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ABSTRACT

Analysis of 12CO and 3CO spectral-line maps of the DR 21-W75 complex has revealed the
presence of two large molecular clouds, one at a radial velocity of —3 km s~ and the other at an
average velocity near +9 km s~ . Recognition of features common to both velocities suggests that
the two clouds are interacting. The line profiles of the —3 km s ~* component exhibit a broad wing
structure at all positions across the cloud, which has a radius greater than 10 pc. This is the first
reported case of such wide wings on the CO line over an extended area of the sky. Comparison of the
profiles with model calculations suggests that this cloud may be in overall gravitational collapse.
The compact H 11 region DR 21 and several other condensations are embedded in this cloud,
and the CO exhibits peaks at these sources. The +9 km s~?! cloud is less dense and shows a
gradient in radial velocity across its face that is possibly caused by a differential retardation
as it passes around the edge of the other component. The faint, compact H 11 region W75 N lies in

this +9 km s~ cloud.

Subject headings: interstellar: matter — interstellar: molecules — nebulae: individual

I. INTRODUCTION

The compact H 11 region DR 21 (Downes and Rine-
hart 1966) is part of a large complex which includes
several other radio sources—e.g., a separate OH source
DR 21(OH) (Goss 1968) and another faint continuum
source W75 N with an associated OH maser (Wynn-
Williams 1971). There is strong infrared emission at
these positions and line emission from many inter-
stellar molecules throughout the complex. The CO and
other molecular emission generally appears at two
radial velocities: —3kms~! and near +9 kms~?!
(see, e.g., Wilson et al. 1974; Morris et al. 1974). To
understand the detailed relationship of these features
at the two different velocities, high-resolution maps of
this complex in the J = 1-0 transition of both 2CO
and 13CO were obtained using the 11 m telescope of
NRAO. The CO is present everywhere in the complex
at both velocities. Analysis of the line profiles through-
out the region has allowed development of a tentative
model of its structure and dynamics. The general
picture requires two large interacting clouds con-
taining individual excitation centers. In § II the obser-
vations are described, in § III the data and model are
discussed, and in § IV a summary is presented.

II. OBSERVATIONS

The equipment and observing procedure used for
these observations were described in Paper 1 of this
series (Dickel, Dickel, and Wilson 1977) and shall be
mentioned only briefly here. Some preliminary data
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were obtained in 1973, when the 11 m telescope was
equipped with a mixer receiver having a receiver noise
temperature of about 1500 K; however, most of the
data were taken in 1974, when there was a cooled
mixer receiver having a receiver noise temperature of
about 600 K. Both 100 and 250 kHz filters were used
in the spectrometer, which gave resolutions of 0.26
and 0.65 km s~ or 0.27 and 0.67 km s~ at 2CO or
13CO, respectively. A typical integration of 6 minutes
gave an rms noise of 0.4 K and 0.2 K at 2CO and
18CO, respectively, for the 250 kHz data. These, and
all temperatures given throughout this paper, are
corrected antenna temperatures outside the atmosphere
T,*; they are related to brightness temperatures by the
forward beam efficiency, which is greater than or
equal to 0.9 (Ulich and Haas 1976). Absolute calibra-
tion was provided by measurements of the CO
emission from Orion A, for which antenna tempera-
tures outside the atmosphere of 60 K and 9.3 K were
assumed for 2CO and '3CO, respectively (Ulich and
Haas 1976).

The data consisted of CO spectra obtained at fixed
points on a grid spaced by 1’ around the three sources
DR 21, DR 21(OH), and W75 N and with a larger
spacing in other areas. Observations at the positions
of DR 21 were repeated about once every hour to
allow determination of the variable extinction co-
efficient, and then the antenna temperature at each
position was corrected for the atmosphere at the time
of observation.

Examination of the spectra has revealed that no
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F1G. 1.—(a) Spectra of the *2CO and **CO emission in the direction of DR 21 with a velocity resolution of ~0.65 kms~-! and
0.67 km s~*, respectively. (b) Spectra in the direction of W75 N (position N19W20).

features are present with half-widths smaller than
about 3 km s~1. Therefore, in our analysis we have
used data from the 250 kHz filters with their smaller
noise level and also greater total bandwidth. The large
bandwidth enabled us to study the details of a broad
winglike structure as shown on the line centered near
—3kms~! in the sample profile toward DR 21 in
Figure la, with 250 kHz resolution. Figure 15 shows
the profile toward W75 N. All the data clearly show
the presence everywhere of the two components at
—3and +9 km s~! and also the wings on the —3 km
s~ component. In Table 1 we present the parameters
of both the 2CO and **CO lines which have been
fitted to the data at each position in the sky for the
—3 km s™! component, and in Table 2 we give the
same data for the +9 km s~! component. Columns (1)
and (2) of both tables give the position relative to the
center of DR 21 at « = 20"37™13% and § = 42°09’
(1950). A dagger indicates data taken in 1973 with the
lower signal-to-noise ratio. Columns (3)—~(6) contain
the peak corrected antenna temperature 7,*, the
central velocity V,, the half-power width (in km s~?%)
AV, and the integrated flux T,*AV of the 2CO lines.
For the —3 km s~ component, the integrated flux
does not include the power in the wings, which appear
to deviate from and extend well above the fit of a
Gaussian profile at a level below about 1/10 of the
peak T,*. Column (7) of Table 1 gives the total
velocity width of this broad wing structure between

points where it reaches the baseline. The +9 km s-!
component is contaminated by the wing of the lower-
velocity feature; to obtain the parameters in Table 2,
Gaussians were fitted to the data after subtraction of
the contribution from the other component. Columns
(8)-(11) of Table 1 and (7)-(10) of Table 2 contain the
parameters of the '3CO lines for each component;
columns (12) of Table 1 and (11) of Table 2 give the
difference between the central velocities of the 12CO
and 13CO components in terms of ¥,(*2CO) minus
V(*®*CO). Next are given the ratios of the fitted
parameters of the peak T,*, integrated flux, and half-
power width for the 3CO lines relative to the 2CO
lines at each position; finally, notes on the particular
profiles are given in the last column of Tables 1 and 2.
Contour maps of the distribution of these various
parameters are presented in Figures 2-7 and in
Figure 9; they will be described below.

