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RAG Data Plans Examples

AI in Science: Reflection, Opportunity & The Road Ahead

• Dispersed collaboration documents makes it
hard to have a comprehensive overview

• Manual search is not comprehensive,
correlation between distinct documents

• Plots search, debugging and code snippets
• Data preservation tool
• The chatbot enables:

• Quick access to relevant papers, code, and
documentation.

• Faster onboarding for new collaborators.
• Most of the data is private (no

google/chatgpt)
• Coding assistance
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AI-Powered Research Assistant

Why LLMs in Science?
• LLMs "read" many documents in seconds.
• They contextualize results (with retrieval)
• Biggest asset is written knowledge — papers,

logs, chats, codes

Isn’t AI Enough? Why Still Use RAG?
• LLaMA4 (Apr 25) has 1M context.
• But: big experiments have diverse, noisy,

evolving data.
• Different techniques in AI - fine-tuning, RLHF,

etc. - are expensive and time-consuming.
• RAG ensures precision, traceability, and trust

by grounding LLMs in curated, real sources.
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RAG paradigms

arxiv.org/pdf/2312.10997
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Techologies

• Langchain - orchestrator, core logic

• Embeddings - SentenceTransformer

• Database

• Interface will be changed later to sophisticated

• Data extraction

• Web Scrappers
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https://python.langchain.com/v0.2/docs/introduction/
https://sbert.net/
https://docs.trychroma.com/getting-started
https://pinecone.io
https://streamlit.io
https://unstructured.io
https://facebookresearch.github.io/nougat/
https://github.com/VikParuchuri/marker
https://pypi.org/project/beautifulsoup4/
https://www.selenium.dev/
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Current Plans for STAR experiment as example
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Usage

• ePIC - rags4eic

• Searching BNL / SDCC Web pages

• Assists users in trivial issues ( if public, information could be
correlated)

• Global search like a library search of all publications not only a single
experiment
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https://rags4eic-ai4eic.streamlit.app/
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From Prototype to Collaboration-Wide Tool

• Already integrated:
• Arxiv, theses, starnotes, Mattermost.
• Modular architecture for expanding to new data.
• First fully local version (inc. database and LLM) at BNL

• Planned expansion:
• Meeting records, mailing lists, shift logs, codebase.
• Specialized agents for targeted search (papers, plots, comments,

connections).
• Advanced RAG:

• Real-time search and retrieval
• Reranking retrieved sources
• Iterative retrieval

• Fine-tuning local LLM
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Real-life example
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Current Drupal
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What is under the carpet?
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What is under the carpet?
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Future Vision
• Build a science where every decision, insight, and discovery is

searchable and preserved.
• AI becomes not just a tool, but a collaborator.
• Fully open-source solutions

Tentative Timeline
• Proof of principle and

comprehensive search to STAR,
summer 2025

• Extend to other experiment by
providing indexing tools, end of
2025

• Finetuning of local LLM, first
half 2026

• Unified open-source tool for
other science facilities, 2027

SciBot

Links for CERN and EIC projects:
• Chatlas Overview Nov. 2023
• chATLAS IML Meeting Apr. 2024
• EIC RAG Meeting Jul. 2024
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https://starchat.streamlit.app
https://indico.bnl.gov/event/19560/contributions/83300/attachments/51306/87732/Chatlas%20Overview.pdf
https://indico.cern.ch/event/1395528/contributions/5877957/attachments/2833825/4951736/chATLAS%20IML%20Meeting%20(1).pdf
https://indico.bnl.gov/event/24262/#2-rag-based-summarization-proj


Challenges

• Data Collection
• Extract source code from web domains and

other specific tools.
• • Time-intensive: The scraper must be

tailored for each webpage domain.
• Maintenance: The database requires

periodic updates.
• Advantage:

• Knowledge is disentangled from the LLM,
eliminating the need for model retraining
during database updates.

• Data Quality
• Ensure documentation is detailed and

up-to-date.
• Avoid duplicates to prevent model

inefficiencies.
• Consider privacy

Garbage in - garbage out
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Hardware Requirements

Current setup:
• Current LLM: LLaMA v3.3 70 B Inference on one multiple Nvidia

GPUs
• or use of OpenAI API gpt4o-mini
• RAM: 64GB
• Inference time: 4-10 s, depending on input and output text length

(<1s for embedding retrieval)
• Database: ChromaDB 5 GB maximum
• or Pinecone API
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Retrieval

1. Convert to text
2. Split into K -word chunks
3. Embed each chunk with

SentenceTransformer model into
384-dimensional vector space

4. Embed prompt P in this space
5. Nearest neighbour search
6. Append all matching sections to

prompt and query GPT-4
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Embeddings and retrieval

Using: sentence-transformers/all-MiniLM-L6-v2
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https://www.sbert.net/docs/sentence_transformer/pretrained_models.html


Embeddings and retrieval

Using: sentence-transformers/all-MiniLM-L6-v2
• Compact (384-dimensional), free, runs on a local CPU
• Different models on the market
• Multiple “chunks” from one document
• Insert a chunk into database, with metadata of file URL, name, etc.

Search Implemented a child-parent structure for local Chroma database:
• Parent is full doc. Children: Chunks of 200 tokens
• Search children, parent to LLM

Contextualize (with history) user query for efficient retrieval
‘history_aware_retriever‘
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https://www.sbert.net/docs/sentence_transformer/pretrained_models.html


Example of ChatGPT query
Instructions

You are an expert on the STAR experiment . . .
Here“s a template on how to respond . . . Use only information given in the
context . . .

Retrieved Context (from database)
<context>
. . .
Title:Observation of D0 and D0 directed flow in AuAu collisions sNN = 200GeV
type:starnotes
<url>drupal.star.bnl.gov/STAR/starnotes/private/psn0715<url/>
Text:presents comparison of pT - differential D0v2 in 0-10% and 10-40% central
Au+Au collisions. The v2(pT ) for D0 mesons in Run-2014 and Run-2016 are
consistent.
. . .
<context/>

Question (from rephrased prompt)
give me a list of sources containing D0 meson reconstruction for 2016 data
AuAu
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What is under the carpet?
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