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Abstract

Effective knowledge management is essential for mini-
mizing downtime and maintaining institutional memory in
large-scale accelerator facilities. We present APS-RAG, a
domain-aware Retrieval-Augmented Generation (RAG)
system currently deployed at the Advanced Photon Source
(APS), designed to synthesize operational intelligence and
facilitate semantic retrieval from dispersed databases. The
system consolidates over 10,000 unique documents from
four live databases: the Best Electronic Logbook Yet
(BELY) scientific electronic logbook, operational Mi-
crosoft Teams chat history, the Integrated Content Manage-
ment System (ICMS), and the Work Request system - un-
der a single retrieval interface. By leveraging the latest
frontier LLMs via Argonne’s ARGO platform, APS-RAG
integrates a specialized query-preprocessing pipeline that
performs temporal parsing, domain-acronym resolution,
multi-query expansion, and final response generation.

To ensure high precision, a hybrid retrieval architecture
is utilized, combining dense vector and keyword searches.
Results are aggregated using Reciprocal®Rank »Eusion
(RRF) and refined with cross-encoder refanking to‘maxim-
ize relevance. A 100-question evaluation dataset was built
using the InPars methodology, supplemented with qualita-
tive user feedback. Final responses \from APS-RAG in-
clude inline citations embedded which display the source
document chunk and a web-accessible link tosthe original
document. Eufure developments include multimodal inte-
gration and agentic knowledge-graph-aware retrieval.

INTRODUCTION

The Advanced Photon Source (APS), like any large sci-
entific facility, generates an enormous amount of opera-
tional data everydday. Operating a facility of this scale for
stable user operations exercises every part of the opera-
tional record:‘shiftientries, logbook entries, trouble shoot-
ing and control“procedures, equipment replacement and
maintenance work ordess, and the operations chat mes-
sages (e.g., Microsoft Teams). All of these sources contain
critical institutional knowledge. Each of these sources is
searchable on its own, but no single interface lets APS staff
pose a free-form question —e.g., " How to calibrate the new
digital cameras in BTS and what's the last study that used
those cameras?" -- and receive a synthesized, source-
grounded answer.
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Figure 1: APS-RAG end-to-end architecture. (a) Ingestion
and indexing: records from the four operational sources:
BELY logbook [1], Microsoft Teams (Operations), ICMS,
and the work-request system are normalized into a unified
JSON document representation and indexed (b) Per-query
inference: the user query passes through temporal parsing,
acronym resolution, and multi-query expansion, fans out to
the two indices in parallel, and the returned candidate lists
are merged by RRF fusion and re-scored by a cross-en-
coder reranker before the top-k context is passed to a fron-
tier LLM through the ARGO (Argonne National Labs Al
platform) gateway, which emits a response with inline,
clickable citations.

Several accelerator laboratories have begun closing this
gap with LLMs. GAIA [2], developed at DESY, couples an
open-weights LLM with logbook and control-system tools
through the ReAct prompting paradigm [3]. A multi-



facility effort has begun to pool logbook-RAG setups
across DESY, BESSY, Fermilab, BNL, SLAC, LBNL, and
CERN [4]. The Electron-Ion Collider team has prototyped
a RAG-based summarization agent over operational notes
[5]. Broader agentic frameworks for accelerator control
have been outlined [6] and recently realized in production
form at the Advanced Light Source [7]. Closely related
work has applied LLMs to beamline tuning through natu-
ral-language prompts [8]. Each of these efforts builds on
the original RAG formulation [9] and a fast-moving body
of RAG advances [10].

This paper describes APS-RAG, a domain-aware hybrid
RAG system that is now in production at the APS. Relative
to prior work, the contribution is the integration choices,
not any single algorithm: (i) consolidation of four hetero-
geneous APS knowledge bases under one retrieval surface;
(i1) a query preprocessing pipeline tuned to accelerator and
APS terminology and to the abbreviated style of logbooks;
(iii) a dense + sparse retrieval pipeline with RRF fusion and
cross-encoder reranking; and (iv) verifiable, clickable cita-
tions back to the originating documents, which we have
found to be an critical for users (i.e., scientist, technicians,
engineers, operators) trust. A separate manuscript with
quantitative evaluation is in preparation.

