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I. TINTRODUCTION

The interaction between the molecular component of a star-forming
cloud and the dust component is one of the most important in
astrophysics. The gas temperature is important in determining the mass
of stars yet to form, the smali-scale thermal motions of the clouds, and
some molecular reactions. The dust plays the role of regulator in the
energy flow from a new star to the surrounding gas. If the molecules
and grains are collisionally coupled, both can be easily heated by the
Tfuminous objects forming within the cloud.

The theoretical understanding of these processes is reasonably
advanced. Consequently, it is important to obtain suitable detailed
observations of the dust for direct comparison with, primarily, radio
molecular and continuum data. Broad-band far-infrared photometry and
mapping is the most effective method for studying the temperature and
mass structure of grains in the star-forming clouds. For this reason we
have been carrying out a series of infrared/radio observations of a
collection of young objects in order to effectively study the role of
dust in molecular clouds. This study has included dark clouds (Lada et
al. 1981), remnant material surrounding young stars {Smith et al. 1982),
the final disruption of clouds surrounding very energetic stars
(Thronson et al. 1982), and the effects of winds on molecular clouds
(Schwartz et al. 1983). In this paper we report on a fourth type of
object: an extensive infrared/molecular cloud still surrounding a
moderately-luminous star. The object 1is S5201. It was chosen because
the density 1is low enough so that not all the stellar radiation is
absorbed close to the star, yat is high enough to allow some thermal

coupling between the dust and gas. The infrared emission should



ABSTRACT

A number of theoretical predictions about dust and gas in
star-forming regions are tested by observing a 4' region surrounding the
radio continuum source in S5201. The object was mapped in two
far-infrared wavelengths and was found to show significant extended
emission. Under the assumption that the molecular gas is heated solely
via thermal coupling with the dust, the volume density was mapped in
S201. The ratio of infrared optical depth to CO column density was
calculated for a number of positions in the source. Near the center of
the cloud our values are found to be in yood agreement with other
determinations for Jlower column density regions. In addition, our
observatibns suggest significant molecular destruction in the outer
parts of the object. Current models of gas heating were used to
calculate a strong limit for the radius of the far-infrared-emitting
grains, a < 0.15 um. In addition, we argue that grains of about this
size are required by the observation of high-temperature (T >20 K) gas

T many sources.



therefore be extensive, which allows a direct comparison between the
dust and the gas emission over a fairly wide area of sky and presumably
over a wide range of physical conditions.

S201 dis also in one of the most interesting parts of the sky. It
is apparently the easternmost member of the string of H II regions
dominated by the giants W3, w4; and W5. S201 has been mapped at high
angular resolution in the radio continuum by Felli and Hjellming (1982,
in preparation) and in the J = 1-+0 line of 12C0 and 13CO (Martin and
Barrett 1978). The source AFGL 416 is centered on the optical nebula,
and Kleinmann et al. (1979) found a small-scale local maximum at the
position of the radio continuum peak within the extended 10.6 um
emission. At Tower resolution the region was mapped in CO by Lada et al
(1978), in the radio continuum by Yall@e, Hughes, and Viner (1979), and
in the mid-infrared by Thronson and Price (1982). In all cases S201
appears as a distinct, often quite bright, object. Visually the objact

appears about to break up — or break through — surrounding neutral

material.



I1. OBSERVATIONS AND REDUCTIONS
a) The Far-infrared

The extended far-infrared emission from S201 was observed during
January, 1981 using the 0.9 m telescope onboard NASA's Kuiper Airborne
Observatory. Two detector systems were used. One was a mu]ti-filtef
7-channel array, each channel having an angular resolution of 49". This
system was used to map tha extended emission around the source and to
obtain mu]ti-fifter observations at a number of positions. The second
system was a long wavelength, single-channel detector with an angular
resolution of 128". Both systems used 1iquid-He-cooled bolometers as
the detecting element and broad-band filters to define passbands. An
east-west chopper throw of 5.7 was used for all observations.

