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Introduction
To evaluate CO2 abudancy in astrophysical media, collisional data are needed. Hence, a new potential energy surface is computed for the CO2-He

van der Waals complex with a Coupled Clusters method and an extrapolation to the complete basis set. The surface is validated through the comparison
of bound states and pressure broadening coefficients with experimental data. Finally, rate coefficients for the 5 - 300 K range of temperature and a
study about CO2 super-rotor in a helium-buffer-gas are provided.

Potential energy surface (PES)

• Computed with CCSD(T)/CBS(T,Q,5)
method/basis set

• r(CO) = 2.1944 bohr

Figure 1: CO2-He in Jacobi coordinates.
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Figure 2: PES of the CO2-He collisional system.

Table 1: Comparison between present and previous global and local minimas for the CO2-He van der
Waals complex.

Validation of the PES

Bound states:

• Close-Coupling (CC) approach with the bound program

• Frequencies of the ∆000 - 101 transition within the ν0 bound state

Table 2: Frenquencies and absolute error between our calculations and experimental measurements of
the ∆000 - 101 transition within the ν0 bound state for 12CO2 and 13CO2 isotopes.

⇒ Validation of the depth and shape of the potential well

Pressure broadening:

• Lines Lorentzian shaped → half width at half maximum (HWHM) γ0:

γ0
χχ′ = npν σχχ′ =

56.6915√
µT

σχχ′

χ, χ′: rovibrational levels involved ; ν = (8kBT/πµ)1/2 ; np : density of perturbers

σχχ′ : Maxwellian average of collisional cross section at a given temperature T.
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• Full CC calculations with molscat

• Transitions between ν0 and ν3 vibra-
tional states

Figure 3: HWHM for R(0) (blue), P(2) (magenta)
and R(10) (black) in ν3 from theroretical (line) and
experimental studies of Deng et al [6] (�) Thibault
et al [7] (•).

⇒ Validation of the repulsive part of the PES

Results and discussions
CO2 - He rate coefficients:

• Maxwellian average of cross sections

• Cross sections computed by a CC approach with molscat program

Figure 4: Excitation rate coefficients from j = 0, 2, 4 for various ∆j as a function of temperature.

• At fixed ∆j, rate coefficients increases with initial j and reach an asymptotic
value

• When ∆j increases, the quenching is decreasing

Stable CO2 super-rotor:

• Stable CO2 rotationally highly excited→ potential system for inelastic transitions
and cold chemistry studies

• Elastic process > rotational quenching at Tcryo(He) → stable super-rotors

Figure 5: Elastic (magenta) and sum of inelastic (black) cross sections for CO2 and He collision at j =
10, 24, 40 in alQady [8] et al (dashed) and our (plain) study.

• Our σj→j are lower

• Our crossing energies are higher ∀ j
Stability overestimated

• ∆Vglob.min. (PESs) < 1% → up to 30% difference on quenching rates

⇒ At low energy, cross sections are really sensitive to the PES
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