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Abstract. Emission from the’P; —3 P [CI] transition at 492 M 31 by Casoli et al. (1987) and CasétiCombes (1988) and
GHz has been detected towards the dark cloud D478 in theouthwestern spiral arm by Kutner et al. (1990) provide ev-
Local Group galaxy M 31. Using literature detections of thielence for a dual population: in addition to major complexes
lower 2CO and 3CO transitions, models for the gas distrithat have the characteristics of ‘normal’ GMC's, additional CO
bution in D 478 are discussed. The observed CO and C liemission appears to originate from numerous small clouds. Un-
ratios can be explained by two-component models (high ddriased CO surveys along the minor and major axes of M 31
sity cores and low-density envelopes); single-density modélave been carried out by Sandqyvist et al. (1989) and Loinard et
appear less likely. The models indicate kinetic temperaturesadf (1995) respectively. The former found relatively strong CO
the order of T = 10 K. The beam-averaged column densitgmission associated with M 31 spiral arm ‘4’ and weaker CO
of neutral carbon is 0.3-0.8 times that of CO, whereas the togahission from the outer warp. The latter found CO emission in
carbon to hydrogen ratio NNy is 5-3 x 10~%. The resulting the majority of positions sampled, in a number of cases without
CO to H, conversion factorX is about half that of the Solar a counterpart dust cloud. They also found generally I8@0O
Neighbourhood. With temperatures of about 10 K and projectdd2—1//=1-0 ratios which they interpreted as arising from cold
mass-densities of 5-10 Mpc~2 there appears to be no need7; < 5 K) molecular clouds at low densityi{;, ~ 100 cnT3).
to invoke the presence of very cold and very massive clouds. In addition, they observed several dust clouds (Hodge 1980)
Rather, D 478 appears to be comparable to Milky Way daitk the inner parts of M 31 (Alleld: Lequeux 1993; Loinard et
cloud complexes at the higher metallicity expected from its ceak 1996a). Two of these, D 268 and D 478 were observed in the
tral location in M 31. In particular, several similarities betweelower two transitions of both2CO and '*CO and subsequently
D 478 and the Galactic Taurus-Auriga dark cloud complex mayodelled in detail by Allen et al. (1995). They conclude that the
be noted. 12CO emission is dominated by a very cold, low-density gas,
while the *CO emission comes largely from higher-density
Key words: galaxies: individual: M 31 — galaxies: ISM — ISM:clumps inside the clouds. In an attempt to further investigate the
individual objects: D 478 — ISM: molecules —radio lines: galaxunusual physical conditions of these molecular clouds, we have
ies observed the strongest of these two objects, D 478, in the neutral
carbon line. While this work was in progress, an interferometric
map of the 12CO J=1-0 distribution, and thé?CO J=3-2
1. Introduction profile of D 478 have also become available (Loin&rd\llen

98).

19
Several molecular cloud complexes have been detected in the
spiral arms of the Local Group galaxy M 31 by th&iCO J=1- )
0 emission (Blitz 1985; Rydek Stark 1986: Vogel et al. 1987; 2- Observations

Casoli etal. 1987; Nakano et al. 1987; Lada et al. 1988; Casplie observations were carried out with the 15m James Clerk
& Combes 1988; Berkhuijsen et al. 1993; WilsbrRudolph  paxwell Telescope (JCMT) on Mauna Kea (Hawdli) The
1993; Loinard et al. 1996b). Most appear to be giant molectp, _3 p, [CI] transition at = 492.161 GHz was observed to-
lar cloud complexes similar to those in the disk of the Milkyyards D 478 for a total integration time of 100 minutes (on+off)
Way (Vogel et al 1987; Lada et al. 1988; WilsénRudolph on November 29, 1996. At the observing frequency the resolu-
1993). However, Blitz (1985) noted velocity widths systematijon was 10.2 (HPBW) compared to a pointing accuracy better
cally higher than expected on the basis of the observedintegratgsh 2’ r.m.s. Weather conditions were excellent, resulting in
line intensities. He proposed that the observed CO emission-is

