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Background and research question Large language models (LLMs) are right now reaching a level
where they can act as reasoning elements in agent systems. Across many domains and applications,
such agent systems are taking on standard tasks, controlled via a natural language text prompt. Also
for scientists, a large share of our daily work will in the future be carried out by such agents. This
will increase productivity, accelerate research, and allow us to focus on the innovative aspects of our
work — provided we successfully manage this transition of the scientific method.

Our research question focuses on two requirements on agents supporting scientific workflows all the
way from conception to execution and validation. First, we need to develop highly reliable scientific
agents that communicate with students and researchers alike. Second, these agents need to safely use
proprietary information from, in our case, an experimental collaboration. We will develop such an
agentic framework for a highly relevant and established research field, where extreme trustfulness is
of critical importance: particle physics in one of the large LHC collaborations.

Agents for fundamental physics While agents are becoming standard in industry, driven by the
advent of reasoning LLMs, scientific agents are just starting to gain attention [I]. One reason is the
extremely high level of trustworthiness required by many research fields, in our case with the goal
to discover new particles and interactions. In fundamental physics, agentic LLM applications started
with astrophysical literature [2]. The CMBAgent [3] is the first set of cosmological analysis agents
that combine simulations and inference through pre-defined steps coordinated by human feedback.
Agents for Discovery [4] provide the first case study of an automatized LHC analysis. chATLAS
serves as interface to search and navigate the internal ATLAS documentation [5]. MadAgents [6] are
the first simulation agents in particle physics, supporting the standard MadGraph simulation tool
in code installation, inexperienced user training, experienced user support, and automatic simulation
campaigns. The most important feature these agents rely on is open-source code and a large body of
public user support material.

Accelerating LHCb analyses The LHCb experiment at CERN analyzes 4 Terabytes of complex
data per second. The experiment has performed precision measurements of key parameters of the
Standard Model’s quark sector and has observed more than 70 new hadronic states. The mix of
discovery program and precision measurements requires over 2000 distinct analysis pipelines to be
tuned and executed in parallel while controlling true-positive and false-positive rates at the per-mille
level or better. These pipelines are tuned by individual researchers, which is labor-intensive and makes
it very hard to ensure coherent analysis criteria. This coherence is vital to the ultimate physics reach
because many analysis pipelines serve as control modes for each other and as input to searches for new
physics effects. Automating the training and deployment of these pipelines using agents will naturally
ensure coherence and joint interpretability when tuning pipelines for optimal performance.

Research program We will develop a set of interactive agents to automate and optimize LHCb
analysis tasks and workflows, building on MadAgents [6] and in close local cooperation with Dr. Sascha
Diefenbacher and her Agents for Discovery [4]. Technically, an important question is whether our
LHCDb agent requires specific access through, for instance, API keys or whether it can be realized
through the world-leading Claude Code framework. For detailed Claude expertize we will be able
to turn to Prof. Siddarth Mishra-Sharma (Boston University & Anthropic). The thesis project will
roughly proceed in five steps:

1. Identify an existing simulation campaign and data analysis of LHCb to model;



2. Develop a novel interactive LHC info agent combining an LLM and a search feature;
3. Fine-tune an LLM to encode internal LHCb documentation and guarantee coherence;
4. Reproduce, update, and further improve the target LHCb analysis;

5. Provide and check a detailed scientific documentation;

The second and third steps are novel and, currently, unique to the LHCb application: many details of
the analysis procedures are not publicly available, which means no existing LLM will carry the nec-
essary information. We need to access LHCb information through a fine-tuned LLM agent combined
with a search agent. From the cosmological L3M project [7] we have experience in fine-tuning small
LLMs, and we will again work with Dr. Florian Nieser from the Center of Digital Humanities at Hei-
delberg University on this task. Having to fine-tune a specialized agent, combined with a search agent,
to access proprietary information is a much more general problem than just for experimental particle
physics. In the fourth step, as target analysis, we propose the measurement of the width difference of
neutral B-mesons using decays to a J/Psi and an additional hadron. This analysis requires coherent
evaluation of signal and control modes and is thus specifically suited for an agent based measurement.

The integration of scientific agents into this highly domain specific workflow is only possible through
the collaboration of LHCb experts, theorists and Al experts. The joined development of data-driven
AT models for workflow optimization will achieve efficient and therefore scalable agentification. Phe-
nomenological insights guide training and validation to ensure robustness and trustability of the agents.

Embedding in 4EU+ This project is embedded in Flagship 3, Digitisation - Modelling - Transfor-
mation. It will in first place accelerate workflows in particle physics, thereby addressing the flagship’s
focus on digital innovation and transformative research methodologies. Particle physics can serve as
a demonstrator for many other fields in engineering and natural sciences which face similar questions
and can develop this approach further. Via Flagship 3 we will reach out to groups with similar tasks,
to transfer knowhow and use the European University Initiative to transform the scientific method.

The co-tutelle framework creates unique synergies. It builds interdisciplinary bridges between experi-
ment, theory, and scientific AI. While focusing on transformation and innovation, the project builds
on long-standing connections between Ulrich Uwer (LHCb, Heidelberg) and Vladimir Vava Gligorov
(LHCb, LPNHE Paris), as well as between Tilman Plehn (Theory & Scientific Al, Heidelberg) and
Anja Butter (Phenomenology & Scientific AI, LPNHE), both PIs on the MSCA Doctoral Network
ATPHY. The network is tightly linked to the 4EU+ initiative and includes Al experts like Prof. Slava
Voloshynovskiy (Vice-Director of Department of Computer Science at University Geneva) recognized
expert on foundation models, explainable Al and information security. The PhD candidate will benefit
from exposure to the rich research ecosystems between Sorbonne University and Heidelberg University
in training, research, and visibility.

Candidate Profile The PhD candidate will have: (i) a strong background in particle physics,
statistical ML, and information theory; (i7) motivation to work in an international and interdisciplinary
team; and (ii7) excellent communication skills.
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