1. DISCUSSION OF DATA AND MODEL
a) Extended Clouds

i) General Properties

The most obvious feature of the CO profiles in the
direction of W75 is the presence of two distinct lines:
a bright one with a central velocity of —3 km s~ and
a less intense one at +9 km s~ . The bright feature at
—3 km s~ is strongest in the direction of DR 21 but

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1978ApJ...223..840D&amp;db_key=AST

TABLE 1

OBSERVATIONAL PARAMETERS FOR THE CO IN THE — 3 km s ~* COMPONENT OF THE
DR 21-W75 CoMPLEX

POSITION 12 13 . 13,12 Es
Ry emaet co co 12713 RATIOS ~CO/ “CO NoT!
line parameters width line parameters . :
* * * *

o 88 | T, vy v roav ::::s LIS ARV N T, v Ay

s arcmin K km/s km/s K-km/g km/s K km/s lm/s K-km/o km/s
W40  NOO | 12,9 -1.9 2.0 26 16
w40  NO8 1.8 -3.0 5.0 9 - 1 MHz filters
W40 N16 7.6 -2.3 3.9 30 26 |<0.9 <.1
W40  N24 | 15.1 -2.5 4.0 60 34

w30 N8 | 15.7 -2.3 4.8 75 25

W30 N19 | 11.6 -2.9 2.6 30 14

W30 N20 | 13.5 3.4 2.5 34 17

w25 N17 | 15.6 -2.6 3.9 61 27 3.1 3.3 10 | -0.1 .20 0.17  0.85

W25 N18 | 14.0 -2.8 4.8 67 28 2.6 2.9 8 0.4 .25 A1 .60

w25 N19 | 10.9 -3.0 2.8 30 28
W20 S04 5.8 -3.0 4.5 26 20
tW20 NOO | 18.3 -2.4 4.3 79 18 4.4 -1.9 3.9 17 | -0.5 .30 22 .91
W20 NO4 | 15.4 -2.6 2.4 37 18 5.0 3.2 5.4 27 0.6 .32 .73 2,27 |very noisy
420 NO8 | 15.0 -3.4 3.3 50 8 4.5 -3.2 3.3 15 | -0.2 .30 .30 1.00
W20 N12 | 15.5 -3.5 2.8 43 16
tW20 N6 | (12.3) -3.4 1.9 23 4

W20 N17 | 18.1 -3.3 3.6 62 13

W20 N8 | 13.5 2.4 5.0 68 27 3.3 3.7 12 | -0.2 .30 18 .74

W20 N19 9.3 -2.0 4.8 45 32 1.9 2.2 4 0.8 .20 .09 .46
tW20 N20 | 10.5 -3.7 2.6 27 10

W15 N7 | 14.3 3.2 2.6 37 22

W15 N20 9.7 -2.8 2.7 26 26

W10 S0l | 21.5 2.7 4.4 95 35 4.0 12 | -0.2 .24 .13 .68

W10 NOl | 19.7 -2.46 4.8 95 37 3.7 1 | -0.4 .21 A1 .60
tW10 NO2 | 26.9 -3.2 3.5 9% 28

W10 N03 | 19.8 -2.6 4.2 83 27

W10 NO5 | 20.8 -2.8 4.6 96 14
W10 NO6 | 19.7 -3.5 5.4 106 30

W10 N4 | 19.3  -3.2 3.5 68 26

W10 N4 | 13.2  -2.4 2,5 33 21

w08  N18 <2.5

W05  S02 | 20.2 -2.7 4.4 89 35 4.4 2.5 1 | -0.7 .29 0.12 .57

WoS SOl | 24.6 -3.0 7.4 182 34 5.6 4. 22 0.2 .28 0.12 .54

W05 NOO | 24.6 -3.1 9.8 241 34 6.8 2.4 16 | -0.6 .33 0.07 .25

W05 NOL | 25.8 -2.6 5.5 142 33 5.7 3. 17 0.4 .26 0.12 .55

Wo5 NO2 | 25.8 -3.1 4.6 119 30 6.3 2.5 16 | -0.1 .30 0.13 .54

Wwos NO3 | 26.9 -3.0 5.8 156 28 5.6 2,5 14 0 .20 0.09 .43

WO5 NO4 | 23.5 -2.9 6.8 160 30 6.5 3.5 22 0.1 .43 0.14 .52

Wo5 NOS | 22.0 -2.9 5.6 123 30 8.0 3. 24 0.1 41 0.19 .53
tE00 508 5.0 -3.2 8.4 42 32
tE00 S04 9.7 3.4 3.3 32 18 complex
E00 SOl | 23.4 -3.0 7.9 185 38 8.7 -2.5 3.5 30 | -0.5 .49 0.16 .44
$E00 NOO | 24.5 -2.5 10.8 265 39 |11.0 -2.5 3.2 35 0 .46 0.13 .30

