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The FHI-aims Code

Thank you to everyone!

• Community based DFT and beyond code with an open
development platform.

• Contributions from over 200 people all over the world from
Berlin, Duke, UNC, Beijing, Helsinki, Warwick, Cardiff, Dalhousie,
etc, with 20+ years of development

Coordinators: V. Blum, S. Kokott, M. Rossi, M. Scheffler
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Original and Roadmap Paper

FHI-aims roadmap 2025 paper : 30+ sections, 200+ authors

“Original” FHI-aims implementation paper (2009):
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What Can You Do With FHI-aims?

4
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Where Can You Find FHI-aims?

https://fhi-aims.org/

https://fhi-aims.org/
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Extensive and Growing List of Tutorials

https://fhi-aims-club.gitlab.io/tutorials/tutorials-overview/

https://fhi-aims-club.gitlab.io/tutorials/tutorials-overview/
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FHI-aims Website

https://fhi-aims.org/

https://fhi-aims.org/
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Getting the Code



MS1P e.V. - Shanghai, China - 05.11.2025 9

Getting the Code
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Design Principles of FHI-aims

Quantum mechanics-based simulations of real, complex
molecules and materials and their properties without a

priori precision and accuracy limitations.

The Vision

• Key design choice:Which basis functions to use?

Gaussians
Plane Waves/

Pseudopotentials
Numeric Atom-

Centered
Orbitals
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Key Design Choice: Numeric Atom-Centered Orbitals

Cutoff
Potential

Basis Set Expansion
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How is the Basis Set Generated in FHI-aims?

• Solve radial Schrodinger eq on dense 1D logarithmic grid

• Free atom like
(minimal basis)

• Hydrogen-like

• Free ions, Gaussians etc
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Species Defaults in FHI-aims

• In FHI-aims there are pre-calculated “species defaults” for
elements 1-102 which contain basis functions, but not only...

• Include parameters for: cut-off potential,
angular and radial grids, hartree potential, as
well as species name, atomic mass, and
atomic number

• Pre-calculated defaults, ranging from
fast-qualitative to meV-converged
calculations (Total energy, DFT)

• Also freely user customizable

• More later in practical aspects...
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Why This Choice of NAOs?

Versatile Precise + Accurate Scalable

Non-periodic and
periodic systems on

same footing

Flexible shape and all-
electron description
for DFT and correlated
methods (RPA, GW, ...)

Localizable NAOs - O(N)
scaling.

From laptops to HPC, and
from tens to thousands of

atoms

Cutoff
Potential



MS1P e.V. - Shanghai, China - 05.11.2025 15

Examples of FHI-aims’ Precision,
Accuracy, Scalability and Versatility
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High Precision for DFT - “Delta Test“

Code Basis Electron treatment Delta (meV)

Wien2k 13.1 LAPW/APW+lo All-electron 0

FHI-aims 081213* NAO, tier2
All-electron (scalar rel. atomic

ZORA)
0.2

Exciting (dev.) LAPW+xlo All-electron 0.2

Quantum Espresso 5.1 plane waves
SSSP accuracy (mixed
NC/US/PAW library)

0.3

VASP 5.2.12 plane waves PAW 2015 0.3

FHI-aims 081213* NAO, tier2
All-electron (scalar rel., scaled

ZORA)
0.3

ELK 3.1.5 APW+lo All-electron 0.3

* Results: Marcin Dulak, DTU (Copenhagen)

Reproducibility in Density-Functional Calculations of Solids,
K. Lejaeghere, ... 68 coauthors! ..., S. Cottenier, Science 351, aad3000 (2016).

E(V) for 71 elemental solids - 15 codes, all-electron & 40 pseudopotential sets

Slide: Courtesy of V. Blum
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High Accuracy in Crystal Structure Prediction

J. Hoja et al., Sci. Adv. 5, eaau3338 (2019) D. Firaha et al., Nature 623, 324–328 (2023)

• Best performing method in the 7th Crystal Structure Prediction blind test:
Hunnisett et al., J. Acta. Cryst., B80, 517-574, (2024)
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Scalability for Hybrid DFT

New
implementation

Original implementation:
S. Levchenko et. al., Comp.
Phys. Comm., 192, (2015), 60-69
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Efficiency for Creating Machine Learning Datasets

A. Kabylda et. al., QCell: Comprehensive
Quantum-Mechanical Dataset Spanning
Diverse Biomolecular Fragments, (2025)
arxiv.org/abs/2510.09939

1. OE62 Dataset:

2. QCML Dataset:

S. Ganscha et. al., The QCML dataset, Quantum chemistry
reference data from 33.5M DFT and 14.7B semi-empirical
calculations, Scientific Data, 12, 406, (2025)

