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Introduction

e Laboratory for Materials Simulations (LMS) [lab head:
prof. Nicola Marzari], from mission statement:

e develop, integrate, and disseminate|...] the
computational capabilities required to
understand, predict, and characterize materials
as studied at PSl research facilities with photons,
neutrons, muons, and electrons

e provide support and access to these
computational capabilities for the PSI science and
user program

o[...]

PSI

f ff)uuANTUMESPRESS D"

www.quantum-espresso.org

WANNIER?0O

www.wanhnier.org

¢sAlIDA

www.aiida.net

g ANDA

www.aiidalab.net



http://www.aiidalab.net
http://www.aiida.net
http://www.wannier.org
http://www.quantum-espresso.org

Making advanced simulation capabilities accessible

AiiDAlab Quantum ESPRESSO app

a5 AlIDA Edit App

;{}Q The AiiDAlab Buantum ESPRESSO App

& Happy computing

& Getting Started i About i= Job History

Logou

Ve

The QE app allows you to calculate properties in a simple 4-step process:
- Step 1: Select the structure you want to run.
© Step 2: Select the properties you are interested in. [N
™ Step 3: Choose the computational resources you want to run on.
+ Step 4: Submit your workflow.
New users can go straight to the first step and select their structure.
Completed workflows can be selected at the top of the app.
You can also check out the basic tutorial to get started with the Quantum ESPRESSO app, or try out the advanced tutorial to learn additional features offered by the app.

For a more in-depth dive into the app's features, please refer to the how-to guides.

\

© Start New Calculation

v o Stan 1- Salact ctructura

https://aiidalab-ge.readthedocs.io/

PSI

¢ Provide immediate, intuitive access to
simulation capabilities

e Plugin interface, focus on key
properties of interest to PSI

e Easily redeployable, e.g.:

¢ Instance for PSI staff (inside VPN):
https://aiidalab.psi.ch

¢ Instance for PSI experiments (see later):
https://aiidalab-lns.psi.ch

¢ Demo server: https://demo.aiidalab.io

e Paper now out: X. Wang et al., npj Comput.
Mater. 12, 72 (2026)

m and: A. Ortega-Guerrero, L. Bastonero, M. Bercx, P. Bonfa, R. De Renzi, D. Du, P. N.
O. Gillespie, M. A. Hernandez-Bertran, D. Hollas, S. P. Huber, E. Molinari, . J.
Onuorah, N. Paulish, D. Prezzi, J. Qiao, T. Reents, C. J. Sewell, I. Timrov, A. V.
Yakutovich, N. Marzari, C. A. Pignedoli
Miki
Bainglass Bonacci



https://aiidalab.psi.ch
https://aiidalab-lns.psi.ch
https://demo.aiidalab.io
https://aiidalab-qe.readthedocs.io/

QE app plugin for phonons and inelastic neutron scattering (INS)

e Robust phonon workflows (finite
differences with AiiDA+phonopy)
developed by collaborators [1]

e Support phonon bands and DOS,
IR/Raman spectra with intensities,
thermal properties, ...

e Extended (using Euphonic code) to
INS spectra

¢ Testing+feedback by Stas Nikitin
and Tom Fennell (CNM/LNS)

\Li ~ m
A '- h

‘$ ; y

Lorenzo Bastonero Miki Bonacci
(Uni Bremen) (PSILMS)

[1] L. Bastonero and N. Marzari, Automated all-functionals
infrared and Raman spectra, npj Comput. Mater. 10, 55 (2024)

F=AiiDA coro

;;;O The AiiDAlab Buantum ESPRESSO App

& Happy computing £
& Getting started i About i= Calculation history € Setup resources & Download examples © New calculation
» v Step 1: Select structure
» v Step 2: Configure workflow
» v Step 3: Choose computational resources
v v Step 4: Status & results
Workflow completed successfully! L3
Summary [ Status [l Results =
Structure
C PK: 2865
4 Label: C4
Initial Description:
Number of atoms: 4
@ Viewrelaxed g eation time: 2024-04-30 13:43:50 (9 months ago)

Length unit: angstrom (A)

Logout

Cell vectors: Cell vectors length:

Computing phonons and INS with the AiiDAlab QE app:

excellent comparison with experiments for graphite

https://aiidalab-ge.readthedocs.io/

https://github.com/aiidalab/aiidalab-qe-vibroscopy

 PSI



https://doi.org/10.1038/s41524-024-01236-3
https://doi.org/10.1038/s41524-024-01236-3
https://aiidalab-qe.readthedocs.io/
https://github.com/aiidalab/aiidalab-qe-vibroscopy