from both GMC’s and small clouds, and dominated by the con—l The James Clerk Maxwell Telescope is operated by The Joint As-

tribution from the latter. Maps of a northeastern spiral arm gpnomy Centre on behalf of the Particle Physics and Astronomy Re-
search Council of the United Kingdom, the Netherlands Organisation
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0.06 R 1.35 higher and in area it is a factor of 1.18 greater. We there-
I D478-[Cl] 1 fore feel confident in comparing the [CIFCO J=2-1 ratios
resulting from our Table 1 to the CO ratios implicit in Allen
et al. (1995 — their Table 1). It then follows that the [CI] 492
GHz line is similar in strength to thé*CO J=1-0 line, and
considerably stronger than tHéCO J=2-1 line. Specifically,

| wefind [CI[/**CO(2-1) = 2.0+ 0.5. This is similar to the ratios
0.02 - - 0.8-1.7 found at various translucent regions in the dark Galac-
= { tic cloud L 183 (Stark et al. 1996), somewhat higher than the

Lﬂ 1 corresponding range 0.9 — 1.3 found in the Galactic dark cloud
L nl il
4

0.04 — —

TMC-1 (Schilke et al. 1995) and rather higher than the ratio of
0.8 characterizing the Orion Bar region (Tauber et al. 1995). For
k this reason, we decided to also include translucent conditions,
characterized by low CO and C column densities, in our analy-
sis in addition to two-component models of the type considered

s R | by Allen et al. (1995), or the extremely low temperature model
. | by Loinard& Allen (1998).
-0.04 ! ‘ L \ .
—150 100 50 3.2. Model calculations
Velocity (km/s) Our approach is the following. We first use radiative trans-

Fig. 1. [CI] spectrum observed towards D 478 in M 31. The verticd®" Models to explore the parameter space allowed by the ob-
scale isT = 0.53T., in K; the horizontal scale is velocityisg in served line ratios. We then use the [CI] observations and chem-

kms~!L. ical model results (van Dishoedk Black 1988; see also van
Dishoeck 1998) to further constrain the parameters thus found.
Table 1.[Cl] and CO in D 478

— 3.2.1. Radiative transfer modellin
Transition Tt AV [ TrpdV/ Vhel g

(mK) kms™'  Kkms™' kms™' |n order to constrain the range of possible cloud parameters
3p, 3P, [Cl] 85+12 15+25 1.32£0.18 -85.1 con;i;tent Wit.h. the observed. line ratios, we have performed
statistical equilibrium calculations to determine the population
distribution over the ground triplet levels of [CI] and the lower
1200 and 3CO rotational levels, using an escape probabil-
ity method for the radiative transfer (cf. Jansen 1995; Jansen
et al. 1994). These calculations include collisional excitation

an overall system temperature including skylgf, = 1365 K. and de-excitation as well as spontaneous and stimulated radia-

For a backend, we used the DAS digital autocorrelator syst&¥f transfer. The equations have been solved to find the level
in a band of 250 MHz. The resulting spectrum was binned td°gPulations for a fange of (igrbon and carbon monoxide col-
velocity resolution of 4.6km s~!. At this velocity resolution, Umn densitiesV( “CO), N(7*CO) and N(C), kinetic tem-
the r.m.s. noise is about 14 mK Tt . We applied a linear base-Peratureslii, and Hy volume densities:( Hy). We included

line correction only and scaled the spectrum to a main-be&nfoSmic background radiation field of 2.75 K. and an incident
brightness temperatur&,,y, = T /nup USING7w, = 0.53. Line radiation fieldlyy = 0.5 (Iyy corresponding tdyggp = 4.5 x

