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Quantum Monte Carlo calculations on open shell species inside helium clusters

Helium-helium interaction is of weak van der Waals type, closed shell atoms of very low polarisability, D e ≈7.6 cm -1 •Helium atoms have a relatively small mass.

•Large zero point energy effects (D 0 for He 2 ≈ 0.001 cm -1 ).

•Helium clusters are small chunks of a quantum liquid.

•Quantum statistical effects: bosonic 4 He, fermionic 3 He.

•Superfluidity in bulk liquid 4 He below 2.17 K, in 3 He at mK level •A very special solvent: Is there a new chemistry?

•Implantation of dopants through (multiple) inelastic collisions.

•Weak interactions with dopant.

•Binding energy and position of dopants depend on quantum effects.

Delicate balance between potential and quantum kinetic energy

What makes helium clusters interesting?

Plenty of interesting experiments but theoretical difficulties!

Recent applications of helium clusters

A typical helium droplet experiment We need global potential energy surfaces for ground and excited CH 3 I@He n and for the relevant fragments CH 3 @He n and I@He n (electronic anisotropy!). Isoelectronic warm up system: Ar + ions (s 2 p 5 valence shell, X 2 Σ + and A 2 Π states for Ar + He). Spin-orbit coupling between Σ and Π states has to be included in the model. Spin-orbit splitting is typically larger than the van der Waals interaction: ∆ = 1432 cm -1 for Ar + , ∆ = 7600 cm -1 for I

Include non additive induced dipole -induced dipole interaction for charged species
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Diffusion quantum Monte Carlo (DMC)

• Ionisation of CO barely changes the rotational constants but strongly affects the interaction with helium: CO@He n and CO + He n are an ideal pair to understand rotation in helium clusters by separating effects due to mass and interaction.

Potential surface can be checked by ion depletion spectroscopy (see N 2 + -He n ) .

Astrophysical motivation

CO is rather abundant in interstellar space and CO + has been identified in 1993. Low energy collisions with helium atoms, its second most abundant and non reactive collision partner, are governed by the weak intermolecular interaction leading to the van der Waals complex He-CO + .
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•Effective rotational constants for CO + in helium (DMC/PIMC in collaboration with P. N. Roy).

•CH 3 radicals in helium, reactive complexes.

•Photodissociation of CH 3 I and CF 3 I (ZPAD, DMC etc.)

•Dopant spectroscopy (Mg * , Ag * , Ag + etc.).

•Transport properties (Mg + , Na + ).

•DMC and ZPAD calculations on Xe n He m .

•DMC with constraints ((H 2 ) n , He n (H 2 ) m possible).

•SBDMC: soft body DMC allowing feedback between dopant and bath vibrations, quaternions for rotation.

ANR project DYNHELIUM (Toulouse, Rennes, Paris) Outlook

•

  Matrix spectroscopy with minimal perturbations: OCS, (HF) n , biomolecules at 0.4 K, radicals •Reaction dynamics at very low temperatures: Ba + N 2 O → BaO + N 2 •Preparation of reactive intermediates: HF ••• CH 3 , HCN ••• CH 3 etc. •Preparation of high spin metal polymers: Na 3 , K 3 , Rb 3 etc. •Assembly of cold clusters: Ag n , Mg n •Thermodynamically unstable isomers: linear (HCN) n •Nanomodels for molecule-surface interactions: HCN•••Mg 3 etc. •Container for soft ionisation for analytical mass spectrometry? •Energy dissipation by coupling to the bath? •Confinement medium for cluster ignition and Coulomb explosion. •Spacer for interatomic Coulombic decay (ICD).

  Photodissociation of CH 3 I → CH 3 + I inside He n

  Isomorphism between time dependent Schrödinger equation and a multi dimensional diffusion equation (Fermi, Ulam) •Exact solution except for statistical errors Solution by propagation of an ensemble of random walkers in imaginary time Cartesian coordinates, precision σ E /E = 10 -6 body potential model including induced dipoles on He with additional spin-orbit mixing included using atomic ∆ Ar+ (complex 6 x 6 matrix to diagonalise in each DMC step). . Ar + He: convergence of interaction energy RCCSD(T) calculation, standard and augmented basis sets coupling mixes the 2 Σ ½ and 2 Π ½ components: 6x6 complex matrix of the composition CO + He n should be accessible in drift tube experiments, mixed gas expansions coupled to electric discharges, or CO ionization inside large He clusters.

  Contour lines at intervals of 25 cm -1 , first contour placed at -250 cm -1 . The blue line shows the variation of the Jacobi distance R along the minimum energy path in the direction of the Jacobi angle θ θ

  per 3D cut are fitted with 38 parameters and rms < 0.1 cm -1