PSI

QE app plugin for phonons and inelastic neutron scattering (INS)

Logout Control Panel

¢ Robust phonon workflows (finite B - ~ioA
differences with AiiDA+ * -SPRESSO App

developed by collabora )
P y e Outlook: several foundation e — Er—

machine-learning potentials now very
accurate for phonon properties
(MACE, Mattersim, ...)

e Support phonon bands
IR/Raman spectra witt
thermal properties, ...

e Extended (using Eupho

INS spectra ¢ Extend the app to provide very -
o Testing+feedback by St fast results using MLIPs, before
and Tom Fennell (CNM turning to DFT
e f e First version already available!
-~ . "F' 'g Cellvect‘ors: eeeeeeeeeeeeeeee
Ny h Computing phonons and INS with the AiiDAlab QE app:
Lorenzo Bastonero Miki Bonacci excellent comparison with experiments for graphite
(Uni Bremen) (PSILMS)
[1] L. Bastonero and N. Marzari, Automated all-functionals https://aiidalab-ge.readthedocs.io/

infrared and Raman spectra, npj Comput. Mater. 10, 55 (2024) https://github.com/aiidalab/aiidalab-ge-vibroscopy


https://doi.org/10.1038/s41524-024-01236-3
https://doi.org/10.1038/s41524-024-01236-3
https://aiidalab-qe.readthedocs.io/
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QE app plugin for muon spectroscopy with DFT+p y PSI

e Muon spectroscopy: extensively used to characterize magnetic and superconducting states in
materials

e We developed AiiDA workflows to identify muon stopping sites [1] using DFT+p [2]

1@ a\

- &
- o L Summary B Status [l Results =
Ifeanyi J. Onuorah  Miki Bonacci

Pietro Bonfa Roberto De Renzi e e '
(Uni Parma) (PSILMS) (Uni Modena) (Uni Parma) FaLla uour

Initial Descri :
Number of atoms: 8

45 AiIDA

» v Step 3: Choose computational resources

ooooooooooooooooooooooooo

~ v Step 4: Status & results

Workflow completed successfully!

Creation time: 2025-02-07 16:06:16 (8 days ago)

* We also developed a plugin for a GUI

gth unit: angstrom (A)
Cell vectors: Cell vectors length:
] LX) a:4.0834 0.0000 0.0000 |al: 4.0834
I n AI I DAla b Q E [3] o o b:0.0000 4.0834 0.0000 |bl: 4.0834
¢ 0.0000 0.0000 4.0834 [c]: 4.0834
o o Angles: Symmetry information:
: 9

Spacegroup: Fm-3m (No.225)
B: 90.0000 Hall: -F 4 2 3 (N0.523)

¥ 90.0000 Periodicity: xyz

[111. ). Onourah, GP, et al., Digital Discovery, 4, 523 (2025)

[2]J. S. Moller et al., Phys. Rev. B 87, 121108 (2013); F. Bernardini et al., Phys. Rev. B 87, 115148 (2013
[3] https://aiidalab-ge.readthedocs.io/tutorials/muons.html



https://aiidalab-qe.readthedocs.io/tutorials/muons.html

PSI

QE app plugin for muon spectroscopy with DFT+p

e Available workflow features:

* muon stopping sites (with DFT+U, collinear&non-collinear magnetism,
SOG,..)

e contact hyperfine field B (difference of spin charge densities at muon site)

~ = Step 2: Configure workflow

e classical dipolar contribution (via MUESR using input magnetic moments)

* Kubo-Toyabe approximation for g polarization (for randomly oriented
static/fluctuating local fields)

e time evolution of pg polarization with explicit muon-nuclear dipolar
interaction for given external B value and sample orientation
(via UNDI, when no electronic contribution present)

e Work-in-progress features:

e quadrupolar-interaction for electric field gradient estimation (to be used in W
UNDI for the contribution to contact field B, using GIPAW) 24

e Efficient reciprocal-space Ewald sums instead of real space ones (new =
optimized pylocfield code replacing MUuESR (still private, developed by P.
Bonfa, University of Modena)

[111. ). Onourah, GP, et al., Digital Discovery, 4, 523 (2025)
[2]J. S. Moller et al., Phys. Rev. B 87, 121108 (2013); F. Bernardini et al., Phys. Rev. B 87, 115148 (2013 Results panel
[3] https://aiidalab-qge.readthedocs.io/tutorials/muons.html



https://aiidalab-qe.readthedocs.io/tutorials/muons.html

PSI

QE app
e Available ® Outlook:

