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At GSI and FAIR (under construction), a wide range of
particle beams, from protons to ions, are available for
fundamental research in hadron physics, heavy-ion
physics, nuclear physics, atomic-, bio- and plasma
physics and a wide range of materials research.
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Examples - Detectors in beam lines @GSl Examples - Detectors in beam lines @FAIR
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Proposal

We propose the development of an Al/ML-powered optimisation framework that
transforms how ensembles of detectors are designed, tuned, and operated under
different beam line conditions.

The core idea is to move from individual detector tuning toward a predictive and
service-based model that integrates multiple detector responses into ensemble
performance maps.

This enables data-driven optimisation of ensemble configurations for specific physics
goals, for efficient tasks of particle identification, hadron/electron separation, timing, and
spatial resolution, under different beam energies and intensities.

The goal is to provide experimental users with a service that allows them to evaluate and
optimise ensemble configurations in advance, based on real detector descriptors and
beam conditions.



The proposed Al/ML system

The proposed system operates in two main phases:

Descriptor Encoding and Mapping: Surrogate models

Using AlI/ML techniques, individual detector characteristics (such as
geometry, material layers, resolution, response functions) are encoded
into an ensemble description. These are then mapped into a
high-dimensional parameter space that captures both the beamline

phase space and the spatial-temporal interactions of the detector setup.

This mapping acts as a surrogate model for ensemble performance.

https://arxiv.org/pdf/2502.02152

Optimisation of surrogate ensembles: Optimization pipelines
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https://arxiv.org/pdf/2502.02152
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A Local Surrogate
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Examples - Detectors in beam lines @GSl
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The Plan

e This short term project exploits AI/ML techniques & methods, some already
being developed in Particle and Nuclear Physics with great potential

Participants:
Anastasios Belias (GSI)
Jan Kieseler (KIT)
Associated partners:
Maxim Mai (U. Bern)

Requested budget (over 3 years): 550 kEuro
o Two PhD positions + 0.5 FTE Staff: 508
o Networking and conference travels: 30000
o Moderate AlI/ML hardware access support: 12000
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The system proposed is envisioned as a virtual access service, enabling experimental users to
remotely:

e Pre-configure and simulate detector ensembles before beam time
e Explore performance trade-offs across a range of beam-target conditions
e Receive guidance on optimal placements and combinations of detector systems

Such capabilities are expected to significantly:

e Reduce in-beam setup times
e Increase the efficiency of data-taking periods
e Improve the quality and reproducibility of results for hadron physics experiments.

In addition, it is intended to serve as:

e training tools for new users and young investigators
e tools for feasibility studies of new ideas at GSI and FAIR of future beam lines & storage rings



Potential: Surrogates optimizations DIGITAL TWINS as a SERVICE
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Answer to:

Answer to:

| want to improve the Muon / Hadron ID
for the p+p, p+Au, Au+Au beam times - | want to improve the physics precision with the
which tracking/absorber configurations new solenoid in the beam line - what are the

are optimal for each of the beam-target optimal positions of the tracking station 1 wrt
configuration? to station 2 and the TOF wall?
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Thank you for your attention!!

Anastasios (Tassos) Belias

a.belias@gsi.de