EO0 NOL | 24.8 -2.7 6.2 154 31 8.9 -2.5 3, 27 | -0.2 .37 0.17 .48

EO0 NO2 | 25.2 -3.5 6.2 156 33 {106 -3. 3 32 | -0.5 R 0.20 .48

E00 NO3 | 26.4 -3.2 7.4 195 36 38 | -0.2 R 0.20 .47

EO0 NO4 | 22.1 -3.3 7.6 168 29 40 | -0.3 .52 0.24 .53

EO0 NOS | 21.0 -3.3 6.8 143 39 42 | -0.3 .49 0.29 .59
tE00  NO8 | 19.9 -2.7 5.3 105 34 29 | -0.6 .50 0.27 .56
tE00 N12 | 12,5 -1.6 3.0 38 28 13 | -0.1 .39 0.35 .90
tE00  N16 7.6  -0.2 2.7 20 3 <.07
tE0  N20 2.2 -4.2 5.4 112 24
tE0  N24 4.8 1.9 4.5 22 34

E05 S02 | 20.5 -3.0 5.0 102 3% 7.3 -3, 2.5 18 0 .39 0.18 .50

EO5 501 | 23.4 3.3 9.0 211 33 8.7 -2.5 3. 26 | -0.8 .45 0.12 .33

EO5 NOO | 24.0 -3.2 8.5 204 38 7.5 -2.5 3.5 26 | -0.7 .36 0.13 .41

EO5 NOl | 24,0 -3.2 6,0 144 36 7.8 3. 3.2 25 | -0.2 .40 0.17 .53

EO5 NO2 | 25.8 -3,5 6.0 155 37 8.2 -3, 3. 25 | -0.5 .37 0.16 .50

EO5 NO3 | 25.2 -3.,5 7.0 176 33 7.8 3. 3, 23 | -0.5 .37 0.13 .43

EO5 NO4 | 23.4 3.4 5.9 138 33 8.2 3. 2.5 20 | -0.4 .39 0.15 .42

EO5 NO5 | 22.8 -4.3 6.8 155 33 8.2 -3.5 3. 25 | -0.8 .39 0.16 .44

EI0 S03 | 16.2 -3.6 4.0 65 23

EI0 SOl | 20.2 -3.0 5.7 115 32 3.7 -3, 2.5 9 [ .22 0.08 .44

EI0 N0l | 22.6 3.0 4.5 102 2 4.4 -2,5 2.5 11 | -0.5 .20 0.11 .60
tE10 NO2 [ 21,5 -3.2 2.4 52 28

E10 NO3 | 15.3 3.0 4.8 73 22 2.1 03, 3 6 0 0.14 0.08 .63
tE10  NO6 | 14,9 ~4.2 4.7 70 12
EI5 S04 | 12.9 -3.6 1.9 24 13 add'l line (+20)
E20 SO5 9.4 02.9 4.0 38 14
tE20 S04 9.8 3.2 2.4 2 14 complex
E20 S03 9.5 -2.8 2.8 27 16
tE20 NOO | 12.8 -1.5 3.8 49 20 1.6 -1.5 7 0 0.13 0.15 1,19 |complex
tE20  NO4 6.3 -2.6 4.8 30 36 2.4 -2.5 16 | -0.1 0.52 1,35 |1 MHz filters
tE20 NO8 |< 1.2 1 MHz filters
+E20  N12 3.4 -2.4 3.7 13 10
E25 S06 | 13.7 -3.9 1.6 22 18 complex
E25 S04 9.1 -2.6 4.0 36 27 add'l line (+18)
E30  SO5 6.9 -2.9 3.3 23 22 add'l line (+18)
+E40  NOO 5.2 <24 6.5 34 32
tE40  NO8 |< 0.6
+ 1973 data # center position at a20"37™13° §42°09' (1950)
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TABLE 2

OBSERVATIONAL PARAMETERS FOR THE CO IN THE +9 km s~! COMPONENT OF THE
DR 21-W75 COMPLEX

POSITION | 1260 Beo 12713 rarzos co/t2co NOTES
FROM CENTER
line parameters line parameters
* * * * * *

Ay I T, Ve AV T, AV T, e AV T, -AV| km/s Ty N av

s arcmin K km/s km/s K-lm/s K km/s  km/s K-km/s|
W40  NOO [~ 1.2

W40 NOS 2.5 6.9 (6.)  15.0

W40  N16 8.2 8.2 (4.3) 35.3 2.4 9.7 (6.8) 16.3| -1.5 .29 0.46 1.58 1 MHz filters
M40 - N26 4.6 10.1 (6.0) 27.6

W30 N18 | 14.5 12.2 9.0 130.5

W30 N19 | 13.7 11.2 5.6  76.7

w30 N20 | 14.8 12.1 4.3  63.6

W25 N17 | 15.9 10.1 7.4 117.7

w25 N18 15.5 10.8 9.2 142.6 8.7 10.5 4.2 36.5 0.3 .56 0.26  0.46

w25 N19 | 15.0 10.4 5.0 75 6.4 11, 3.5 22,4 -0.6 .43 0.30 0.70

W20 S04 5.0 5 (4.5) 22.5

20  NOO 9.1 6.1 (4.5) 41.0 2.4 8.3 (5.3) 12,7 -2.2 .26 0.31  1.18

W20 NO4 | 14.8 9.5 (7)  103.6 <1 <.07

1420  NO8 4.9 9.2 (2.3) 11.3 <.5 <.10

W20 N12 7.0 8.1 (4.5) 31.5

W20 N16 | 15 8.9 (5) 75.0

W20 N17 | 17.8 9.4 4.9  87.2

W20 N18 13.3  10.8 7.8 103.7 6.4 10.5 3. 19.2 0.3 .48 0.19  0.38

W20 N19 | 13.3 10.1 6.0  79.8 4.0 11, 2.5 10 -0.9 .30 0.13  0.42

W20 N20 | 21 11, (4.5) 97.5

W15 N17 | 17.5 9.6 4.6  80.5

w15 N20 | 16.4 10.2 7.3 119.7

W10 SOl 4.4 10,2 12,0  52.8 1.7 8.5 3. 5.1 1.7 .30 0.10  0.25 | asymetric
W10 NOl1 3.6 10.2 8.0 28.8 .5 8.1 2.0 1.0 2.1 .14 .03 0.25 asymetric
10  NO2 | 10.6 10, 7.2  76.3 asymetric
w10  NO3 8.0 10.5 9.0  72.0 asymetric
W10  NOS 9.0 9.6 4.8  43.2

