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Using the European XFEL & HIBEF as a microscope ), CASYS

s SYSTEMS UNDERSTANDING

Studying plasma accelerators at the atomic level
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Thomas Kluge et al.
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Recreating experiments virtually via digital twins ('\ CASUS

X-ray laser, complex system, scattering and detectors simulated

s SYSTEMS UNDERSTANDING

Photon Source Photon Waveauide  Target/Sample Detection Photon Data Analysis

XFEL Lenses Single particles Spectroscopy Structure determination
Synchrotron Mirrors Solids, surfaces Imaging Electronic structure
Optical Laser Liguids . Transport
Pump-probe Plasmas _» Relaxation &

F Thermodynamics
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Panosc
iy iy SIMEX Platform (see PANOSC VINYL)

Carsten Fortmann-Grote et al.
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Recreating experiments virtually via digital twins
Simulations become extremely costly
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Digital Twins and Al on Top 10 HPC Systems (. c:nsus

Physics-informed Neural Networks FTW! NEURAL SOLVERS
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Nico Hoffmann et al.

NanoNet+ Annual Workshop 8



Digital Twins and Al on Top 10 HPC Systems i (e Shsys
Creating Surrogate Models of Plasma Targets NEURAL SOLVERS
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Digital Twins and Al on Top 10 HPC Systems
A single, scalable invertible PINN for multiple Modalities  NtURAl S0LYERS

Invertible PINN strong scaling
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Nico Hoffmann et al.
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Surrogate Modeling for various physical Systems (PIC, DFT, ...)

Data generation Step 1 Step 2 Step 3
Fingerprint generation Trained ML-DFT model ML-DFT analysis

Atomic SNAP Machine-learning Total
) . . . : LDOS
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-63300 T
—— Liquid/Solid Snapshots
—63200 ©  DFT LDOS Targets

©  ML-Hybrid Predictions

-63100 °

oo o o
®00f00%500

Preprocessing

-63000

-62900 83035"8395

Total Energy (meV/atom)

-62800
15 18

6 9 12
Al 933K Snapshot

(a) Snapshot of an atomic (b) Bispectrum components  (c) Feed-forward neural (d) ML-DFT prediction of  (e) ML-DFT prediction of
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Materials Learning Algorithms
Attila Cangi et al.
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Assuming locality enables domain decomposition of learning

SNAP descriptors

« Assumption: LDOS at any point in space can be approximated by
a function that depends only on the positions and chemical
identities of atoms within some finite neighborhood of the point.

» We construct a fingerprint that maps the neighborhood of any .
point to a set of scalar values called descriptors. ’

* A good descriptor must satisfy certain minimum requirements: o

- invariance under permutation, translation, and rotation of the atoms in the
neighborhood

- continuous differentiable mapping from atomic positions to descriptors,
especially at the boundary of the neighborhood.

« At each grid point on the Cartesian mesh we use SNAP

descriptors

- expand in the basis of 4D hyperspherical harmonic functions
- Vector with 91 scalar entries

Attila Cangi et al.

NanoNet+ Annual Workshop 12



(".‘ CASUS

L 4 CENTER FOR ADVANCED
s SYSTEMS UNDERSTANDING

Digital Twins and Al on Top 10 HPC Systems
Surrogate Modeling for Aluminum at the Melting Point
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Attila Cangi et al.
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Surrogate Modeling of Beryllium

DFT from 256 atoms to 131072 atoms

Network training:
256 atom calculations

Network inference:
131072 atoms
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a: Converged DFT calculations b: I-point DFT calculations

35
12
. _|30
€10 €
e 225
O Ay
T ° 2 20
£ £
3 ° 315
< <
- 4 10 » i
< < -
= 5
0 0
0 200 400 600 800 1000 500 1000 1500 2000
Number of atoms Number of atoms
—=— Aluminum (trained on 256 atoms)
—¢— Beryllium (trained on 128 atoms)
—4— Beryllium (trained on 256 atoms)
c: Beryllium DOS predictions d: Beryllium DOS finite size effcts
m
80 £ 200 —— 128 atoms
% —— 256 atoms
~ —— 512 atoms
—. 60 A 150
> o
< e
—
! Q
< 40 G 100
a 2
> 50
20 —— DFT LDOS Target 2
————— 256 atom network =
N A 128 atom network g’ 0/
-5.0 -25 0.0 2.5 5.0 7.5 -50 -25 0.0 2.5 5.0 7.5
e [eV] e [eV]

Attila Cangi et al.
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Surrogate Modeling of Beryllium
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Attila Cangi et al.
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Surrogate Models of Scattering Diagnostics
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(Deep) Physics Prior
analytical expression or surrogate model”

Nico Hoffmann et al.
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Surrogate Models of Experiments CycAsSYs
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A single, scalable invertible PINN.for multiple
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Coupled simulations (GI-)SAXS, WAXS

Nico Hoffmann et al.
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Retrieve System Parameters from Experiments in Real Time (' ), SASUS

Fast, robust Phase Retrieval from Small Angle X-Ray Scattering

RAAR 0.17+-0.14 MNeural Net 0.09+-0.20 Ground Truth

SAXS image Reconstruction

Nico Hoffmann et al.
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Retrieve System Parameters from Experiments in Real Time
From Ab-Inition PIMC to realistic XRTS temperature estimates
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