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Abstract. We present a multiwavelength study of L1274, a dark molecular cloud in the Cep—Cas void. From
objective prism spectroscopy we derive a distance of 200430 pc to the cloud. CO maps reveal a slightly elongated
molecular cloud with a diameter of about 2pc. Maps in 2CO (1-0), **CO (1-0) and '2CO (2-1) indicate two
distinct features: a “main body” and an adjacent “ridge”. The kinetic temperature of the CO gas is 10-12 K,
calculated by a non— LTE method. The total gas mass of the main body is estimated from the CO data to be 25—
45 M. We find a large difference between CO —inferred gas mass and virial mass, a property usually attributed
to HLCs. However, the derived mean density of Hs is at least an order of magnitude larger than typical for HLCs,
i.e. similar to ordinary dark cloud cores. We discuss the validity of our mass estimates and the possibility of an
external disturbance, e.g. a passage of a supernova induced shock—front.

Key words. ISM: clouds — extinction — dust — molecules, individual objects: L 1274

1. Introduction

There are many indications that the interstellar medium
in the Cepheus— Cassiopeia region (100 < ¢ < 140°,0 <
b < 25°) is highly disturbed due to one or more supernova
explosions in the last 10° years. The area between the
Cepheus and Cassiopeia molecular cloud complexes is vir-
tually free of CO emission, with the “hole” filled with ex-
cess soft X-ray radiation probably caused by a supernova
explosion roughly 10* years ago at a distance of 300pc
(Grenier et al. 1989). In addition, a ridge of one of the ma-
jor radio—continuum loops, LoopIII (Berkhuijsen 1971),
runs along the eastern boundary of the Cepheus cloud
complex. It is generally accepted that the origin of radio—
continuum loops are old supernova remnants with ages es-
timated to ~10% years. LoopIII has an estimated distance
of 150 pc and the projected centre is | ~ 125°,b ~ 15°
(Berkhuijsen 1973). The dust in the Cep—Cas region re-
flects a violent environment; in the second Galactic quad-
rant 135 FIR loops have been defined from the 100 pum
ISSA images (T6th et al. 1996; Kiss et al. 2001, in prep.).
On the sky molecular clouds appear to follow many of
those FIR loops (see, e.g., Kiss et al. 2000), supporting
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the hypothesis that these loops trace dust and gas swept
out by strong stellar winds and/or supernova explosions.

L 1274 is a small dark cloud with estimated area, opac-
ity and centre coordinates of 0.032 deg?, 4 and a =
23h55™ § = +70°40" (1950.0), respectively (Lynds 1962).
Cloud No. 454 in Taylor et al. (1987) was identified as
L 1274 although their coordinates differ by a few arcmin-
utes from the ones in Lynds catalogue. In the >*CO survey
of this region by Yonekura et al. (1997) L 1274 is listed as
cloud number 109 and is referred to as the 118.1+08.8
cloud. They derived a peak hydrogen column density of
1.4 10! cm~2 and a mass of 31 My for a cloud size of
18’ x 8 at an assumed distance of 300pc. The cloud
was also detected in the all-sky '2CO survey of Dame
et al. (1987) as one of many small clouds in the region
115° <1< 125°, 5° < b < 15°. Grenier et al. (1989) show
a composite map of the nearby CO emission in Cassiopeia
and Cepheus from the all-sky survey integrated from —8
to +8kms™!, where L1274 is part of a fairly large cloud
complex at 115° <1 <123°, 6° < b < 12°. The projected
location of 11274 is close to a peak of excess soft X-ray
emission (Grenier et al. 1989).

We have selected L 1274 as a target for studies of phys-
ical and chemical conditions in a molecular cloud possibly
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disturbed by shocks. Here we present and discuss optical,
infrared, and CO line data.

2. Observations and data analysis
2.1. Optical !

Objective prism images of the region centred at 11274
were made with the 60/90/180cm Schmidt telescope of
the Konkoly Observatory (Piszkéstetd mountain station)
and an UV transmitting objective prism with a refract-
ing angle of 5° and 580 A/mm linear dispersion at H,.
The field of view of the telescope is 19.5 deg?. The spectra
were recorded on ORWO ZU emulsions with 2 mm widen-
ing. Two sets of images have been taken: two plates with
exposures of 30 min and two plates with 8 min. The obser-
vations were carried out in September and October, 1996.

Classifications of the objective prism spectra were
made by eye using the set of criteria of the Bonner Spectral
Atlas IT (Seitter 1975), by comparing our observed spectra
with the spectra set of the MK standards presented in the
Atlas, made with a prism that had a linear dispersion at
H, of 645 A/mm. Errors are estimated to be +2 spectral
subclasses, which is equivalent to £0.4™2¢ in the distance
modulus for A—type stars. We have classified a total of 508
stars (B, A, F spectral type) and consider our sample to be
complete down to V' = 12™28 (for A type stars). The stars
were identified in the GSC using the SKYMAP software
(version 2.7). Visual magnitudes of all the classified stars
were taken from the HST Guide Star Catalogue CD-ROM
Version 1.1. We assumed all stars to be main— sequence
objects and assigned absolute magnitudes, My, using val-
ues listed by Lang (1992). The corresponding apparent
distance moduli, p = my — My, was calculated.