parameters were determined by gaussian fitting; the results 10" photons s* Cmfz)-. _ . _
given in Table 1. The spectrum is shown in Fig. 1. As we have four independent CO line ratios, single-
component CO models are, in principle, fully constrained by the

four adjustable parameters. In practice, relatively large obser-

3. Results and analysis vational uncertainties allow only fitting of three parameters as a

. function of the fourth, for which we have chosgg, =6, 10 and
3.1 [CICO ratio 14 K. Neutral carbon column densities are adjusted to yield, at
The 10 [CI] profile in Fig. 1 is very similar to those of?CO  the relevant kinetic temperature, the observed [E/O (2-1)
J=2-1 andJ=3-2 at 15 (Loinard & Allen 1998), suggesting ratio of 0.24. By combining these with the model calculations
similar spatial distributions of CO and C. The effect of res@f van Dishoeck& Black (1988), we then estimate the gas-
lution may be estimated by comparing th&CO J=2-1 at a phase carbon fractioNc/Ny = (N(CO) + N(C)) /(2N (Ho
full resolution of 13 (kindly supplied by J. Lequeux, see Table- N(HI)). From Bajaja& Shane (1982) and Brink& Shane
1) with the 12CO result convolved to 23given by Allen et (1984) we find a neutral hydrogen column densiyH ) =
al. (1995). In amplitude, the full resolution profile is a factot.8 x 10?° cm~2 at the position of D 478.

12C0 J=2-1* 310 19.5 6.44-0.15 -85.2

Notes: a. Values in a 13beam (J. Lequeux, private communication)
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Table 2. Model parameters and line ratios in D 478

Single-Component Models Two-Component Models Observed
Tin Ky 6 10 14 6,6 6,10  10/10 10/14
Weight — — — 1/2,1 1,1 16,1 1/4,1
n(H>) (cm™) 5000 1500 750 3000, 100
N(¥COo)dv (10" cm™2/kms™") 4 7 8 20,2 20,2 60,6 52,5
N(*2CcOo)/dv (10**ecm™2/kms™') 0.8 1.3 1.7 72,7.2
NV (10"°cm™2/kms™") 6 25 2 120,160 30,105 15,80 5,70
12C0 (2-1)/(1-0) 0.46 0.46 0.46 0.40 0.46 0.45  0.480.42+0.08
12C0 (3-2)/(2-1) 012 021 0.26 0.32 0.30 0.28  0.32 0.33+0.1¢
13C0 (2-1)/(1-0) 0.40 0.40 0.40 0.34 0.35 0.48  0.500.45+0.15"
12c0/13CO (1-0) 74 7.8 7.8 7.4 7.4 8.5 8.7 8.8+18
12Cc0/13C0 (2-1) 85 87 9.1 8.4 9.7 7.5 85 84+1.7
CI/*2CO (2-1) 0.24 0.2440.05°

Notes: a. Derived from Allen et al. (1995); b. Derived from Loin&rd\llen (1998); c. This Paper.

Parameters thus determined for single-component modeteduced (i.e. characterized by a higher ratio of [CI] intensity
are shown in Table 2, together with corresponding model lin@ carbon column density) than that from the tenuous compo-
ratios. Although these models generally yield greater diffenent. By taking the maximum permissible contribution from the
ences between th&CO (2-1)/(1-0) and (3-2)/(2-1) ratios thandense component, and ascribing the remainder to the tenuous
observed, the 14 K model fits the observations within the errocemponent, we have minimized overall neutral carbon column
The 10 K model is barely consistent and the 6 K model fails tensities required, and thus maximized permitted total hydro-
reproduce the observed ratios, predicting too low@0O J =3— gen column densities. Although other combinations of input
2 strength. Loinard: Allen (1998) have argued that tHECO  parameters are possible, the range of admissible parameters is
structure of D 478 can be explained by a large, dense and vegyertheless limited by the observations. For instance, changes
smooth cloud in LTE at even lower temperatures close to thatiofthe assumedl, densities and>CO column densities, im-
the cosmic background. Although itis possible to reproduce threediately require adjustment of the relative weights of the two
12C0 line ratios in this manner, the observetCO (2-1)/(1-0) components in order to reproduce the same line ratios which
ratio of about 0.5 is only obtained at higACO optical depths tends to minimize the effect of these changes on the parameter
requiring 12CO/ 13CO ratios of order unity, which is clearly not ratios as well.
the case. Alternatively, the observétCO/ 13CO ratios can be In Table 2, we present four such cases, for temperatures