3. QCell Dataset:

A Stuke et. al., Atomic structures and orbital energies of
61,489 crystal-forming organic molecules, Scientific Data,
7, 58, (2020)
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A Dive into FHI-aims: Modular and Versatile

20

External drivers for
FHI-aims

Main “internal” FHI-
aims code

External electronic
structure libraries

Linear algebra and
hardware libraries
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Practical Aspects of FHI-aims
Calculations
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Input Files for FHI-aims

atom 0.000000 0.000000 0.000000 O
atom 0.707000 -0.707000 0.000000 H
atom -0.707000 -0.707000 0.000000 H

geometry.in control.in

lattice_vector 0.00000 2.71500 2.71500
lattice_vector 2.71500 0.00000 2.71500
lattice_vector 2.71500 2.71500 0.00000

atom_frac 0.00000 0.00000 0.00000 Si
atom_frac 0.25000 0.25000 0.25000 Si

Non-periodic:

Periodic:

xc pbe
k_grid 8 8 8

[Species defaults attached below]

xc pbe

[Species defaults attached below]

FHI-aims works on the command line with text based
input/output files. 2 Input files required:
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Species Defaults in FHI-aims : The Basics

species_defaults folder in FHI-aims

light

intermediate

tight

really_tight

Fast, less accurate
Used for quick pre-relaxations

Fast-ish, reasonably accurate
Go-to for large structures and hybrid DFT

Slower, converged results
meV/atom energy differences

Slowest, overconverged
Generally only for benchmarking
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Species Defaults in FHI-aims: Convergence

• Relative to really_tight
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Basis Set Tiers

• Basis set = minimal basis + additional basis functions

• For all species defaults, basis functions are organized into tiers, which
can be commented/uncommented for less/more accurate calculations
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More Advanced Species Defaults for Specific Tasks

Tier2_aug2

intermediate_gw
tight_gw
really_tight_gw

FHI-aims’ tier2 basis sets plus Gaussian
augmentation functions for neutral excitations
(BSE@GW, LR-TDDFT)
C. Liu et al., J. Chem. Phys. 152, 044105 (2020)

Additional auxiliary basis functions
Specific basis sets for periodic GW calculations

NAO-VCC-nZ "Correlation consistent“ basis set for RPA, MP2, or
GW
I. Y. Zhang et al., New Journal of Physics 15, 123033 (2013)
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Running and Output of FHI-aims

mpirun -np N aims.x > aims.out
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Graphical Interface for Materials Simulations (GIMS)

• Create input files, analyse output files

https://gims.ms1p.org

Sebastian Kokott, Iker Hurtado, Christian Vorwerk, Claudia Draxl,Volker Blum, Matthias Scheffler,
GIMS: Graphical Interface for Materials Simulations. Journal of Open Source Software, 6(57), 2767.

https://doi.org/10.21105/joss.02767

https://gims.ms1p.org
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GIMS: Build a Structure

•Import structure from ASE supported formats (e.g. CIF) and export to geometry.in
•Edit / remove lattice vectors

•Simply create supercell / primitive cell
•Plus much more...

•Add / move / remove atoms, change atomic species
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Graphical Interface for Materials Simulations (GIMS)

• Create input files, analyse output files

https://gims.ms1p.org

Sebastian Kokott, Iker Hurtado, Christian Vorwerk, Claudia Draxl,Volker Blum, Matthias Scheffler,
GIMS: Graphical Interface for Materials Simulations. Journal of Open Source Software, 6(57), 2767.

https://doi.org/10.21105/joss.02767

https://gims.ms1p.org
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GIMS: Create a control.in File

•A set of mostly used input file
keywords with explanation

•A simple mechanism of visibility
constraints (certain keyword
inputs may not be visible based
on other inputs’ values) and
sanity checks of inputs’ values
based on other inputs and
structure

•Extra keywords table allows
building complicated input files
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Graphical Interface for Materials Simulations (GIMS)

• Create input files, analyse output files

https://gims.ms1p.org

Sebastian Kokott, Iker Hurtado, Christian Vorwerk, Claudia Draxl,Volker Blum, Matthias Scheffler,
GIMS: Graphical Interface for Materials Simulations. Journal of Open Source Software, 6(57), 2767.

https://doi.org/10.21105/joss.02767

https://gims.ms1p.org
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GIMS: Analyse Output

•Numerical and graphical
representation of the
output file – geometry,
energies, HOMO-LUMO
etc

•Graphs: convergence
(energy, eigenvalues,
density for each ionic step;
forces), band structure,
DOS, dielectric function
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Basics Tutorial

More in the basics of FHI-aims tutorial this afternoon!
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Questions?
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Where Can You Find FHI-aims?

fhi-aims.org

MS1P on: FHI-aims on:

https://fhi-aims.org/

