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Introduction

@ Motivation:
e Learning to achieve chemical accuracy for small systems
— first-row atoms are a good benchmark set
e All-electron approach — avoid pseudopotential
approximation
e Could help in making pseudopotentials
@ Plan:
Optimise wave functions for Li to Ne, Lit to Net
Ground-state energies of each atom and ion
First ionisation energies for the atoms
Charge densities
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Trial Wave Function
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CSFs dets

@ Orbitals generated using MCHF package ATSP2K, defined
numerically on a grid

@ Split Slater determinants into up-spin and down-spin parts
@ Group determinants into CSFs according to symmetry

@ Initially study SD, 20 CSF, 50 CSF and 100 CSF (latter only
for O, F, Ne) wave functions
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Jastrow Factor

@ e-e, e-n and e-e-n Jastrow terms

@ Originally used Drummond-Towler-Needs (2004) Jastrow
form - polynomial in r

o Tested other basis functions: -, =, =

@ Recalculated wave functions using rbjra basis

@ Range of parameter values: 2 <a<9,11<b< 1.5

@ Expansion order: (e-e, e-n, e-e-n) = 9,9,5
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Jastrow Basis Function

The r/(rb+a) function with a=1

b=1
— b=11
— b=13
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r/(rb+a)
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Backflow

@ x; =r;+ Bj(R)

@ Ldpez Rios et al. (2006) functional form - polynomial
expansion in r

@ e-e, e-n and e-e-n backflow terms
@ Expansion order: (e-e, e-n, e-e-n) = 9,9,4
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Optimisation

@ Mean Absolute Deviation minimisation (MADmin) and
Energy minimisation (Emin)

@ Unsuccessful strategies:

Orbital optimisation

e Using a pre-optimised SD Jastrow factor with MCSF
expansion

e Spin dependencies in J and BF: distinguishing between u-u
and d-d e~ interactions, u-nucleus and d-nucleus
interactions

e Optimising only CSF coefficients for one cycle upon
convergence

e Varmin, Emin for non-linear parameters
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Optimisation Algorithm

The best optimisation algorithm

@ Optimise Jastrow factor from scratch for ~3 MADmin
cycles

@ Fix non-linear parameters and optimise for ~6 Emin cycles

© Add backflow and optimise from scratch for ~3 MADmin
cycles with released non-linear parameters

© Fix non-linear parameters and optimise for ~6 Emin cycles
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%CE Gained using MADmin and Emin at VMC level

Stages of Optimisation for SD wavefunctions
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Atomic ground-state energies
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lons

lonic ground-state energies
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lonization Potentials

e HF

e Calculate energy of atom and ion separately, take difference
e Orbital relaxation included, still no correlation
e |E underestimated

e QMC

e Includes correlation effects and orbital relaxation

e Asion has one less electron, expect energy to be more
accurate for ion than for atom (except for Ne)

e Normally underestimate IE
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lonization Potentials
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Charge Density

@ Accumulation in radial bins

@ Non-linear least squares fitting to exponential of Padé
polynomial:

ag+2Zr+ axr® + ...+ apr”
A4+ bor2+...+ by qrnT
@ Satisfies cusp condition at origin - log derivative
approaches —27
@ Correct large-r behaviour

)

o(r) = exp(
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Binning and Fitting the Charge Density

Total charge density for He atom

— Binned density -
— Fitted density
Hylleraas density
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Best optimisation structure - MADmin followed by Emin
with fixed non-linear parameters

rbzra

Energies are within chemical accuracy for Li-N for atoms
and ions at VMC level

Over 99% of CE retrieved for all atoms and ions studied

DMC IPs within chemical accuracy

Better Jastrow basis - power of

Functional form to fit charge densities
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VMC and DMC calculations

@ 50 CSFs (=171-2018 determinants) for Li, Be, B, C, N, Ne
and their ions

@ 100 CSFs (=3386-4613 determinants) for O, F and their
ions
VMC:
@ 10,000,000 steps
@ Large decorrelation period - 25 steps
DMC:
@ 100,000 steps
@ 2048 walkers
@ Timestep ranging from 0.00375 for Li to 0.00070 for Ne
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