Hyperspherical methods in reaction dynamics:
perspectives of
ab-1nitio quantum reactive scattering calculations
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The Jacobi's coordinates are not appropriate in describing the reactive scattering event because a
single set of Jacobi's vectors cannot describe well simultaneously reactants and products.
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Effective potentials
employed in the description
of the reactive scattering
event. When p— they
correlate with reactants’ and
products’ ro-vibrational
states.




THE COUPLED CHANNEL EQUATIONS
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ARE THEN PROPAGATED USING THE LOGARITHMIC DERIVATIVE
METHOD AND SOLVED UNDER SCATTERING BOUNDARY
CONDITIONS

TO OBTAIN THE SCATTERING MATRIX S AT FIXED VALUES OF
TOTAL ENERGY E AND TOTAL ANGULAR MOMENTUM J

Nuvx = 3000-5000 Mo=10-100 x PMog N = Nopen + Nclosed




Translational, rotational and

internal degrees of freedom







Hamiltonian matrix in the stereo-directed representation

The kinetic energy matrix is
block-tridiagonal

The potential matrix i
diagonal

Efficient eigensolver (STLM) based
on the Lanczos algorithm
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Sequential Diagonalization truncation schemes
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» The body frame used minimize the Q coupling.

» Avoid to use over-complete basis sets.

» The Hamiltonian matrix is sparse and highly symmetric.
» Calculation of kinetic energy matrix is almost analytical.

» No integrals have to be calculated.

> Two alternative schemes to reduce the dimension of the Hamiltonian matrix.

» large number of grid points, matrices of large dimension.

» lattice angular points evenly spaced in the cosine .

» The convergence of the Hyperquantization parameters change with p.
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Computational |Performances




The Long-range Interaction
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F + HD (v=0, j=0) --> HF(v’) + D
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Persky (2005)
K. Liu et al (2002)
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iConclusionsyandiRerspectives

» The Hyperquantization Algorithm is particularly suitable to fully exploit
the new hardware and software available in the H.P.C. facilities.

» In the next future all 3-atoms reactions can be computed including ion-
molecule systems and chemistry in cold and ultra-cold conditions.

» The Hyperquantization can be formally extended to solve higher
dimensional problems so that the good performances reached in the
treatment of the three bodies dynamics, encourage the development of
hyperspherical computer codes for reactions involving 4 or 5 atoms.

»To obtain a close agreement with the molecular beam and kinetic
experimental data high accuracy description (of the order of few meV) of
the interaction , in the long range as well as in the transition state regions of
the rection, is required.

» The large improvement of the computational performances will permit to
use hyperspherical techniques to solve 3-centers reactions including
perturbatively additional degrees of freedom.
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