A Sinc DVR Grid-Orbital Hybrid Basis for Electronic Structure
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INTRODUCTION

@ The main problem we wish to solve is to diagonalize a general molecular Hamiltonian

with the non-relativistic Born-Oppenheimer approximation

A o 1N o N. Npue |
H=T+V= §Z i Zz‘r_ Z T — 1]
i=1 i=1 k=1 i<j<N, " J

e Grid-orbital hybrid basis developed for single and double ionization applications

e Orbitals used to represent bound electrons and grid functions used to represent
continuum electrons

PRIMITIVE GRID BASIS

@ The 1D grid is uniformly spaced with 2n + 1 points
r;=jA, j=-n,.,n, x;€[—nA nl|

e Expand the wave function in the (2n + 1)-dimensional basis
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r(z) = ﬁsmc ( A ) , sinc(x) = —
o L? orthonormal: (y;|x;) = d;;
o DVR Property: ¥i(z;) = A7Y25;,
e Simple kinetic energy matrix elements known exactly
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e Potential energy matrix representation is diagonal w.r.t. DVR quadrature
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@ 3D grid functions defined as products of 1D functions

Xijk(F) = Xi(x)Xj<y)Xk(Z)

PRIMITIVE HYBRID BASIS

e Let My = (2n + 1)? = dimension of the grid basis

@ The one-electron hybrid basis consists of a set of My < M; orthonormal orbitals
expanded in the grid basis

M,y
= ZC’mf@(aZ), a=1,.., M,

and a set of modified grid functions defined as
My
:ZQU)ZJ(CE), 1= 1,...,M1
j=1

@ The matrix Q = 1 — CC7 is chosen to ensure that every modified grid function is
orthogonal to every orbital

@ The hybrid basis B is defined by combining the modified grid functions and the orbitals
B = {517 ceey gM} - {Xb ey XM ¢17 ceey ¢M2}7 M = Ml + M2

e Orbitals generated with Hartree-Fock method
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HYBRID BASIS MATRIX ELEMENTS

e Overlap matrix elements:

Xilxj) = Qijs  (Daldp) = 0ap,  (Xil$a) =0
@ Denote the one and two electron matrix elements of the primitive grid basis as
hij = (il hIX;),  [ij1k0]) = 6ij0keVin
@ One-electron Hamiltonian matrix elements:
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@ Two-electron Hamiltonian matrix elements:
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MULTI-ELECTRON BASIS

@ The N-electron wave function is expanded in a basis of Slater determinants
U(zy, ... Z Cin|112)

@ The M hybrid basis functions are used as the orbitals in the determinants
@ We only allow configurations with either 0,1 or 2 modified DVRs

|ij17) (2 modified DVRs, N — 2 orbitals)
|417) (1 modified DVR, N — 1 orbitals)
|77) (0 modified DVRs, N orbitals)

@ The 7 configurations are generated by taking single and double excitations of the
Hartree-Fock configuration

@ For single ionization applications, we do not include the determinants with two grid
functions

@ The overlap matrix has a block diagonal structure

(ignldsg'n’y 0 0 (agnli'j'n’y = OmmQirQjy
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@ Since the basis functions are non-orthogonal, the typical Slater-Condon rules for
Hamiltonian matrix elements do not apply and we develop a customized set of rules for
determining these elements

@ The method is made practical due to the low rank of the projector P = CC” and the
fact that all orbitals are orthogonal to all grid functions
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HELIUM GROUND STATE

Grid Resolution Convergence of Helium Ground State (log-log scale)
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Figure: The absolute error in the calculated helium ground state energy for the Hartree-Fock method and
the CI hybrid basis with one electron on the grid. The calculation used 8 spin orbitals and a fixed box size
of 3 bohr.
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Figure: Ground state energy of Hy vs. internuclear distance with one electron on the grid for A = 0.5,0.8
and using 8 spin orbitals.

WORK IN PROGRESS

@ Implement MCSCF method in the sinc DVR basis to obtain better orbitals
@ Include 2 electrons on the grid for double-ionization applications

@ Incorporate exterior complex scaling

e Implement a multi-resolution method, different grids for different orbitals



