This article was downloaded by:[Bochkarev, N.]

On: 19 December 2007

Access Details: [subscription number 788631019]

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

,-'1:5'1'.’\’[:.]_, OMICALand Astronomical & AstrOphysicaI
ASTROPHYSICAL

T RANSACTIONS

Transactions
The Journal of the Eurasian Astronomical
Society

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453505

C3H2 21,2 - 10,1 observations of some molecular clouds
A. V. Lapinov & V. V. Myshenko ®; V. M. Shul'ga ®; I. I. Zinchenko 2

 |nstitute of Applied Physics of the Russian Academy of Sciences, Nizhny
Novgorod, Russia

b Radio Astronomical Institute of the Ukrainian Academy of Sciences, Khar'kov,
Ukraine

Online Publication Date: 01 January 1994
To cite this Article: Lapinov, A. V., Myshenko, V. V., Shul'ga, V. M. and Zinchenko, I. I. (1994) 'C3H2 21,2 - 10,1
observations of some molecular clouds', Astronomical & Astrophysical Transactions, 5:1, 325 - 331
To link to this article: DOI: 10.1080/10556799408245883

URL: http://dx.doi.org/10.1080/10556799408245883

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713453505
http://dx.doi.org/10.1080/10556799408245883
http://www.informaworld.com/terms-and-conditions-of-access.pdf

Astronomical and Astrophysical Tnn-ncnau. 1994, (©1994 Gordon and Breach Scieace Publishers S.A.

Vol. 3, pp. 325-331 Printed in Russia
Reprints .vdl;ble dnectly hon the publisher
Phot Pyiag p d by L only

C;H; 2,2 — 15, OBSERVATIONS OF SOME
MOLECULAR CLOUDS

A.V.LAPINOV!, V. V. MYSHENKO?, V. M. SHUL'GA? and
1. 1. ZINCHENKO!

1 Institute of Applied Physics of the Russian Academy of Sciences, Uljanov st. {6,
Nizhny Novgorod, 603600 Russia
2 Radio Astronomical Institute of the Ukrainian Academy of Sciences,
Krasnoznamennaya st. 4, Khar’kov, 310002 Ukraine

(Received February 10, 1998)

The 21,2 — 19,1 C3H; line at 85338.90 MHz was firstly detected in a few dark cold clouds and
warm clouds associated with H II regions. The integrated line intensity is about the same in the
both types of sources. The C3H; column densities are (0.5 + 5) X 10'3 cm™2. In some cases the
size of the emitting regions was estimated. It ranges from ~ 1.’5 to < 3./8.

KEY WORDS Interstellar medium, clouds, individual - Interstellar medium; molecules — Radio
lines, molecular

1 INTRODUCTION

The aim of this work was to survey a sample of dense molecular clouds, studied
earlier in various molecular lines, in the 2; 3 — 1p,; C3H; line using a very low noise
maser receiver (Shul’ga et al., 1991). In particular, we tried to detect this line in
some warm molecular clouds assoc1ated with H II regions where only upper limits
have been reported earlier. A few dark clouds have been observed in order to collect
the data for their modelling and to study the variations of the C3H2 abundance.

Several clouds from our list have been observed earlier in other C3H, lines. In
principle, this enables the determination of the cloud density and other physical pa-
rameters and we present here these estimates performed in the LVG approximation.
However the beam sizes in these observations differ significantly from our one and
the source sizes are unknown, so this determination is very uncertain and should
be improved by additional observations in various lines.

A few clouds have been observed in the same line with the other instruments.
From the comparison of our results with these data, we estimated thé source sizes.
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2 OBSERVATIONS

The observations were carried out during one night in August 1991 using the 22-m
radio telescope of the Crimean Astrophysical Observatory equipped with the 3 mm
maser receiver (Shul’ga et al., 1991). The receiver noise temperature was ~ 60 K.
The backend was 120 x 100 kHz filter bank. At the frequency of the 2; 2~ 10,1 C3H2
line (85338.90 MHz) it provides 0.35 km/s velocity resolution. The HPBW at this
frequency is 40”. The antenna pointing was checked by observations of planets and
Si0 maser sources. The r.m.s. pointing errors are ~ 15" in azimuth and elevation.

The observations were conducted in the beam switching mode (ON-ON). The
beam separation was ~ 7’. The typical total integration time was ~ 25 min.

The calibration was performed by the usual chopper-wheel technique (Penzias
and Burrus, 1973; Ulich and Haas, 1976). The measurement results are expressed
in the units of the radiation temperature T}, corrected for atmospheric, Ohmic and
spillover losses (Kutner and Ulich, 1981). The beam efficiency was estimated from
" the comparison of our data at nearby frequencies (HCN and SiO lines) with the
corresponding results obtained with the 20-m radio telescope in Onsala.