A square approximately 4' on a side (equivalent to 2.7 pc at a
distance to S201 of 2.3 kpc [Georgelin and Georgelin 1976]) was mapped
in primarily two passbands using the 7-channel system. One filter had
half-power points of 45 and 80 u m and the other was a long-wavelength
pass filter that had its 50% cut-on at 85 um and an effective
wavelength of about 118 um. The waps obtained with these filters are
shown 1in Fig. 1. Most of the area shown in the figures was mapped at
one-half or one beamwidth resolution. In addition to these maps, the
flux at the peak position was measured in a number of filters and the
result is presented in Fig. 2. Observed and derived parameters are
presented in Table I.

The use of broad filters is effective in allowing low brightness
areas to be mapped rapidly. However, converting the measured flux into
flux density — a more useful quantity — 1is not completely
straightforward. We have used a standard iterative procedure in which

an educated guess is used to find an intrinsic source spectrum. This is



convolved with the filter/detector responses, compared with the observed
fluxes, and followed by changes to the original choice of source
spectrum. This method allows a determination of effective wavelength
for each filter, along with the flux density. The calibration for these
observations used Saturn, following Loewenstein et al. (private
communication). -

As with many ga1actic'far—infrared sources, the derived peak
spectrum had a shape much Tike VB, (T): optically-thin emission from an
isothermal blackbody multipiied by an absorption efficiency that varies
as Q«v. The agreement between it and the actual observations presented
here is due partly to the fact that "optically-thin" and "iso-thermal"
are often good first approximations to an actual infrared source (e.q.,
Leung 1976; Scoville and Kwan 1976; Rowan-Robinson 1980), particularly
at longer wavelengths. Except for the peak and six points immediately
surrounding it, fluxes in only two filters were obtained for positions
in the maps (Fig. 1). To estimate dust temperatures for these latter
points, we assumed the functional form \)Bv (T), and took T as the dust
temperatures, Td. Fig. 2 shows how well this function fits to at least
one position (the peak), where more than two spectral points are
available. The internal uncertainties in the flux determinations
typically lead to + 2 K uncertainties in Td. We believe the total lo
uncertainty in temperature to be * 5 K, due primarily to adopting a
simple, single analytic function.

As will be discussed in the following section, it was found that
there were only relatively small variations in Td through the source.
This is expacted behavior for the dust, whose temperature depends very

weakly upon all the parameters of significance. As a result, the
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spectral shape in the far-infrared changed very little with position,
and therefore the calculated mean wavelength for any of the broadbhand
filters was approximately the same at all positions. At no point were
there variations greater than 10% from the values shown in the legend to
Fig. 1.

With a dust temperature found, the far-infrared emission optical
depth was estimated via Fv = T Bv(Td)Q , where T is the optical depth
and © is the beam solid angle. The 85um - « filter (with a nominal
effective wavelength of 118 1m) was used to find 1. The uncertainty of

+ 5 K estimated in Td translated to about a * 50% change in T The

118"
optical depths are presented in Fig. 3.

From the spectrum the total luminosity of the object can be
estimated. Integrating under the curve in Fig. 2 wa find L = 1.3 % 0.3
X 104 L, (40-250um) at the peak in a 49" beam. The uncertainty is our
astimate for the range of spectra allowed by our pgoints. For the area
mapped in Fig. 1, L = 5.7 +# 1.3 x 104 LG at 2.3 kpc over the same
wavelength range. This is close to tha luminosity of an 09 ZAMS staf,
the same conclusion as that reached by calculating the type of star
required to ionize the H II region observed at radio continuum
wavelengths (Vallee, Hughes, and Viner 1979). This calculation of the
far-infrared Tuminosity may be an underestimate of the total Tuminosity
of the source, but probably not by a large factor. Large-beam
mid-infrared observations of the region (Thronson and Price 1982) find
emission at 11 and 20 um of only a few tens of Janskys. Although there
are not yet any large-scale far-infrared maps of the region, Fig. 1

shows a clean fall-off in all directions from the peak so there is

unlikely to be significant emission beyond that which we have mapped.
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b) The Mid-infrared

The probable location of the exciting star(s) in the source was
searched at 10 um. Approximately a 1' x 1' box centered on the
K1einmann et al. (1979) mid-infrared position was mapped using the
Wyoming Infrared Observatory (WIRO) 2.3 m telescope. A 6?6 aperture
with a 30" north-south throw wés used to find a 1imit any point-1ike
source in this area to Tess than about 1 Jy. The Kleinmann et al.
position for the 10 um source that they found was virtually the same as
the location of peak radio continuum flux found by Felli and Hjellming
(1982, 1in preparation). We therefore centered our beam at this position
and obtained the flux densities presented in Table I. The system and
filter parameters, and the absolute calibration are the same as in
Gehrz, Hackwell, and Jones (1974). The quoted uncertainties are internal
only; the systematic uncertainties are probably * 10%. At the same
position, Kleinmann et al. found F = 10 Jy at 10.6 um in a 15" beam.
Comparison with our result supports our assumption that the Tocation we
observed was that of the exciting star(s) and that it was the peak of an
extended distribution of low-surface-brightness mid-infrared emission.

