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Among fluorine containing molecules, HF is chemically stable and is found to be ubiquitousin
interstellar space by Herschel observations. CF* was first detected in 2005 and later recognized as a
significant molecule in diffuse molecular clouds. However, the ion has not been detected in
extragal actic sources. Pure rotational transitions of H,F" were searched in Galacti ¢ clouds, but not
detected.! The present paper reports detections of pure rotational transitions of HF J=1-0, CF" J=2-1
and search for HyF" 150-1¢; at ared-shifted cloud (z=AN/A=0.89) toward the quasar PK S 1830-211
with the Atacama Large Millimeter/submillimeter Array (ALMA). The transition frequencies of HF
(1232 GHz) and H,F" (782 GHz) are not observable from ground based tel escopes because of
atmospheric absorption. So we observed the highly red-shifted cloud, where the original frequency
becomes 1/1.89, and the object has the radial velocity of 0.56 times the speed of light estimated from
the relativistic Doppler formula. So far many molecules have been detected in the cloud toward PKS
1830-211, as reported by Muller et al.?

ALMA observations were carried out on 2014 Aug. and 2015 May. HF and CF" were detected as
shown in Figs. 1 and 2. The abundances (column densities) of HF and CF" have been determined to
be >3.4 x 10" cm? and 5.5 x 10” cm™, respectively, where the lower limit is given for HF from the
saturated line shape. H,F" has not been detected, so we estimated the upper limit abundance of theion
to be <8.8x10™ cm?.,

The ionization energies of F atom and HF are higher than that of H, so these species are not
ionized in (diffuse) clouds. The reaction of F and H, produces HF, which is subjected to two main
decay channelsin the cloud, (1) reaction with C* to produce CF" (2) reaction with Hs" to produce
H,F". By considering the production and decay (recombination reaction with electron) processes, the
abundance ratio of H,F" and CF is given in steady state as follows,
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where the k; and k. are the formation and the recombination rate constant with electron, and electron
density is assumed to be equal to carbon. The Hs" ion has not been observed in the present source, so
the abundance was estimated by using the cosmic ray ionization rate of {=2x10"° s. Thus H,F"
abundance was estimated to be 3.5 % of CF", that is, 1.9x10™ cm® which is about 1/4 of the present
upper limit.

In the present observation, H,Cl™ ortho line was also detected, giving the column density of 9.1 x
10" cm® and [H2F/[H,CI*] = 1/16. Since the cosmic abundance ratio of of F and Cl is 1/6, the
observed smaller abundance is thought to be due to difference in the formation mechanisms of two
ions. In the case of H2Cl*, there are two kinds of formation routes, (i) CI" + Hy— HCI™ + H,
HCI* + Hy — HoCI* + H, (i) HCI + H3" — H,CI" +H
(i) isdue to the fact that ionization energies of Cl and HCI are smaller than that of H. The
present result indicates that major formation route for H,CI™ is through HCI™. In fact the HCI™
ion has been detected in diffuse clouds.
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Fig. 1 Observed absorption of HF
and H20 toward PKS 1830-211.
The SW image has been divided
by that toward the NE image
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Fig. 2 A part of observed ALMA spectra toward PKS 1830-211 SW (upper) and
NE (lower) cloud