W10  N10 6.3 8.4 4.3 27.1

W10 N4 9.0 9.4 3.3  27.9

W08  N18 8.2 11.0 (4.6)

W05 502 6.9 7.6 4.8 33,1 <1 <.15 asymetric
w05 SOl 4.3 9.0 8.0 34.4 1.2 8.5 4.0 4.81 0.5 .28 .14 0.50 asymetric
W05  NOO 6.9 10.2 8.0 55.2 1.6 9. 2.4 3.8 1.2 .35 .07 0.30 asymetric
W05 NOL 6.2 9. 7.6 47.1 1.6 9. 2, 3.2 0.8 .22 .08  0.26 asymetric
W05  NO2 5.2 10.6 10.2 53.0 .7 8.5 1. 7 2.1 .13 .01 0.10 asymetric
W05 NO3 7.4 8.4 8.4 62,2 L4 9. 2.7 3.8| -0.6 .19 .06 0.32 | asymetric
W05 NO4 7.9 8.8 7.1  56.1 1.2 8.5 3.5 4.2 0.3 .15 .07 0.49 | agymetric
W05 NOS | 10.5 9.2 4.0 42,0 .2 9. 2. 2.4 0.2 .11 .06 0.50

+E00 S08 | 12.2 6.9 (4.5) 54.9

+E00 S04 9.2 6.3 (3.3) 30.7

EO0 SOl 6.5 8.4 5.6 36.4 1.0 8.5 3.5 .15 .10 0.63

$E00  NOO 5.5 9.3 7.0 38.5 2.3 8.5 L5 .42 .09 0.21

EO0  NOl 9.2 9.5 7.2 66.2 2.4 8.5 2. .26 .07 0.28

E00  NO2 5.2 10.0 8.4  43.7 1.9 8. 2.5 .37 .11 - 0.30

E00  NO3 5.5 9.4 3.8 20.9 1.0 9. 1.5 .18 .07 0.39

E00  NO4 8.1 8.7 2.3 18.6 1.0 9. 1. .12 .05 0.43

E00  NO5 8.7 9.2 2.2 19.1 9 9.5 3. .10 6 1,36

tE00  NO8 9.1 9.5 (4.4) 40.0 1.4 8.3 (4.5) .15 .16 1.02

+E00  N12 | 13.4 8.2 (2.9) 28.9 2.8 9.7 (3.7) 34 27 1.28

tE00  Nl6 | 17.7 8.2 (2.5) 44.3 <.5 <.03

tE00  N20 7.0 11.5 (4.8) 33.6

+E00  N24 | 10.6 11,3 (4)  42.4

E05 502 6.4 8.0 6.4  41.0 1.0 7.5 2. 2.0 | 0.5 .16 .05 0.31

E05 SOl 6.2 8.0 4.8  29.8 1.4 8. 3. 4210 0 .23 .14 0.63

EO5  NOO 5.7 8.6 7.2 41.0 2.1 7.5 2. 4.2 | 1.1 .37 .10 0.28

E05  NO1 7.6 9.5 6.1 45,1 2.1 8. 3.2 67| 1.5 .28 .15 0.52

E05  NO2 6.9 9.5 5.6  38.6 2.3 85 2.5 5.8 1.0 .33 L15 0.45

E05  NO3 8.4 8.8 3.2 26.9 1.6 8.5 2. 3.2 | 0.3 .19 .12 0.63

E05  NO4 7.6 9.2 2.2 16.7 2.1 9. 3. 6.3 | 0.2 .28 .38 1.36

EO5  NOS 7.7 8.9 2.2 16.9 <.5 <.06

EI0 503 8.0 6.5 9.7 77.6

E10 SOl 8.0 6.8 7.6  60.8 1.0 7.5 4. 4.0 | -0.7 .12 .07 0.53

E10 NOL 9.8 8.4 4.8 45,1 1.9 85 3.0 5.7 |-0.1 .19 .13 0.63

tE10  NO2 | 14.9 6.8 (2.4) 35.8

EI0  NO3 9.3 8.4 4.0 37,2 1.2 8.5 3. 3.6 | -0.1 .13 .10 0.75

+E10  NO6 5.0 - 8.4 (5.)  25.0

E15 S04 6.3 7.9 1.0 6.3 add'l line (+20)
E20 SO5 3.6 8.0 L.5 5.4

E20 504 5.7 7.4 2.0 114 complex
E20 503 5.9 7.6 2.4 14,2 complex
1E20  NOO 7.6 6.9 (6.)  45.6 1.0 8.9 (6.5) 6.5 | -2.0 .13 .14 1.08 | 1 MHz filters
tE20  NO4 8.7 6.9 (6.5) 56.6 3.0 7.0 (6,5) 19.5 | -0.1 .34 .34 1.00 1 MHz filters
tE20  NO8 4.3 8.2 (2.4)  10.3

