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Abstract

The large set of technical documentation of legacy accel-
erator systems, coupled with the retirement of experienced
personnel, underscores the urgent need for efficient methods
to preserve and transfer specialized knowledge. This paper
explores the application of large language models (LLMs), to
automate and enhance the extraction of information from par-
ticle accelerator technical documents. By exploiting LLMs,
we aim to address the challenges of knowledge retention, en-
abling the retrieval of domain expertise embedded in legacy
documentation. We present initial results of adapting LLMs
to this specialized domain. Our evaluation demonstrates
the effectiveness of LLMs in extracting, summarizing, and
organizing knowledge, significantly reducing the risk of
losing valuable insights as personnel retire. Furthermore,
we discuss the limitations of current LLMs, such as inter-
pretability and handling of rare domain-specific terms, and
propose strategies for improvement. This work highlights
the potential of LLMs to play a pivotal role in preserving
institutional knowledge and ensuring continuity in highly
specialized fields.

INTRODUCTION

Having a well-structured and complete documentation is
crucial for maintaining and developing any large industrial
system. In case of accelerator facilities, such as the High
Intensity Proton Accelerator (HIPA) [1] at PSI, the available
documentation is often sparse and inaccurate. HIPA has
been designed and build 50 years ago, before any electronic
documentation was invented. Furthermore, as an experimen-
tal facility, it evolved significantly over years. The absence
of a consistent long-term documentation strategy has further
contributed to the current state of confusion.

Many accelerators facilities face similar problems. Newer
machines usually have more consistent documentation. For
instance Proscan, which is a proton therapy facility in PSI, is
well documented as it was required by licensing authorities.
Also any change done to medical facility must be carefully
analyzed and approved before implementation. As a result
Proscan, which is 20 years old, is almost immutable with
respect to HIPA.

The expertise is not only in bare set of documentation.
When a new specialist takes over the responsibility, he or
she needs a certain amount of time, counted in years, to
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reach the same level of performance as the retiring expert.
Simulating the ability to chat (questions and answers) with
an expert can be a great tool to speed up this process.

In this work we took beam instrumentation of HIPA and
Proscan as an example to develop LLM-based chatbot which
could help, based on existing documentation, to work on
technical issues of the facility. Similarly to other labs [2,
3], we choose to develop a system which runs locally, not
exposing internal documentation.

THE DOCUMENTS

The initial set of documents included 58 pdf files, in En-
glish (36) and in German (22), written mostly by one physi-
cist over the span of 30 years. Those documents are technical
and specific to HIPA and Proscan. Before using them, they
were checked if they are up to date. In addition a few other
documents were included:

» Two master theses, containing general descriptions of
HIPA and results of particular investigations.

e Several conference proceedings which include
overview of HIPA and Proscan instrumentation [4] or
more detailed analysis of problems related to particular
devices, for instance see Ref. [5].

* Publicly available books with courses on beam instru-
mentation, e.g., Ref. [6].

During the tests it was found that an important part of the
information - for instance the naming schemes or the location
of electronics racks - is missing. Large part of these infor-
mation are present in excel tables, schematics and databases,
which we cannot process yet. The gap was partially filled by
creating dedicated text files with the missing information.

The input documents are stored in Corpus directory and
a script to process them is provided. In total they contain
1032 pages in English and 239 pages in German.

METHODS

Retrieval-augmented generation (RAG) combines the
broad language ability of large language models (LLMs)
with an external knowledge base, improving factual accu-
racy and grounding [7]. All data were processed offline,
and every model was run locally with Ollama [8] on a Mac
Studio M2 Ultra (192 GB unified memory).

Pipeline. Figure 1 shows the two-stage RAG workflow:
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1. Pre-processing. PDFs are parsed with the open-source
MineRU extractor [9]. We retain text, equations, and
tables, then split each document into chunks and store
(chunk — embedding, file-id) tuples in a vector database.
Embeddings are pre-computed for fast retrieval.

2. Runtime.

(a) Retrieval. A user query is embedded with the same
multilingual BGE-M3 model [10]; the top-k similar
chunks are returned.

(b) Generation. The query plus retrieved chunks are
fed to the instruction-tuned gemma3: 27b-it-fp16
[11] LLM, which produces the final answer.

(¢c) Evaluation. Retrieval is scored with recall@k and
MRR @k [12]; generation is scored with answer
accuracy given a reference answer and mean con-
fidence over correctly judged answers, using the
same Gemma model as a judge.