Table 1 Source positions and the C3H; line parameters in the observed sources.
The values of T}, Visr and AV are the results of one-component Gaussian fit.
The figures in the parenthesis are the uncertainties (in the last digits).

Source «(1950) 5(1950) Ty VISR AV
hms o’ K km/s km/s
L673" 19 18 33.0 11 07 30 <0.27
L810 19 43 21.9 27 43 40 0.26(09) 15.7(4) 2.41(81)
L1262 23 23 32.2 74 01 45 0.82(12) 4.2(1) 0.80(11)
L1489 04 01 45.0 26 10 33 1.82(28) - 7.3(1) 0.72(22)
L1551 04 28 40.2 18 01 42 1.54(14) 7.1(1) 1.09(09)
5140 2217 53.3 63 03 40 0.52(07) ~7.4(1) 2.01(24)
S158 23 11 36.5 61 11 51 0.27(06) -56.2(6) 5.7(1.2)
$252G " 06 04 48.0 " 20 40 00 <0.29
S273 06 38 24.9 09 32 29 0.71(10) 8.6(1) 2.19(28)
G35.2-0.74 18 55 41.0 01 36 30 0.45(07) 32.6(2) 2.34(34)
3 RESULTS

Qur sample included 5 dark clouds, 4 clouds associated with Sharpless H II regions
and the molecular cloud G35.2-0.74 (the northern part of it) which represents a
region of active star formation. The source list and the measured line parameters
are collected in Table 1. The presented values of Tk, Visr and AV are the results
of one-component Gaussian profile fits to the observational data. The upper limits
equal to 20 where o is the r.m.s. noise in channels. The measured spectra are
presented in Figure 1.
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Figure 1 The measured C3H; spectra in the sample sources.
5-3-401



328 A. V. LAPINOV et. al

In two clouds, 5273 and G35.2-0.74, second velocity components are probably
seen. We present in Table 2 the results of two-Gaussian fitting for them. These
second components are not very reliable especially in G35.2-0.74 where the signal-
to-noise ratio is only ~ 3. However, it is located at the velocity corresponding to
the emission peak in many other molecular lines, so we consider it to be real.

Table 2  The results of two-Gaussian fitting for S273 and G35.2-0.74 (N)

Source T;Z VL SR AV
K km/s km/s
S273 ) t 0.71(08) 8.6(1) 2.13(11)
2) 0.35(09) 13.6(1) 1.55(18)
G35.2-0.74N (1) 0.54(07) 32.5(1) 2.28(14)
(2) 0.35(12) 35.2(1) 0.82(13)

Some sources from this sample have been observed in this line earlier by other
groups. Cox et al. (1989) detected a strong CsH, emission in L1489 with the 30-m
IRAM radio telescope. Brouillet et al. (1988) reported the detection of this line in
L1551 and upper limits for $140 and S158 obtained with the 2.5-m radio telescope
in Bordeaux.

4 DISCUSSION

The C3H3 molecule is appropriate for studying dense regions in molecular clouds. It
has large dipole moment (3.27 D; Lovas et al., 1992) and many observable rotational
transitions which are close in frequency but differ significantly in energy above
the ground state. Calculations show that the intensity ratios of some transitions
are good indicators of density (Cox et al., 1989). Besides, the C3H; rotational
temperature can be determined from observations of several transitions.

Our data are restricted to one line only and do not enable the determination
of the temperature or density. We can estimate the beam averaged C3H> column
density for the LTE conditions and optically thin case. Assuming the exitation
temperature equal to 10 K, we obtain, from the line area, N, (CsHz) to range from
~2x 103 cm~? to ~ 5 x 10!3 cm~2 (Table 3).

Several clouds from our list have been observed earlier in other C3H, lines. In
particular, Cox et al. (1989) observed the 18.3 GHz and 21.6 GHz lines in L1489
- with the 100-m Effelsberg antenna. The beam size in these observations was 54"
and 42", respectively. Madden et al. (1989) observed L1551, L1262, 5140, S158
and S273 in the 18.3 GHz (HPBW = 99”) and 21.6 GHz (HPBW = 77”) lines with
‘the 42.7-m NRAO radio telescope. We used these data for the determination of the
cloud density and the C3H; column density on the.base of the LVG modeling. For
the other clouds, only lower limits on the C3H; column. density were determined
using the same LVG approach.. For these estimates, we used the collisional rates
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Table 3  The derived source parameters