As will be described in § IIlc, the source probably has only a
modest amount of dust extinction associated with it: perhaps Av N9
mags at the location of the radio continuum source. The exciting star
should therefore suffer very 1ittle extinction at 2.3 pm. However this
wavelength can show sowme thermal emission due to hot dust. At the
distance of 2.3 kpc, an unextinguished 09 ZA41S star should have mZ.3 =
14 mags. This is about an order of magnitude fainter than the wvalue in
Table I, althougn of course there is a large uncertainty quoted for our
short wavelength data. The 10 um and 19.5 wum flux densities must be

excess amission due to hot dust surrounding the star.



III. DISCUSSION AND ANALYSIS
a) General Source Description

S$201 itself is, of course, the visual component to the source.
Photographs of the giant W5 H II region show S201 clearly (e.qg. Lada et
al. 1978; Vallee, Hughes, and Viner 1979; Thronson and Price 19382). It
is a bright but broken emission nebula, about 4!5 across, embedded
within an extensive mo]ecu{ar cloud that also encloses at least the
eastern part of W5, about 12' to the the west (Thronson and Lada 1983,
in preparation). The radio continuum emission peaks near the center of
the visible object. The far-infrared maximum appears coincident with
the radio continuum peak.

Figure 1 shows a region of extended infrared emission with a
| half-power width not much larger than our beam size, if that nuch.
However, as is often the case, the lower contours are much more
extended. From the Timited number of points in the maps, it appears
that the infrared emission is rather elongated in the east-west
direction, with a local maximum about 2' west of the main peak. The
east-west extent is probably greater than that north-south, similar to
the maps of 115 GHz CO emission (Martin and Barret 1978). The
far-infrared emission drops rapidly about 1%' east of the peak. We
believe this to be largely real. However, at this position the infrared
reference beam was close to a CO hotspot, and some contamination from
associated dust emission may have occurred. It is worth noting that
although S201 itself, and the infrared source we ara observing, lie at a
CO column density maximum, the peak molecular temperature is actually
almost 4' further west. Our observations did not extend fully to this

point, and it would be a useful position for future investigations.



13C0

This east-west elongation becomes even more pronounced in the
column density (Martin and Barrett) and the far-infrared 2mission
optical depth (Fig. 3). The association between these two parameters 1is
the subject of §IlIlc.

[t is not surprising that the total Tuminosity of the exciting
star(s) as determined from radib continuum observations agrees with that
from the infrared data. Only a few magnitudes of dust obscuration is
sufficient to absorb virtually all the stellar and nebular uv photons,
converting them into the infrared. In the case of S201, the infrared
emission is quite extended, suggesting that while the dust is effective
m photon absorption, the absorption is in a rather diffuse medium.
There would therefore be little dust absorption within the H II region.
This lack of competition for Lyman continuum photons between the gas and
grains explains why the radio continuum observations should give a good
estimate of the luminosity of the exciting stars.

b) Temperature Distribution

Dust temperature variations are quite gentle throughout the area
mapped, nowhere varying more than 30% of the maximum. Within the
uncertainties, Td drops off uniformly from 42 K at the peak. Two
arcminutes away (excepting to the east), we calculate Td= 36 - 38 K, and
at three arcminutes we find Td = 30 - 35 K.

The CO temperatures reported by Martin and Barrett generally show a
somewhat similar behavior, but not without interesting exceptions. For
the region mapped in the far-infrared, the peak gas and dust
temperatures are coincident, with Td X 2Tg. However, only 1 arcminute
north, the gas temperature has dropped to where Td N4 Tg, with Td Y5

Tg two arcminutes north of the maximum., South of the source is rather

w



similar. The west side is quite different: the gas temperature falls
very little away from the peak.

