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We unlock the potential of Heimholtz MATTER’s data

DMA is the focal point for computational and data science in MATTER

Helmholtz Matter research facilities produce huge amounts of unique, high-quality data.
This is both a challenge and an opportunity.
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Helmholtz manages & analyses data at high volumes and rates
We are world leading in LHC data management solutions and hold world records in data analysis

dCache manages >50% of remote LHC data Crystfel analyses crystallograms at <500 ms world record speed

Y— Time-resolved SX unravels atom-scale structural dynamics of:

Accelerated Expansion . "
Afterglow Light Photochemical mechanisms
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.
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1st Stars .

about 400 million yrs.

Big Bang Expansion

13.77 billion years
Trends in Biochemical Sciences
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Data Management and Analysis is a Helmholtz cross-center topic
Accelerating technological development transforms science and requires broad adaption

Challenge Approach

volumes of high quality data at

Our facilities produce huge
high rates

Sustainable Solutions from
Data to Understanding
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Autonomous
Research Facilities



When does Al help?

Data + guided search/optimization + feedback (is there really nothing else?

Lots of high quality data Guided search / optimization Feedback
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focus on. Data about other protein
structures - if they were found in
step 1 - is also utilised.

is due to Spencer-Szemerédi-Trotter [SST84]; Székely later gave a short crossing-number proof
of this incidence bound [Sze97). [ ——  Human operators

CYCLE2 0.8 RLO

4. HYPOTHETICAL STRUCTURE
AlphaFold2 puts together a puzzie of
all the amino acids and tests pathways
to produce a hypothetical protein
structure. This is re-run through step 3.
After three cycles, AlphaFold2 arrives
at a particular structure. The Al model
calculates the probability that different
parts of this structure correspond

to reality.
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Helmholtz common vision of autonomous facility operation
A shared approach across research centers and disciplines

MT-DMA ST1
Frontier Methods in
Transfer of Computational and Data Science Enabling and
cutting edge methods accelerating science
to sustainable at Helmholtz Matter

solutions / Infrastructures
Science-driven, cross-program, \

cross-center adaption of solutions
and integration into infrastructures

MT-DMA ST2 HMIDHASTS
. . _— Innovation for Research
SLBEIEE SOlUt'OnS. C— Infrastructures accelerating
From Data to Understanding S
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Al4Science + Al4Operation @ Matter Facilities

Modeling and
simulation N
N

Experiment planning
and execution

Human in the loop and A : ‘ Instrument, machine
reuse of data £ g £ and facility control

of
Y

7/

Data analysis and Data transport and
knowledge extraction lifecycle management
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Autonomous Research Facilities
World models include the machines, detectors, models, scientists, ...

= A well defined understanding of observables *= Useable and useful F.A.l.R. workflows
= Aclear ontology * for simulation
= Models with predictive capability * for data analysis
* How to measure and quantify observables = for visualization

= for operation and experiments
= A complete knowledge of your system
= Digital twins of systems under investigation
= Variation over all possible outcomes

= Digitalization of facility operation and experiments
= A quantifiable and steerable model of your facility
" Include all known sources of errors
= A complete error analysis
= Invertible synthetic diagnostics
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Autonomous Research Facilities

World models include the machines, detectors, models, scientists, ...

LL% Lawrence Livermore
National Laboratory

oA
HELMHOLTZ ZENTRUM

nVIDIA DRESDEN ROSSENDORF

Dagstuhl Seminar 23132 / Dagstuhl Reports 13
Al-Augmented Facilities:
Bridging Experiment and Simulation with ML
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Frontier computing for fusion science
Joining forces in Europe, bringing together magnetic and laser-driven fusion

EuroHPC Center of Excellence for Plasma Simulations PLASMA-PEPSC

PLASMA
PEPSC

e saX<Fusion
o p|Con@iD’ “

// \
{C)) EUROfusion

\-/
= Brings laser fusion and magnetic fusion community together

= Common modeling efforts for atomic physics, looking at plasma-wall
interaction (magnetic fusion) and radiation transport (laser fusion)
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How to run on every TOP 500 System in record tim aka