tE20  N12 618 8.4 (3.5) 23.8

E25 506 6.9  8,512.0 82.8 complex
E25 S04 7.6 7.7 1.3 9.9 add'l line (+18)
E30 S05 | 10.7 8.0 4.5  48.2 add'l line (+18)
tE40  NOO | 12.7 4.8 (6.5) 82.6

tE40  NO8 9.0 8.2 (3.0) 27.0

+ 1973 data + center position at a20™37"13° 542°09' (1950)
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does extend northward beyond W75 N (see the maps
of T,* in Fig. 2). The general outline of the cloud
producing this line is somewhat elliptical, with a
major axis oriented approximately along the line
from DR 21 toward W75 N. The feature at +9 kms~?
is peaked on W75 N but is also visible throughout the
whole complex (Fig. 3). The edges of this component
appear to extend beyond the area covered by our data
so that the overall shape of the component is not
known. It appears reasonable, however, for the pur-
poses of the following discussion, to consider the
component to be symmetrically centered on W75 N.
The angular separation between the two centers DR 21
and W75 N is about 18’, which, at an assumed distance
of 2 kpc (Dickel, Wendker, and Bieritz 1969), corre-
sponds to almost 11 pc. Since the —3 km s~* feature
is peaked around the continuum source DR 21, we
place DR 21 within that cloud. The other cloud, at
+9 km s, shows both OH and 6 cm H,CO absorp-
tion and is therefore assumed to lie in front.

Both clouds have irregular features and also sig-
nificant gradients in brightness from their centers to
their edges; but the line of sight at about 2037™02s
and 42°18’, midway between the centers of the two
clouds, appears to be representative of an average
path through each. Therefore, to obtain mean column
densities of the molecules within them, we adopted the
parameters of each cloud at that position. Using the
formulae given in Paper I, we find that, with 7,(*2CO)
= 16 K, with T,(:3CO) = 3 K, and with a half-power
line width of 3CO equal to 3km s~?, the —3 kms~?
component has a 3CO column density of 1.6 x
10 cm~2, Fora **CO/H, ratio of 2 x 10~¢ (Dickman
1976), this corresponds to a column density for
molecular hydrogen of 8 x 102* cm~2. If the cloud
is considered to be spherical with a mean radius of
12 pc, then the path length through the cloud at
the chosen position is about 20 pc; thus the mean
density is ~ 130 cm 2 and the total mass of the cloud is
about4 x 10* M. For the +9 km s~ cloud, the cor-
responding hydrogen column density is 4 x 102! cm 2.
This cloud is probably somewhat larger; so we adopt
a radius of 15 pc to get a mean hydrogen density of
~60cm~2 and a total mass of about 3 x 10* M.

ii) Relationship with Other Sources and
Galactic Structure

The DR 21-W75 molecular clouds are the most
prominent features in this area of Cygnus X. They are
ringed to the south by diffuse H 1 regions seen in the
radio continuum (Harten 1978), and the well-known
Cyg OB2 association is centered about 14° to the south-
west. The heavy obscuration toward the DR 21-W75
molecular clouds (Dickel and Wendker 1978) indicates
that they must lie beyond the Cyg OB2 association at
about 2 kpc, but they cannot be much further away
or the mean hydrogen densities derived from the
observed column densities will become too low to
excite the CO. The '2CO temperatures and H,CO
optical depths toward the southern continuum peaks
(Seacord and Gottesman 1977) are less than those in

the DR 21-W75 complex. The molecular velocities of
these other sources are sufficiently different that the
detailed relationship, if any, between the DR 21-W75
clouds and the diffuse southern radio sources cannot
be determined without further extensive mapping of
the molecular emission with both high sensitivity and
velocity resolution. The general structures in the
continuum, however, do not show any sharp features
near or oriented toward DR 21-W75, or any other
evidence of an interface between these diffuse clouds
and the DR 21-W75 molecular clouds, or between the
Cyg OB2 association and the molecular clouds.

One can also consider the possibility that the
intensity variations and velocity gradients in the
DR 21-W75 clouds are due to their passage through a
general spiral shock in the Galaxy. In this case, a
velocity gradient across the spiral arm would be
expected, with the radial velocity increasing as the
galactic longitude increases (Woodward 1976). The
velocity gradient in the +9kms~! component is
nearly in the direction of increasing galactic latitude
(Fig. 6a); so there is no obvious agreement with the
model for a galactic shock. Furthermore, recent
studies by Lin, Roberts, and Yuan (1978) give no
evidence for the presence of a general shock in this
part of the Galaxy.

Thus it is difficult to find an external cause, either
local or more extended, for the observed structure and
dynamics of the DR 21-W75 complex.

iii) Interrelationship of the Two Clouds

There are several characteristics of the spectra
which suggest that the two clouds are physically near
each other rather than a chance superposition on the
plane of the sky. First, features at given positions in
the maps at one velocity are often evident as hot spots,
condensations, or irregularities at the other emission
velocity as well. Some of these individual condensa-
tions, such as the center of W75 N itself, appear to
sufficiently affect the other cloud that it appears more
likely they are neighboring rather than chance co-
incidences on the plane of the sky. These distinct
features will be discussed in more detail in § I1Ib.
Second, the denser of the large clouds has a nearly
uniform radial velocity of —3 kms~! everywhere,
whereas the other cloud shows a gradient in radial
velocity from about +11kms~! at its suggested
center near W75N down to about +8kms™?!
southeast of DR 21 (Fig. 6a). This pattern is suggestive
of a situation in which the +9 km s~ cloud has been
differentially slowed as it passes by the edge of the
denser —3 km s~ cloud. A possible geometry of such
an interaction is depicted in Figure 8. To obtain the
observed velocity gradient in the +9 km s~ cloud for
this model, we must place it in front of the —3 km s~*
component as shown. Because the region of interaction
should cover an area and not a line as viewed by the

observer, the somewhat elliptical outline of the

—3 km s~! cloud and the straight alignment of high-
density features indicated by the 3CO map in Figure
4a are not explained by the collision; the orientation
may be chance or have some other physical cause. The
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F1G. 8. —Schematic model of the DR 21-W75 region showing
a possible configuration of the two large colliding clouds and
the various condensations within them. The filled circles
represent regions of enhanced temperature and density, the
groups of short lines represent heating effects, and the open
circle represents a region of increased line width.