If the gas and dust are thermally coupled, the relative variations
of Td and Tg find a natural explanation in a changing volume density.
This is discussed more fully in § IIld.

c) The Co]umﬁ‘Density of Dust and Gas

The emission optical depth of dust at 118 wm, Ti1g> Was mapped in
S201, and the results are presented in Fig. 3. It shows a sharp peak at
the position of strongest far-infrared and the radio continuum emission,
and the probable location of the exciting star(s). Such a coincidence
1s common, although not always the case, in objects like S201.

The optical depth appears to form an east-west ridge in Fig. 3,

with T falling fairly sharply to the north and south. Much the same

118
effect is seen by Martin and Barrett (1978) in their calculated CO
column density: the mass structure of S201 is dominated by an east-west,
high column density ridge. One qualitative difference between the CO

results and those for the dust is the fairly abrupt drop in =t an

118
arcmiinute or two east of the maximum. The CO shows no such sharp drop
at this point and it might be an effect due to emission in the reference
beam, as noted in § I[Ila. At other positions in Fig. 1, the reference
beam was in a position of low 4as temperature and/or column density. We
believe that the other points were therefore uncontaminated.

The relationship between CO column density, N(CO), and dust
emission optical depth is an important quantity in a number of studies
of star-forming regions. With the map of CO column density of Martin
and Barrett, a point-by-point comparison with Tiyg €an be made. This is

particularly nteresting with 5201, where the calculated dust optical
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depth varies by nearly a factor of 40 within the same object (Fig. 3)
and the beam sizes of the observations were similar. Fourteen points in
the source were observed in common between ourselves and Martin and
darrett. A plot of N(13CO) from their data vs. T11g at the same

position 1is presented in Fig. 4. The relationship between AV and
13

N("7C0) found by Dickman (1978) for fairly low column density clouds was
used to calculate the equivalent extinction, shown on the right axis.
Generous factor-of-two error bars for Ty1g re included. Because of
these fairly large uncertainties in Ty1g° it is of Tlittle use to try to
derive a ralation between N(13C0) and 118 from our data. Instead, we
wish to see how w21l our data fit such relations derived by other
workers.

The shaded sector in the figure is the range of the relations
between the 85 um amission optical depth and N(13C0) found by Sargent
et al. (1981)in four star-forming regions. For Fig. 4, the 85 um
optical depth was corrected to that at 118 um by assuming an absorption

1

coefficient that varied as a» ~. As the figure clearly shows, there is

quite reasonable agreement between our results and those of Sargent et

19 ,13

al. for T4 = 3 x 10719 N0y = 8 x 107 A,» the average of the

shaded region. This value is in some disagreement with T350 ~ 6 X 10‘19
N(13CO) found by Righini-Cohen and Simon (1977). This is probably due
in part to the necessity of assuming dust temperatures in the
Righini-Cohen and Simon work, some of which were poor approximations to
« the subsequently measured values. Figure 4 probably is in good
agreement with that found by Evans, Blair, and Beckwith (1977), who
estimated a flux-weighted-mean far-infrared optical depth to have TFIR%
-13

10 H(l3CO). Although the maximum flux density in S201 (and many

11



other similar objects) is near 90 um, most of the flux is emitted
between 20 um and 60 wm. Therefore, the average far-infrared optical
depth of Evans, Blair, and Beckwith properly applies to wavelengths

1 dependence of the absorption coefficient then,

around 40 um. For a A~
the T-to-N(13CO) relation they found is in good agreement with ours and
that of Sargent et al. (1981).

Despite the large uncertainty in T118° there is an interesting
effect in Fig. 4 that is probably real. At values of N(13CO) below

15 p2 (A, € 2 mag), the observed T118/N(13C0) ratio

about 5 x 10
increases significantly over the average value. This is just what is
expected if a minimum amount of dust is necessary to protect the CO from
photo-destruction (e.g., Liszt 1978, Glassgold and Langer 1976, and

15 n2 (A, & 3), the observed

references therein). Fof N(13CO)R:7 x 10
points — with their large uncertainties — seem to follow the average,
shaded relation in Fig. 4 very well,

