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Fe0 is an interesting system for theory
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Groundstate properties:

- Antiferromagnetic structure

- Rhombohedral lattice distortion

- Prototypical Mott insulator
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Previous work on the ground state
Sandia
National
Laboratories

Equilibrium lattice distortion within one-body methods:1

- Experiments suggest — 2% distortion
0.12

- Distortion sensitive to Fe 3d treatment
0.10

- Naive approach with e.g. +U can fail
0.08

- Care is required! ab-initio? 7a-
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How to do better than DFT
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Let's work with the non-relativistic electronic hamiltonian:

, \ • z,
= i 

i<j 
Iri —

Many approaches to solving the above:

DFT

fIDFT hi + Vxc

- Mapping onto non-interacting system

- Parameterized VT,

- Can solve exactly

QMC

- Stochastically sample ft

- Statistical (variational) estimate of E0

- Input wave function

- Suffers from "sign problem"

- Solve approximately (but controllably)
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In real space QMC we construct a trial many body wave function of the form:

with

D

= Dt(r)D (r)e-f(r)

01(r) (r2) • • • 01 (rN)

02(ri) (r2)

ON(rl) ON(r2)

• •

• •

•

•

02 (rN)

ON(rN)

where
{0,} from DFT <— This is the hard part
and J = f — ril) picks up correlation
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ln real space QMC we construct a trial many body wave function of the form:

with

D

(r) = Dt (r) (r) (r)
VMC is conceptually straightforward:

K(DT(011/(00T(0) > E0Evmc= (4,T(r)1.13T(r))
01(r) 01(r2) • • • 01 (r N)

'Mr].) cb2(r2) • • • 02 (r N) MCMC sample the distribution:

N (r N(r2) • • • N (r N)

where
{02} from DFT <— This is the hard part
and J = f — ril) picks up correlation

II(r) =

To evaluate energy:

07'0012

f dr1(13T(02

EvAlc, = f drII(r)EL(r) = ./T7 EL(r(n))
n
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2

DMC is more sophisticated, it —> T:

a(DT

r) =aT
1
N
r. v,N,T (r) diffusion

+(V(r) — ET).1.T(r) branching

For long projection times:

lim 4,,TeTV-/—ET) oc qf 0
T—>.00

Foulkes et al. RMP, 2001
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DMC is more sophisticated, it T:

0,:DT

(r, 7) =
OT

v?4,•T (r) diffusion

+(V(r) — ET)(I)T (r) branching

For long projection times:

lim 4,T eT(H—ET) a To

7—}00

But, DMC is subject to "sign problem"
'DT* (r)410(r)  rnbecause II(r) =

f dr (DT* (r)*To (r)

V2

o

-U2
U2

Kremer & Zaanen 2008

0 U2

Requires the "fixed-node" approximation
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Idea #1: Use PBE orbitals to construct wfn. Hope Jastrow fixes it.

- VMC predicts 0 distortion
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Idea #1: Use PBE orbitals to construct wfn. Hope Jastrow fixes it.

- VMC predicts 0 distortion

- DMC lower than VMC, slightly + —139.770
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Idea #1: Use PBE orbitals to construct wfn. Hope Jastrow fixes it.

- VMC predicts 0 distortion

- DMC lower than VMC, slightly +

- Is this a good result?

- o-2(E) ti 4
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Idea #1: Use PBE orbitals to construct wfn. Hope Jastrow fixes it.

- VMC predicts 0 distortion

- DMC lower than VMC, slightly +

- Is this a good result?

- a-2(E) ti 4

- But, these orbitals are crummy!
bo

LTJ

-10

Cococcioni et al. 2005

GGA
L K T r
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Wave function generation example: DFT+U
Sandia
National
Laboratories

Idea #2: Use PBE+U orbitals to construct wfn.