velocity gradient in the front cloud (+9 km s~ mean
velocity) is most prominent in *3CO (Fig. 6b) which is
optically thin so that we see deep into the cloud where
it has been slowed, whereas in 12CO (Fig. 6a) the optical
depth is apparently large enough near the direction of
DR 21 that we see primarily the front edge where the
material has not yet been slowed as much by the
collision. Also, in that direction, where the interaction
is greatest, we observe a high 3CO/*2CO ratio in the
+9km s~ component (Fig. 7b), which suggests a
possible density enhancement and shock front resulting
from the compression. Note that the densities calcula-
ted above were for the original, approximately spheri-
cal clouds before any collision. After the collision,
with the geometry in Figure 8, we find similar densities
for both.

Finally, we note the presence of the broad wings in
the spectra toward the —3 km s~ cloud which are
seen throughout the whole region. Such a profile has
not been reported in any other individual molecular
cloud complex (e.g., Paper I), except in the CO profiles
toward Orion A where it extends less than 0.1 pc from
the center (Zuckerman, Kuiper, and Rodriguez
Kuiper 1976). We suggest, therefore, that this unusual
feature may be related to the interaction of the two
clouds. Also related to this is the fact, shown in
Figure 1q, that neither the 12CO nor the *3CO profile
reaches the baseline at all between the —3 km s~* and
+9 km s~ components, which suggests that there is
gas present at all intermediate velocities, as would be
expected from a collision.

In a CO survey of the whole Cygnus X complex
with much lower resolution, Cong (1977) suggests that
the +9 km s~! cloud may be closer and unrelated to
the —3 km s~ cloud, but we find it difficult to recon-
cile that interpretation with the fine scale heating and
velocity gradients observed with the better resolution.

iv) Broad Wings on the —3 km s~ Line Profiles

a) General properties—The line profiles in Figure 1
show a significant wing structure which becomes
prominent, deviating from a simple Gaussian profile,

at a height of about 10%, of the peak temperature. If
we fit a symmetrical line over the whole spectrum and
record the width between points at a level of 17, of the
peak height, we obtain a width of 39 km s~*. This is
about 3.6 times the half-power width of the line,
whereas a Gaussian profile would drop to the 1%, level
within about 2.6 half-power widths.

Because DR 21 was our reference point for the
mapping of the W75 complex, the signal-to-noise ratio
is best there, but the wing does appear to be present in
both isotopes throughout the region. Adopting the
same criterion as mentioned above, we have construc-
ted a map of the distribution of the “‘wing width’’ at
the 1%, level (Fig. 9a) which can be compared with the
half-power width in Figure 95. It can be seen that the
variations in these two parameters do not differ
markedly: the typical ratio of wing width to half-
power width is between 3 and 6. The reduced signal
strength of the **CO emission makes it harder for one
to see the distribution of the wing structure in that
species, but it does appear to follow that outlined by
the 12CO.

b) Other molecules—The spectrum of the 6 cm
formaldehyde line toward DR 21 after removal of a
linear baseline is shown in Figure 10a. It was obtained
using the 43 m telescope of NRAO, which was
equipped with a cooled parametric amplifier and has a
beamwidth of 6’ at this wavelength. The data from the
413-channel autocorrelation spectrometer have been
Hanning smoothed to have an effective resolution of
0.5km s~1. The two strong lines have velocities of
—2.5 and +82kms~! and are in good agreement
with the CO lines. The peak continuum temperature of
6.2 K gives optical depths of about 0.33 and 0.08,
respectively. The general parameters of the lines are
similar to those found by Zuckerman et al. (1970), but
our improved sensitivity allows detection of the wide
velocity wings and of the presence of material at all
velocities . between the two major components; if
inverted, the profile matches almost perfectly that of
the 3CO in the same direction. Because the formalde-
hyde line is seen in absorption, we cannot measure the
wings away from the position of the continuum source.

The absorption spectrum of the 1667 MHz OH line
toward DR 21 is shown in Figure 10b. This was ob-
served with the 36 m telescope of the University of
Illinois, which was equipped with a parametric ampli-
fier and 128-channel autocorrelator having an effective
resolution of 2.1 km s~*. The profile shows the two
components at —2.3 and +8 km s~1, but it also shows
a very asymmetric wing structure. Because the 22’
beamwidth of the telescope also covers the OH maser
source located 3’ north of the DR 21 continuum
(Raimond and Eliasson 1969) with strong emission in
the 1665 MHz line at a radial velocity of 0 to +1 km
s~1 (Goss 1968; Weaver, Dieter, and Williams 1968),
there may be some filling in of the profile in Figure 106
by material emitting in this velocity range. A possible
symmetric wing structure for the —3 km s~?! absorp-
tion component is shown by the dashed line in Figure
105, assuming the 1667 MHzemission feature as shown.

Finally, W. J. Wilson and M. W. Werner (1978,
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paper in preparation) have observed DR 21 in the
3 mm wavelength transition of CS using the 11m
telescope of NRAO. This spectrum (Fig. 10c) is
fairly noisy, but there may be a hint of the wide wings.