[t is probably worth noting that for sources with a much higher

13 17

e
column density (N(*°C0) R 10 cm ) or far-infrared emission optical

depth (TFIR R 0.1), the relationship found by Sargent et al., and shown
in Fig. 4, gives poor agreement (cf., Werner et al. 1980; Thronson et
al. 1978; Thronson and Harper 1979). On tha other hand tha very
different relation found by Righini-Cohen and Simon that fit poorly in
Fig. 4 gives somewhat better agreement. This type of effect might be
- expected as a result of the method of calculating Td (8§ II). The
fundamental assumption is that the object 1is isothermal, an
approximation that is more likely fulfilled in the more optically-thin

sources (1ike S5201) than in those that are more opaque. In the latter

case, a step gradieant in Td exists, making an estimate using a single



temperature highly uncertain. If there is a constant gas-to-dust ratio
among molecular sources, it is therefore probably more accurately
determined in objects 1like S201 where the necessary approximations do

not lead to large errors.



d) The Volume Density Structure

The previous section discussed the dust and gas column density in
the source. With the extensive data available on S201, we may use the
assumption of dust-to-gas thermal coupling to estimate volume densities
for the region in the source that dominates the far-infrared emission.
This knowledge is desirable be;ause of the fundamental role that the
density plays in determining cloud structure and evolution. In
addition, the method described below offers an alternative — and we
believe acceptably accurate — method to the use of radio molecular
observations. Our technique does not suffer from major optical depth
effects, or from the consequences of unusual excitation that can
complicate the radio techniques, although this method has several
uncertainties of its own.'

It is assumed that the dominant heat source for the molecular cloud
is embedded stars, and that the gas is heated only by collisions with
the dust. This mechanism has been discussed theoretically by a number
of authors (e.g., Goldreich and Kwan 1974; Goldsmith and Langer 1978,
Ho, Martin, and Barrett 1981). The largest internal uncertainties in
the method adopted here are in the calculation of dust temperatures (§
II) and some grain parameters. Fortunately, these uncertain values
enter linearly (or weaker) into the calculations, rather than
exponentially or to some high power. Probably the most significant
external uncertainty is the implied coexistence of the gas and dust seen
1 emission: this paper, 1ike most others of its type, assumes that the
region that dominates the far-infrared emission also is the source of CO
emission. It is beyond the scopes of this paper to address this question

fully.
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Our approach is to infer the grain parameters at one point in the
cloud, and then use this set over the whole region to find the local
density. Consider the rate of energy transfer between gas and dust:

Agd = 5.3 x 10739 (gg? nSZTE AT ergs cm3 s

adapted from Leung (1975). Here the uncertain grain parameters are all
placed in parentheses in the equation: f is the dust-to-gas mass ratio
(v0.01), £ is the grain accomodation coefficient ( ~0.6), a is the grain
radius (~0.1uym), and p 1is its specific density (~ 2 gm cm'3). These
numerical values are commonly suggested for the parameters. In the
equation, Tg is the gas temperature (assumed to be equal to the CO
excitation temperature) ahd AT is the observed difference between the
gas and dust temperatures. This energy input rate is equated with the
total gas cooling rate tabulated in Goldsmith and Langer (1978), which

depends only upon Tg and n Therefore, the molecular hydrogen density

H*
2
can, in theory, be directly determined from observed quantities. The

largest uncertainty in the calculation is for the parenthetical value in
the equation above. Rather than adopt the nominal values for each
parameter, giving (f g/ap) N 250, we normalize this ratio to that at one
position in S201.

We take the far-infrared peak as the point for this normalization.

Martin and Barrett (19783) estimated a lower limit of nH > 4 x 103 Cm"3

2
from analysis of CS line emission from this position. Alternatively, we

can use their CO column density, a relative abundance of LCO]/[HZ] = 5 X

10'5, and a characteristic source size equal to the north-south

3

dimension of the $201 molecular cloud (2 pc), to find n, = 6§ x 10

2



cm—3. Because €O can be excited by densities along the line of sight as
low as a few times 102, this value is probably also a lower limit. For

this reason, we take LT 104 cm"3 at the peak. It unlikely to be much

2
greater at the center of S201, otherwise Martin and Barrett should nave

detected NH, emission. The local density certainly must be less than

3
105 cm™”, since at these large values the Goldsmith and Langer models

predict that Td' Y Tg. To a'good approximation, densities calculated at
other positions vary linearly with the adopted peak density. Thus the
relative values over the source are fairly firm, even if the absolute
values probably are uncertain to at least a factor of 5.