reproduced with lower3CO op;ical depths satisfying one Ofvarying from 6 to 14 K. As an example, the 6/6 K case cor-
the two ob_sen/edQCO_/ 19CO ratios, but the'*CO (2-1)/(1-0) responds closest to the example given by Allen et al. (1995),
ratio then is only a third of the actually observed value. with the surface filling factor of the low-density component
For such reasons, Allen et al. (1995) concluded to the nesce that of the high-density component. For this case, we ob-
cessity of a model incorporating at least two components. tin a reasonable fit for & CO/ 3CO column-density ratio of
their analysis, they modelled the CO emission from D 478 wiB60. If, instead, we require the column density ratio to be 90,
two different density/temperature components, and showed th&tO optical depths increase significantly and we obtain for
the observed line ratios are, for instance, reproduced by a ctild same relative filling factors #CO/ *CO temperaturga-
low-density gasTk ~=4K,niz =100cm~—3,dV =5 kms~!) tio of less than 4, inconsistent with the observed values. This
and a high-density gag{ = 7 K, ng = 3000 cm 2, dV = 10 may be repaired by increasing the relative filling factors to 1:6
kms~!), both with a low surface-filling factor. or higher, but then thé2CO J=2-1//=1-0 and especially the

We have also calculated two-component models. As thefg3—2#/=2-1 ratios drop to unacceptably low values of 0.32
are eleven adjustable parameters (six column densities, two & 019 respectively.
sities, two temperatures and the relative contributions of the two As Table 2 shows, increasing the temperature generally
components to the total emission), no unique solution can be téads to lower2CO/3CO ratios, lower ratios of neutral
tained. We have chosen to model the sdisalensities as given carbon to CO column density and a lower required contribu-
in the example by Allen et al. (1995) and simil&CO column tion of the dense component. The dense component has low
densities, and calculate the remaining parameters as a functiofC') /N (CO) ratios characteristic of Giant Molecular Cloud
of temperature. Furthermore, we require the column density cdmplexes in the Milky Way (0.1-0.2: Keene et al. 1985),
tio of the tenuous and the dense components to be the samevloereas the tenuous component exhibits ratios similar to those
13CO and for 12CO. Over the range of applicable parametergound in Galactic translucent and dark clouds (0.3-3: Stark
the [CI] emission from the dense component is more efficienthan Dishoeck 1994; Stark et al. 1996).
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If we increase the temperature of the dense component o¥emay be up by one or even two orders of magnitude (Israel
that of the tenuous component, tHéCO column densities 1997).
change only by a small amount, the implied C column densities Oxygen abundances in Hll regions and supernova remnants
decrease and the relative contribution of the tenuous comporiarthe disk of M 31, studied by Blair et al. (1982), indicate the
also decreases. The predicted line ratios, although somewhatsence of a gradient, whose extrapolation inwards yields an
different, are consistent with the observed ratios. Thus, fronj@]/[H] abundance of about 1.3 10~3 at the galactocentric
radiative-transfer point of view, the temperature of D 478 is nedidius of D 478. Data summarized by Garnett et al. (1995) and
strongly constrained in a two-component model, although w@bulnicky & Skillman (1998) suggest that at such high oxygen
note that the higher temperature (10/10 K and 10/14 K) modelsundances, the ratio of carbon to oxygen abundances is given
give slightly better fits to the observed line ratios. In the modhy log [C]/[O]=—0.2 4 0.3 so that [C]/[H] =8(+8, —4) x 10~*.
els in Table 2, the [CI] emission is optically thick at 6 K, and'his result has a large uncertainty, however, because no direct
optically thin at 14 K. In all cases, the expected strength of tiundance measurements exist witRirr 5 kpc, because the
809 GHz line is (much) less than 10 per cent of that of the 48231 disk data exhibit a relatively large scatter, and because the
GHz line. As neutral carbon radiates ineffectively at tempereelation between [0]/[H] and [C]/[O] abundances is not well-
tures below 10 K, the observed [CI] intensity rapidly requiresstablished at such high [O]/[H] abundances. In addition, a sig-
very large C column densities and high{C') /N (CO) ratios if nificant fraction of all carbon in quiescent dark clouds such as
lower temperatures are assumed. This again rules out satisfad78 is expected to be depleted onto dust grains, leaving actual

