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ABSTRACT

We have mapped about 1.5 square degree regions of Lynds 1299, a well isolated dark cloud in the Outer Galaxy
(1 =122°,b = —7°), in the J = 1 — 0 transition of 12CO and *CO with the 13.7 m radio telescope at Taeduk Radio
Astronomy Observatory (TRAQO). We found that there are two velocity components in the molecular emission, at
Visr = —52 km s~! (Cloud A) and —8.8 km s™! (Cloud B), respectively. We have derived physical parameters
of two molecular clouds and discussed three different mass estimate techniques. We found that there are large
discrepancies between the virial and LTE mass estimates for both clouds. The large virial mass estimate reflects
the fact that both are not gravitationally bound. We adopt the mass of 5.6 x 10> M, for Cloud A and 1.2 x 10° Mg
for Cloud B using conversion factor. Cloud A is found to be associated with a localized star forming site, and its
morphology is well matching with that of far-infrared (FIR) dust emission. It shows a clear ring structure with
an obvious velocity gradient. We suggest that it may be a remnant cloud from a past episode of massive star
formation. Cloud B is found to be unrelated to Cloud A (d = 800 pc) and has no specific velocity structure. The
average dust color temperature of the uncontaminated portion of Cloud A is estimated to be 24~27.4 K. The low
dust temperature may imply that there is no additional internal heating source within the cloud. The heating of
the cloud is probably dominated by the interstellar radiation field except the region directly associated with the
new-born B5 star. Overall, the dust properties of Cloud A are similar to those of normal dark cloud even though

it does have star forming activity.
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1. INTRODUCTION

Lynds 1299 is a dark cloud located at (I,b) =
(122°, —-7°) in the Outer Galaxy. The location of the
Lynds 1299 is far above the Galactic plane (b = —7°),
thus it is implicit that there may be little contamina-
tion with gas in Galactic plane. On both of the red and
blue plates of Palomar Observatory Sky Survey (POSS)
there is clear sign of nebulocity, which implies that
star forming activity may be going on. In fact, there
is a B5 star embedded at the location of IRAS point
source 0042045530, (a, 8)1950 = (00"42™5%.0, +55°31")
(Neckel and Staude 1984). The far-infrared (FIR) emis-
sion map centered on Lynds 1299 shows a very intrigu-
ing feature. The strongest FIR emission arises at the
exact position of the nebulocity, and it has a ring-like
structure with a diameter of approximately 1° with
some dispersed filamentary structure (see Figure 1).
Continuum data of this object has not been reported.
Existing H1 data (Weaver & Williams 1973) is not suit-
able to compare with CO data as its beam size of 36’ is
too large. Recently, Yonekura et al. (1997) mapped the
large area including the Lynds 1299 in *CO J =1 -0
with a sampling rate of 8. However, they detected
only small portion of emission from the cloud as their
sampling rate was too coarse. There is no other specific
object associated with Lynds 1299. With all these priv-
ileges this cloud has never been studied in any molec-

ular lines except Yonekura et al.’s study (1997).

In this paper, we have obtained a high resolution
maps of Lynds 1299 in 2CO and ¥CO. We use these
data to study the velocity structure, mass, and kine-
matics of the cloud, and discuss the evolutionary sta-
tus of the cloud which has a peculiar morphology. In
section 2, observation mode is presented, and we dis-
cuss the observation results in section 3. In section 4
we discuss the results, and we summarize it in section
5.

II. OBSERVATIONS

We have mapped Lynds 1299 in the J = 1— 0 transi-
tion of 2CO and ¥*CO with the 13.7 m radio telescope
(FWHM=50") at Taeduk Radio Astronomy Observa-
tory (TRAO) on 1995 April, May, and December for
12C0 J = 1-0 and 1997 April and December for ¥CO
J =1 -~ 0. Sampling rate was 2’ and about 120’ x 90’
region was covered. About 1,900 spectra of *CO and
1,300 spectra of ¥CO were obtained. A SIS receiver
equipped with an SSB filter was used for the frontend.
The two filterbanks with 256 channels having a band-
width of 250 KHz per channel were used. The corre-
sponding velocity resolutions at the rest frequency of
2¢O and 1BCO are 0.65 km s~ ! and 0.68 km s™!, re-
spectively.