The distance to a dark cloud can be determined
by comparing star counts within the area of the
cloud and in a nearby extinction—free field (see, e.g.,
Trumpler & Weaver 1953). We define N(V) as the num-
ber of stars per square degree brighter than V' in appar-
ent magnitude. The shape of the cumulative star num-
ber —distance modulus relation, log;, N (V') — p (the Wolf
diagram, Wolf 1923), provides information of the distance
and absorption of the clouds along the line of sight. An
average excess extinction (absorption caused by the cloud)
can be directly read from the Wolf diagram as the separa-
tion between the log;q N.(V') and log;q N(V') curves along
the horizontal lines, where N¢(V') refers to the compari-
son field. In principle, instead of a comparison star field
one can use a galactic extinction—free model curve. The
latter method has been used for distance determination
in several papers, e.g. Kun (1998), Obayashi et al. (1998),
Kun et al. (1994) and is applied here too.

! The optical data were observed and analysed while S.
Nikoli¢ and Cs. Kiss were guest observers at the Konkoly
Observatory.
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2.2. FIR

To investigate the FIR properties of the cloud, we used
plates extracted from the final Atlas of Sky images?
(Infrared Survey Sky Atlas, ISSA, Wheelock et al. 1994)
created from the IRAS data. IPAC (Infrared Processing
and Analysing Center) has processed these, on-line avail-
able, images to a uniform standard, with a pixel size close
to 1/5. The 3° x 3° ISSA images were centred at £ = 118°,
b = 8°. Due to the low Galactic latitude of L1274 the
o | sinb|~! background emission law could not be used
(Boulanger & Pérault 1988). To remove the background
emission we, therefore, used a second order polynomial.

2.3. Radio

Onsala 20 m The Onsala Space Observatory’s (0OSO) 20—
m telescope was used during four observing sessions in
1998 and 2000. We made 12CO (1-0) and **CO (1-0) maps
and observed some positions in C180 (1-0), CS (2-1) and
HCN (1-0). The telescope receiver was a SIS mixer with
a typical Tyee = 100K (SSB) in the frequency range
used. We used a 1600—channel correlator with 20 MHz
bandwidth (i.e. a velocity resolution of 0.034kms~! at
110 GHz). The HPBW of the telescope at 110 GHz is 35”.
The pointing was checked by observing several SiO maser
sources and we estimate the pointing uncertainty to be
about 3” rms in Az and El. The CO observations were
made in the frequency switching mode with a throw of
7 MHz. Other molecules were observed in the beam switch-
ing mode. The chopper—wheel method was used for the
calibration, and the intensity scale is given in terms of
Tx. For the maps we used a grid spacing of 60”. The rms
was 0.5-1K, 0.5K and 0.02-0.05K for '2CO, ¥CO and
the rest of the observed molecules, respectively.

KOSMA 3 m In August 1998 the cloud was mapped
in 12CO (2-1) with the KOSMA 3-m telescope (Kramer
et al. 1998) on a 1’ grid. The rms was 0.1-0.2K. In
October we made cross—scans through a central position
in 12CO (3-2), ¥3CO (2-1) and C'80 (2-1). The HPBW of
the telescope is 125" and 70" at 220 GHz and 345 GHz, re-
spectively. The telescope has a dual-channel-SIS receiver
(230/345 GHz) with typical receiver temperatures in the
range 100-180K (SSB). Three different acousto—optical
spectrometers were used: a Medium Resolution AOS with
300 MHz bandwidth and a resolution of 360kHz (August),
a High Resolution AOS with 59 MHz bandwidth and
53kHz resolution, and a Variable Resolution AOS fixed
at a bandwidth of 655 MHz and a resolution of 550 kHz
(October). Therefore, the velocity resolutions for both fre-
quency ranges were similar, about 0.4kms~!. The point-
ing was checked regularly and it is estimated to be about
10” rms in Az and El. The observations were made in the
position switching mode.

2 downloaded from the SkyView, Web version: v4.1,
http://skyview.gsfc.nasa.gov/
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Fig.1. Wolf diagrams for the L 1274 Schmidt field: a) loga-
rithm of the cumulative number of A and F type stars per
square degree as a function of the distance modulus in a 3° x 3°
box centred at ai9s50.0 = 23t)50m7 01950.0 = +70°52’5. The
dashed line is the extinction free function calculated from the
Galaxy model by Wainscoat et al. (1992) for the Galactic coor-
dinates £ = 118°, b = 9°. Two absorption layers are indicated.
b) the same as in a) but for the area outside the 3° x 3° box.
See the text below

3. Results
3.1. Distance

The cloud has a small area compared to the field of view
of the Schmidt telescope. We decided, therefore, to ex-
amine progressively larger regions, centred on the L 1274
CO cloud (0419500 = 23h50m’ (51950,0 = +70053/), and in-
vestigate whether absorption layers detected in a smaller
region persist in larger ones. Boxes of 1° x 1° and 2° x 2°
did not have enough stars for reliable statistics, but they
indicated the existence of two absorption layers. In Fig. 1
we present Wolf diagrams of a 3° x 3° area (centred on
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the CO cloud) with 261 stars (a) and of the rest of the
Schmidt’s field of view, with 247 stars (b). To construct a
reference extinction —free curve we used parameters given
in Wainscoat et al. (1992).