Performance-portable parallel programming on heterogeneous systems

Alpaka: The performance portable C++ abstraction library for HPC

GH 200
" “The European Kokkos”
= SIMD + SIMT
= Write code one time and run it everywhere
= Supports GPU (Nvidia, AMD, Intel) and CPU (x86, ARM, RISC-V) o[ :
=  Minimum overhead gif,Z
" Follows the default GPU offload model i ARMGRACE
= Single source C++20 user friendly API IZZ *
» Allows to use native vendor APIs like CUDA, HIP and OneAP| e

Data Size (elements) le9
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Large-scale simulations for fusion research
Making the best of the worlds fastest supercomputers

79 JULICH Institute

Julich Supercomputing Centre (JSC)

News Research Systems Services Education About us

-~

W JUPITER - Exascale for Europe / Applications: Make JUPITER shine

Applications: Make JUPITER shine

Applications are a central aspect in the exascale strategy of the Jilich Supercomputing Centre (JSC). Concrete use cases computed on
JUPITER have the potential to advance developments in important areas of society and, in particular, to significantly accelerate change
due to JUPITER's enormous total computing power. JUPITER will achieve more than 1 ExaFLOP/s for double-precision computing
operations and more than 70 ExaFLOP/s for 8-bit precision, relevant for Al applications in particular.

JUPITER Benchmark Suite

Applications played an important role in the JUPITER procurement process. The JUPITER Benchmark Suite was developed to bring a
system into production that not only performs very well in synthetic benchmarks but also in real and relevant use cases. Based on
current and projected important applications, a collection of 16 applications was compiled and used for the performance evaluation of
possible JUPITER configurations. Andreas Herten, lead author of the corresponding scientific papere, comments: “With the JUPITER
Benchmark Suite, we have created a milestone for the a-priori evaluation of supercomputers. The combination of standardization and
real applications is unique and allowed a targeted projection of the expected performance.”

JUPITER Research and Early Access Program

For applications, JUPITER is not only an opportunity but also a challenge. To use a supercomputer of such size to its full potential,
applications must be thoroughly prepared and optimized. This can range from making adjustments to algorithms and methods to
optimizing individual settings. Such optimizations are currently being carried out as part of the JUPITER Research and Early Access
Program (JUREAP). In JUREAP, experts from JSC are working with more than 100 applications to assess and prepare them for exascale.
The applications are highly diverse and have the potential to fundamentally advance many different scientific disciplines. They range
from Al applications, such as foundation models and generative video generation, to climate models, particle physics and energy
applications, to molecular dynamics simulations relevant for drug development and disease control. Some examples are briefly
presented below.

concept
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Large-scale simulations for fusion research
Making the best of the worlds fastest supercomputers

Measured vs. Perfect Weak Scaling - JUPITER 2026

—8— Measured Data -
[pe==Perfect-Weak :Scaling(fronri6-GPYsy == "=r=—r=—r==p=—==———— R
—-= Performance Target (15 TUp/s) :

PICon @30 “

PLASMA

PEPSC Target 15 TUp/s reached at
~13140 GPUs

=
o
IS

)
o
N

Figure of Merit (FOM) GUp/s
o

A%

. . .b‘ . -~ .
S Lol L) LA SR CAS I\ S L 9
Number of GPUs
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High energy density physics
@ fs & nm resolution
@ PB/s data rates

@ 20 fps
@ o(10) MW power consumption

8 MW

6 MW

4 MW “ -
2MwW

16:00

12:00

== Summit Total Power

Summit Total Power ~

20:00

22:58

Summit Total Power

23:02 23:.04

23:06

23:08

== Summit Total Power




World models combining experiment and simulation
A well defined understanding of observables: Simulate what is measured