All observations were made by repeatedly switching
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Fig. 1.— The “CO integrated intensity contour map of Cloud A superposed on the IRAS flux gray-scaled map at 100 pm.
The gray-scale range is 15~45 MJy sr™!. The lowest contour level is 1.4 K km s~! and the increment between the levels is 4
K km s~'. The larger solid box indicates the region to compare CO emission with FIR emission, and smaller one indicates the

region of spectra shown in Figure 4.

to one reference position at [ = 121° and b6 = —6°.5
confirmed to have no CO emission. Calibration was
accomplished by frequently observing an ambient tem-
perature load. All antenna temperatures quoted are
corrected for atmospheric extinction and for the for-
ward spillover and scattering losses of the antenna and
radome (n;,,= 0.68 at 110 to 115 GHz), and are there-
fore on the Tr* temperature scale defined by Kutner
and Ulich (1981). The average rms noise of the data
in Tg* unit was 0.2 K for 2CO, and 0.1 K for 13CO,
respectively.

III. RESULTS

(a) Cloud Morphology and Velocity Structure

We found that there are two velocity components
in the molecular emission at Vigr = —52 km s~ ! and
—8.8 km s~!. Two molecular clouds seems to be phys-
ically unrelated each other as there is a large velocity
discrepancy of over 40 km s~!. We nominate the com-
ponent at Vigg = —52 km s ! as Cloud A, and for the
component at Vigg = —8.8 km s~! as Cloud B.

i) Cloud A

The 12CO integrated intensity contour map of Cloud
A is presented in Figure 1, overlayed on the gray-scale
map of FIR flux at 100 gm. The morphology of Cloud

A is characterized by elliptical ring-like shape, which is
well matching with FIR emission boundary, especially
on the eastern part of the cloud. It has an extent of
about 0°.8 x 1°.2 in Right Ascension and Declination
direction. Assuming a distance of 1.7 kpc (Neckel and
Staude 1984), the full size of the cloud is about 30 pc.
The 2CO peak temperature of the cloud is 10.7 K, and
the ¥CO peak temperature is 4.1 K, which arises at the
position of IRAS point source 0042045530, where the
star forming activity is going on. The ¥CO peak tem-
perature map is presented in Figure 2. The ¥CO emis-
sion, which traces denser portion of the cloud, is mainly
detected in the eastern part of the cloud mapped.

Figure 3 is the 2CO channel map at individual ve-
locities. The velocity coverage of each map is 0.65
km s~!, which is corresponding to one channel of 250
KHz filterbank. The covered velocity range is —55.7 ~
—47.2 km s~!. Figure 4 shows '2CO and 3CO spectra
corresponding to region of the strongest 2CO emission
which is shown as a smaller solid box in Figure 1. The
some of line profiles have non-gaussian shapes, which
implies that there is significantly strong turbulence, es-
pecially at the star forming region. The linewidths are
about 2 or 3 km s~! in the calm region with gaussian
line profiles, which is typically found in normal dark
cloud. On the other hand, in the star forming region
they are more than twice larger than that of calm re-
gion. In addition, Cloud A shows a clear velocity gra-



LYNDS 1299 DARK CLOUD 163

55 40

30

20—

10

00—

54 50 [~

DECLINATION (B1950)

l |

00 42 40

36 34 32

RIGHT ASCENSION (B1950)

Fig. 2.— The CO peak temperature map of Cloud A. The gray-scale range is 0.5~4 K, and the lowest contour level and

the increment between levels are 0.5 K.

dient in 12CO mean velocity map. The southern part is
more blueshifted than the northern part of the cloud.
This trend can be more evidently seen for the eastern
part of the cloud, which is denser than the western
part. To clarify the velocity gradient, we averaged the
CO emission along the Right Ascension, and presented
in Figure 5. In this spatial-velocity map, it is obvious
that there is a velocity difference of about 1 km s~!
between the northern part and southern part of the
cloud.