Both Wolf—curves show two layers of obscuring mate-
rial. The difference between the two diagrams is that the
nearest absorption layer is more shallow in the latter field,
(b), probably because here we see the more transparent
parts of that layer. This indicates that the L. 1274 cloud is
located at the smallest distance. At a distance modulus of
6.2 (corresponding to a distance of ~170pc) the difference
between the model curve and the observed one starts to
be statistically significant (when defined by the statistical
error of the star counts, N'/2). We consider this as a lower
limit to the distance modulus of L. 1274 since errors in the
spectral classification and dispersion in the absolute mag-
nitudes of the stars smooth the effects of absorption layers
in the Wolf diagram. In the ideal case, an upper limit of
the distance modulus (i.e. the far side of the cloud) is de-
fined by the point where the observed curve again turns
parallel to the model curve; the closest match occurs at
about 6.7M?¢ (i.e. 220 pc). We thus assign a distance mod-
ulus of 6.5™?8 to L 1274, corresponding to a distance of
200 pc, with an uncertainty of about 30 pc. The average
absorption of this layer is 0.7™28 (in a 3° x 3° area).

The more remote absorption layer might be part of
the 400 pc component layer seen in the Cepheus region
towards lower Galactic latitudes (Kun 1998). Close to
L1274, and included in our Schmidt-plate, lies another
cloud which in the FIR has a diameter of ~10’. We have
labeled this cloud “L1274N”. It is bright both at 60
and 100 pm, with the peak IR brightness position at
Al = 436", Ab = +62' relative to the (0,0) position of our
CO map. 2CO (1-0) test measurements (Onsala) show
emission at v,gr = —10.9kms™!. The observed velocity
suggests that this cloud may belong to the more remote
absorption layer seen in our Wolf diagrams. The average
absorption is about 1.3™2%.

3.2. Dust distribution

The L1274 cloud has moderate FIR emission at 100 um,
but lacks significant emission at 60 um, a property in-
dicative of dark clouds (Laureijs et al. 1991, Abergel
et al. 1994). Laureijs et al. (1991) modeled the FIR emis-
sion of the dark clouds complex containing L. 134, 1.183
and L 1780; assuming a A~! dust emissivity law the ab-
sence of 60 um emission yielded an upper limit of about
15 K.

The 100 um excess emission is defined as Aljgg =
oo — 150/ ©, where © is the ratio Isp/I10o in the outer dif-
fuse regions (Laureijs et al. 1991; Boulanger et al. 1998).
We have used their ratio of © = 0.2, since in the L. 1274 re-
gion we could not derive it accurately due to the weak FIR
emission. Aljgg for L 1274 is spatially very well correlated
with the '3CO emission, as shown in Fig. 2a. There is also
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Fig.2. a) The 100 um excess emission (greyscale) towards L 1274 overlayed with the *CO (1-0) contours. b) The 100 ym

emission (greyscale) overlayed with the *CO (2-1) contours. Greyscale is in MJy sr

integrated CO emission from 20% level in steps of 20%

a good correlation between the '2CO and the 100 ym emis-
sion, as seen in Fig. 2b. A comparative analysis of the Far
IR, ¥CO and '2CO data for dark cloud regions (see, e.g.,
Abergel et al. 1994) shows that the 100 m excess emission
and the ¥CO emission have very similar distributions.
Since the definition of Al1gg should include a subtraction
of the diffuse component of the cloud, the 100 ym excess
emission seems to be tightly correlated with molecular gas
of densities >10%cm ™2 (Laureijs et al. 1991).

Four point sources were found in this region. As
their flux quality was poor at most wavelengths, the
TRAS detector scans were examined using the Groningen
Image Processing Software System, GIPSY (Assendorp
et al. 1995). We classified them according to their
infrared colours. Two sources, IRAS 2353647043 and
TRAS 23500+7100, appear to be late type giants and agree
within 5” with the positions of faint (mps < 13™28) stars
on the POSS plates. IRAS 23491+7053 coincides optically
with a very faint, diffuse object and is probably a galaxy.
The only source that lacks an optical counterpart (within
20" is TIRAS 2350547047. The derived infrared colours
indicate a cold source and our CO —observations suggest
that this source is associated with L 1274.

3.3. CO distributions and kinematics

The CO channel maps in Figs. 3 and 4 show two distinct
structures: the “main body” of the cloud emitting within
the velocity range -5 to —2.5 km s~! and the “ridge” seen
between —2 and 0 km s~!'. Whether the two structures are
unrelated or have a common origin is not clear. However,
the morphology favours the second view: the channel maps
in Fig. 3 show that the ridge follows closely the edge of the
main body and that the main body seems to turn gradu-
ally into the ridge, spatially as well as kinematically. This
is also apparent in Fig. 4 which shows similar distribu-
tions for all the three CO transitions observed. Those of

~! units. The contour plots show the total

1200 (1-0) and (2-1) are remarkably similar with approx-
imately the same extents. At a distance of 200 pc the linear
extent of the main body is 1.5 to 2pc as defined by the
lowest (10%) contours in Fig. 4. In 1¥CO(1-0) the main
body is well defined while the ridge has barely any emis-
sion, indicating that the ridge consists of more diffuse gas.
The 2CO(1-0)/13CO(1-0) integrated intensity ratios are
smaller than 5 over a significant part of the main body. In
the ridge typical ratios are 10 or higher with the excep-
tion of the SE part where ratios are similar to those in the
main body. The highest ratios in the ridge are found in an
area surrounding IRAS 23505+7047 (indicated in Fig. 3).