“Fiash LY Raytracing Lo 3 3D PIC

peak density [n¢, soonm]

29 25 10 5 3 2 14 =
: : - - : : ' refine T T=150 eV

‘ after prepulse

experimental shadow diameter
1251 R Model-based determination of experimental density profile

| opaque transparent

175

Emax Simulation Experiments at
) D | HZDR
1501 ® Emax,0- €xperiment BEG e (e )

Emax [MeV]
=
o
o

751
501
251
0 T T T I T T
5 10 15 20 25 30
d [um]

T. Kluge + K. Zeil and many others
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World models combining experiment and simulation
A complete knowledge of your system: Atomic resolution of high energy density matter

¥ surface
linstability]

T. Kluge, L. Huang
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World models combining experiment and simulation

Digitalization of facility operation and experiments: Invertible models for discovery

Invertible physics-informed neural networks

density [a.u.] \

pam—TL ]

density [a.u.]

a7

a3 4a as 46
\ normalised Laser energy a, [a.u.]/

Invertible Neural
Network

Benefits

Recover ambiguous mapping
Uncertainty quantification

ML-based solvers

X: 22.682 um vy:

38.231 um z: 22.682um

ot \

8 A A f s —— PINN
61 / ‘ —+— Yee Solver
4 ;
2
f 0
o -2
-4 1 . \
_g W v, 5 “"" .
0 5 10 15 20 25
Time [fs]
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Experimental parameters

Multi-physics, multi-modal surrogate modeling

e (AT A e \
t \ LPWIA settioniond | '.
3 \ [Ty ra— /
.\1\ : / \
3 o - ~—— | ——
% o 1% b 0 ) =

Cecron enengy MeV)

Particle energy spectra

DRESDEN
concept

tene [f5]

40 0

Transition radiation

Radiation
spectra

O s oo

MM&

=



6 [mrad]
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500

World models combining experiment and simulation
Digitalization of facility operation and experiments: Campaign-driven optimized operation
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e, 14000 \ \
E 1.5
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._ﬂaJ
€ ® 8000 O
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World models combining experiment and simulation
Useful and useable workflows: Community-driven input/output standards for workflows

picmi. ) PICon@m)'ww

[ ro-crate-metadata.json ]

from picongpu import picmi

scripts compiletime: include/
p A N sim = picmi.Simulation(
time_step_size=9.65531e-14,
workflow Parameters -
max_steps=1024,
- v o solver=picmi.ElectromagneticSolver(
Workflow definiti runtime: etc/ method="Yee",
2L AT : grid=picmi.Cartesian3DGrid(...)
),
metadata
(various stages serialized) )
sim.run()
PICMI PyPIConGPU Rendering context

DRESDEN 77N
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Yet, data storage is a thing of the past!
Data rates become too high, volumes too large for storage

O(PB
0.6 Peta Byte /s file Sys tem: 679 PB (b) reductio(n of/;zoduced data before or in stream

full in 100s
but simulation runs longer
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Coupling HPC with Al training at Exascale

Training of a large-scale invertible Al model with streaming simulation data

St

P|Con@wm|

Train neural networks for:

simulation box of the Kelvin-Helmholtz instability
" Forward problem:

particle to radiation

= Compression:
particle to particle latent space

" Inverse problem:
radiation to particle

) —-—
e
O(PB/s)
(a) stream via network/in-memory, avoid storage

vortex region

O(PB/s)
(b) reduction of produced data before or in stream
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Online training of streaming data @ Exascale

Why use files when you have neural networks?

Inform parameter scan
and FM training

PICon @ID.”]

Multi-modal
World Model

] Intelligent
: ] FPICO“ @w..“ parameter
Stream into F

scan

Model FF

N\

Check and train on
existing data

\

F.A.l.R. data repositories

26 26.06.2026 A2SD-2026 @ ISC 2026

Check on existing data
and write to repository
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Online training of streaming data @ Exascale
Why use files when you have neural networks?

