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Introduction

When aiming at a deeper knowledge of the physical and chemical properties of star forming regions, the formyl cation (HCO™) and its isotopic variants
undoubtedly represent one of the most attracting systems. HCO+ is the most abundant cation in dense molecular clouds and its chemistry is straighttorward and
well understood 2, thus making it an excellent candidate as a tracer of molecular ionized gas through the evolutionary stages of the interstellar medium (ISM) [3:4].
However, in spite of several spectroscopic studies and astrophysical detections, a thorough investigation of the collision physics of the HC17O+ and Ha system has
not been carried out yet. The presence of an hyperfine structure (I = 5/2), moreover, could be useful to discriminate between opacity effects and excitation
temperature effects in the determination of the column density.

» Potential Energy Surface Fitting procedure

Having assessed the negligible coupling effect with the j(H2)
> (0 rotational levels of H»2, a spherical average of the

potential with respect to five orientations of Hs has been

Geometry

¢ HCOT fixed to its experimentally determined r. geometry [5I.
¢ r(H2) averaged over its ground-state vibrational
wavefunction [6l.

performed.
Level of theory
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Interaction energies

¢ Ab initio calculations over an irregular grid of 3375 points in
the {R,0,0,¢} coordinates. |
¢ FEach energy has been corrected for the basis set V.(R,0) = 7[2(V(R, 0,a) + V(R,0,b)) .«

superposition error (BSSE). +(V(R,0,x) + V(R,0,y) + V(R, 0, 2))] . 222._0
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Scattering calculations
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Full quantum close-coupling (CC) calculations on the interaction potential have been o
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perfomed by employing the MOLSCAT program 8l at values of the kinetic energy ranging from
2 to 500 cm 1.

To take in account the splitting of the rotational levels given by the hyperfine structure of
HC70O+ the spin wave-functions were decoupled from the rotational ones using the recoupling

method described by [9]. 0
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The comparison of the cross section at

K 50 cm! of HCO+ and HC"O+ showed 50 ] TR
significant differences and different 1607 \///.:/ '., 1601
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MHz, Do = 78.96 kiz 1%, 1—0 5341 64.96 21.62 S : pe : |
. . . — . . . > - 1
¢ Energies of the hyperfine levels from Bizzocchi 0 0 5031 5534 10,00 o] Ng g\\ 9 —arccos(L/v3) [ |l[77 i 4 el
8 o =m —arccos(1/V3) | || .
(2022). 350 44.00  47.18 7.24 0f ] \ o=7/4 20 ! b= /4 :
4 — 0 30.28 41.16 35.90 %0 25 30 35 4.0 45 50 %0 25 30 35 40 5 50 o
: _ ol s 50 1574  20.49 30.20 R/ A2 R/ A2
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approximations 1] at 10 and 100 K.
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Here are presented the first computed rate coefficients for the hyperfine (de-)excitation of 101 At TR L LA
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HC170O+ by collisions with Ha(j = 0), in the 10 — 100 K temperature range. The importance of oo ° o 30
y J ; P P
these data is highlighted by the significant difference between the values of the collision cross s _ 010,_1 _
sections computed for HCO+ and HC'7O+ targets. Finally, the comparison with the commonly K (em?s ) KRPC(cm? s')
adopted RAN and NG approximations indicated that the recoupling approach represents the
most reliable methodology to compute hyperfine resolved inelastic rate coefficients for
astrophysically interesting systems.
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