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ADb Initio Quantum Monte Carlo Rayleigh-Schrodinger scheme

* General flow-chart of ab initio QMC « Starting point: Hubbard Hamiltonian
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« Step 1: Variational Monte Carlo (VMC)
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v Vary J to minimize E io? plg site and a ligand site
v since |'¥;(R,J)I’ acts as a probability distribution function, evaluate the tpd ’ tpp Electron hopping amplitudes
Integral by using Markov chain Monte Carlo Ud On-site repulsion on a TM site
Up On-site repulsion on a ligand site
 Step 2: Diffusion Monte Carlo (DMC) Ho , H1 Unperturbed part and perturbation
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Effective Hamiltonian:
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v Each application of G is interpreted as a stochastic process; propagation « Advantages
through G can be viewed as ,diffusion” of Monte Carlo walkers (sequences v Efficient, expecially for evaluating interactions with phonons (avoids lengthy
of R) ab initio calculations)
v The Green's function v" Flexible (accuracy is controlled by the expansion order, number of
— - _AT(H—E-)| o parameters, etc.)
G(R <R P AT) — <R‘€ "R > v Model parameters are provided by ab initio calculations and Harrison's

equations
can be easily evaluated in the limit A7 —0; E; is some adjustable off-set

energy

* Fixed-node approximation: To avoid the fermionic sign problem, the positive

function
f(R,7)=®(R,7)'¥;(R) Techniques/Codes and Staffing

IS being propagated instead:

v" Walkers are not allowed to cross nodes

v The trial function serves as a guiding function
v' The GS energy E, is then calculated as

Techniques/Codes
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— — - - — - - Ab initio DFT Codes: Wien2k, FPLO, FLEUR, VASP
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. Jf(R; 7)Y, (R)HY;(R)dR . Jf(R; T)E,(R)dR 1 _ Quantum Espresso
Eo = |im — — =1m — — ~ —ZEL (Rm) Functionals: LDA, LDA+U, hybrid
T jf (R,7)dR T I f(R,7)dR M = (B3LYP, HSE)
~ Ab initio QMC QMCPACK (VMC, DMC, Hartree-Fock
where {R_} is the set of M samples of f(R,%) resulting from the DMC run. for atoms)
Pseudopotentials OPIUM, VASP data base
Wannier functions Wannier90 (maximally localized WF),
_ _ projected symmetry-preserving WF,
- Example from literature (C,,isomers) FLEUR (RPA)
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cage - DFT calculations
- selected ab initio QMC calculations

@
m‘} Isomer! Staffing of the project from auxiliary support
M—ﬂ}' bowl \ /

" 1*.  Transregional Collaborative Research Centre SFB/TR 49
P Frankfurt / Kaiserslautern / Mainz



