and 1261 features. A Lorentzian = —26°
shape is a better fit and more physically justified than a Gaus-
sian fit (Boulanger et al. 1998). Other than the wings of the
Lorentzians and a broad pedestal under the 11.3 and;i2.6
features, no continuum was detected toward the diffuse cloud
(within the uncertainties). The relative strengths of the emis- -30°

sion features are significantly different from those of Milky om0 ” . " .
Way objects. Compared to the observations of H Il regions, ®aono (BT)

reflection neb.ulae, and diffuse CIOUd‘?” Sfummf';mzed by lf—'fg 3.IRAS Image of thep Oph region, as it would appear if it were
(1998), the ratio of (11.3)/(7.7) features is higher in SMCB1#1served at the distance of the SMC wéthresolution. The bright and
Compared to the B-star excited emission from #eOph ynrelated star Antares was deleted from the original IRAS map before
molecular clouds (Boulanger et al. 1996, 1998), the ratio pifojecting the map to the SMC distance. Contours are drawn at 2 MJy
(11.3)/(7.7) features is 3 times higher in SMCB1#1. loniza+ ! intervals of IRAS 12um surface brightness. The brightest pixel in
tion of polycyclic aromatic hydrocarbon molecules (PAH) erthe map has an IRAS 12m band surface brightness of 22 MJy br
hances the 6-am features relative to the 11—}4n features While the periphery of the main cloud and the adjacent clouds in the
(Joblin et al. 1996, Allamandola, Hudgins, & Sanford 1999), ig1age have brightnesses of a few MJy Srcomparable to the SMC
signature that is opposite to our observations for the SMC.H##1 cloud that we observed with ISOCAM.

the aromatic hydrocarbons in th@ph region are ionized, then

the comparison would suggest that the aromatic hydrocarb@@gtion nebula around Oph, and (3) the star-forming complex

in SMC B1#1 aremore neutral We suggest that another exin Taurus. The physical sizes of all three nebulae are in the
planation may be more likely. The (11.3)/(7.7) feature ratio Eame order of magnitude as SMC B1#1 {0 pc). The 12um
proportional to the fraction of emission arising from C—H bondsirface brightnesses at 1.7 pc physical resolutiafi &t SMC

as opposed to C-C bonds. The high value of this ratio in th&tance) of the objects are 350, 12, and.5 MJy sr-!, respec-
SMC suggests there are relatively more C—H bonds. This se&fisly; for comparison, the brightness of SMC B1#1 is about 2
consistent with the aromatic hydrocarbons forming inamore ngrJy sr1. It is clear that SMC B1#1 is significantly different
ducing environment (higher H/C abundance ratio) in the SM&om the Trapezium, both because it is much less bright in the
where the abundance of C in the gas from which the molecul@g-infrared, and because it has no associated radio or optical
form is a factor of 10 lower than in the Milky Way. If the hydro-H || region. Itis also evident that SMC B1#1 is different from the
carbons in the SMC are indeed more hydrogenated than thosggrus clouds, because itis brighter in the mid-infrared. The best
the Milky Way, we predict a relatively bright 3/m line from  Galactic analog for SMC B1#1 js Oph. The smoothed image
diffuse SMC gas. Our current understanding the nature of intgf-, Oph, shown in Fig.I3, is comparable to that of SMC B1#1,
stellar aromatic hydrocarbons is still in its early stages becayggh one bright point source and diffuse emission on a 10 pc size
of the complex inter-relationship between the excitation, chegcale. The point-source in our ISOCAM image of SMC B1#1
istry, collisional destruction, and ionization. By providing a neWould be a reflection nebula, analogous to the bright mid-infrared
aromatic hydrocarbon spectrum from a unique environment, tgjion inp Oph imaged by ISOCAM (Abergel et al. 1996), but
observations reported here should help toward disentangling i a rather different spectrum; or it could be an ultracompact
various processes that shape the aromatic hydrocarbon featpf@sregion from a highly embedded late-type O star.

and their carriers. Estimated abundance of aromatic hydrocarbon$he abun-
Comparison to Milky Way nebulaeWe can put SMC B1#1 dance of aromatic hydrocarbons in the SMC B1#1 cloud can be
into context by comparing it to what known galactic nebulagughly estimated from the brightness of the infrared features
would look like at the distance of the SMC. To this end, wg, the diffuse emission from SMC B1#1, where the dust heating
used thdRAS ISSAWheelock et al. 1994) to make simulategs due to the diffuse SMC interstellar radiation field. The total
maps of three galactic complexes: (1) the O-star-excited Hdhergy absorbed by a completely dark cloud is the integrated
region around the Orion Trapezium, (2) the B-star-excited reénergy from the incident interstellar radiation field. The fraction

20° —

—28
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Table 1.Lorentzian fit to SMC infrared emission features nW m~2 sr-!. Comparing to the sum of the aromatic hydro-
carbon feature brightnesses in Table 1, the relative amount of
1,(0) Ao FWHM I energy absorbed by aromatic hydrocarbon as compared to big
(MJy sr ') (pm) () ("W m?sr ') grains islay/Isc 2 0.2. This is comparable to the fraction
1.17+£0.09  6.26£0.01  0.20+0.01 14.4+1.3 of energy absorbed by aromatic hydrocarbons in our Galaxy
1.56 £0.05  7.65+0.01 0.53+0.01 33.0+1.4 (Dwek et al. 19977). It is also consistent with our abundance es-
0.48 +£0.06 8.48 +0.02 0.36 £+ 0.04 5.5£0.9 timate in the previous paragraph_

