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Towards accurate gaps from hybrid

functionals

E.. = aEfFSR(w) + (1 —a)EEBESR (w) + BEFFLR (@) + (1 —=b)EPPELR () + EPBE

Band-gap errors (eV) w.r.t. expt. - J. Yang et al., np] Computational Materials 9, 108 (2023)
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TF s DSH DD-CAM pids
26 materials
MAE 0.73 0.44 0.98 0.41 0.41 0.24 0.23 0.23
MARE 18.0% 17.2% 17.9% 14.3% 14.6% 6.8% 6.2% 6.1%

 Targetaccuracy: 0.1eV
 Best achieved accuracy: 0.23 eV
* Precision: ?7??




Hybrid functionals in LAPW (standard approach)
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* Dependence on empty

bands

» N* computational effort
* Well integrated with

features in exciting

* Available in exciting Mg



Adaptively compressed exchange
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Lin, J. Chem. Theory Comput. 12, 2242 (2016)
Zavickis, Kacars, Cimurs, Gulans, Phys. Rev. B106, 165101 (2022)



Towards cubic scaling for hybrids
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Ny, lr —r| Poisson solves

LAPW-specific solver relies heavily on the Rayleigh formula
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O(N,:£)) FLOPs per Poisson solve — O(Ng’tﬂ) FLOPs in total for hybrids

Approximate your way around it!

J. Uzulis, A. Sorokin, A. Gulans, np] Computational Materials 11, 257 (2025)




Exact calculation in G-space
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Single Poisson solve
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Precision issues: basis
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We obtain the radial functions from the radial Schrodinger equation:
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local potential



Precision issues: basis
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We obtain the radial functions from the radial Schrodinger equation:
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local potential nonlocal
J. Uzulis, A. Gulans,

contribution arXiv:2606.20116 (2026)




Basis completeness — total HF energy

Interstitial region basis convergence. MT region basis convergence.
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Molecule exciting[Ha] FDM orFEM [Ha] AE [uHa] . : . T
H, -1.133624 -1.133624" -0.3 9 2 4 0 8
FH -100.070801 -100.070803! 1.4 Wi palair e 5
F2 -198.773442 -198.773445" 2.3 * - calculated with HELFEM
CIF -558.917625 -558.917626" 0.9 1-Jensen, Theoretical Chemistry
cl. ( -919.008932] -919.008935! 2.6 Accounts 113, 187-190 (2005)

J. Uzulis, A. Gulans, arXiv:2606.20116 (2026)




exciting (LAPW)

NWChem (LCAO)

Basis completeness —total HF energy

E : — — F
error [kcal/mol] reaction products reactants

Core Basis
h 05Cl, +25F, = CIF
B s type type FH CIF ClF5 2 2 5

_ 0.01  0.00 0.00

8 PBE PBE 0.00 0.00 0.04

Basis
aug-cc-pve’z 0.00 0.03 0.60
aug-cc-pVbsZ 0.00 0.08 1.72
aug-cc-pvQZz -0.04 0.24 6.98 - - corresponds to CBL
e caplz 006 0.4 2510 - does not correspond to CBL
aug-cc-pvVDZ -1.51 -0.54 32.47

* - hydrogen fluoride denoted as FH, to avoid confusion with - error above chemical accuracy (1 kcal/mol)

Hartee-Fock.

J. UZulis, A. Gulans, arXiv:2606.20116 (2026)



Formation energy [kcal/mol]

Basis completeness — self-interstitials in Si

H-interstitial X-interstitial
° 198 - —
204 O Non-relativistic
194 - ¢ Scalar
200 - relativistic LAPW computational
190 1 & details:
] 8 o)
196 o 186 o 5 e 17-atom supercell
, o © e Hartree-Fock
192 - 182 - :
P - * 4x4x4 k-grid
1881 € ‘ 1781 "o * Spherical Coulomb cutoff
DZ TZ PW LAPW DZ TZ PW LAPW

F. Salihbegovic, A. Gallo, A. Grluneis, Phys. Rev. B 108, 115125 (2023)
K. Simula et al., Phys. Rev. B 113, 1951 (2026)
J. Uzulis, A. Gulans, arXiv:2606.20116 (2026)




Number of materials

Band gaps comparison: 3D materials
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J. Uzulis, A. Sorokin, A. Gulans, npj Computational Materials 11, 257 (2025)
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Summary and outlook

Hybrids via adaptively compressed exchange

* no additional empty bands required

cubic complexity in sight

microhartree precision

access to core electrons via hybrids

various cutoffs (ask me if interested)

recommended method in LAPW

available in future exciting releases or on github