Similar to the 12CO/CO isotopic ratio, we see only
small variations of the 12CO(2-1)/*2CO(1-0) integrated
intensity ratios in the main body. With the CO(1-0) data
convolved to the same beam size as the (2-1), this ratio
is close to 0.7 when the beam efficiencies given in Table 1
are applied. Roughly the same ratio is found along a line
through the centre of the ridge with a possible exception
of the area around the IRAS source where it drops to 0.5—
0.6. At the edges of the ridge this ratio decreases quickly
outwards.

We have investigated the kinematics of the gas with a
number of position—velocity maps across the region. We
see no other prominent velocity components than those
associated with the main body and the ridge. The former
shows no discernible velocity gradients. In the ridge, on the
other hand, there is such a tendency with a velocity closer
to that of the main body in the SE part. The difference is
about 0.5kms™! between the SE (v ~ ~2kms™!) and the
NW (-1.5kms™!) regions (see Fig. 3). It thus seems that
the densest part (as indicated by low 12CO(1-0)/13CO(1-
0) ratios) of the ridge is closer to the main body, at least
in velocity but, of course, not necessarily in space.

Finally, the line width of the main body emission is
typically 1 kms™! in the '2CO lines while that of the ridge
seems to be somewhat larger, 1.5kms~!. The latter value
is, however, uncertain due to the weakness of the line in
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Fig.3. 2CO (2-1) channel maps. The velocity ranges are indicated in the lower right corner of each panel. The observed
positions are indicated by dots. The intensity scale is in Tx dv [Kkms™!']. Offsets are relative to £ = 118%00,b = 8200. The
square marks the position of the IRAS PS classified as a cold clump

combination with blending by the stronger main body
emission. Global profiles of the observed region indicate
a larger difference between the two components, about a
factor of 2, likely due to the possible velocity gradient
along the ridge.

3.4. Physical state of the gas

To estimate cloud conditions we have made smaller maps
of the central part of L1274 in the 3-2 (12CO, 3CO)
and 2-1 (13CO, C'®0) transitions in addition to the full

maps in 12CO (1-0), (2-1) and 3CO (1-0). At the posi-
tion AL = +9’, Ab = +50, we have convolved the data
to the KOSMA CO (2-1) beam response (HPBW 2 27).
The convolved spectra are shown in Fig. 5 in the T}
intensity scale. To define appropriate beam efficiencies is
not trivial. In the Onsala case the beam efficiency should
be in the range 0.5 to 0.8, where the former applies to a
source covering the main—beam, while the latter corre-
sponds to the efficiency measured on the Moon. Due to
the large extent of the emission, we apply 0.8 for Onsala in
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Table 1. Beam efficiency corrected temperatures in the cen-
tral part (Al = +9", Ab = +50") of L 1274. All intensities refer
to the KOSMA '2CO (2-1) beam response. Adopted beam effi-
ciencies: 0.8, 0.7 and 0.6 for 110, 220 and 345 GHz, respectively

Molecule Transition T[K] I[Kkms™']
2¢co 1-0 7.1 11.8
2-1 4.3 8.2

3—2 4.0 7.7

Bco 1-0 3.1 3.1
2-1 2.3 2.5

3—2 0.63 0.75

C0 1-0 0.44 0.33
2-1 0.33 0.32

the 110-115 GHz range. The KOSMA efficiencies are even
less certain due to panel replacements and limited beam
efficiency information in the period of our observations.
We have used 0.7 and 0.6 at 230 and 345 GHz, respec-
tively. Table 1 gives the corrected peak temperatures and
integrated line intensities.

In Table 2 we present the results of an LTE and a
non—LTE analysis of the data given in Table 1. The latter
analysis uses a statistical —equilibrium excitation and ra-
diative transfer (mean escape probability approximation)
code assuming a spherical cloud with constant tempera-
ture and density (a model developed by J. H. Black and
described in e.g. Jansen et al. 1994). Below we refer to
this as the MEP analysis. In the LTE assumption we have
used the following relations:

T =n[J(Tex) = J(Tog)l(1 —e77) (1)
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Table 2. LTE and MEP solutions for the data in Table 1. R, are the *2CO integrated intensity ratios of the transitions with
upper levels n and k. The listed uncertainties in the derived parameters correspond to x? - numbers twice those of the best fits

