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Towards accurate gaps from hybrid 
functionals

26 materials
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Band-gap errors (eV) w.r.t. expt. – J. Yang et al., npj Computational Materials 9, 108 (2023)

• Target accuracy: 0.1 eV
• Best achieved accuracy: 0.23 eV
• Precision: ???



Hybrid functionals in LAPW (standard approach)

𝑉෠ுி ≈ ෍|𝜓௠⟩ 𝜓௠ 𝑉෠ுி 𝜓௡ ⟨𝜓௡|

௠௡

𝑉෠ுி𝜓௡𝒌 𝒓 = −
1

𝑁𝒌
෍ ෍ 𝜓௠𝒌ᇱ 𝒓 න

𝜓௠𝒌ᇱ
∗ 𝒓′ 𝜓௡𝒌 𝒓′

𝒓 − 𝒓′
𝑑𝒓′

௠𝒌ᇱ

 

• Dependence on empty
bands

• 𝑁ସ 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, Cīmurs, Gulans, Phys. Rev. B 106, 165101 (2022)

• No empty bands dependence
• New feature in exciting
• Available in future releases



Towards cubic scaling for hybrids

𝑉෠ுி𝜓௡𝒌 𝒓 = −
1

𝑁𝒌ᇱ
෍ ෍ 𝜓௠𝒌ᇱ 𝒓 න

𝜓௠𝒌ᇱ
∗ 𝒓′ 𝜓௡𝒌 𝒓′

𝒓 − 𝒓′
𝑑𝒓′

௠𝒌ᇱ

 

LAPW-specific solver relies heavily on the Rayleigh formula

𝑁୭ୡୡ ȉ 𝑁ୠୟ୬ୢୱ

Poisson solves 

𝑂 𝑁ୟ୲Ω FLOPs per Poisson solve – 𝑂 𝑁ୟ୲
ଷ Ω FLOPs in total for hybrids

J. Užulis, A. Sorokin, A. Gulans, npj Computational Materials 11, 257 (2025)

Approximate your way around it!



Exact calculation in G-space

1D Fourier
interpolation

Least-squares fit

Single Poisson solve



Precision issues: basis
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J. Užulis, A. Gulans,
arXiv:2606.20116 (2026)



Basis completeness – total HF energy

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



Basis completeness – total HF energy

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



Basis completeness – self-interstitials in Si

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

LAPW computational
details:
• 17-atom supercell
• Hartree-Fock
• 4x4x4 k-grid 
• Spherical Coulomb cutoff



Band gaps comparison: 3D materials

J. Užulis, 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