ii) Cloud B

The 2CO integrated intensity map of Cloud B is pre-
sented in Figure 6. Comparing with the FIR emission
presented in Figure 1, there is matching trend between
the CO emission of Cloud B and FIR emission, though
some portion is readily blended with that of Cloud A.
Because of this blendness, we will not discuss the corre-
lationship between FIR emission and CO emission for
Cloud B. This cloud has also been detected on the sur-
vey of Yonekura et al. (1997), and its properties were
briefly mentioned in their table. It has an extent of
about 1°.3 x 1°.3 in Right Ascension and Declination
direction. Assuming a distance of 800 pc (Yonekura
et al. 1997), the full extent of the cloud is about 18
pc. The 2CO peak temperature of the cloud is 6.7 K,
and the ¥CO peak temperature is 1.8 K. The *CO
peak temperature map is presented in Figure 7. The
detected *CO emission regions are much smaller than

that of 2CO emission. Presumably, the cloud is not
to be excited enough to emit strong *CO transition
lines. Figure 8 is the 2CO channel map at individual
velocities. The velocity coverage of each map is 0.65
km s™!, which is corresponding to one channel of 250
KHz filterbank, as in the case of Cloud A. The covered
velocity range is —12.2 ~ —5.0 km s™! and the mean
velocity is about —8.8 km s™!. Figure 9 shows some ex-
ample of 2CO and '3CO spectra for the region marked
with solid box in Figure 6. The >CO line widths of
Cloud B are about 2 to 3 km s™!, which corresponds
to typical linewidths of normal dark cloud. The 2CO
mean velocity map and 2CO position-velocity map are
not presented in present paper. There is no specific
velocity gradient in Cloud B.

(b) Mass Estimate
i) LTE Mass Estimate

The LTE mass estimate has been widely used to es-
timate cloud masses. This method and assumption in-
herent in its use had discussed in many papers (Lee
1992; Lee et al. 1994; Dickman 1978). The *CO col-
umn density is necessary to obtain the LTE mass. It
can be determined when both 12CO and ¥CO lines have
been observed toward each line of sight.

For pixels with *CO emission greater than the 3 ¢
noise level, the column density of *CO in the i-th pixel
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Fig. 3.— The '2CO velocity map of Cloud A. Each map has Visg range of 0.65 km s™'. The centered velocity of each map is
marked at the upper-right corner. The lowest contour level is 1 K and the increment is 1.5 K. The gray scale ranges from 0 to

10.7 K.
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Fig. 4.— The 'CO and '3CO spectra corresponding to region of the strongest 1200 emission which is shown as a smaller
solid box in Figure 1.
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Fig. 5.— The *CO Declination-velocity maps averaged along the Right Ascension. The lowest contour level and the increment

between levels are 0.2 K. The gray scale ranges from 0.2 to 1.8 K.
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Fig. 6.— The 2CO integrated intensity contour map of Cloud B. The gray-scale range is 0~12.5 K km s~!. The lowest

contour level is 1.2 K km s~! and the increment between the levels is 1.68 K km s~!.

spectra shown in Figure 9.

The solid box indicates the region of
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Fig. 7.— The *CO peak temperature map of Cloud B. The gray-scale range is 0.4~1.7 K, and the lowest contour level is 0.5
K, and the increment between level is 0.2 K.
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Fig. 8.— The 2CO velocity map of Cloud B. Each map has Vi range of 0.65 km s™'. The centered velocfty of each map
is marked at the upper-right corner. The lowest contour level and the increment are 1 K, respectively. The gray scale ranges
from 0 to 6.7 K.
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Fig. 9.— The CO and *CO spectra for solid box in Figure 6.

of a cloud is given by

242 x 104AV; T, 13

13 L -2 1
N(TCO): 1 — exp[—5.29/Tey] fem™], (1)

T13
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where AV is the full width at half-intensity in km s,
713 is the line center optical depth of 3CO, and T, is
the excitation temperature.

For pixels with emission weaker than the 3 ¢ noise
level, the 3CO column density is given by

_3.76 x 10

N(3C0); = 7 /T;;(BCO) dv [em™?,

(4)
where £, is the fraction of ¥*CO in the upper state (J =
1).

The obtained LTE mass is 1.5 x 10° Mg, for Cloud
A, and 1.4 x 10?> M, for Cloud B.

ii) Virial Mass Estimate

The partition of energy can be determined by the
virial theorem, if a molecular cloud is virialized. The
virial mass is given as

38 020
Myig = Tt' D, (5)

Tt = Vo2 + 0.2 [km s‘l], (6)
D =@/ [pd, (7)

where ¢4, is velocity dispersion of the cloud, which rep-
resents all forms of kinetic motion within the cloud, o,
is the internal velocity dispersion, and o. is the cen-
troid velocity dispersion. The constant 8 is order of
unity and depends on the shape and density distribu-
tion of the cloud. D is the cloud diameter and A is the
area. It is not straightforward to define a cloud size as
clouds have the irregular shape. The mean cloud diam-
eter was adopted assuming a spherical cloud. The area
of the cloud is defined as region covered by all pixels
with '2CO peak temperature greater than 5 o.