T (**CO(1 - 0)) I(**CO)/I1(**CO) Ra1 Rsi N(**CO)/N(C'™0) N(*2CO)Y
K] 1-0 2-1 3-2 1-0 2-1 [10'"cm ™2

observed 7.14+0.5 3.84+0.3 3.3+04 10.0+2 0.70 0.65 942 7.82

LTE® 6.5 3.7 2.9 6.0 0.78 0.57 10.9 9.6 4+1

MEP % 7.5 3.8 3.8 10.0 0.80 0.54 10.4 8.5 25+0.5
D N(*2C0)/N(*3CO) = 75 assumed.
2 Integrated intensity ratio.
3 Toe =10+ 2K; (113) = 0.32; 0.43; 0.19 for the (1-0), (2-1) and (3-2) transitions, respectively.
Y Tk =11+ 1K; ni, =575 10%cm 3.
where 7 is the beam efficiency, 7 the optical depth, Ty is ‘ ‘ _ ‘ 310 ‘ ‘7‘5‘ _ ? _ i(o
the excitation temperature, T}, is the cosmic background 12CO(1-0) 2CO(2-1) 2C0O(3-2)
radiation (2.73K) and n eh

h Wﬂw |
vV, h
J(T) = (M — 1)~ (2) : {o
| | H | | F- ] I
where h is the Planck and k is the Boltzmann constant, reo0) HeoED HeOE2)
and v is the frequency of the transition. For the 3CO
column density, Ni3, we have used the LTE formula for W/\ywwwmﬂwmw M
linear rotors (see, e.g., Heikkild et al. 1999) corrected by
the optical depth — o
g Toye®3/Tee (1y3)

—27 13 tex 13

Niglem™] =472 107y = e ) WMMWW

I3 is the integrated antenna temperature [Kkm s~!] di-
vided by the beam efficiency and (713) is the optical depth
in the >CO line, determined from the ratio of the observed
12C0 and '¥CO integrated intensities. In this sense, (713)
is a weighted average over the line profiles and thus more
appropriate than the peak value when calculating column
densities. To derive (113) and T,x, we assume that the
excitation temperatures are equal for >CO and 3CO.
Since the applied beam efficiencies suffer from rela-
tively large uncertainties, the model solutions presented
in Table 2 are defined by the 2CO/3CO integrated in-
tensity ratios which are largely independent of the efficien-
cies. However, to better constrain the solutions, we have
also used the 2CO (1-0) line temperature and assumed
complete beam filling. These parameters were fitted to a
grid of models with different Tex (LTE) or Tiin, ni, and
N(CO) (MEP) by minimizing x? under the assumption of
a '2C/13C abundance ratio of 75; the rms errors assigned
to the data are given in Table 2. We have also indicated
the observed and modeled 2CO intensity ratios of the dif-
ferent transitions, ratios which suffer from uncertainties in
the beam efficiencies and the convolutions. Indicated are,
also, the total column density ratios of 13CO and C'30 as
derived from the (1-0) and (2-1) transitions, assuming the
parameter values derived in the 2 fits. They are all close
to the expected ratio ~8, i.e. with 12C/13C and 90 /180

Fig. 5. T scale spectra at Al = +9', Ab = +50' convolved to
mimic the KOSMA '>CO (2-1) beam response. Note that the
13C0 (3-2) and C'®0 spectra are multiplied by a factor of 5 in
intensity

HCN (1-0)

0.1 02 03
0.1

0

-10

-5

—10

Fig. 6. CS and HCN T} scale spectra at Af = +9', Ab = +50

abundance ratios of about 75 and 560, respectively, in the
local ISM (Wilson & Rood 1994).

The MEP - solution for CO gives a Hs - density of about
5 10% cm~3. However, we have also detected some higher
density tracers (CS and HCN; see Fig. 6), indicating densi-
ties >10% cm~3. For example, the MEP solution for HCN,
assuming Tiin = 10 K, gives a density of 5 10* cm ™3 and
a column density of 1012 cm~2.

In Table 3 we present mass estimates resulting from
different methods. A crucial parameter is the distance and
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we have used 200 pc obtained from our optical measure-
ments. However, we have also applied the size—line width
relation for molecular clouds as defined by '?CO (1-0)
data (Solomon et al. 1987) to get independent estimates.
We have used this relation only to the “main body” of
the CO emission. The dispersion in the size—line width
relation by Solomon et al. (1987) corresponds to 50 pc at
a distance of 200 pc. If we apply this uncertainty, all esti-
mates agree within the errors with the adopted distance
of 200 pc.

The virial mass estimates are based on the relation
(Johansson et al. 1998)
Myir = 150 d Av? [Mg) (4)
where d [pc] is the diameter of the cloud as defined by the
half intensity contour of the CO emission and Av [km s~1]
is the full halfwidth of the global line profile of the cloud.
More specifically, the diameter is determined by fitting
a two-dimensional Gaussian function to the observed in-
tensity distribution and use the resulting harmonic mean
of the major and minor axis extents. For further details
of this method to derive cloud parameters, see Johansson
et al. (1998).

Below we focus on mass and density estimates for the
main body, although some more uncertain estimates for
the weaker ridge emission are given, too. The ridge may
well be a separate cloud or, if associated with the main
body, the result of an external or internal activity. Thus,
e.g. mass estimates from the virial theorem are probably
less meaningful in the latter case, further emphasised by
the fact that the ridge emission seems to extend beyond
the mapped region. To minimize effects of the ridge com-
ponent we derived the main body parameters in a smaller
area than the one mapped (see Fig. 4): offsets larger than
40’ and 0’ in latitude and longitude, respectively. The
global profiles (12CO, 3CO) of this area showed weak
emission from the ridge in addition to that of the main
body. A two component Gaussian fit of the global line
profile was applied to determine CO —luminosities and ve-
locity widths associated with the main body of the cloud.
To define the spatial extent we used the distribution of
the emission integrated over the velocity range —5.5 to
—2.5kms 1.

