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Abstract [Background] The exponential growth of scientific literature, particularly in physics and nuclear physics,
poses significant challenges for researchers to track advancements and identify cross-disciplinary solutions. While
large language models (LLMs) offer potential for intelligent retrieval, their reliability is hindered by inaccuracies and
hallucinations. The arXiv dataset (2.66 million papers) provides an unprecedented resource to address these
challenges. [Purpose] This study aims to develop a hybrid retrieval system integrating vector-based semantic search
with LLM-driven contextual analysis to enhance the accuracy and accessibility of scientific knowledge across
disciplines. [Methods] We processed 2.66 million arXiv paper titles/abstracts using BGE-M3 model to generate
1 024-dimensional vector representations. Cosine similarity metrics were computed between user queries (vectorized
via the same model) and pre-encoded paper vectors for preliminary semantic ranking. The top 50 candidates
underwent contextual relevance analysis by DeepSeek-rl, which evaluated technical depth, methodological

alignment, and cross-domain connections through multi-step reasoning. A nuclear physics case study validated the
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system using 1 000 Al-human-annotated documents. The framework incorporating four specialized agents: query

generation, relevance scoring, structured data correction, and PDF analysis. [Results] We constructed a vector

database comprising 2.66 million arXiv papers (including titles and abstracts), occupying 30 GB of disk space. Our

vector-based semantic search system demonstrated superior performance in a nuclear physics query benchmark,

achieving 90% precision and 60% recall for the top-10 retrieved documents. This significantly outperformed

traditional keyword-based search methods, which yielded only 20% precision and 10% recall under the same

evaluation conditions. [Conclusions] By synergizing vector semantics with LLM reasoning, this work establishes a

new paradigm for scientific knowledge retrieval that effectively bridges disciplinary divides. The open-sourced

system (https://gitee. com/Igpang/arxiv_vectordb) provides researchers with scalable tools to navigate literature

complexity, demonstrating particular value in identifying non-obvious interdisciplinary connections.

Key words arXiv vector database, Large language model agent, DeepSeck, Al scientist
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Fig.1 The statistics of article counts across different categories in the open-access arXiv dataset
There are 58 834 articles in nuclear theory (nucl-th), 26 586 articles in nuclear experiment (nucl-ex), 185 401 articles in high-energy
phenomenology (hep-ph), and 171 695 articles in high-energy theory (hep-th).
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git clonehttps://gitee.com/lgpang/arxiv_vectordb.
git

cd arxiv_vectordb
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python -m venv ai_scientist_env

source ai_scientist_env/bin/activate # {E Linux 8%
MacOS -

ai_scientist_env\Scripts\activate # & Windows _I*

3) LR

pip install -r requirements.txt

22 fEH
IDYEFSIIAE

streamlit run streamlit.py

2) 5B A% R U5 ) < 3T 30 Y3 A% 9 U5 ) http 2/
localhost: 8501

3D %6 N\ Te) 3 < 5 I FH S v i N S R )
R “ARAL 7 HHL , RGOS AR R SR SRR T SR s 4

2.3 REIRVEESC 1
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arXiv SCHR I TC R , 29 4.5 GB.
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TEfE IR AH A5 . 29 600 MB.
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He N m &, 415 GB.
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B % : https://pan. baidu. com/s/1 LufumbcuhX6
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BASE URL=1R[#]_base url
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DeepSeek-r1 1574,

ollama pull deepseek-r1:1.5b
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ollama run deepseek-r1:1.5b
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-~ RTX4090, 7] LA F 14b, Bl 140 12 2 % 1) A Hh
DeepSeek 18! . 75 ELyE B ¥ 42 , DeepSeek 1 E 77
APIFE AL R T RS 2R ) el ik e I, 28Rz B - i
A ELZ B /N R GE o TR A 1 528 () DeepSeek-
rl ABEATAHRAE 7 M7

4) il & ik 5% 18 47 - 1 £& Ollama IR 55 7E http:/
localhost: 11434 3247, ME RS RS Ui . 45K,
7] PL 58 4 3 A Hb 3 B DeepSeek, H. 12 i H
DeepSeek [1) 2 Ui api #E AT FHIAEFT 77

3 RERERSH

N T B HBGE R R 5 R ek R, AT
T ME B RV R R . X EE AR
3 = 1 Al 4 AU ) 5% B 35 collision 4K H 1000 F
SCEAE /NI B AE SCHER I, 4] DeepSeek 4 B A
LARYE SRR SCE 555 Query ("The effect of nuclear
structure on heavy ion collisions.") FIAH <M, ki T
18 R AH R SCHR o 4% T R BATHS b =Rk 2R 7 VA )
AERGEER, XML

1) B #Af H ¢ 3A] [nuclear structure, heavy ion
collision | 7E 47 L5 47l E P G2

2) ELEAE AT i N B8 Query £ [ & 5405
HBEAT IR SRR
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ENIEIGHRZER
Fig.2 The performance comparison of Recall@k among three
different retrieval methods (color online)

The blue dots represent the traditional keyword-based retrieval
method, the orange squares denote the semantic retrieval
results using the user's original query directly, and the green
pentagrams illustrate the improved semantic retrieval results
achieved through query expansion questions generated by
DeepSeek-rl.
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T RENIEREME S, D RHER SR 24 REE
A B e

B3 Ex T AFEKRRTENRAER
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AR TE 7, #REIE F 100% (k=10) LL K 90% (k=1) ]
BHER . (LRSI R U 2, AR
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X 2 60% F1 50% , 24 k=50 B}, 75 1 2 FEAIK £ 20%.
T RETFIR R AR EHAE20% A H, BWRE
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M2 7 @3t DeepSeek 4 ik Query ¥ F& 1] 8 J5 4 T8 UAG:

RS R
Fig.3 The performance comparison of Precision@k among
three different retrieval methods (color online)

The blue dots represent the traditional keyword-based retrieval
method, the orange squares denote the semantic retrieval
results using the user's original query directly, and the green
pentagrams illustrate the improved semantic retrieval results
achieved through query expansion questions generated by
DeepSeek-rl.
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