In the case of Cloud A, the cloud size is 18.3 pc
assuming that the cloud distance is 1.7 kpc (Neckel and
Staude 1984) , and the internal and centroid velocity
dispersions are 0.8 km s~! and 0.9 km s~1, respectively.
Thus the total velocity dispersion is 1.2 km s~1. For
Cloud B, the cloud size is 11.6 pc assuming that the
cloud distance is 800 pc (Yonekura et al. 1997), and the
internal and centroid velocity dispersions 0.65 km s~1
and 0.56 km s™!, respectively. Thus the total velocity
dispersion is 0.86 km s~!. The estimated virial mass is
1.5 x 10* M for Cloud A, and 5 x 10° M, for Cloud B,
assuming a uniform density distribution and a spherical
cloud (8 ~1.6).

iii) Mass from CO Luminosity

The mass using CO luminosity is based on the em-
pirical relation between the CO integrated intensity
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and molecular hydrogen column density, or the rela-
tion between CO luminosity and mass. This relation-
ship has been studied by a number of investigators and
reviewed by Scoville and Sanders (1987). In the CO
luminosity —mass relation, empirical estimates of the
conversion constant based on molecular observations
vary between 1 and 5 x 10 cm™2 (K km s~!)~! (Scov-
ille and Sanders 1987). Usually the virial mass is used
to calculate the conversion factor. In fact, a relation
between total CO luminosity and cloud mass can be
established theoretically if clouds are virialized (Dick-
man, Snell, and Schloerb 1986). The conversion factor
has also been established through y-ray studies (Le-
brun et al. 1983; Bloemen et al. 1984; and summary
by Bloemen 1989), which found similar conversion con-
stant ranging from 2 to 3 x 102 ecm™2 (K km s™1)~"*,
The y-ray analysis suggests that the conversion factor
is roughly constant throughout the Galaxy (Bloemen
1987). One merit of this method is that it is indepen-
dent of virial mass estimates.

The 2CO luminosity is calculated from the following
equation

L=AV; Ti A [K km s™! pc?), (8)

where the sum is over all pixels, ¢, within the cloud
boundary, AV, (= (81n2)1/? 5,) is the full width at half-
intensity in velocity units, and A is the pixel area in
units of pc?.

The 2CO luminosity is about 1,200 K km s™! for
Cloud A, and 250 K km s ! for Cloud B. Thus the
mass obtained from CO luminosity is 5.6 x 10° M, for
Cloud A, and 1.2x 10° Mg, for Cloud B. Here we use the
most recent estimate of the conversion factor, 2.3 x 1020
em™? (K km s™1)7!, established through y-ray analysis
(Bloeman 1989).

(c) Density

We used two methods to determine the cloud den-
sity. One is the volume density computed with the mass
estimates, and the other is the density based on column
density and line-of-sight distance. The average volume
density is useful in the global cloud. We assumed that
the clouds have spherical shape to estimate the aver-
age density roughly. The mass and size for Cloud A
are 5.6 x 10° Mg and 18.3 pc, respectively. The vol-
ume density of Cloud A is about 40 cm™3. For Cloud
B, the mass and size are 1.2 x 10° My and 11.6 pc,
and the volume density is about 33 cm™. The average
volume density of dark clouds in solar neighborhood
ranges from hundred to few thousand per cubic cen-
timeter. Thus, the volume densities estimated for both
clouds are much smaller than that of the density range
of dark clouds.

Another method of the density estimate was ob-
tained as follows. The average density along the line of
sight is given by the H; column density, which is ob-
tained from ¥CO column density, divided by the line-
of-sight distance. We temporarily assumed that the

line-of-sight distance equals the cloud size mentioned
in previous method (as the cloud is well extended, the
assumption may be exaggerated). In the case of Cloud
A, the H; column density is 2.1 x 102! cm™2, and the
line-of-sight distance is 18.3 pc. Thus, the average den-
sity of Cloud A is 38 cm™3. The H, column density and
the line-of-sight distance for Cloud B are 9 x 102° ¢m—2
and 11.6 pc, respectively. Thus the average density of
Cloud B is about 26 ¢m™3.

