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o / ELI-ALPS user facility
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https://www.panosc.eu/all-use-cases/

What makes a successful user experiment?
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Photon source ':>.':> Photon propagation

% Getting beam-time takes time
and effort

*» Finding optimal configuration of
processes and resources
reduces the time required for
carrying out the experiment.

s Ensuring minimal idle time and
maximal production is
necessary.

Photon-Matter
interaction

Signal generation

What will happen during the interaction?
Does that influence what can be measured
on the detector?

Neutze, R., Wouts, R., van der Spoel, D., Weckert, E. & Hajdu, Nature 406, 752—757 (2000).
Yoon, C. H. et al. Scientific Reports 6, 24791 (2016).
Fortmann-Grote, C. et al. [UCrJ 4, 560-568 (2017).

Comuptation/simulation is used for process
analysis and process optimization.



Use LASER to understand and control materials
e
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Control and trace the motion of atoms in
molecules
— Control chemical reactions

Control & trace electrons inside atoms &
K molecules
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Within WP?— combine ASE and McStas

Atomistic simulation environment
(ASE) for Density functional study http://www.mcstas.org/about/

Atomic simulation environment
A Python library for working with atoms

for modelling complex optics, using
simple building bricks — example:
ASE package petion represent a beamline

Phonons

Simulation Platform

Jupyter Remote
Hub | Desktop

!

API Layer

Visualize SimEx. 1 »{McStas% » OASYS

l |

: = : SN Source and Sample Simulation of
Alm: Unified interface ‘ Beamline Trajectory Scattered
Simulation Simulation Intensity
SimEx: flexible modular code to mimic an
Data formats,
entire laser beamline. PR S— E> R Sample sim. Data [ Exp. Data
FAIR principles youton Trajectory Catalog Catalog

database

McStas: Neutron beamlines

Y Y

Y
Data Reduction and Analysis (WP4)

IMP: Interaction with materials


http://www.mcstas.org/about/

How this use c7se correlates to other projects....
e

s Currrent use case- ASE +
McStas - using a common
platform

Boro-carbon

*» FAIR Data Management -->

conductive diamond electrodes for
electrochemical detection relates to ExPaNDs, IMPULSE

Use Case Action Flow

1.Use ab-initio tools to relax the geometry of chosen material, obtain their
structural, elastic and electronic properties.

2.The relaxed geometries are used in McStas, the neutron scattering
simulation code for beamlines, to understand different peaks in the signal,
depending on the sample, and beamline description.

3.Correlate ‘micro atomistic scenario’ among a manifold of possibilities to
reproduce the observed ‘experimental macro features’.



How ab-initio method works?
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Solve Kohn-Sham Equations
I= zrfa,?? + Verr| Wi =€ w;

l TDDFT for excited state
Evaluate the Electron Density & Total Energy properties and dynamics.

p) =X lyi®* — Ewnlp®] =...

fundamental variable is the
many-body charge density.

d?
Lonvelge > Structure,
energetics....
Output Quantities » Cheap, virtual
polr), Ei[polr)] — Forces, Eigenvalues, ... experiment




DFT and neutron diffraction of boro-carbon systems
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Combine and integrate DFT/TDDFT
tools with experiment simulation

tools
Similar idea with ultrafast laser

beamline simulations
Virtual experiments on accurately

simulated materials
Aim: development of a single API

environment in Python:

, QE (and more): AES;

, McStas: McStasScript;

N SimEXx

QuantumEspresso SCF

SCF, DOS, bands, pDOS...

Initial structure

—

cif

QE relax

pwo cif*

McStasScript

Neutron-scattering patterns




eDlFT and neutron diffraction of boro-carbon systems
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Simulation for neutron scattering using chosen beamlines set-up with McStas
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Understand different peaks in the signal, depending on the

sample........ Corre/ating with experimental features....
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Why is this important?

v' Correlating the atomic-scale micro-scenario’, among a manifold of possibilities,
to the experimentally observed ‘macro-features’, by beamline simulation

v Similar ‘analysis protocol’, approach can be envisioned for complete
ultrafast laser beamline, as in facilities like ELI.

v' The ‘combinatorial simulation approach’ to support user experiment has
potential for all EU laser/beamline facilities.



What do we achie/e with Start-to-End simulation platform?
s
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An efficient, high-fidelity and simple-to-use
simulation platform?

* Narrowing the range of parameter space
according to phenomena of scientific interest.

* Investigating the feasibility of measuring signal
(some degree of confidence ).

* Informing optimal design of instrumentation for
future experiment stations.

* Probing physical understanding of experimental
observations.

* Generating simulated data sets for initial trainin
of Machine Learning algorithms (e.g. for wave
optimization, 3D structure reconstruction)

e How much data is enough?

e What (detrimental) effects can be
ameliorated by simply collecting more
data?




Project Objective
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Uniting the ELI facilities and making them
accessible for users through one single, high-

quality access point. e 15 Partners
10 Countries

— Develop joint management culture and

e 42 Months
e €19.9 Million

capabilities of ELI facilities with an Integrated Management and oPerations
efficient use of resources for User-based Laser Scientific Excellence

— Identify opportunities for technical
synergies to lower operations costs
and increase availability for users ELI ERIC

Project Coordinator:

ELI Project Partners

— Scientifically optimize performance
and potential of ELI systems to
generate interest in ELI and in laser
science

Other Partners

IMPULSE addresses the key scientific, technical,
organisational, and management requirements
of this transition, building user communities and
expanding the ELI member consortium . Though
IMPULSE focuses primarily on ELI, its results will
impact all European high-power laser facilities.
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IMPULSE is funded by the European
Union’s Horizon 2020 research

and innovation programme under grant
agreement No. 871161
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