* muoj * MLIPs for accelerated predictions
SOC’ ° . . . D o
. contl * Generative Al (in-painting techniques on top of
. class MatterGen’s score-based diffusion Al model) e
kg toidentfy muon positions (see method in [1] —
static e Speed-ups within DFT: pre-relaxations at I, new error
’ f‘":‘e handlers, live calculation monitors, ... ; panel
INtTer:
viaL ®* New NCCR Muoniverse funded! https://www.muoniverse.ch
e Work-in- (4 years, potentially extending up to 12) I
* 8‘{'\]"‘[‘;" * In PSI LMS: 4-year PhD student to implement NEB for e
Eeic assessing barriers and quantum treatment of muons
o Effici ]
optir (SSCHA, path integrals, ...)
Bonf:

[3] T. Reents et al., arXiv:2601.01959 (2026)

[1]1. ). Onourah, G
[2]). S. Moller et al s panel
[3] https://aiidalab-ge.readthedocs.io/tutorialsS/muons.ntml. —
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Many more robust workflows developed (and GUIs to drive them)
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PSI

see X. Wang et al., npj
Comput. Mater. 12, 72 (2026)

Additional workflows with GUIs (and more in the future thanks to plugin interface) for: electronic band
structure with (P)DOS and fat bands, charge density, Bader charge analysis, infrared and Raman spectroscopy,
XPS, XAS, fully self-consistent DFT+U+V, Wannier functions, Fermi surfaces, dHvA oscillations, ...



PSI

Agentic Al and autonomous labs

e Active investigation of using AiiDA as part of Agentic Al workflows Q
e Altool ==
e Active learning workflows Accurate Fermi-surface mapping Battery assembly

(Shubnikov-de Haas) and testing
°

* Working toward autonomous workflows in collaboration with experiments

e Ongoing or completed projects on battery assembly and testing, and on

Fermi surface characterization F=i l
* Active PSI project (4 years, 1 PhD student: Pietro Mani, shared by Nikita Pulsed laser deposition
Shepelin PSI/CNM and Giovanni Pizzi PSI/LMS) on autonomous (autonomous crystal growth)

optimization of pulsed-laser deposition (PLD) growth

e Supporting PSI goal to provide a facility also for sample growth and
characterization

Nikita Pietro
Shepelin Mani



1:5

Beyond DFT and AiiDA:
AiIDAlab as a data-analysis platform

A. Yakutovich et al., arXiv:2512.22173 (2025)




AiiDAlab beyond DFT and AiiDA: the LNS apps PSI

* [n collaboration with M. Kenzelmann’s lab (CNM/LNS):
AiiDAlab as a data analysis platform, beyond DFT

* First use case: CAMEA (Daniel Mazzone, Jakob Lass)

e ISSUE 1: LNS developed MJOLNIR, python tool for
raw data analysis.

e BUT: users visiting PSI spent a lot of time just to

install and learn it: dependency installation, CAMEA spectrometer
different OS, different language and keyboard https://www.psi.ch/en/sing/camea
layout, ... (g,E) mapping of neutron excitations

¢ ISSUE 2: Data goes on the instrument computer;
retrieved by users with USB sticks (unsafe!), and all
data visible to all users

h‘ 4'.\

o
Daniel
Mazzone



https://www.psi.ch/en/sinq/camea

Our proposed solution: The AiiDAlab LNS app

e Environment pre-configured with
MJOLNIR and all dependencies, ...

e Tested with real user in July:
1 min startup vs. 1+ hours local
installation

e Direct secure access to experimental
data from CAMEA in the app, and ONLY
for the proposals one has access to

¢ Notebooks autogenerated from
template

e Working in app-mode for quick
analysis; working as notebook for
more detailed analysis

asAlIDA

» Quantum ESPRESSO

v~ LNS-apps

Go to CAMEA webpage

[
l\/
i
- 3
v

File Manager Terminal Tasks App Store Help

LNS apps and tools

||l| b b

Plot GUI Analysis of CAMEA data (MJOLNIR) Analysis of ICON data

Go to MJOLNIR Document ation

Go to ICON webpage

Manage App || URL

https://github.com/mikibonacci/LNS-app



https://github.com/mikibonacci/LNS-app

Secure data connection

O L

ST S —
|

HPC (Merlin, Ra, CSCS, ...)

e

(Optional)

\_

Login with PSI
credentials

(authentication via

Azure AD)

™

Web browser h

= AlDA

4

— SSH via AiiDA frontend P
[T Sy HTTPS /camea/20201923/
« Ol e User 1)
New
aiidalab-lns.psi.ch ~
deployed Web browser
CAMEA in the DMZ network HTTPS ¢¢A||DA
oo frontend
g AlIDA .
— server (backend) User 2
cC— o - / - J
NFES mount NFS mount HTTPS ([ Web browser
e .o
~ . ) agaAlIDA
Correct folders mounted in the K8S frontend
container of each user, using ) .
PSI NFS mount for CAMEA dé& authorization information from the User3
PSI DUO database
k \_ J