(d) Far-Infrared Analysis
i) Relation to CO Emission

The CO emission and dust have spatial coincidence
and morphological similarity for isolated clouds (Heyer
et al. 1987; Langer et al. 1989; and Mooney 1992). It
is neeessary to separate the Galactic background FIR
contamination from the cloud emission to estimate the
FIR emission of the cloud accurately. However, the
identification of the FIR emission is straightforward in
the case of Lynds 1299 as the cloud is well isolated.
The problem is that there are two different cloud com-
ponents overlapped. Thus we extract the small portion
of the region the CO emission of which is well match-
ing with the FIR emission. It is marked with larger
solid box of Figure 1. We compared CO emission with
FIR emission at 100 pm and 60 um for the region ex-
tracted. We present their correlationship in Figure 10.
The scattered points above the main congregation are
from the strong IRAS point sources, and thus not in-
cluded in the least-squares fit. It is found that there is
a good correlation between the FIR. emission and the
12CO integrated intensity for this region, except con-
tribution of the IRAS point source, below 40 MJy sr~!
for 100 um and below 15 MJy sr~! for 60 um. A least-
squares fit was used to determine the relation between
12CO integrated intensity and FIR flux.

The results of least-squares fits are shown as the solid
line in Figure 10. The equations of the fitted lines are
given as

Tiop = 0.33(£0.03) Ico + 22.9(£0.18), 9)

Teo = 0.12(£0.02) Ico + 3.81(£0.17),  (10)

where the FIR intensity has units of MJy sr~! and the
CO intensity has units of K km s~!. The intercepts
in the correlationship represent general foreground or
background FIR emission from dust within the Galac-
tic plane to this region. The slope represents the true
relation between '2CO integrated intensity and FIR in-
tensity.

ii) Dust Temperature

A dust color temperature can be derived from the
integrated flux density ratio at 60 and 100 um, assum-
ing that a dust emissivity law is proportional to A~”.
The derived equation is given as
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Fig. 10.— (a) The 100 pm intensity and (b) 60 um intensity
as a function of Izp for a larger solid box region in Figure
1. The solid lines are the results of the least squares fits.

Seo. = (ﬁ"‘i)uﬁ [GXP(hC/Aloode) -1 1)
S100 A100 exp(hc/AgokTq) — 1 |

= (hc/k)[l/AGO - 1/)\100]
d ln[(Su)O/Sﬁo)()\100/)\60)3-4}-/1]7

where 3 is emissivity index. The emissivity index is not
well determined at these wavelengths, but it probably
ranges between 8=1 (Hildebrand 1983) and 8=1.5~2
(Cox & Mezger 1989). We obtained the flux density for
the region not to be superposed between two clouds.
The average flux density ratio of 60 to 100 um for this
region is 0.23. Thus the dust color temperature ob-
tained from this ratio is 27.4 K assuming that the dust
emissivity index is 1, and 24 K assuming that #=2.
For star-forming clouds, the average flux density ratio
is 0.53 (Carpenter, Snell, & Schloerb 1990). For nearby
dark clouds, for example, the flux density ratios found
for the two Taurus clouds of B18 and Heiles’s cloud
2 are 0.17 and 0.12, respectively (Snell et al. 1989).
Thus, the dust color temperature for the given region
is more similar to that found in the cold dark clouds.

(12)

IV. DISCUSSION

(a) Mass and Density

The cloud mass was estimated in three different
ways. For Cloud A, the LTE mass, 1.5 x 103 Mg is
the smallest and the virial mass, 1.5 x 10* Mg, is the
largest. The difference between the two mass is a factor
of 10. For Cloud B, the difference is much larger; the
LTE mass, 1.4 x 10> Mg, is the smallest and the virial
mass, 5x 103 Mg, is the largest. Many parameters such
as velocity dispersion, size, and density enter the virial
mass estimate, and thus many sources of uncertainty
are involved in this estimate. These parameters have
been discussed in other paper (Lee 1992, 1994a). Ac-
cording to Lee (1994a, 1994b), these parameters will
not affect virial estimate significantly if a cloud is viri-
alized, though the velocity dispersion is the most im-
portant parameter. A factor of two or even three differ-
ence between mass estimates could easily be attributed
to the uncertainties in these mass estimates. If this is
the case, the cloud is likely to be virialized. However,
the difference between mass estimates for two clouds in
present study is too large. This fact reflects that both
are not likely to be virialized.

