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Objectives
» To improve the accuracy of state of the art QMC calculations.

» Deployment of advanced wave functions for solids.
» Matrix element engine for .

» To increase the number and fidelity of observables available in current QMC
calculations.

> Forces
» Deployment/development of RMC and forward walking.

Starting point independence and systematic improvability
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Completed Work
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Trial Wave Functions @ National

Multi-Slater Determinant Jastrow
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» MSD wave functions are in principle “systematically improvable”.

» Goal: “spend more computer time, get a better answer”.
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Systematic Improvability: An Example
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Figure: Systematic improvement for a p/pg = 3.75 snapshot of 4 D, molecules
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» Implemented collection of density observable over pure distribution.
» Noticeable differences between “mixed” and “extrapolated” estimates. Good

agreement with DFT.
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In Progress
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» FeO is an important material in geophysics.

» Transition metal oxide. Close analogue with functional materials.

» Attempt to ascertain whether systematic improvability is possible using advanced
wave functions.
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Absolute Magnetic Moment [13/Fe]
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» Robust prediction of magnetic moment using a slew of trial wave functions.

> Not sensitive to the starting point or flavor of trial wave function.
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FeO: Magneto-elastic Coupling @ ool

Primitive lattice vector angle [°] Primitive lattice vector angle [°]
__ 66 63 60 57 54 66 63 60 57
-139.75 = = —139.75

—139.76

— PBES (L1eV)
- e H
-130.77
b
= 13978 ~139.78
g —139.79 —139.79
& —139.80 —139.80
)
= —139.81  —139.81 Py =
a e —F %
~139.82 ~139.82
—139.8: —139.8:
139: ;—IH -5 0 5 10 ];’\{—lﬂ -5 0 5 10
Lattice Distortion [%] Lattice Distortion [%)]

» Strain vs. energy curves for several types of trial wave functions.

» Not able to achieve starting point independent answers using existing methods.
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1 Body Reduced Density Matrix
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» Currently working on diagonalizing 1-RDM to obtain natural orbitals from DMC.
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Need

» Compute Hamiltonian matrix elements for the same Hamiltonian and orbitals as
used in DMC.

» Use with selected Cl methods for generating multi-determinant expansions.
» Direct comparison between DMC and AFQMC.
Progress

» (kv|V2|k'v) — Implemented

» (kv|0¢|k'v") — Implemented

» (kv|0"|k'v") — Implemented, but debugging.

> (kv, k'V'|0¢e|k"V" k""" — Partial implementation
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Issues
» Handling periodic boundary conditions. Long range breakups.

» Handling the non-local piece.
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[ Quc] W[ A] 7]
Fé + | 0.02472(3) | 0.02464 | 0.00009 | 2.882
0.01943(3) | 0.01936 | 0.00007 | 2.384

Fé , | 0.00773(3) | 0.00779 | -0.00006 | -2.069
FO”IX -0.01382(5) | -0.01384 | 0.00003 | 0.471
(5)

)

Fg' | -0.00927(5) | -0.00935 | 0.00008 | 1.552
F§", | -0.00028(5) | -0.00030 | -0.00002 | 0.373

Table: Perturbed BCC unit cell in PBC. 8 Na atoms, BFD 1 electron pseudopotential with s, p,
and d channels.

email: rclay@sandia.gov 14




Sandia
National
Laboratories

Future Work
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Forces for Non-Local Pseudopotentials @ National
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Fzvze = <—V/H .

> Implement and test zero-variance and zero-bias terms.
Build ZVZB friendly VMC and DMC drivers.

Use forces! Geometry optimization, phonons, etc.
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> Look into using selected Cl methods for multi-determinant expansions.

> Investigate advanced wave functions like iterative backflow.
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Future Work
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PBE+U PBE+U+multidet PBE+U+backflow
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