Inform parameter scan
and FM training

Multi-modal
World Model

o > | : | Intelligent
L T A i N arameter
Stream into ,t N . P

Model scan

N\

Check and train on
existing data

\

Check on existing data
and write to repository

F.A.l.R. data repositories DRESDEN P\ —_zDR
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Agentic Al puts the user in the center, not the data
Scientists know stuff and like to tinker

AgentIC WorkﬁOW T ey e g ey o e e e g ey e e I agent

” Planning Tool Use Reflection |

; . Reflect on ;

\ ' = Makea Execute actions w , Result ok

User query ; »{ = plan l—vl |§| with tools ]—>{ @ resylts of ’ ; » Response
' actions '

! 1

Result not ok

Agentic Al solves: Agentic Al helps with: Agentic Al is (currently) limited in:
= Diverse user needs = Tooling =  Autonomous discovery”®
= Easy usage " Interfaces " QOptimization**

" |nteroperability

* Qur research facilities are not (yet) flexible enough for agentic planning (all hail our robot overlords!)
** In many cases, an optimum operation point stays an optimum operation point

concept
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Stop selling shells on the seashore... sorry, in HPC!

Once we have clear interfaces, HPC clusters are just tools queried by agents

@ helmholtz-blablador.fz-juelich.de me ® 0O + ©

ARTIFICIAL INTELLIGENCE
'HELMHOLTZ A s

Different models might be available at Alex's whim. These are the models currently running:

Codefuse-Codellama 348

5= EuroHPC
2351 ENolRC

EuroHPC Federation Platform (EFP)

Write me a python code 1o scrape e-mail addresses from websites
Federation Platform

Sure, here's a basic example of a Python code using Beautiful Soup and requests to scrape email addresses from a website: 4

In this example, I'll use the “hitps//wew.cxampele.com” as the target website. Please replace it with the website you want to scrape.

from bs4 import BeautifulSoup 7 \ , p - ~ - - )
EFP EFP u EFP EFP EFP EFP EFP

import requests
B \ AAl | Allocations Interactive |~ Workflows | | Reporting | Helpdesk | SoftwareListing =~
o

N
def find_emails(url 1 =1 I forex ] e | { I °
response - reqests getr (| (@) wvaccessio | | 1l WALDUR ‘ ‘ Snbemand 33 LEXIS: ;s S ) zammad &EES -
soup ~ BeoutifulSoup response text, 'F Platform
enail_pattern - re compile 20-9)+8(a-2A-2]+. [a-2A-Z]+" \ \ ) \ )

enails « re findall(email. wttem strisoup
| EFP Core

return emails

e : Hosting Entities

(&) Regenerate T7 Clear history
Parameters . \ ‘
HPC Al \ Quantum |
License
This is made by Melmholtz Al Julich. Get in touch with us at blablador@®fzjuelich. de.

DRESDEN ﬂ HZDH
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The three facility pillars: Operation, Science, User management
In Europe, there is a TIER-Systems of Compute/Data Centers, EuroHPC is still orthogonal to that

Agentic Al interface and knowledge base
m

Quality control Data analysis Proposal writing

Optimization Feedback Proposal review

Predictive Mission / Survey Experiment

maintenance preparation
Discovery

Digital twins Occupancy / usage

Applications and Services

31 26.06.2026 A2SD-2026 @ ISC 2026 DRESDEN \ s
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Make it so!

Autonomous user facilities as tools for scientists

Learnings:

= Analysis to Data

* Federation creates trust

* Include user communities

= Start with usage, not data

= Make data intake automatic

= Make it safe & useful

32 26.06.2026 A2SD-2026 @ ISC 2026
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J | ]

Fusion Health Materials

Federation
One portal across facilities: Applications to data, Interoperability

Agentic AI Knowledge Base
Sovereignity: On-premise, self-hosting

Al Ops: Reusable, reproducible AI AutoML: Easy Al development

Data Management Workflow Management

Secure access and control layer to facility
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