-

)

_—



http://aiidalab-lns.psi.ch

AiiDAlab beyond DFT and AiiDA: the LNS apps

e Second use case: ICON
(collaboration with Anders Kaestner)

* Proof-of-concept app implemented
to demonstrate functionality

e Joint 2-year position (project
scientist, Edan Bainglass) funded at

PSI (CSD+CNM centers) to onboard all
SINQ instruments

e Support of VM-like interface (VNC
via browser) still on JupyterHub

e Focus on HPC integration, data flow
standardization, large datasets, ...

~ cold neutrons at SINQ

f\ P

/ //

B AIDAlGL e

AAAAAA

SSSSSSSSSSSSSSSS

Go to CAMEA webpage

oooooooooooooooo

https://github.com/mikibonacci/LNS-app



https://github.com/mikibonacci/LNS-app
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PSI

Vision for a computational facility

e Mid-term plan: Offer access to simulation
capabilities when applying for a proposal at

_§ PSI Digital User Office

I SI User Office‘ Guesthouse‘ Research Facilities‘Experimenl Schedule: SLS SINQ SuS SwissFEL HIPA|
User Menu Submission of proposal 20250844, Step #1: General Information
New Proposal
Edit Propt.Jsals. (T\ General ‘/"2"\‘ Sample \\ ‘/"3\\‘ Instrumental (’4’_‘*‘ Additional  \ (5‘\ Related /6\‘ Submit
SLS Continuation Proposals \_/ Information \& Declaration / \* part \&instruments / \2 Proposals \*/ Proposal

View all Proposals (PDF)
Resubmit Proposals

e Goals:

Experimental Reports

Publications
Experiment feedbacks

» Extend experimental facilities with a

Badge & Dosimeter (new visit) If a certain local contact for the experiment is requested, use the 'local contact' field in 'Step 3: Instrumental part'.

c u tti n g- e d ge c o m p u tat i o n a l. fa c i lity anczij:fse“ings Main Proposer Dr. Giovanni Pizzi (Paul Scherrer Institute PSI)

Logbook Append Co-Proposer to this proposal

Logout Co-Prop without DUO

Please ask your co-proposers to register for DUO. Only exceptionally the 'free text' field below may be used to add co-

proposers and their affiliation without DUO account.
Use one line per co-proposer with the following layout: Name, Firstname, Institution,Country

* Provide same (AiiDAlab) interface to
users, both those interested in materials

By providing the size of your team and the number of experienced members, you help us to plan and assess the support for
the experiment.

simulations, or only in data analysis and

pre-/post-processing
PSI’s Digital User Office (DUQ) portal



Electronic structure simulations for
large-scale facilities

Nicola Colonna
STFC-PSI Meeting —on-ine, 17 March 2026



Density functional theory

* Density-functional theory (DFT): functional theory for the ground state

\Ij(rlar27"'7rN) A IO(I')

The most-cited research papers of all time

+  From the ground-state energy:
: 1
* C O h e S I V e e n e rg y Protein measurement with the folin phenol reagent (1951)

. ilibri 259187
E q U | | | b rI U m g e O m e Try 2 Cleavage of structural proteins during the assembly of the head of bacteriophage T4 (1970)
- Elastic properties 3

A raEid and sensitive method for the guantitation of microgram guantities of Erotein utilizing the Erinciele of Erotein-dye binding (1976)

- Thermomechanical properties ey e

. . egeg e Generalized gradient approximation made simple (1996)
- Static suscepfibilities p— —
r
° N U C | e O r Vi b rO -I-i O n S Analysis of relative gene expression data using real-time quantitative PCR and the 2"%°; method (2001)

xc YT
L4 Vi b rO Ti O n O | S p e C Tro S C O p i e S Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement (2009)*

. LA 116706

Deep residual learning for image recognition (2016, preprint 2015)

8 (43)

B U T Efficient iterative schemes for ab initio total-energy calculations using a plane-wave basis set (1996)

TR oo

- Current approximations not always enough s Long e s evehoney 2900
et a8 . v 93223
L EXC Itatl o n s o U ts I d e Of th e re a I m Of th e th e o ry Development of the Colle-Salvetti correlation-energy formula into a functional of the electron density (1988)