SYSTEM ARCHITECTURE

Knowledge Bases

APS-RAG consolidates over 10,000 unique documents
drawn from four live operational sources that represent
day-to-day APS activity: the BELY scientific'logbook, the
operational Microsoft Teams chat archive, the ICMS (for
technical notes, reports, manuals, and Schematics), and the
work-request system used for equipment and maintenance
tickets. Each source has its own access controls, schema,
and update cadence. Figure 1 illustrates APS-RAG’s end;
to-end architecture. An ingestion step normalizes each rec-
ord into a unified documient object that carries the text con-
tent, authet, and timestamp metadata, as well asa stable
backlink to the originating source so that any later retrieval
resulf can be cited unambiguously (Fig. 1a).

QueryPreprocessing

Typiecal queriesdare short, time-anchored, and heavy in
domain shorthand. Three preprocessing steps mitigate this
before retrieval (Fig. 1b). (i) Temporal parsing resolves ex-
pressions such'as "yesterday’s beam lifetime study" or
"during the May maintenance" into explicit date ranges so
that retrieval can apply metadata filters alongside semantic
matching. (ii)) Acronym resolution expands accelerator-
specific abbreviations: RF (radio frequency), IOC (in-
put/output controller), DCCT (direct-current current trans-
former), among many others, before embedding. Such to-
kens are largely out-of-distribution for general-purpose
embedders and silently degrade dense retrieval recall if left
as-is. (ii1) Multi-query expansion uses an LLM to generate
N paraphrases (N=5) of the user query, which recovers re-
call on the terse and telegraphic phrasings that dominate
operational notes.
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Figure 2: Productionyuser interface and citation surface of
APS-RAG. A representative user query and the synthesized
response m the chat-style interface, with citation markers
rendered inline; sensitive operational details have been re-
dacted« Citation drill-down: clicking a citation marker
opens a side panel containing the underlying source chunk
together with a deep-link back to the original record in
BELY, IEMS, Teams, or the work-request system, so that
every claimpin the response is verifiable at the source.

Hybrid Retrieval and Reranking

The preprocessed query is dispatched in parallel to two
retrievers as shown in Fig 1b. The dense path uses Qdrant
as a vector store over 1024-dimensional e5-large-v2
embeddings; the sparse path uses Elasticsearch with
BM25. The two ranked lists are merged using Reciprocal
Rank Fusion [11], which is robust to mismatched score
scales and avoids brittle linear weight tuning. Hybrid re-
trieval is critical in this domain. Dense search recovers par-
aphrased or semantically related entries - for example, a
logbook entry mentioning "DCCT noise" in response to a
query about "beam current readback drift" - while BM25
reliably anchors on exact identifiers such as sector num-
bers, process-variable (PV) names, and BELY IDs that op-
erators routinely include verbatim. The top-k fused candi-
dates are then rescored by a cross-encoder reranker [12],
which jointly encodes the query and each candidate docu-
ment, yielding more accurate relevance scores than the bi-
encoder used in the initial retrieval stage.



Response Generation and Citation

The reranked context is passed to a frontier LLM (e.g.,
Claude Opus, GPT, Gemini) accessed through Argonne's
ARGO platform, which provides an authenticated gateway
to multiple model backbones. Figure 2 shows the produc-
tion user interface and citation surface of APS-RAG. The
synthesis prompt instructs the model to ground each sub-
stantive claim in a numbered citation that maps to a spe-
cific retrieved chunk. Citations are rendered inline in the
response and are clickable in the user interface: a tap opens
the source chunk together with a deep link to the originat-
ing document in BELY and ICMS. Chats in Teams and the
Work request system are opened as HTML links. This cita-
tion surface is the primary trust mechanism. In production
we consistently observe that users treat the response as a
navigation aid into the underlying records, not as an au-
thoritative answer, and the design supports that posture by
construction.