tory solutions at very low temperatures. gas-phase carbon abundances substantially lower, by factors of
orderdc =~ 0.4. This would lead us to expect total column den-
4. Discussion sity ratiosNg /Ny ~ 3 x 1074,

Moreover, an inward extrapolation from the disk may not
be representative of conditions in D 478. The velocity of D 478
We have used the chemical models by van Dishded&lack is anomalously low for its projected distance to the nucleus. In
(1988) assuming an incident radiation fidigy; ~ 0.5, corre- position-velocity maps presented by BrinksShane (1984),
sponding tol1pgp = 2.25x 10~2 photons s! cm~2. Is this a one of which is reproduced by Loinard et al. (1995), it coin-
realistic value? No measurements)at 100 nm exist for M cides with a loop-like HI structure. This structure exhibits a
31, but we may estimate the valuelefy at the location D 478 north-south symmetry with respect to the center, but is most
by using data obtained at 155 nm (Carruthers et al. 1978; \Wtonounced north of the center. It appears to represent rapidly
et al. 1980; Israel et al. 1986). After a correctionfofB — V')  rotating gas in the inner part of M 31, moving in inclined el-
= 0.11 for Galactic foreground extinction only, we find fronliptical orbits in a weak bar-like potential (cf. Stafk Binney
these data an irradiation of D 478 by abdufso = 2.5x 1078 1994). D 478 is located close to the northern tangential point of
photons s! cm~2. A similar result was obtained independentlyhis rotating structure. It is conceivable that this is the signature
by Koper (1993). About 6% of this originates in the relatively of a merging event in which a small late-type galaxy fell into
nearby M 31 bulge, while about %0is contributed by the more the large spiral M 31. Such a notion is supported by the pres-
distant star-forming ring. A somewhat uncertain extrapolati@nce of a double nucleus in M 31 (cf. Lauer et al. 1993). In that
of the 155 nm fluxes ta. = 100 nm then suggests irradiatiorcase, the metallicity of the inner gas clouds may be substantially
by Iyv ~ 0.3-0.4, i.e close to the assumed value. A substdawer than expected from extrapolation of the disk gradient. If
tially lower value oflyyv ~ 0.1 would change our conclusionghe metallicity is comparable to that of the outer disk of M 31
only slightly: it would require lowert, column densities, and we have [O)/[H] = 4x 10~* and again following Garnett et al.
somewhat higher carbon abundances. In the absence of nf{@895) we find a low total carbon abundance [C]/[H] = k5
surements, we have neglected the possible presence of ioni@d'. Taking into account depletion, this case would lead us to
carbon (). If Ct is present in any significant amount, it wouldexpectNe /Ny &~ 0.7 x 1074,
raise the total carbon columNg and lower the fraction of all
carborl contained in CO. .I.n turn, this Would. tepqmwerthe 4.2 Conditions in D 478
resulting H, column densities, and lead to significantly higher
carbon abundances. In Table 3, we have used the ratio of the observed to model