Usually, the LTE mass estimate is the smallest. LTE
mass estimate may significantly misses the mass out-
side the cloud boundary, and it is based on several crit-
ical assumptions. Thus, the LTE mass is usually un-
derestimated. This mass estimate has also been dis-
cussed in many other papers (Lee, Snell, and Dick-
man 1990; Lee 1994a). A general relation between
mass and CO luminosity may exist if the cloud is in
virial equilibrium. However, if not in virial equilib-
rium, this method could overestimate the cloud mass.
In the CO luminosity—mass relation we have used a
recent estimate of the conversion factor, which was de-
termined without considering virialization assumption;
It is 2.3 x 10% cm~2 (K km s71)~!, obtained from the
v-ray analysis (Bloeman 1989).

Both clouds are presumably not to be excited enough
to detect the '3CO emission. The LTE mass of two
clouds in present study is quite underestimated. Es-
pecially, the detected ¥*CO region for Cloud B is very
small. Also, as the two clouds are not virialized, the
virial mass estimates are not eligible as mass estimate.
Thus, we adopt the masses of two molecular clouds us-
ing conversion factor from v-ray analysis; 5.6 x 10° Mg
for Cloud A, and 1.2 x 10® Mg, for Cloud B.

The estimated densities must be a lower limit; the
most important parameter to estimate the cloud den-
sity is the size of the cloud through the line of sight in
this study. In fact, our assumption of the size along the
line of sight must be an upper limit, as the cloud itself
is expanding, and the cloud morphology is very dis-
persed. Thus, the actual dimension of the cloud should
be smaller along the line of sight. The more accurate
estimate of density can be done by studying CS emis-
sion and core structure, which we did not conduct in
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this study.

(b) Velocity Field and Evolutionary Status of
Cloud A :

Cloud B may be the local cloud which shows no spe-
cific velocity field. Thus we will not discuss on Cloud
B furthermore. On the other hand, Cloud A shows a
elliptical ring structure, a very exceptional feature, sel-
dom found in other molecular clouds. In addition, this
ring structure shows a systematic velocity gradient; the
velocity difference between northern part and southern
part of the cloud is about 1 km s™!. The possible mech-
anism for this peculiar velocity field may be explained
only as expansion feature. If this is a projected velacity
difference, it is expanding with a velocity of at least 1
km s~!. However, there is no clear energy source induc-
ing expansion within or around the cloud. What can
be the energy source inducing expansion in the cloud?
If the expanding velocity and size of the cloud are 1
km s™! and about 30 pc, the expanding period and
kinematic energy are 3.0 x 107 yr and 2.9 x 10% ergs,
respectively. The early type star can produce the huge
kinematic energy of up to 1047 ergs. Thus, the begin-
ning of the cloud expansion could be initiated by past
formation of massive star or a combination of massive
stars, and this energy may be sufficient to drive the sur-
rounding molecular cloud to expand. Thus, we suggest
that the evolutionary status of the ring structure may
be explained as in the case of giant molecular clouds,
G216-2.5 and Gem OBI1 (Lee et al. 1994). According
to them, G216-2.5 possesses broad line widths, very
low gas temperatures, and no massive star formation,
which are similar to the features of Lynds 1299 in small
scale. Moreover, G216-2.5 has a very complicated and
striking velocity structure. This giant molecular cloud
may undergo episodic massive star formation events.
Mooney (1992) also described a supporting scenario as
follows; Giant molecular clouds undergo a massive star
formation burst, fragment and expand, and then ap-
pear as quiescent cold clouds with the fossil remains
of the past burst of star formation. Lee et al. (1994)
suggested that G216-2.5 is a remnant cloud from a past
episode of massive star formation.

We apply above explanation for the evolutionary sta-
tus of G216-2.5 to the cloud in present study, though its
scale is much smaller. We describe a scenario as follows:
The cloud undergo a massive star formation with strong
stellar wind, and the maternal molecular cloud was dis-
rupted with part of cloud expanded. Then, the star
within the cloud was evolved and dissipated, and the
ring-like morphology is being remained as a remnant of
original cloud. This is a fossil remains of episodic sce-
nario of star formation. The new-born B3 star residing
at the edge of the cloud may be a star of second gener-
ation. Thus, the evolutionary status of the cloud with
ring-like structure may be inferred as the fossil remains
of the past strong stellar wind or burst of massive early
type star(s).