EVALUATION AND DEPLOYMENT

Expert and Synthetic-Question Benchmark

Hand-labeling a high-quality evaluation set for a domain
as specialized as accelerator operations is expensive and
needs to be updated as algorithm improves. In addition to
human expert benchmark dataset, we apply the InPats
strategy [13] for each document chunk, a strong LLM 1s
prompted with a small number of few-shot examples to
generate a plausible operator query whose answer would
be found in that chunk. We sample to balance across.a tax-
onomy of question types, including factual lookup, trou-
bleshooting, summarization, and expeft routing. The re-
sulting benchmark contains 100 synthetic query-document
pairs and is used to measure recall at multiple cutoffs, the
relative contribution of eachgfetriever, and(the marginal
value of each preprocessing [step.

ProductiondDeployinent

APS-RAG s deployed in production at APS and used by
accelefator operations staff and physicists in their normal
workflow. The system i exposed via achat-style interface
co-located with existing operator tools, featuring streaming
response generation‘and inline citation rendering. Internal
logs of“question’ patterns, follow-up rates, and citation
click-throughs provide a second, qualitative evaluation
channel alongside the synthetic benchmark.

Observations

Three patterns from-early operational use are worth re-
cording because we believe they generalize beyond APS.

First, acronym resolution improves retrieval. Disabling
it materially degrades dense-retrieval recall on real opera-
tor queries: shift entries and chat messages are written in
dense shorthand, and a frozen general-purpose embedder
has no prior for tokens like the dozens of three- and four-
letter shorthand strings that appear in the knowledgebases.
The preprocessing step pays for itself well before the LLM
is ever invoked.

Second, the spare retrieval (BM25) matters more than
intuition suggests. A nontrivial fraction of real queries from
users includes explicit identifiers: PV names, work-order
numbers, sector and equipment labels. On exactly these
queries dense retrievers are at their least reliable. Hybrid
retrieval is not just a quality vs. latency trade-off: it is a
precondition for the system being trustworthy for identi-
fier-heavy questions.

Third, citation surfaces are as important as answer flu-
ency. The most common follow-up actionfafter a response
is a citation click, not a rephrased question. APS staff read
the response, locate the source it pointed tojand continue
their investigation from there. This.argues for éngineering
effort spent on the citation surface: chunk granularity, clar-
ity of back-links, and laten€y from click to source, rather
than on chasing marginal generation quality.

ONGOING WORK

Two threadseof work extend APS-RAG. The first inte-
grates multimodal content from ‘logbook attachments,
screenshots, beam-position images, and,plots using vision-
language encoders, enabling an operator asking, "show me
theorbit feedback behavionduring the October trip," to re-
cover both the text entry and the figures it referenced. The
secondiintroduces an agentie, knowledge-graph—aware re-
trieval layer that complements vector and keyword re-
trieval with ‘structured traversal of operator, system, and
event ‘entities extracted from the same corpus. This is
aimed at multi-hop questions - "which work requests pre-
ceded the'most recent camera replacement?" - that are in-
herently difficult for purely chunk-based retrieval. Both
extensions are designed to slot in behind the existing pre-
processing and citation surfaces so that the operator-facing
experience remains stable.

CONCLUSION

APS-RAG demonstrates that careful, domain-tuned en-
gineering of an otherwise standard hybrid RAG stack, in-
cluding temporal parsing, accelerator-acronym resolution,
multi-query expansion, dense + sparse fusion via RRF,
cross-encoder reranking, and verifiable citation, produces
a system that operators, scientists, and technicians use in
their work at a major synchrotron light source. The system
is in production at the APS and provides a foundation for
ongoing multimodal and agentic, knowledge-graph—aware
extensions. The same architecture should port directly to
other accelerator facilities whose operational knowledge is
split across logbooks, content-management systems, ticket
queues, and group chats.
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