The same points used to compare T118 and N(13CO) in the previous

section were used to find ny using the method described above. We find

: 2
the distribution of volume density is qualitatively similar to that of

CO column density or infrared optical depth (Fig. 3). That gives us
confidence that our calculated n, is measuring a real effect in S201.
The density falis off in all direétions away from the peak, though by no
means as fast as 7118 in Figure 3. To the north and south, nH =2 -5
X 103 cm"3 one and two arcminutes from the peak. Direct]ylaest,

however, the density equals 5 x 103, 8 x 103, and 15 x 10° ™

in steps
of 1, 2, and 3 arcminutes. In the area mapped in the far-infrared,
then, the highest volume density appears significantly offset frow the
exciting star(s). Of course, the density could rise higher even f;rther
to the west, beyond the extent of the infrared map. This 1is in the
direction of the highest Tg in the region (Martin and Barrett), and
certainly an area for further study in the infrared. We should repeat
that these calculated densities properly apply only to the region of the

soiurce emitting in the far-infrared, probably the more central parts of

the cloud.



It is worth noting the effects of uncertainties on the results. It
was noted above that the dust parameters might be found at one position
1n an object, as was done for S201, and with some confidence assumed to
be constant throughout. In the case of S201, the 1internal errors of
measurement of Td and Tg —-thg‘other input parameters for the method —
are typically less than *2 K and have virtually no effect on nHz. The
external, systematic errors are more significant. If Td nas a total
uncertainty of £ 25% (vt 10K) and Tg can be correctly estimated to +15%
(ve3 K), in S201 the typical absolute uncertainty in n, will be about a
factor of two (note again that the relative values ;ill be more
accurate). This error in n, is due in about equal parts to the large

2
possible errors in Td’ and to the fairly sensitive dependence of n, on

H
: 2
Tg in this method (see Goldsmith and Langer). We note that these

uncertainties estimated for Td and Tg are probably significantly larger

than 1in actual practice. If it should happen that there are other
sources of gas-heating besides the warm dust in our object, Ny would be

2
an upper limit.

e) The Grain Size in S201

In the previous section a value for the ratio of four important

grain parameters, (f £/ap), was found at the infrared peak of S201. If

nH2 < 104 Cm-3 at this position, as discussed above, (f £/ap) < 700

ng gm"I if the gas is neated only by the dust. This allows a Timit to

be placed on grain size. Cosmic abundances put a very strong limit on
the dust-to-gas mass vratio, f < 0.02, and the accommodation
coefficient, &£, by definition cannot be larger than 1. Therefore we
have a p<2.9 X 107 gm a2, Since the specific grain density, o , is
3

unlikely to be less than 2 gm cm™, we find a < 0.15 wum for a mean

17



grain radius in S201. Since all the Timits used in this calculation,
with the possible exception of o , were very strong, the upper Timit to
the radius probably can be lowered by at least a factor of two. The
typical far-infrared-emitting grain in 5201 therefore appears very
similar in size to that found in tne "standard" interstellar medium, and
there is no evidence here for the very large grains sometimes suggested
to be found in regions like S201.

It is worth noting here that although a fairly low limit was
calculated for only S201, the result can be generalized to almost every
star-forming region so far observed. The fact that high gas

3,5 -3

temperatures (Tg = 20-60 K) and high densities (n, = 107-10" cm ~)

H

2
commonly characterizes the clouds surrounding the young stars means that

grains sizes cannot be large. This can be seen by equating the rate of
energy transfer, Agd above, with the high-density cooling rate of

Goldsmith and Langer. Using the limiting values for grain parameters,

'Z'ZAT for n, = 104 cm'3. Since the difference

2
between the gas and dust temperatures, AT, rarely exceeds~ 20K, the

one gets a{um) <3.5 Tg

grain radius is always going to be a swall fraction of a micrometer,
This result simply reflects the apparent fact that at, or above,
moderate densities the cooling rate is both large and a strong function
of Tg. The heating rate per cubic centimeter of the gas depends upon a
factor that includes the volume density df the grains multiplied by the
grain surface area. For a constant gas-to-dust mass ratio, this factor
depends inversely wupon grain diameter. Therefore, to a rough
approximation, radio molecular observations of high gas temperatures

naturally implies modest grain sizes.
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IV. SUMMARY

The results of our study of S201 can be summarized in the following
statements.