(c) Relation between FIR Emission and CO
Emission

The comparison between CO emission and FIR emis-
sion is made for the region extracted as explained in
section 3. A good correlation between the FIR inten-
sity and the 12CO integrated intensity exists in this re-
gion as in the case of dark clouds. The linear relations
between 100 pm intensity and either the HI column
density in regions of atomic gas or CO column density
in molecular clouds have been found (Boulanger & Per-
ault 1988; Snell, Heyer, & Schloerb 1989). Boulanger
& Perault (1988) reported the results of a compari-
son between CO and FIR emission in nearby molecu-
lar clouds. They reported that the ratio between 100
pm intensity and CO integrated intensity in outside
star forming regions range 0.7~2.5 (MJy sr!) (K km
s7!)7. The average ratio obtained for the region of
present study is 0.33 (MJy sr!) (K km s~1)~!, which
is substantially less than the value found by Boulanger
& Perault (1988). We computed the ratio of 100 um
intensity to total hydrogen column density from the
slope of the least-squares fit. The CO conversion fac-
tor established throughout the y-ray analysis (Bloemen
1989) of 2.3 x 10% Hy cm™2 (K km s~1)~! is used to
convert the CO intensities to molecular hydrogen col-
umn densities. The ratio of 100 and 60 um intensity
to the hydrogen column density computed for the re-
gion of present study are 0.08 and 0.027 MJy sr~! (102
H em™2)~1. These values can be compared to those
for normal dark clouds. For example, I1gp,m/N(H) and
Tsoum/N(H) are 0.07 and 0.012 for B18, and 0.10 and
0.012 MJy sr™! (10%° H cm=2)~! for HCLZ2, respectively
(Snell, Heyer, & Schloerb 1989). The ratios obtained
for the region of present study are comparable to the
dark cloud ratios. Snell et al. (1989) attributed the low
ratios in the dark clouds to dust heated by only the so-
lar neighborhood interstellar radiation field. Mooney
(1992) also found a similar conclusion for the clouds
classified as IR-quiet. Thus, the unusually low ratios
obtained in present paper is probably due to the ab-
sence of internal heating sources. The B5 type star
within the cloud may not have enough energy to heat
the associated dust and gas in large scale. Thus, the
dust temperature should also be relatively low.

V. SUMMARY

We have mapped L1299 in J = 1 — 0 transition of
2C0O and ¥CO with 13.7 m radio telescope at Taeduk
Radio Astronomy Observatory (TRAO). We summa-
rize our main results as follows;

1. We found that there are two velocity compo-
nents in the molecular emission at Vigg = —52 km s7!
(Cloud A) and —8.8 km s~! (Cloud B). The two molec-
ular clouds are physically unrelated each other as they
have the velocity difference of over 40 km s~!. Cloud B
is presented the Local Cloud with no specific velocity
structure. Cloud A shows a elliptical ring structure,
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well matching with the FIR emission.

2. For both clouds there are large mass discrepancy
in three mass estimates. The virial mass estimates are
the largest, and the LTE mass estimates are the small-
est. The large virial masses may reflect the fact that
both molecular clouds are not gravitationally bound.
Thus, we adopt the cloud mass using conversion factor
determined from ~-ray analysis; 5.6 x 103 Mg, for Cloud
A and 1.2 x 103 Mg, for Cloud B.

3. We obtained a good correlationship between the
FIR emission and CO emission for the portion of Cloud
A, which are thought to be uncontaminated from other
sources. The flux density ratio of 100 pm to 60 pm
is 0.23, and the dust color temperature is 24~27.4 K,
which are similar to those found in the cold dark cloud.
Both the low ratio and low dust temperature are likely
due to the lack of internal heating sources. The star
forming region within the cloud may be affected the
whole region of the cloud only a little. The dust heat-
ing is probably dominated by the interstellar radiation
field.

4. The velocity structure of the cloud with a ring-
like shape can be explained with expansion. The ex-
pansion period and kinematic energy computed from
the size and expansion velocity of the cloud present the
fact that it is sufficient if the energy source induced ex-
pansion is the massive early type star(s). Thus, the
evolutionary status of ring structure may be explained
as in the case of giant molecular clouds, G216-2.5 and
Gem OB1. We suggest that it may be a remnant cloud
from a past episode of massive star formation.
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