¢) Discussion.—As this is the first reported case of
such wide wings observed over an extended area of the
sky, the phenomenon causing them does not appear
to be particularly common but may have interesting
astrophysical implications.

If the two clouds are in collision, then a region of
significant turbulence and possibly a shock front should
exist at their interface, and some of the material should
have random motions with speeds up to the space
velocity between the two clouds. Only the radial
component of their relative motion (~ 14 km s~*) can
be measured; but if the observed velocity is a result-of
such turbulence at the interface, it requires a relative
speed between the clouds of 38 kms~!, the total
width of the wing feature. Such a large motion is
unlikely in view of the observed dispersion of 9 km s~*
for the random motions of clouds in the interstellar
medium (Mebold 1972). Furthermore, the turbulent
material should have the same total spread of velocities
everywhere across the interface of the two clouds,
whereas we observe a continuous decrease in the line
width away from the center of DR 21 (Fig. 9). It is
concluded that we are not observing such turbulent
material between the clouds.

A different mechanism for producing wide lines is
one in which, in the presence of a magnetic field,
hydromagnetic oscillations may be set up in the

Vol. 223

ionized gas within a cloud, and these may couple to
the neutral material producing significant nonthermal
motion (Arons and Max 1975). It is possible that the
proposed collision could create a zone of ionized
material in which the waves might grow, but it is
difficult to see why the velocity amplitude would not
remain constant over the whole face of the clouds
rather than taper off near the edges as observed. More
information on the ionization fraction and possible
magnetic field strength in this region is needed before
this mechanism can be investigated further.

Another possible explanation of the wide wings on
the —3 km s~ feature is that we are receiving emission
from a variety of material along the line of sight in the
complicated Cygnus region. The evidence against this
is that the wings are broadest near the DR 21 and W75
sources (Fig. 9) and apparently are not present toward
other sources in Cygnus X (Seacord and Gottesman
1977). Thus the wings appear to be definitely associa-
ted with the DR 21 cloud.

A CO profile with extensive wings has been observed
in the direction of the Kleinmann-Low nebula in Orion
by Zuckerman, Kuiper, and Rodriguez Kuiper (1976);
they suggest that the wings may be attributed to a
stellar wind blowing off the newly formed star at the
center. The extent of the feature observed by them is
less than about 0.1 pc (limited by their resolution);
for their estimated mass and velocity, the outflowing
material has a total kinetic energy of about 10*7 ergs,
in reasonable agreement with what might be expected
from a T Tauri or young O-B star (Herbig 1962;
Strom, Strom, and Grasdalen 1975). In the DR 21 case,
however, the whole extended cloud (of 4 x 10* My)
appears to be participating in the motion; adopting
even one-half of the half-width of the Gaussian core
of the line (~5 km s~*) as a mean velocity, we find a
total kinetic energy of greater than 10%° ergs. This
value approaches that in a supernova and seems un-
reasonable for outward flow from a star in a cloud
with molecular concentrations and a compact H 1
region in the center.

These considerations suggest that the extended
velocity wings may, more likely, represent material
which is in collapse. To verify this, the data were
compared with models of the region which were calcu-
lated using the computer program for the model of a
symmetrical cloud written by R. Snell (see the descrip-
tion in Snell and Loren 1977). With this program a
cloud model was determined which reproduced the
central spectra very well—including the wide wings.
The parameters of this model were as follows:

T, = 28 K = constant,
Rpax = 12 pc = 187,
Veonapse € R,
where V(R = Ryay) = 18 km s~ and
poc R72,
where p(R = Rpay/2) = 130 cm™2. T is the kinetic
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temperature of the cloud, R is the radius, V is the
velocity, and p is the molecular hydrogen density. The
adopted CO/H, ratio was 10~% These numerical
values are near the average values determined from
the observations above. The basic form of the core-
wing profiles can be reproduced with this model,
because the collapsing cloud is optically thick in the
center but has a sufficiently low density in the outer
regions to be optically thin in the higher-velocity wings.

The problem with this model and this technique is
that the model is not unique and that computed spectra
at other locations in the cloud did not match the
observations as well. There are many reasons for this,
including the unsymmetrical shape of the cloud, the
possibility of a high-density core, and a temperature
which probably decreases toward the edge. Models
with ¥ oc R~ or R~*2 did not fit the observations at
all and produced self-absorption features; however,
models with Voc R or R fitted the data well.
Although such a mode of collapse should apply only
to a very young system which has not yet had a chance
to “feel” the effect of a density concentration in its
center, it is the only model we have found which can
reproduce a broad wing structure over an extended
area.

The free-fall collapse time for a cloud of this size
and density is about 7 x 10° years, and the current
collapse velocity should be ~ 12 km s~1, somewhat less
than the observed collapse velocity. This significant a
collapse is also not seen in cases of single massive
clouds (e.g., NGC 6334 [Paper I]; W3 [H. R. Dickel
et al., paper in preparation]), so that perhaps the
process could be triggered by the collision of this
—3 km s~ cloud with the +9 km s~ cloud centered
on W75 N. The interaction may somehow alter the
mass distribution to allow this contraction, and the
various irregularities may be caused by the presence
of some condensations where young stars are already
forming.

b) Individual Condensations

Several distinct features appear to be present on the
various maps either as peaks in T,* or as velocity
irregularities. From these, we identify seven regions
which probably represent areas of differing physical
conditions and of possible star formation in different
stages.

i) DR 21 (« = 20837™13%, § = 42°09")

