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Stability, structure and dynamics of doped helium clusters from accurate quantum simulations

•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 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? •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).

Recent applications of helium clusters

Where does a dopant D go after hitting the helium cluster? Which factors control association of several dopants?

•We need an accurate potential model:

High level electronic structure including relativistic effects, inject results into additive or non additive many body models.

•Stationary state properties (energies, structures):

We need a reliable quantum many body method with uniform accuracy over a large range of n: Quantum Monte Carlo: random walks in imaginary time 

  •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.

•

  What about real time dynamics? How do dopants recombine inside helium clusters? What is the effect of the helium bath on dissociating molecules or clusters? Dynamics of a many-body quantum system is a hard problem: We have to invent some smart approximations → ZPAD Modelling doped helium clusters (D@He n ) Diffusion quantum Monte Carlo (DMC) •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 4.61 cm -1 D 0 = 0.924 cm -1 Silver is known to penetrate into helium clusters and to form Ag n clusters Where does Mg go? calculations with Stuttgart pseudopotentials for both systems in collaboration with Petr Slavíček. > 10 9 DMC samples, large ensemble sizes to suppress ensemble size bias n=6body 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). . 2 Π state, 2 Σ + looks ok but ….

  

  

  

DMC code with new features for constraints and treatment of spin-orbit coupled electronic states. Mg@He n is special, structural debate largely closed, association dynamics still requires further studies. Mg + He n : no snowball, soft build up of density. Coordination number 15 for Pb 2+ not robust with respect to quantum effects; softening of 1 st solvation shell. Spin-orbit coupling has profound effect on stability pattern for Pb + @He n , no clear shell separation. Ar + He n : distinct shell closure in agreement with experiments, somewhat affected by spin-orbit coupling
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/incomplete formation of Mg n (constrained DMC and ZPAD).

  

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

•Transport properties (Mg + , Na + ).

•DMC and

ZPAD calculations on Xe n He m . •Photodissociation of CH 3 I and CF 3 I (ZPAD, DMC etc.) •DMC with constraints ((H 2 ) n , He n (H 2 ) m possible). ANR project DYNHELIUM (Toulouse, Rennes, Paris) Outlook
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