With a CO —to—H, conversion factor of 1.9 1020 cm—2
(Kkms™1)~! (Strong & Mattox 1996) and a correction for
helium of 36% by mass, the total gas mass estimated from
the CO(1-0) data is
M, =4.13 L¢o [Mg)] (5)
where L, is the CO —luminosity in units of Kkms™! pc?.

A third estimate, from the >CO emission, uses the
ratio [Ha]/[*3CO] = 4.8 105 (Dickman & Clemens 1983).

As seen in Table 3 the virial masses derived are a factor
of 3—17 higher than other mass estimates. A similar dif-
ference between virial masses and masses derived from the
CO—to—H; conversion factor is typical for high-latitude
molecular clouds (HLCs), a fact explained in terms of
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Table 3. Estimates of distance and mass of the main body in
L 1274. The distance derived from the Wolf diagram is 200 pc,
which we have adopted for all mass estimates. At this distance,
10" corresponds to a linear size of 0.58 pc. The error estimates
are formal 1o uncertainties. For the virial masses the uncertain-
ties in the diameters and linewidths contribute roughly equally.
In the other mass estimates, the absolute intensity scale
uncertainty is the dominant factor

CO(1-0) ¥CO(1-0) CO(2-1)

Av  [kms™) 1.51 1.12 1.65
dV  [arcmin] 18.6 12.0 17.7
r?  [arcmin] 14 10 13
D¥ [pc] 190 160 230
Myir [Mo] 370+£30 130+8 420+35
M, Y [Me] 43+4

Mis®  [Mg) 2542

ni, @ [em ™ 320 460

D' Diameter of the emission (50% contour).

2 Radius of the emission (10% contour).

3) Distance determined from the size - line width relation by
Solomon et al. (1987).

4 Mass estimate using a CO—to—Hs, conversion factor of
1.9 10*° em™?(K kms™') ™! (Strong & Mattox 1996).

% Mass estimate assuming [Ho]/[*CO] = 4.8 10°

: (Dickman & Clemens 1983).

6

Mean density in a volume of radius r.

deviations from gravitational virial equilibrium (see, e.g.,
Heithausen 1996). To compare the properties of L1274
with HLCs we have also analysed our data in the same
way as Heithausen and others. The significant difference
is the determination of the cloud size: a radius, r, is de-
fined by the area within the 20 detection limit contour.
In our case this detection limit corresponds to about 10%
of the peak emission. The derived radii and the corre-
sponding line widths are given in Table 3. When using
the size—line width relation and the expression for the
virial mass in the paper by Heithausen (1996), we find
distances larger by about 20% compared with those from
the Solomon et al. (1987) relation while the virial masses
show a closer agreement (assuming a distance of 200 pc).
Table 3 also gives the mean density of Hy within a volume
of radius r. This number is at least an order of magnitude
larger than typical for HLCs (Heithausen 1996), thus indi-
cating that the main body has properties more similar to
ordinary dark cloud cores. This is further emphasized by
the volume filling factor of the molecular gas, here defined
as the ratio of the mean density and the density obtained
from the MEP solution of CO, about 10% for L 1274 and
less than 1% for HLCs (Heithausen 1996).

We have also estimated the mass for the ridge com-
ponent from the 12CO and ¥CO luminosities in the same
way as for the main body. We find 25 and 3.5 M, from the
CO—to—Hjy conversion factor and the [Ha]/[**CO] ratio,
respectively. This large difference (although highly uncer-
tain due to the weak ridge emission and blending by the
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main body component) in the two estimates might be a
result of isotope selective photodissociation of the CO gas,
provided that the density in the ridge is low. Support for
low gas densities in the ridge comes from the weak CO
emission itself, as well as high 12CO/!3CO intensity ra-
tios (a factor of 2 higher than in the main body). Thus,
our data indicate that the ridge has different properties,
notably more dilute gas, than the main body.

4. Discussion
4.1. Uncertainties on the masses derived

As noted in the previous section, the large virial masses
relative to other mass estimates for the main body point
to an object with properties similar to HLCs while the
mean density is more in accordance with that of dark
cloud cores. This mass difference can be removed by as-
signing a larger distance to the cloud, since the virial mass
is proportional to the distance while the other mass es-
timates relate to the distance squared. Thus, a distance
larger by a factor of 5 (3*CO data) or about 9 (}2CO)
would result in similar masses and a mean density closer
to what is observed in HLCs. At such distances, however,
the cloud would not be detectable by star counts. Another
possibility is of course that we underestimate the mass de-
rived from the '2CO and '3CO data by an order of mag-
nitude. For example, Boulanger et al. (1998) find such
deviations between masses calculated from the CO—to—Hsy
conversion factor and those derived from 100 pm data, for
some small clouds in the Chamaelon complex, although
the two mass estimates agree satisfactorily in the region
as a whole. They attribute the differencies to a CO de-
ficient gas component, characterized by 100 pm emission
with warm IRAS color (excess of 60 ym emission), while
clouds with low 60/100 um flux ratios are better traced
by CO. With respect to IRAS colors, L 1274 resembles
the latter category, possibly indicating that our mass es-
timate from '2CO suffers from an error less than an order
of magnitude.

