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Abstract

Laboratory detection of the ring-chain molecule ¢-C;H, has been reported by McCarthy et al. [McCarthy, M.C.,
Travers, M.J., Gottlieb, C.A., Thaddeus, P., 1997. A&A 483, L139]. Two ring-chain molecules ¢-C3;H, and ¢-CsH,
of this series have already been detected in the cosmic objects. We suggest that the ¢-C;H, may be identified in cool
cosmic objects through its transitions 4,4—5¢s, 515606, 016—707 and 7,7-80g at 23.241, 21.105, 18.953 and 16.787 GHz,
respectively, in absorption against the CMB. Since, in absence of the availability of collisional rates, we have used scaled
values for them, we have checked the sensitivity of the results on the collisional rates, by enhancing the rates for the
transitions with Ak, =0 by a factor of 10. Though the transitions are not found sensitive to the collisional rates, our
results still may be treated as qualitative in nature. These absorption lines may play an important role for identification

of ¢-C;H; in cool cosmic objects.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The 2,0-2;; transition of ¢-CsH, at
21.587 GHz has been found in absorption
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against the CMB by Matthews et al. (1986)
and Madden et al. (1989) in all the objects inves-
tigated, except the Planetary Nebula NGC 7027
where Cox et al. (1987) found this transition in
emission. Two transitions 313-21> and 3329, at
19.147 and 19.606 GHz, respectively, of ¢-CsH,
have been detected in TMC-1 by Dickens et al.
(2001). Chandra and Shinde (2004) have pro-
posed detection of 334¢ transition at
4.314 GHz of ¢-CsH, in absorption against the
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cosmic microwave background (CMB). After
detection of ¢-C3H, and ¢-CsH, in the cosmic
objects, scientists are now interested in the iden-
tification of ¢-C;H, in cosmic objects (Fig. 1).
This ring-chain molecule ¢-C;H, is an asymmet-
ric top, planar molecule having a large electric
dipole moment p = 3.8 Debye equally inclined
with the axes of inertia so that its components
along the a and b axes of inertia are pu,=2.69
and p, = 2.69 Debye. Thus, this isomer has both
a-type and b-type radiative transitions, and
therefore, the rotational energy levels cannot be
separated into two different groups, as was the
case for c-C3;H,. Hence, the investigation of this
molecule, likewise ¢-CsH,, is quite complicated.
The molecular and distortional constants derived
by McCarthy et al. (1997) for ¢-C;H, are given
in Table 1. Since the kinetic temperature in dark
molecular clouds is rather low, only rotational
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Fig. 1. The ring-chain molecules ¢-C3H,, ¢-CsH, and ¢-C;H,
along with their inertial axes dipole moments (not to the scale).
The ¢-C3H; is a b-type asymmetric top molecule whereas c-
CsH, and ¢-C7H; have both a- and b-type radiative transitions.

Table 1

Molecular data

A (MHz) 34722.136
B (MHz) 1045.20523
C (MHz) 1014.25700
A; (MHz) 17.2%x107°
Asx (MHz) 7.06x 1073
tta (Debye) 2.69

up (Debye) 2.69

transitions in the ground electronic and ground
vibrational states take place.

We propose that ¢-C;H, may be identified in
the cool cosmic objects through its transitions
414—505, 515—606, 616—707 and 717—808 at 23241,
21.105, 18.953 and 16.787 GHz, respectively, in
absorption against the CMB.

2. Basic formulation

The rotational energy levels of ¢-C;H, ac-
counted in the present investigation are given in
Table 2. In our investigation, NLTE occupation
numbers of the levels are calculated in an on-the-
spot approximation by using the escape probabil-
ity method (see, e.g., Rausch et al., 1996; Chandra
and Shinde, 2004), where the external radiation
field, impinging on a volume element generating
the lines, is the CMB only. In the present investiga-
tion, a set of 53 linear equations coupled with 308
equations of radiative transfer is solved through
the iterative procedure for given values of ny,
and vy = ny,o/(dv,/dr), where ny, is density of the
molecule and dv,/dr the velocity gradient in the ob-
ject. The input data required in the present investi-
gation are the radiative transitions probabilities
(Einstein A-coefficients) and the collisional rate
coeflicients.

2.1. Einstein A-coefficients

Rotational wave functions for an asymmetric
top molecule can be described by linear combina-
tions of symmetric top wave functions (Chandra
et al., 1984a.b)
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