Nature 640, 591 (2025)
3 papers about DFT in the top 10

nicola.colonna@psi.ch 16



Advanced electronic structure: ground state

 Extended Hubbard functionals (DFT+U, DFT+U+V) for complex materials (d/f electrons)

lurii Timrov

EPFT+U+V _ pDFT | Z —Tr nl(1— nI)] B Z ETI’ [ IJnJI]

PSI LMS
I,J
Li-ion batteries Correlated oxides
®) g CoO « DFPT+U ]
W DFT M HSEO6 DFT+U o DFT+U+V B Expt. i 0 DFPT 19%@)
> L A , i v
7 GEJ _ / >“LO‘- 1000
>
o
o 100
o
o
e
o
< R 1) ~ fe
o
LixyMnPOy4 LiyFePOy LixMn4,oFeq/2PO4 LixMn4,oFeq/2PO4 20 [
0<x<1 O<x<1 0<x<1/2 12<x<1 F r T M L r H
l. Timrov et al. PRX ENERGY 1, 033003 (2022) J.Zhou et al., Phys. Rev. Lett. 127, 12640 (2021)

DFT+U+V calculations with QE and automated Hubbard U(&V)
workflow already available in the AiiDAlab QE app

nicola.colonna@psi.ch 17



Advanced electironic structure: excited states

«  Koopmans-compliant spectral functionals for complex (beyond DFT) properties

E*Clp, {pi}] = EP" T[] + 3 oalli[pi]

PES / ARPES
i & Supercell

Siy5Gey 5 | Ge

<>
10nm 5nm

-0.5 0 0.5 -0.5 0 ! 0.5
k along [100] (A~1) k along [100] (A1)

E. della Valle et al. submitted (2026)

Michael Schuler
f')}"; ' PSILMS

b b

E}, \[’CV]

Im(epy) (arb. units)

Optical/Xray ABS, EELS, IXS, ...

T T T T T T T T
1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
Energy (eV)

M. Bonacci et al. in preparation (2026)

Miki Bonacci
PSI LMS

Absorption (arb. units)

AA (arb. units)

-0.05 F

-0.10 F

Time-resolved and ultrafast

T . — T - v T T
0.8} 7}{? ; Laser off
B ® Laser on

04}

0.0

0.05

0.00

L i X X L X :
-2 0 2 4 6 8 10
Energy (eV)

G. Cistaro et al. in preparation (2026)

nicola.colonna@psi.ch

18



Open source

(0

{TUMESPRESSO

WANNIERZ0O

EDUS

<« (¢] QO B https://koopmans-functionals.org/en/latest/ 170% % 9 L

-8 Import bookmarks... @ Getting Started [JPSI

Search docs

About

Quick start
Theory
Installation
The input file
How to run
Modules

Tutorials

Support and feedback

References

Useful links

o j
iy

= &

& Read the Docs

@ / Contents © Edit on GitHub

t&oopmans

a package for performing and automating Koopmans functional calculations

Contents «

e About
e Quick start
e Theory

o Quasiparticle energies, piecewise linearity, and Koopmans’ theorem
Koopmans functionals

o The key ingredients in a Koopmans calculation

o The Koopmans workflows

o Limitations

o Related methods

o Installation

Downloading
o Installing

e The input file

E. Linscott, NC, et al. JCTC 19, 7097 (2023)

nicola.colonna@psi.ch

19


https://koopmans-functionals.org/en/latest/
https://www.quantum-espresso.org/
https://wannier.org/
https://github.com/gcistaro/EDUS_2.0

Outlook: 21 iDA Integration

&oopmans s AlIDA
Simple by design \ / -Pc.)\l/?verfulTby desigp

* Local execution
* Only serial step execution 0 ° p I I I q I I S * parallel step execution

Ul practically unchanged:
$ koopmans tio2.json — $ koopmans --engine=aiida tio2.json

but executed remotely and in parallel:

wall time Miki Bonacci

nicola.colonna@psi.ch 20



Outlook: Black-box accurate band-structures

automated Wannierisation a new AiiDA engine

Non-collinear
extension

screening parameters from
machine-learning

symmetries for faster

calculations of screening T —
parameters Edward Linscott

E. Linscott, NC, et al. JCTC 19, 7097 (2023)

nicola.colonna@psi.ch 21


https://koopmans-functionals.org/

Conclusions

« AiiDAlab as a platform to make advanced simulations methods accessible

*  Quantum ESPRESSO app providing several plugins, including for neutron and muon

experiments

+ AiiDAlab platform being extended to support secure data access and data processing for

LSF experiments

 Koopmans functionals: sireamline excited-state properties calculations (ARPES, ABS,

ultrafast)

nicola.colonna@psi.ch 22