2.71£0.07 11.34+0.01 0.54+0.01 26.7£0.9
0.85£0.05 12.594+0.03 0.90%0.05 11.4+1.0

5. Conclusions

of the radiation field that is absorbed by aromatic hydrocarboH§INg ISOCAM observations of a molecular cloud in the SMC,

can be calculated from the observed infrared brightness as We found that the mid-infrared emission of its low-metallicity
interstellar medium is dominated by broad aromatic hydrocar-

fam = lam bon features at6.2, 7.7, 8.6, 11.3, and 11¥. The locations of
XI1srrg the features are similar to those found in the Milky Way inter-

where T4y is the intensity of the observed aromatic hydrost'ellar medium, but the brigh'gness rgtios among the features are
carbon featureg is the fraction of all aromatic hydrocarbond'ﬁere”t- The 11.3im feature is relatively brighter in the SMC,
emission that comes out in the observed features,fagg, Sudgesting relativgly more emissior_1 from C-H bonds _compared
is the intensity of the ultraviolet Solar Neighborhood radiatiof® €—C bonds, which we can explain as a difference in the aro-
field (Mathis, Mezger, & Panagia 1983). In practice, the valJBatic hydrocar_bons fc_)rmmg ina lower metallicity (higher H/C
of fom obtained from this equation is a lower limit, becaus@bundgnce ratio) environment in the SMC. The abundance of
the cloud surface may not be completely dark and may not fifomatic hydr(_)carpon_s, _rela_tlve to the dust that makes the rest
the beam uniformly. The radiation field of the observed cloud % the absorption, is similar in the SMC B1#1 cloud and typi-
y, in units of I;s . Adding together the 1628 fluxes of the @l Milky Way dark c_Iouds. While the properties, a_nd thg tqt_al
stars in the H Il regions seen with the#T (Cornett et al. 1997), @bundance, of dust in the SMC and Milky Way differ signifi-
and including the estimated fluxes of the H Il regions DEM 2fantly, the aromatic hydrocarbons and larger grains are likely to
28 and 16 based on theiraHbrightness, we estimate that thélay similar roles in the interstellar media of the two galaxies.
radiation field at the location of SMC B1#1 hgs~ 3, with Previous studies of the mid-infrareg emission from SMC
an uncertainty of about a factor of 2. If the exciting star of thgHggested that its dust lacks the 21X5feature and may
point-like reflection nebula in SMC B1#1 is a B3 or later star, i8¢ deficient in aromatic hydrocarbons. These effects may
flux would exceed that of the radiation field only within3 pc  Poth be due to the fact that massive star forming regions
of the star (or less, if extinction were included), consistent wiffPminate the infrared emission and provide the beacons to-
the unresolved source in our image but of little or no impoWard which extinction curves are measured. Aromatic hy-
tance for the diffuse emission. The ISOCAM wavelength ran ocarbons are destroyed in such high-radiation environments
includes essentially all of the aromatic hydrocarbon emissidiRyter, Puget and Perault 187). Our results suggest that aro-
sog ~ 1, although it is possible that we miss some emission fRatic hydrocarbons exist in the SMC with an abundance (rel-
a quasi-continuum under the features or outside of our obser@lye to that of large grains) comparable to that in the Milky
wavelength range. Using the sum of the feature brightness frdfgy- These results probably apply to other low-metallicity or
Tabld1, we findfay > 0.05. high-redshift galaxies.

. To estimate directly the energy emitted by large dust grai %knowledgementsWe thank Nanyao Lu for his help in processing

in the _SMC’ we use archival ISOPHQT (L_emke etal. 1996) o nd understanding the ISOPHOT observations that were used in this
servations. Animage of the SMC-B1 region, coverlggx 12" pper

including the region of our ISOCAM observation, was made

at 135m wavelength with the C2 detectors. The far-infrared

emission is faint at the location of our ISOCAM image, witfkeferences

no evidence of a far-infrared peak corresponding to the midbergel A., Bernard J.P., Boulanger F., et al., 1996, A&A 315, L329
infrared peak. There is some far-infrared emission extendiAigmandola L.J., Hudgins D.M., Sanford S.A., 1999, ApJ 411, L115
north of our target region, suggesting that SMC B1#1 is/AgendtR.G., Odegard N., Weiland J.L., et al., 1998, ApJ 508, 74
clump at the southern edge of a large, cold cloud. The f&ouchetP, LequeuxJ., Maurice E.éRot L., PEvot-Burnichon M.L.,
infrared surface brightness at the location of our mid-infrared 1985, A&A 149, 330

peak SMC B1#1 isS 10 MJy sr-!, measured with respect tOBouIanger F., Beichman C., Desert F.X., et al., 1988, ApJ 332, 328

. - . . oulanger F., Reach W.T., Abergel A,, et al., 1996, A&A 315, L325
nearby dark pixels in the ISOPHOT image. If the far-infrare, oulanger F.. Boissel P., Cesarsky D.. Ryter C., 1998, AGA 339, 194

spectrum is typical of large dust grains in the Milky Way-esarsky C., Abergel A., Agnese P., et al., 1996, A&A 315, 32
(Boulanger et al. 1988, Dwek et al. 1997), then the integratedsarsky D., Lequeux J., Abergel A., et al., 1996, A&A 315, L309
far-infrared emission is 2 times brighter than, at 135,m, CornettR.H., Greason M.R., Hill J.K., Parker J.W., Waller W.H., 1997,
so the far-infrared surface brightness of our cloudisi60 AJ 113, 1011
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