Source Tkin NII_‘VG lgn(Hg) NI{‘TE
K 1013 om—2 em™J 1043 em—2
L810 20« >0.2 5.0
L1262 20¢ 0.6 5.3 1.9
L1489 20¢ 2.3 4.4 3.8
L1551 20 >0.8 4.9
S140 30¢ >0.4 . 3.0
S158 20« 1.1 4.7 2.0
S$273 20¢ >0.6 4.5
G35.2-0.74 30¢ >0.4 3.1
@ assumed

calculated by Avery and Green (1989) multiplied by a factor of 1.5 to account for the
difference in molecular weights of the collision partners. The ortho- to para-CaH; .
ratio was assumed to be 3/1 according to the statistical weights.

The results of the LVG modeling are presented in Table 3 too. The assumed
kinetic temperatures for each source are also indicated. We were unable to find
the LVG solution for the available data on L1551 and $273. In the first case, the

7(85.3 GHz)/Ty, (18.3 GHz) ratio is higher than the model allows. In the second
case, the situation is opposite. Perhaps it is due to the difference in the beam sizes
-and measurement errors. The calibration uncertainties should be also taken into
account. We mention only that higher values of this ratio correspond to higher
densities. :

As can be seen from Table 3, the LTE and LVG estimates of Np(CsH;) are in
a reasonable agreement. It should be noted that the column densities are about
the same in the detected dark cold‘clouds and warm clouds associated with H II
regions. Earlier, C3H, has been detected mainly in dark clouds. Our data show
that it is easily detectable in warm clouds too. This does not mean that the relative
abundance of C3H; is the same in the both types of clouds. Probably, it is lower in
warm clouds because they are known to be denser and larger than cold clouds on
the average.

We can estimate the size of C3H, emitting regions in some clouds from the
comparison of our data with the previous results. Brouillet et al. (1988) observed
some of these clouds using the 2.5-m telescope with a 5.8 beam. Then we obtain
that the emitting region size is ~ 1.’5 in L1489, 2’ = 2./5 in L1551 and < 3.8 in
5140. Now we wish to make additional comments on some individual sources.

The measured integrated line intensity in L1489 (T; - AV = 1.3 K km/s) is
about the same as obtained by Cox et al. (1989) with the IRAM radio telescope
(1.15 K km/s). They measured a lower line width due to a better spectral resolution.

The CsH; detection in L810 is marginal. However, the detected line in any
case is too broad for a dark cloud and resembles those lines in warm clouds. The

5-4-401
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HCN J =1 — 0 line parameters also are typical of a warm cloud (Harju, 1989). So
it should be probably classified as a warm cloud. The kinetic temperature in its
interior is 14-20 K from ammonia observations (Neckel et al., 1985). There is the
IR point source IRAS 1943342743 in the centre with the luminosity corresponding
to the spectral type B3 or later at the distance of 2.5 kpc (Turner, 1986).

The absence of detectable C3H, emission in L673 is rather puzzling because
its physical properties are typical of dense, cold clouds (Zinchenko and Kislyakov,
1985; Sandell et al., 1985). The J = 1 — 0 HCN line emission is stronger in this
source than in L1262 for example (Sandell et al., 1985; Harju, 1989). Probably the
lack of the C3H; emission is due to some chemical effects which should be further
investigated.

$252 is a complex molecular cloud with a strong emission in various molecular
lines (e.g., Haikala, 1986). The component designated here as G is a cold clump in
the north-western part of it (Lada and Wooden, 1979).

In S273 and G35.2-0.74N, the C3H, line probably shows a double structure.
Both sources are known to have a complex spatial and velocity structure, so in the
C3H; line different clumps are probably detected in each case.

5 CONCLUSIONS

Observations with a low-noise maser receiver have shown that CsHy is equally
detectable in both cold dark clouds and warm clouds associated with H II regions.
The integrated line intensities are about the same and correspond to the Cs3H:
column densities (0.5 + 5) x 10!3 cm™2. The size of the emitting regions ranges
from ~ 1.5 to < 3./8 (in a few sources where such an estimate is possible from
comparison with observations with lower angular resolution).

The authors would like to thank the staff of the 22-m radio telescope of the
Crimean Astrophysical Observatory for providing the antenna control, liquid helium
and other help during the observations. Besides we are very grateful to A. F. An-
drijanov, L. B. Knjaz’kov, V. N. Shanin, A. M. Shtanyuk.and other our colleagues
who prepared and maintained the equipment in the working conditions. We also
wish to thank I. Kozin for the help in the calculations of the C3Hj; energy level
structure.
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