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Challenges Complexity
All-electron LAPW is the reference method for electronic-structure calculations The overall complexity of computing VA¢Eis O(NZ,) with 0(NZ..) Poisson
in solids. Hybrid functionals still present a few difficulties to LAPW. We make a solves costing O(N,:Ng)~0(NZ,) FLOPs each. The quadratic cost of the
bet on the low-rank approximation employing adaptiv.el.y compressed Poisson solve is due to the pseudocharge method needed for the density and
exchange (ACE) and fully restore the control over precision. potential representation employed in LAPW. We reduce the cost of each
occ
. individual solve. . .
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We address the following challenges: interpolation |
* dependence-an-empiybands — actually not a problem specifically in ACE, 10+
» performance (quartic scaling),
* screened (range-separated) exchange that required an implementation, o - A
» the radial basis and core orbitals are generated with a local functional. Least-squares fit V(7,,) = %; VeiimY in(Tar) 10
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Range separation Optimal basis and proper core

We implement screened functionals in two ways: LAPW+lo baSiS;
anTr

« erfc(ur) /r = Z”A+en with complex fitted parameters A,, and «,,. This Z Ag;?fua (MY, () r e MT

way, the problem reduces to solving the screened Poisson equation several ngAPW(r) — {&lm ,

times and can be addressed using the pseudocharge method. 1 i (G+OT R
» erfc(ur) /r = 1/r — erf(ur) /r. The first term is usual Coulomb kernel, U/_ re IR

whereas the second one decays rapidly in the reciprocal space. Y.l g ( SN
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Both methods yield nearly identical results. In production, we use the first PO (r) = { glm L] m e R

method for computing the core-valence contribution and the second one for

The functions u;; () come from the radial Schrédinger equation with the
the valence-valence part.

trial (self-consistent) Kohn-Sham potential. The standard approach is to use

We use the implementation for calculating band vpgg (7). Instead, we propose to generate ug; (1) with ¥ = v, (1) + Dy).
gaps of 26 materials and comparing with literature:
* J.Yang, S. Falletta, A. Pasquarello, npj Comput. i Example: the HF molecule in a Hartree-Fock calculation.
Mater. 9, 108 (2023) — Quantum Espresso + l I CdSe
ONCVPSP, Method Total energy Heat of formation < ool Fal —
« M. A. L. Marques et al. Phys. Rev. B 83, 035119 LfDUA : [Ha] [keal/mol] H'a:reg_?;dl: a\:]gl:jn;sgf?
_ | Ref -100.0708025 -73.587 , :
(2011) — VASP, <N me N Zﬂ Se ZFerence‘ \a functional calculations.
 W.P. Huhn, V. Blum, Phys. Rev. Mater. 1, 033803 ug (r), highcut  -100.0708011 -73.587 1. Diatomic molecules.
(2017) — FHI-AIMS all-electron. u" (r), med. cut  -100.0702452 -73.590
Errors w.r.t. our LAPW gaps u?fE(r), med. cut -100.0692182 -73.586
QE VASP FHI-aims
| PBE ] PBE PBE Example: CdSe band gap from PBEO calculation (4x4x4 k-points and large
) ' - | i atomic spheres).
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5 o, Cose S . L sane The standard approach in those PBEO PBEO+ZORA 2.2084
é . .. benchmarks works well enough. PBE PBEO+ZORA 22048
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10 | ZnO  GaAs ZnSe i ; ! But can you rely on it blindly? :
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