The models would be better constrained if we had an indae intensities to calculateeam-averagedolumn densities of
pendent way of estimating total hydrogen or molecular hydroarbon monoxide and neutral carbon, as well as those of total
gen column densities. This would be the case if, for instanaarbon (C + CO), total hydrogen, and molecular hydrogen. We
the CO intensity toH, column density conversion factéf or have used the total hydrogen column densities, multiplied by
the carbon abundance in the center of M 31 were known. Unfdr35 to take into account a contribution by helium, to calculate
tunately, neither is well-determined. In the disk of our Galaxihe projected mass densityfidA (corrected by coswith i
a conversion factor ak =2 x 10°° mol em~2 (Kkms~!)~! = 77°) and we also determined the COH, conversion fac-
(Strong& Mattox 1996) applies, within a factor of two. How-tor X. As shown in the preceding section, we have, if anything,
ever, in the central part of the GalaXyis a factor of 3—10 lower overestimated hydrogen column densities (and masses), and un-
(Sodroski et al. 1995), whereas in low-metallicity environmentierestimated carbon abundances. In addition, we have estimated

4.1. The environment of D 478
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Table 3.Beam-averaged parameters for D 478

Units Single-Component Models Two-Component Models
Tiin (K) 6 10 14 6,6 6,10 10,10 10,14
N(*2C0) (10*® cm—2) 5 4 4 160 135 50 45
N(C) (10*® cm™—2) 26 6 4 130 35 25 15
N(C)/N(CO) 5 15 1 08 03 0.5 0.3
Nc (10*® cm—?) 31 10 8 290 170 75 60
Ny (10*' cm™?) 16 17 1.2 35 4 2 2
Nc/Nu (107*) 2 06 0.7 8 45 35 3
N(H») (10*! cm™?) 07 07 0.5 1.7 138 1.0 0.9
f(Hz) (dense) 0.22 0.11 0.10 0.27 027 0.06 0.06
f(Hz) (tenuous) — — — 054 0.27 0.33 0.24
N(*2CO)/N(Hz) (107%) 0.7 05 0.8 95 75 5 5
dM/dA (Mg pc2) 4 4 3 9 9 5 5
X (10*° em™2(Kkms™*)7') 05 05 0.3 1.1 12 0.7 0.6

surface filling factorg ( Hz) by dividing the observed velocity- column densities and projected gas mass densities, but the large
integrated line intensities by the model intensities, and assumirgutral carbon column densities required by the observed line
that the surfaces covered by CO andliy are identical. strength at the assumed temperaturé & would then imply

First we consider the single-density models. The physicl(C)/N (CO) ratios much larger than allowed at such column
equivalent of these models is that of high-density filamentaggnsities.
clouds rather uniformly but incompletely filling a large surface
area. We have already ruled out the modelfipr 6 K, because  With increasing temperature, the CO and [CI] column den-
it does not reproduce the observEdO J=3-2 intensity. Both sities required by the observed line emission become more mod-
the 10 K and 14 K models fit the observed intensities althougBt. Because the carbon/hydrogen column density ratio also

