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FeO is an interesting system for theory

Groundstate properties:

- Antiferromagnetic structure

- Rhombohedral lattice distortion

- Prototypical Mott insulator
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Previous work on the ground state

Focus on rhombohedral lattice distortion:

- DFT/LAPW highlights that care is required1

- QMC relatively unexplored, limited to EOS2

1Gramsch et al. (2003) 10.2138/am-2003-2-301
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How to do better than DFT

From the exact Born-Oppenheimer electronic hamiltonian:
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hi + Vxc

- Mapping onto Ĥeff

- Non-interacting particles

- Parameterized Vxc

- Can solve exactly

QMC

- Stochastically sample Ĥ

- Statistical (variational) estimate of E0

- Input ΨT from, e.g. DFT

- Variational theorem holds

- Suffers from notorious “sign problem”
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Computational approach

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

ΨQMC(r) = D↑(r)D↓(r)eJ(r)

with

D ≡

∣∣∣∣∣∣∣∣∣
φ1(r1) φ1(r2) . . . φ1(rN )
φ2(r1) φ2(r2) . . . φ2(rN )

...
...

. . .
...

φN (r1) φN (r2) . . . φN (rN )

∣∣∣∣∣∣∣∣∣
where

{φi} are generated from various flavors of DFT
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Shameless advertisement:

Forthcoming paper on arXiv: https://arxiv.org/abs/1802.06922
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Wave function generation example: DFT+U

Summary of +U calculations:

- d-matrix predicted equilibrium strain

- Not obvious (to me) which is best

- Metal/insulator both possible

spin config:

↑ 1 1 1 1 1

↓ 0 0 0 0 1
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Effect of Ueff on trial wave function

DFT

As expected, DFT energy monotonically increases with Ueff
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Effect of Ueff on trial wave function

DFT QMC - single twist

VMC and DMC predict optimal Ueff at a single twist
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Effect of Ueff on trial wave function

DFT QMC - twist averaged

DMC energy also monotonically increases with Ueff after twist-averaging
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why is +U higher?
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why is +U higher?
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Effect of hybrid exchange on trial wave function

Results in progress:
DMC suggests exx approx. 4 mHa/FeO lower energy than +U
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VMC results
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DMC results
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Questions?

Thank you!
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