1. The total luminosity measured in the source is 5.2 * 1.3 X
104Lg, equivalent to an 09 ZA4S star and in good agreement with that
deduced from radio continuum méasurements. The entire molecular cloud
was not mapped and there may be significant infrared emission from the
other CO hotspot in the cloud.

2. The dust temperature distribution is consistent with heating by
a centrally-located embedded object.

3. The dust emission optical depth shows a distribution

1

qualitatively similar to that of 3CO. A -to—N(13CO) plot was

118
found to be in good agreement with work by some other observers. Our
relation did not, however, agree with that estimated for more optically
thick objects. The edges of 5201 seem to snow the effects of enhanced
C0 destruction, possibly due to lack of protection by the dust.

4. The assumption that the molecular gas is heated via collisions
with the dust allows a direct calculation of the particle density. The
results are 1in fairly good agreement with those determined from the
radio molecular results. The far-infrared peak has high volume
densities, but not as high as positions further west, in the direction
of the brightest radio molecular hotspot.

5. The assumption of gas-dust coupling in the heating also allowed
a strong upper limit to be placed on the radius of the infrared-emitting
grains, a < 0,15 um. The general question of grain sizes in

not-centered star-forming clouds was discussed.
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Peak Position
(Far-infrared)

Total flux density
11 uma
20 Uma
62 umb

118 umb

Peak flux density
2.3 um
4.9 um
10 um
19.5 um

Far-infrared luminosity

TABLE 1

Source Parameters

Dust temperature at the peak

115 um optical depth at the peak

0(1950) = 2" 59M 2154
§(1950) = 60° 16' 15"
40 Jy
100 Jy
2600 Jy
4000 Jy
0.066 + 0.028 Jy
0.062 + 0.024 Jy
0.55 + 0.08 Jy
0.77 + 0.15 Jy
5.7 x 10% L,
(09 ZAMS)
42 + 2% K
0.0119

4 Thronson and Price (1982); estimated total uncertainty *+ 50%.

b

¢ Range allowed by internal uncertainties only.

d

This work; estimated total uncertainty + 259

Estimated £ 50% internal uncertainty.
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Total uncertainties * 5K.
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contours are logarithmic: each is a factor of two larger than the next

lower one. The peak value is T8 T 0.011.

Figure 4. A plot of the 118 um emission optical depth, found for Figure
2, versus the 13CO column density from Martin and Barrett (1978). Shown
n the cross-hatched region is the range of relationships between CO
and g5 found by Sargent et'al. (1981). The horizontal bars on each

point show the factor-of-two uncertainty estimated for t. The relation

between N(lBCO) and Av found by Dickman {1978) was used to normalize the

right axis.
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FIGURE CAPTIONS

Figure 1. The flux density distribution in 5S201. Fiqure la is

from the 45-80 um bandpass filter and Figure 1b is from the X > 85 umn
system. As noted in the text, the dust temperature varies so little over
the source that the effective Qavelength,of the broadband filter varies
by no more than % 10% of the value in the figure. The contour levels
are at 0.05, 0.1, 0.2, 0.4, 0.6, and 0.8 of the peak. The dashed lines
are extrapolations. The 62 wum map is normalized so 1.00 = 710 Jy and
'the 118 um has 1.00 = 845 Jy. A typical 1o internal uncertainty is
0.02 of the peak, although at the outer coutours the uncertainty is
closer to 0.01. The extent of the mapping was one-half beamwidth beyond

the lowest contour, on average.

Figure 2. The spectrum of the 5201 region. The small solid dots are
the values measured in a 49" beam at the peak. The open circle is a
value measured in a 128" beam. The large solid dots are total flux
densities for the source (Table I). The solid line is a curve of the
form va (T) fit to only the 62 yum and 118 um points. For the peak
position, T = 42 K. The error bars are an estimated * 20% total

uncertainty.

Figure 3. The distribution of 118 yum emission optical depth in units

of 10‘3.

It was found assuming that Fv = T118B v(Td)S}, where Q 1s the
beam solid angle. The internal uncertainty is estimated to be * 50%;

the values are probably accurate to a factor two. Note that the
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