Text,
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Embeddings (
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Figure 1: End-to-end RAG pipeline.
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Chatbot interface. Figure 2 illustrate the front-end. Be-
sides the answer, the bot lists the five most relevant files with
similarity scores and snippets; clicking a file opens the exact
location in the context.

Benchmark. Two domain experts created 100 ques-
tion—answer (QA) pairs, each linked to a gold reference file
(70 English, 30 German). We use this set for both retrieval
and generation evaluation.

RESULTS
Chunking Strategies

We tested four splitting schemes:

¢ character windows of 800, 1600, and 2000 chars;

e paragraph windows (minimum 120 tokens, with short para-
graphs merged).

» paragraph with context (previous and following para-
graph): this scheme is used in generation, hoping to pro-
vide more context from offset, due to semantics which
may be broken by chunking.
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Figure 2: Chatbot interface.

Retrieval Performance

Figure 3 summarizes recall@k and MRR @k for k{3, 5}

across all chunk sizes. Key observations:

1.

Top-5>Top-3 for recall, but MRR grows more modestly,
reflecting the trade-off between depth and ranking quality.

Smaller chunks outperform larger ones. Neither 1600-
nor 2000-char windows improved recall or MRR.

. Paragraph splitting offered no clear gain, despite pro-

viding semantically complete units.

German queries lagged behind English. Trans-
lating German chunks to English—using the 4-bit
gemma2:27b-instruct-q4_K_M [13] model—signifi-
cantly boosted recall and MRR for German queries and
lifted English queries, likely by reducing multilingual
noise.

Generation Performance

Guided by retrieval results, we tested generation on the

best two chunk sizes (800 and 1600 chars) and paragraph
schemes with k € {3,5} and three prompt variants: no-
translation (k-N), translation (k-T) and translation + chunk-
score (k-S) (the similarity score is appended and the LLM is
instructed to focus on high-score chunks). Figure 4 reports
answer accuracy and mean confidence. Key findings are:

Translation helps at k=3 but not consistently at k=5.
Noise from additional chunks partly offsets the translation
gain.
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Figure 3: Retrieval comparison across chunking schemes
before and after translation.
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Figure 4: Generation results for 800- and 1600-char chunks
under three prompt settings.

* Overall, the model judges the generated answer with high
confidence, with a narrow range from 0.90 to 0.93.

* While Top-5 retrieval with 1600-character chunks matches
the recall of 800-character chunks, it yields lower answer
accuracy. Inspection of the misclassified outputs shows
that only this setup suffers from hallucinations—either
summarizing retrieved text out of context or ignoring the
query altogether—errors absent in the other three chunk—k
combinations. We traced the issue to Ollama’s default
context window of 2048 tokens [14]. Although our Top-5
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1600-char inputs average around 1500 tokens, they ap-
proach the limit, leading to truncation and hallucinations.

Paragraph-Level Chunking and Context Window

To test whether larger semantic units help generation, we
evaluated two paragraph-based schemes at k=3 and 5:

* Paragraph: split on natural paragraph boundaries (min.
120 tokens).

* Paragraph + Context: each paragraph plus its immediate
predecessor and successor.

To prevent the truncation-induced hallucinations we ob-
served with 1600-char, Top-5 inputs, we increased Ollama
context window to 6000 tokens for these experiments. Fig-
ure 5 shows answer accuracy for all paragraph variants.
Adding context does not improve — and even slightly de-
grades - the accuracy, especially at k =5, confirming that
simple paragraph splits suffice.

Accuracy Confidence

0.640 0.920

para
0.615 0.905

para-w-context
3 5 0.590 3 5 0.890

Figure 5: Answer accuracy for paragraph-only vs. para-
graph-with-context at k = 3, 5.

Recommendation. For our accelerator documentation,
800-char chunks with Top-5 retrieval delivers the highest
answer accuracy and confidence, illustrating the critical role
of chunk size, Top-k, and prompt structure.

PERSPECTIVES

Initial evaluations demonstrate strong performance utiliz-
ing a RAG pipeline for question answering based on textual
document content. However, a significant limitation remains
in effectively retrieving information embedded within non-
textual elements of the source documents, specifically tables
and figures encompassing schematics, plots, and photos.

Current RAG implementations exhibit difficulty in retriev-
ing and reasoning with visual information. Future work will
focus on addressing this challenge through two paths: first,
exploring pre-processing techniques such as automatic fig-
ure captioning to generate descriptive text prior to indexing,
thereby enabling textual retrieval of visual content using the
same RAG system that we are presently using; and second,
the evaluation of multi-modal embedding models that would
directly encode figure content into the vector database.
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