This area which is both an infrared and continuum
radio peak (e.g., Rieke ez al. 1973; Schraml and Mezger
1969), has a high antenna temperature in both 2CO
and *3CO as well as broad line widths. These high
temperatures and widths are consistent with the exis-
tence of a condensation in which stars have already
“turned on’’ and are beginning to heat the gas and dust
around themselves sufficiently to create a small H 11
region complex.

ii) DR 21(OH) (« = 20°37™15°, § = 42°12')

The region of the OH maser appears bright on the
CO-temperature maps of the —3 kms~?! cloud in

DETAILED STRUCTURE OF CO 851

Figures 2 and 4, but there is no particular indication
of the actual source. The existence of anything at that
location is even less apparent on the maps giving
velocity information. The OH source probably lies
within the —3 km s~ cloud, but we cannot place it
better along the line of sight.

iii) Condensation to the North of DR 21(OH)
(o & 202372158, 8 = 42°14)

This feature, which is prominent on the ratio map of
the —3 km s~?! temperature in Figure 7a, is not par-
ticularly significant on the 12CO map (Fig. 2). These
data suggest that the region is condensed but is prob-
ably not hotter than its surroundings. A tongue of
1 mm continuum emission extending northward into
this area from DR 21(OH) (Werner et al. 1975) indi-
cates that this is indeed a dusty area which has not
evolved far enough to have significantly heated the
dust. A somewhat widened half-power width (Fig. 9)
also suggests active collapse. Because there is no major
effect upon the +9 km s~! component at this position
and also because the central velocity of this condensa-
tion is the same as the —3 km s~! average for the
whole cloud, we conclude that the condensation is
buried within the large cloud.

iv) Southeast Condensation (¢ ~ 20237™40%, § ~ 42°05%)

There appears to be an extension of the 2CO
contours in Figure 2 to the southeast of the DR 21
peak. The spectra in this vicinity are confused by a
velocity component between the two main ones and
by another at still higher velocity probably due to
other clouds along the line of sight, but it does appear
to be a region of possible heating and compression
within the —3kms~! cloud. The intermediate-
velocity component suggests that this feature may lie
near the interface of the two major clouds. No **CO
data were obtained in this direction; so we cannot
obtain further information about the physical condi-
tions there. The feature has apparently not compressed
sufficiently to have a noticeable effect upon its sur-
roundings.

V) W75 N (« = 20836™50°, & = 42°27")

The OH maser W75 N appears to be the dominant
source in the extended cloud which was originally
moving away from us at 11 km s~*. That it is bright
and has broad lines in both *2CO and *3CO suggests
both high temperature and high density. It has
already formed a star and developed a faint continuum
source (Wynn-Williams 1971). Further, the 2CO
temperature at this position in the —3 km s~ cloud
is high (Fig. 2) but the *CO/*2CO ratio (Fig. 7a) is
low, which suggests that W75 N may produce some
heating in the neighboring —3 km s~* cloud but little
compression at the interface.

vi) Eastern Maximum (« = 20837720, § & 42°11")

An additional maximum is seen just to the northeast
of DR 21 in both the *2CO and 3CO maps of the
+9 km s~ component (Figs. 3 and 5). This suggests
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an elevated temperature for this feature, but it cannot
be very hot or compacted because no increase in infra-
red emission is seen here (Harvey, Campbell, and
Hoffmann 1977). Further, the half-power line width
is small (Fig. 9¢), so any excitation is apparently not
produced by turbulence at the interface of the two
clouds.

vii) Western Feature (¢ &~ 20°37205%, y ~ 42°10")

To the west of DR 21, however, is a region of in-
creased line width in the +9 km s~ cloud (Fig. 9¢)
but with no obvious feature in the T,* maps (Figs.
3 and 5). The central velocity here is also higher than
in the near environs (Fig. 6), so that this may be a
region of increased turbulence where the two large
clouds interact but where there is yet little heating or
compression.

IV. SUMMARY

The DR 21-W75 complex appears to consist of two
interacting giant molecular clouds. The denser and
more massive of these clouds, centered on DR 21 with
a mean radial velocity of —3 km s~2, exhibits broad
wings on the line profiles of several molecular species
over an extended area. This cloud may have been
triggered into an overall collapse. At the center the
collapse has proceeded far enough to form stars, which
have already created the compact H 1 region complex
DR 21 around them (Harris 1975). Also embedded in
this cloud are an OH maser and several other excitation
centers in earlier stages of development. The rapid
contraction of such a large region is in contrast to
the dynamics we observed in the single cloud NGC
6334, where the overall collapse velocity is much less
and the embedded sources are more distinct (Paper I).
The DR 21 cloud appears to be a young region where
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the turbulence and outward pressure of the component
sources have not developed far enough to retard the
contraction.

The space motion of the second cloud in the W75
complex appears to have been differentially retarded
as it went past the edge of the denser cloud, so that we
observe a gradient in radial velocity from +11 km s—2
to +8 km s~! as we look across the face of the inter-
acting zone. The compact Hn region W75 N and
nearby OH maser source lie in this +9 km s~ cloud,
and some other features appear to be developing—
possibly under the influence of the interaction with the
neighboring cloud.
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Note added in proof —R. Genzel and D. Downes (1977, Astr. Ap. Suppl., 30, 145) have detected an H,O maser
W75 S(1) with velocity —3 km s~! which lies within 4’ of our position for a “new condensation’’ described in
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§ I11b(iii). Further support for our model comes from the observations of E. E. Lekht (1978, Soviet Astr. Zh.,
55, 76) of a weak 1667 MHz OH absorption feature at —3.5 km s~ seen toward W75 N. This suggests that, in
Figure 8, a bit of the —3 km s~ cloud should protrude in front of W75 N.
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