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Thanks to the Center for Predictive Simulation of Functional Materials, DOE BES
Computational Materials Sciences program. http://cpsfm.ornl.gov/
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FeO is an interesting system for theory Sandia
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Cococcioni et al. 2005
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Groundstate properties:
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Focus on rhombohedral lattice distortion:
- DFT/LAPW highlights that care is required!
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Focus on rhombohedral lattice distortion:
- DFT/LAPW highlights that care is required!
- QMC relatively unexplored, limited to EOS?
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How to do better than DFT @ ﬁgggﬁal

Laboratories

From the exact Born-Oppenheimer electronic hamiltonian:
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DFT QMC

H= Z hi + Ve Stochastically sample H
i

Statistical (variational) estimate of Ej
Input U7 from, e.g. DFT
Variational theorem holds

- Mapping onto ﬁeff

Non-interacting particles

Parameterized V. Suffers from notorious “sign problem”

Can solve exactly
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Can we reproduce rhombohedral lattice distortion in AFM B1 with QMC?

Kriiger & Zaanen 2008

UM () = DT (r) DH(r)e’™)
with
o1(r1)  di(ra) o1(rn)
[ @2(r1)  ¢a(r2) $a(ry)
D= : : :
on(r1) on(ra) ... on(rn)
where

{¢;} are generated from various flavors of DFT
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Computational approach @ Notowl
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Can we reproduce rhombohedral lattice distortion in AFM B1 with QMC?

Kruger & Zaanen 2008

WOMC (ry = DT (r)D¥(r)e’®
with
¢1(r1)  ¢u(r2) ... éi(ry)
¢a(r1)  ¢a(r2) ... ¢a(ry)
D= : : - :
on(r1) on(ra) ... on(rn)
where
{¢i} are generated from various flavors of DFT < This is the hard part
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Forthcoming paper on arXiv: https://arxiv.org/abs/1802.06922
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Wave function generation example: DFT+U
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National

Summary of +U calculations:
- d-matrix predicted equilibrium strain
- Not obvious (to me) which is best

- Metal/insulator both possible

Octahedral
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Wave function generation example: DFT+U
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Summary of +U calculations:
- d-matrix predicted equilibrium strain
- Not obvious (to me) which is best

- Metal/insulator both possible
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Wave function generation example: DFT+U
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Summary of +U calculations:
- d-matrix predicted equilibrium strain
- Not obvious (to me) which is best

- Metal/insulator both possible
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DFT
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As expected, DFT energy monotonically increases with U,y
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Effect of U.ss on trial wave function @ ﬁg?ig'r?al
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DFT QMC - single twist
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VMC and DMC predict optimal Uy at a single twist
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Effect of U.ss on trial wave function @ ﬁg?ig'r?al
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DFT QMC - twist averaged
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DMC energy also monotonically increases with U,y after twist-averaging
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Effect of hybrid exchange on trial wave function
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Results in progress:
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— VMC
—— DMC

0.0 0.2 0.4 0.6 0.8
Exact exchange fraction

DMC suggests exx approx. 4 mHa/FeO lower energy than +U
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DMC results @ National
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Thank you!
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