Summary of +U calculations:

- d-matrix predicted equilibrium strain

- Not obvious (to me) which is best

- Metal/insulator both possible

Energy I__ ___(',,
Octahedral

dyz

-0.020

-0 025

-$ 0 0,o

5 -0 035

-1.39742

— cubic

•

-10 0 -7.5

spin config:

-r

U.3.3

7 5 10.0
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Wave function generation example: DFT+U
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Idea #2: Use PBE+U orbitals to construct wfn.

Summary of +U calculations:

- d-matrix predicted equilibrium strain -0

- Not obvious (to me) which is best -0

-0

- Metal/insulator both possible
3

a -0

Energy

Octahedral

d, d„ d,

-1.298e2

-10 0 -7 5 -5 0 -2 5 0 0 2 5 5 0 7 5 10 0

Strain MI
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1 1
0 0 0 

2 2
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Wave function generation example: DFT+U
Sandia
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idea #2: Use PBE+U orbitals to construct wfn.

Summary of +U calculations:

- d-matrix predicted equilibrium strain

- Not obvious (to me) which is best

- Metal/insulator both possible

Energy

1 

/ re d4y2

— — — — , 
..
/ --_</'

,

d,, ri dyz

Octahedral
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spin config:
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Effect of Ueff on trial wave function
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National
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Effect of Ueff on trial wave function
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Effect of Ueff on trial wave function
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Laboratories
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Idea #2: Use PBE+U orbitals to construct wfn.

- VMC predicts - distortion
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idea #2: Use PBE+U orbitals to construct wfn.

- VMC predicts - distortion

- VMC lower than PBE, DMC higher —139.76
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idea #2: Use PBE+U orbitals to construct wfn.

- VMC predicts - distortion

- VMC lower than PBE, DMC higher
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idea #2: Use PBE+U orbitals to construct wfn.

- VMC predicts - distortion

- VMC lower than PBE, DMC higher

- 0.2(E) 4

- orbitals still crummy!

—139.76

0 —139.77
a)
U-

-139.78

a)
Lu —139.79

—139.80

- LDA

- PBE

- PBE+U 3.3 eV

- PBE+U 4.3 eV

- PBE+U 5.3 eV

- PBE+U 3.3 eV (alt)

—10 —5 0 5

Strain [%]
10

email: jptowns@sandia.gov 10



Advanced wave functions
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Idea #3: Use crappy orbitals to construct wfn., patch up with fancy techniques

In principle:

(r) Dt (r) (r)eJ (r) -139.50

-139.51

Or, can use "backflow" transformation to
a) -139.52

introduce correlation into orbitals: 
u_

-139.53

9) -139.54

4:.T(r) (DT ;
= E ciilri ri LLI -139.55
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-139.57

- LDA

- PBE

- PBE-FLI 3.3 eV

- PBE+U 4.3 eV

PBE+U 5.3 eV

- PBE+U 3.3 eV (ae)
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Advanced wave functions
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Idea #3: Use crappy orbitals to construct wfn., patch up with fancy techniques

In principle:

(r) Dt (r) (r)eJ (r)
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- LDA/PBE (-) strain
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- LDA/PBE (-) strain

- PBE-FU (-) strain lower E

- Increasing U lowers energy further
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- LDA/PBE (-) strain

- PBE+U (-) strain lower E

- Increasing U lowers energy further

- PBE+bf much lower energy

- PBE+md can beat bf
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- LDA/PBE (-) strain

- PBE+U (-) strain lower E

- Increasing U lowers energy further

- PBE+bf much lower energy

- PBE+md can beat bf

- No (DT predicts (+) strain
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- Need more advanced wave functions to accurately describe complex materials

- Backflow and multi-determinant expansions show promise, but don't scale

- Future work: Magnetic transitions at high P
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Thank you!
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Effect of hybrid exchange on trial wave function
Sandia
National
Laboratories

—139.58 — cubic fit
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Results in progress:
DMC suggests exx approx. 4 mHa/Fe0 lower energy than +U

1.0
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