Our mass estimate from the *CO data relies on an
[Hz]/[*3CO] ratio of 4.8 105 (Dickman & Clemens 1983),
determined from a relatively large sample of local dark
clouds (Dickman 1978) taken from the Lynds (1962) cat-
alog. Their sizes, opacity classes and kinetic temperatures
(Dickman 1978) are similar to those of L1274. In this
sense, the applied [Hs]/[*3*CO] ratio should be quite reli-
able. Whether L 1274 is an extreme case in any other prop-
erties, like e.g. CO depletion or line saturation, is harder
to decide. In an attempt to reveal such effects we have
used the ratio of the Hs column densities as derived by
the CO-to-Hz conversion factor (Strong& Mattox 1996)
and a [C*®0]/[Hz] ratio of 1.7 10~7 (Frerking et al. 1982):

N(Ha)co 1.9 100 Ico

Ico
= =0.32 10" ==, 6
N(Hg)clso ( )

5.9 106 ng N18

where Ico is the velocity integrated 2CO emission in

Kkms™! and Ng is the C'®0O column density in cm™2.

S. Nikoli¢ et al.: L 1274: A multiwavelength study

Since this ratio, in most cases, involves an optically thick
and thin line, it should be sensitive to physical and chemi-
cal (e.g. CO depletion or isotope selective processes) prop-
erties deviating from the “typical” case. To isolate a few
cases (assuming that the CO isotopic ratios remain con-
stant): i) if the CO gas is depleted, the C'®0 column den-
sity scales directly with the depletion while the saturated
12C0 emission (~1 — e~7¢©) is less affected, implying a
ratio > 1 and, (ii) if the '2CO line is saturated to an
extraordinary level, some fraction of the gas is missed in
12CO giving a ratio <1. Applying formula (6) to the ob-
served 12CO (1-0) and C'80 (1-0) data in the center posi-
tion of L1274 (Table 1) we find a factor of 1.2, i.e. a close
agreement between the two Hs column density estimates.
To compare, we have chosen a well-studied dark cloud
where several tracers indicate more extreme conditions:
the dense, starless and collapsing core of L. 1544 (see, e.g.,
Tafalla et al. 1998; Caselli et al. 1999). High density trac-
ers, e.g. the CS(2-1) line, show the typical double-peaked
line shapes indicative of matter infall (note that the CS(2—-
1) line observed towards L1274 lacks any tendency of a
secondary peak). The 2CO (1-0) line is extremely satu-
rated with an estimated optical depth of ~400 (Tafalla
et al. 1998); the corresponding optical depth in L1274
is an order of magnitude lower (Table 2). Using the CO
isotope data in Tafalla et al. (1998), formula (6) gives a
ratio of 0.3 for L 1544, at least an indication to question
the mass estimates. It is interesting to note that Caselli
et al. (1999) estimate, from C7O and 1.3 mm continuum
observations, that the CO gas is depleted by a factor of 10
in L 1544. If so, the CO-to—Hy conversion factor underes-
timates the Hy content by a factor of 30 in this core. Note,
however, that this is likely not due to the suggested CO
gas depletion but to the extreme saturation of the 2?CO
line.

The discussion above indicates that the L.1274 cloud
has similar properties as the cloud sample for which the
[$3CO]/[Hz] ratio is defined. Furthermore, all CO iso-
topes observed here give Hy column densities which agree
closely, lending support to our mass estimates.

4.2. Interpretation

From the '3CO survey of the Cep—Cas region Yonekura
et al. (1997) also find high M,;, /M3 ratios for clouds with
Mis < 100 Mg. They estimated the external pressure in
this region to Peyy/ k ~ 105 K cm™2. This pressure is high
enough to bind most of the clouds in their sample, except
maybe the smallest ones. For L. 1274, using the M;3 mass
estimate, we find that the pressure required to bind the
main body is ~10*° K cm~3. This indicates that the main
body might be pressure confined.

In any case, L1274 and other clouds of similar prop-
erties are apparently not gravitationally bound. This sug-
gests that they are, either, formed by another process than
gravitation, or, disturbed by some internal or external pro-
cess. Both cases might be explained by the passage of a



S. Nikoli¢ et al.: L 1274: A multiwavelength study

shock front. In the former case, the shock front triggers the
formation of a cloud, which, if gravitation does not take
over, eventually evaporates. In the latter case, the shock
front injects energy to the cloud, which may be seen, e.g.,
in form of increased turbulence. Support for a passage of a
shock front comes from the channel maps in Figs. 3 and 4
which seem to indicate that the main body and the ridge
component are related. In this scenario the ridge is an
expanding low density feature that comes from the outer
layers of the main body.

