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Helmholtz MATTER

26.06.2026

Large-scale research infrastructures for fundamental research

Particle Physics, Photon Science, Neutron Science, Astroparticle Physics, Accelerator Physics, Detector 
Physics, Quantum Physics, Matter under Extreme Conditions, Material science, Life sciences
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We unlock the potential of Helmholtz MATTER’s data

26.06.2026

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.

CMS

HIBEF@EU-XFEL

PETRA IV

CBM
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Helmholtz manages & analyses data at high volumes and rates

26.06.2026

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
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Data Management and Analysis is a Helmholtz cross-center topic

26.06.2026

Accelerating technological development transforms science and requires broad adaption

New technologies are needed 
to understand data

Our facilities produce huge 
volumes of high quality data at 

high rates

Broad digital innovation at our 
research facilities is needed

Frontier Methods in 
Computational and Data 

Science

Sustainable Solutions from 
Data to Understanding

Innovation for Research 
Infrastructures accelerating 

Science

ApproachChallenge



Autonomous
Research Facilities
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When does AI help?

26.06.2026

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

Lots of high quality data Guided search / optimization Feedback
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Helmholtz common vision of autonomous facility operation

26.06.2026

A shared approach across research centers and disciplines

Modeling and 
simulation

Hypothesis finding Experiment planning 
and execution

Data transport and 
lifecycle management

Data analysis and 
knowledge extraction

Instrument, machine 
and facility control

Human in the loop and
reuse of data

AI4Science + AI4Operation @ Matter Facilities
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Autonomous Research Facilities

26.06.2026

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

 A well defined understanding of observables
 A clear ontology
 Models with predictive capability
 How to measure and quantify observables

 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

 Useable and useful F.A.I.R. workflows
 for simulation
 for data analysis
 for visualization
 for operation and experiments
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Autonomous Research Facilities

26.06.2026

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

Dagstuhl Seminar 23132 / Dagstuhl Reports 13
AI-Augmented Facilities:
Bridging Experiment and Simulation with ML



HPC+AI 4 Fusion
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Frontier computing for fusion science

26.06.2026

Joining forces in Europe, bringing together magnetic and laser-driven fusion

EuroHPC Center of Excellence for Plasma Simulations PLASMA-PEPSC

 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 time

26.06.2026

Performance-portable parallel programming on heterogeneous systems

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

 “The European Kokkos”

 SIMD + SIMT

  Write code one time and run it everywhere

  Supports GPU (Nvidia, AMD, Intel) and CPU (x86, ARM, RISC-V)

  Minimum overhead

  Follows the default GPU offload model

  Single source C++20 user friendly API

  Allows to use native vendor APIs like CUDA, HIP and OneAPI

GH 200

ARM GRACE
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Large-scale simulations for fusion research

26.06.2026

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

26.06.2026

Making the best of the worlds fastest supercomputers



High energy density physics
@ fs & nm resolution
@ PB/s data rates
@ 20 fps
@ o(10) MW power consumption
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World models combining experiment and simulation

26.06.2026

A well defined understanding of observables: Simulate what is measured

T. Kluge + K. Zeil and many others
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World models combining experiment and simulation

26.06.2026

A complete knowledge of your system
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World models combining experiment and simulation

26.06.2026

A complete knowledge of your system: Atomic resolution of high energy density matter

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

26.06.2026

Digitalization of facility operation and experiments: Invertible models for discovery
Invertible physics-informed neural networks

Multi-physics, multi-modal surrogate modeling

ML-based solvers
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World models combining experiment and simulation

26.06.2026

Digitalization of facility operation and experiments: Campaign-driven optimized operation

Each dot represents a
full-scale HPC simulation
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World models combining experiment and simulation

26.06.2026

Useful and useable workflows: Community-driven input/output standards for workflows

In Out
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Yet, data storage is a thing of the past!

26.06.2026

Data rates become too high, volumes too large for storage

0.6 PetaByte / s
0.1TB/s GPU to GPU  16GB/s internode

file System: 679 PB
full in 100s
but simulation runs  longer
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Coupling HPC with AI training at Exascale

26.06.2026

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

Train neural networks for:
 Forward problem:

particle to radiation
 Compression:

particle to particle latent space
 Inverse problem:

radiation to particle
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Online training of streaming data @ Exascale

26.06.2026

Why use files when you have neural networks?

Intelligent 
parameter 

scanStream into 
Model

Multi-modal
World Model

Inform parameter scan
and FM training

F.A.I.R. data repositories

Check on existing data 
and write to repository

Check and train on 
existing data
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Online training of streaming data @ Exascale

26.06.2026

Why use files when you have neural networks?

Intelligent 
parameter 

scanStream into 
Model

Multi-modal
World Model

Inform parameter scan
and FM training

F.A.I.R. data repositories

Check on existing data 
and write to repository

Check and train on 
existing data



Make it so!
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Agentic AI puts the user in the center, not the data

26.06.2026

Scientists know stuff and like to tinker

Agentic AI solves:

 Diverse user needs
 Easy usage

Agentic AI helps with:

 Tooling
 Interfaces
 Interoperability

Agentic AI is (currently) limited in:

 Autonomous discovery*
 Optimization**

* Our 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
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Stop selling shells on the seashore… sorry, in HPC!

26.06.2026

Once we have clear interfaces, HPC clusters are just tools queried by agents
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The three facility pillars: Operation, Science, User management

26.06.2026

In Europe, there is a TIER-Systems of Compute/Data Centers, EuroHPC is still orthogonal to that

Operation

 Quality control

 Optimization

 Predictive 
maintenance

 Digital twins

Science

 Data analysis

 Feedback

 Mission / Survey 

 Discovery

User management

 Proposal writing

 Proposal review

 Experiment 
preparation 

 Occupancy / usage

Agentic AI interface and knowledge base

Applications and Services
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Make it so!

26.06.2026

Autonomous user facilities as tools for scientists

Authentication and 
authorization AI-augmented user interface

AI applications: Fusion Health Materials …

Federation
One portal across facilities: Applications to data, Interoperability

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

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

Data Management Work"ow Management

Secure access and control layer to facility

Learnings:

 Analysis to Data

 Federation creates trust

 Include user communities

 Start with usage, not data

 Make data intake automatic

 Make it safe & useful


	Make it so!
	Slide 2
	Helmholtz MATTER
	We unlock the potential of Helmholtz MATTER’s data
	Helmholtz manages & analyses data at high volumes and rates
	Data Management and Analysis is a Helmholtz cross-center topic
	Slide 7
	When does AI help?
	Helmholtz common vision of autonomous facility operation
	Autonomous Research Facilities
	Autonomous Research Facilities (2)
	Slide 12
	Frontier computing for fusion science
	How to run on every TOP 500 System in record time
	Large-scale simulations for fusion research
	Large-scale simulations for fusion research (2)
	Slide 17
	World models combining experiment and simulation
	World models combining experiment and simulation (2)
	World models combining experiment and simulation (3)
	World models combining experiment and simulation (4)
	World models combining experiment and simulation (5)
	World models combining experiment and simulation (6)
	Yet, data storage is a thing of the past!
	Coupling HPC with AI training at Exascale
	Online training of streaming data @ Exascale
	Online training of streaming data @ Exascale (2)
	Slide 28
	Agentic AI puts the user in the center, not the data
	Stop selling shells on the seashore… sorry, in HPC!
	The three facility pillars: Operation, Science, User management
	Make it so! (2)