the predicted'>CO J=3-2 intensity is low compared to thedrops, total hydrogen and molecular hydrogen column densi-
observed value (Table 2), rendering the 10 K model in partiges change relatively little. At these temperatu®s,/Ny; ~
ular somewhat marginal. However, single-component modals 10—*, which corresponds to a total carbon abundance [C]/[H]
are consistent only with low [C]/[H] ratios. They are ruled out: 1 x 10~2 if 6 = 0.4. This is about 2.5 times the value as-
if we accept the extrapolated high carbon abundances, but wogtithed to the Solar Neighbourhood, and close to the value ex-
be just consistent with an anomalously low metallicity as dipected from the extrapolation of M 31 disk abundances. The
cussed above. The single-density models furthermore requii® intensity toH, column density value for these models is
rather low 2CO/ '3CO abundance ratios of about 20. This iselatively well-determined wittk = 0.9+0.3 x 1029 mol cm2
not out of the question, because in cold diffuse and transluceém km s~!)~*, or about half of the Solar Neighbourhood value.
clouds, such as described by the single-density models in Tablejected mass densities are in the range of 590 2. Sur-
2, ion-molecule exchange reactions may favour the formatigite filling factors for the emission within the beam are given in
of *CO at the expense of>CO for temperature§i. < 36K Table 3 for both the high-density and the low-density compo-
although '*CO remains more susceptible to photodissociatiafents; the ratio of the two is for each model, of course, equal to
than '2CO. Surface filling factors are between 0.2 and 0.1, thie ratio of the weights given in Table 2. Again, the lower tem-
lower values pertaining to the higher temperatures. The refgrature models have the largest filling factors. The two models
tively low H, column densities imply projected mass densitiegith dense gas temperatures of 10 K yield surface filling factors
of only about 4 M, pc™? (Table 3), andX values about five of 6% for the dense gas and about3fbr the tenuous gas. These
times lower than those in the Solar Neighbourhood. We copalues appear to be consistent with the small fractiofi{1éf
clude that for D 478 single-component models at temperatutae single-dish CO flux recovered in the interferometric map
Tiin > 10 K on the one hand cannot be ruled out, but on thg Loinard& Allen (1998). The modelH, column densities
divided by the inputH, densities provides a measure for the
The two-density models provide better fits to the observiine-of-sight depth z through the clouds in the emitting surface
tions; like the single-component models they have aveitdge fraction. For the two-component models in Table 3, we find 0.3
column densities below the star formation treshold in keepipg < z; < 0.7 pc and 4.5 p z; < 7.5 pc. The subscripts

other hand do not appear to be very convincing.

with the quiescent appearance of D 478. The 6/6 K model r¢andt refer to the dense and the tenuous components respec-
quires a relatively largé& /Ny ratio of eight, implying a total tively, and the larger depths occur at the higher temperatures.
carbon abundance [C]/[H} 2 x 10~3 which seems rather high. Both the surface filling factors and the subcloud depths suggest
More reasonable carbon abundances would imply higlier thatthe structure of D 478 is highly fragmented and filamentary.
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The models discussed do not fully constrain the physicE979) in addition to any systematic velocity shifts and the veloc-
conditions applying to D 478. Various other combinations affy widths of the individual clouds. Applying the virial equation
parameters could be used as input. Multi-density models te-such a collection of clouds will lead to a potentially large
corporating temperature gradients might be better represemeerestimate of the actual mass.
tions of the actual structure of D 478, and could easily be made
to satisfy the observations. For instance, adding a contributi@nconclusions
of material at intermediate densities and temperatures to the o
two-component models in Table 2 within the limits imposed- We have detected the 492 GHz emission line from the
by observed line ratios would indeed change the detailed set *P1 —° Po [C1] transition towards the dark cloud D 478 in
of physical parameters, but would not substantially change the M 31. The [Cl] line strength is comparable to that'§iCO
overall result. We conclude that the observations of D 478, and /=1-0 and about twice as strong as that of theO /=2~
in particular the relatively strong [CI] emission appear to rule 1 transition. This is similar to the intensity ratios found in
out the presence of very large amounts of molecular gas at very Galactic dark and translucent clouds.
low temperatures in this complex. At the very least, our mode We have used>CO and "CO intensities from the liter-
show that there is no compelling need to assume such a state ofiture together with the newly determined [CI] intensity to
affairs. The interferometric results obtained by Loin&rdllen model conditions in the D 478 cloud complex. We have
(1998) indicate a relatively small contribution by dense, com- considered both single-density filamentary clouds and two-
pact material. This suggests that the 10/10 K and 10/14 K models density core/envelope clouds. In particular, inhomogeneous
with their small surface-filling fraction of the dense component (two-component) models produce good fits to the observa-
are a better representation than the lower-temperature models. tions. Dense cor&/ (C') /N (CO) ratios are found to be sim-