The question is, also, whether an external disturbance
such as a shock wave is consistent with the observed IRAS
colors. In the warm diffuse interstellar medium high speed
shocks (50 < vs < 200 kms~!) change the grain size dis-
tribution towards smaller grains (e.g. Jones et al. 1996),
which should decrease the 100 m /60 pm ratio. The situa-
tion is less clear for dense clouds and slow shocks. Draine
et al. (1983) have studied MHD shocks in molecular clouds
with preshock densities ng ~ 104 —10° cm ™ and speeds in
the range 5-50kms~—!. Magnetic fields enhance the sput-
tering of grain mantles, thus requiring shock waves of only
vs > 25kms~! for HoO ice mantles to be substantially
eroded. Refractory grain cores, however, have binding en-
ergies an order of magnitude larger than HoO and will
be almost unaffected by sputtering at these shock speeds
(Draine et al. 1983). However, this model does not in-
clude grain—grain collisions which could change the size
distribution of the grains. Observationally, one possible ex-
ample is the p Ophiuchi cloud where two distinct regions
were found: a low—density, less depleted, predominantly
atomic preshock gas and a predominantly molecular, more
depleted postshock gas (Meyers et al. 1983). On the basis
of UV and optical studies they inferred the presence of a
shock wave with a velocity of about 10kms~! and traced
the origin to a ~10°yr old SNR (Sancisi 1974). The age
of the SNR is sufficient for grain enlargement to occur in
the postshock gas (Meyers et al. 1983). They concluded
that a low—velocity shock enhances grain growth in the
postshock gas probably through some combination of ac-
cretion and coagulation, resulting in a grain distribution
in which there is an excess of large grains and a deficiency
of very small grains. Thus, a low velocity shock seems to
be consistent with the observed 100 pm excess emission in
L1274.

The projected position of L. 1274 is in a region of two
catalogued FIR loops: inside GIRL 116+10 and at the pe-
riphery of GIRL 120411 (abbreviation “GIRL” stands for
Galactic (F)IR Loop; Kiss et al. 2001, in prep.). Such loops
are thought to trace dust and gas swept out by supernova
explosions or strong stellar winds. If any of these loops has
affected L. 1274, the latter is the better candidate for geo-
metrical reasons provided that the ridge is an extension of
the main body. This is, however, very speculative. On the
other hand, L. 1274 seems to be in a rather violent area
as indicated by soft X-ray excess radiation, lack of CO
emission and presence of radio—continuum loops. A sce-
nario where a shock front from an old supernova explosion
has already passed L1274 is possible. For example, the
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centre and the estimated distance to the centre of Loop III
(Berkhuijsen 1971, 1973) and the position and distance of
L1274 are consistent with passage of a SN —induced shock
front during the last 10° years. Assuming that the ridge
has been swept away, the relative motions of the main
body and the ridge in the radial direction are also con-
sistent with this scenario (i.e. the ridge has gained some
positive peculiar velocity relative to the main body).

Indications of internal disturbances are harder to find.
Our data show that the main body is cold with no opti-
cal or IR signs of strong activity. Likewise, no large—scale
motions like contraction or rotation are evident. There is a
weak IR source at the edge of the main body (see Fig. 3),
classified as a cold clump. However, the location of this
source seems to correlate more with the ridge properties
than those of the main body: the weakest CO emission
(Fig. 4), the highest 12CO (1-0)/3CO (1-0) and the low-
est 12CO (2-1)/12CO (1-0) ratios of the ridge are found
close to the IR source (Sect. 3.3). The geometry of the
ridge combined with the location of the IR source resem-
bles a bipolar flow. As noted in Sect. 3.3 there is also,
possibly, a small velocity gradient along the ridge, consis-
tent with an almost face —on flow. Interpreted in this way,
the ridge emission might then be the result of low mass
star formation at the edge of the main body.

Anyway, the main conclusion of this discussion is
that any internal activity (core collapse or star forma-
tion), which could explain the difference between our mass
estimates, seems to be absent.

5. Summary

We present a multiwavelength study of L1274, a dark
cloud located in the weak CO emission area between
the Cepheus and Cassiopeia molecular cloud complexes.
Objective prism spectroscopy data were used to determine
a distance of 200 + 30 pc to the cloud.

ISSA plates were used to investigate the FIR emission.
The L1274 cloud has moderate 100 ym and low 60 pm
emission. The 100 ym excess emission (and the 100 pm
emission itself) is spatially well correlated with the core
of the CO cloud.

We have used the OSO 20-m telescope to map the
cloud in the 2CO(1-0) and *CO(1-0) lines and the
KOSMA 3-m telescope for a map in the 12CO(2-1) line.
A few positions were observed in the C*¥0(1-0), CS(2-
1) and HCN(1-0) transitions (OSO) and the 2CO(3-2),
13C0O(2-1) and CO(2-1) transitions (KOSMA) to allow
improved estimates of the gas properties. We find a kinetic
temperature of 10-12K, an Hy density >10*cm ™2 and a
total column density of the 12CO gas of (2-5) 1017 cm ™2
in the centre of the cloud.

The CO —maps show two velocity components, one de-
signed as the “main body”, a slightly elongated structure
of 1.5—2pc in diameter, and a weaker filament compo-
nent, which we designed as the “ridge”. Our data indicate
that the two components are related.
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For the main body we present mass estimates with
different methods. Virial masses are higher by a factor of
3-17 than masses derived from the CO —to—Hs conversion
factor and the 13CO data using a standard [Hs]/[**CO)]
ratio. We discuss the validity of these mass estimates but
find no indications of extraordinary physical or chemical
properties of the gas that would change significantly our
estimates. Likewise, there are no obvious signs of an inter-
nal activity that could explain the difference between the
virial masses and the CO mass estimates. We also discuss
a possibility of a supernova induced shock front passage
which, either, disturbed an existing cloud, or, triggered
the formation of it. The ridge might be a consequence of
such a passage.
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