Most likely, D 478 is rather similar to dark cloud complexes lar to those of Giant Molecular Clouds in the Milky Way,
in our own Galaxy, at the higher metallicity consistent with its Whereas the ratios derived for the extended more tenous gas
central location in M 31. It has a modest projected mass density &€ similar to those found in Galactic dark and translucent
and a relatively lowX -factor, both of which are consistentwith _ ¢louds. o .
this conclusion. A comparison with the Galactic Taurus-Aurigd: D 478 appears to be similar to Galactic dark cloud com-
dark cloud complex at a distance of 140 pc is illustrative. We Pl€xes, such as the Taurus-Auriga dark cloud complex. Most
have already noted similar [CI)CO (2-1) ratios (Schilke et I|Kely, it is charact'erlzed by a hlgher metallicity cpn5|stent
al. 1995). Likewise, the Taurd8CO (2—1)/(1-0) ratio of 0.53 with an e_xtrapolatlon of M 31 d_|sk abundance_s to its central
(Sakamoto et al. 1997) is close to that of D 478. More in detall, location in the galaxy. Its kinetic temperature |s_of the order
an area 30 (80 pc) across was mapped in CO by Ungerechts ©f 10 K. There appears to be no need to assign very low
& Thaddeus (1987). Ignoring the more distant and unrelated t€mperatures and very highi; mass densities to the D 478
clouds, we find that the mean integrated line intensity of the COMPlex; our results do not support the virial mass surface
complex is 4.5K km s~ with individual clouds having inten- ~ densities of D 478 0#100 My pc* suggested by Loinard
sities between 3 and 18 kms~'. The surface filling factor of & Allen (1998). - _ _
the complexis 0.3, and its appearance is indeed very fragmentbgActual cloud mass densities projected onto the M 31 mid-
and clumpy. The complex has a mean mass-dengifjddt = 7 plang are of th.e order of 5-104vpc 2. The CO toH, con-

M, pc—2. Both the observed line ratios and the derived quanti- Versionfactoris' =0.940.3x 1077 cm™2 (Kkms™1) 71,

ties thus suggest that D 478 is similar to a larger version of the @bout half the value in the Solar Neighbourhood.
Taurus-Auriga dark cloud complex. 5. The D 478 complex may not be a single entity, but instead

Assuming an overall cloud size of {Allen & Lequeux may consist of various clouds at different locations projected

1993) and including a contribution by helium, the gas mass of onto the same line-of-sight towards the tangential direction
D 478 is of the order of & 10° M. This is an order of mag- of a rapidly rotating structure characterized by noncircular
nitude lower than the virial mass deduced by Allerequeux velocities.

(1993) and Loinardk Allen (1998). However, it is doubtful Acknowledgementswe are indebted to Ewine van Dishoeck and
whether molecular cloud complexes are virialized at all. Mor®avid Jansen from the Leiden astrochemistry group for letting us use
over, the shape of the line profiles of D 478 suggests the préwir statistical equilibrium calculation models and benefitted from dis-
ence of at least two distinct components. Its location near téissions with Ewine van Dishoeck. We also thank James Lequeux for
tangential point of a rapidly rotating structure with noncirculdﬂndg/ providing us with the unpublished full-resolution parameters of
motions suggests that various individual clouds, separatedth§ ~CO J=2-1 profile of D 478. Critical remarks on an earlier draft
significant distances, may be seen with very similar velocitiQ¥ Ron Allen and Laurent Loinard led to a substantial improvement in
in the same line of sight; the appearance of the HI distribution%e paper.

the position-velocity maps published by BrinksShane (1984)
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