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Abstract

Full-text collections of scientific papers are essential for NLP research and the training of language models. However,
existing resources remain incomplete: they often lag behind the fast-paced growth of scientific publishing, lack
comprehensive citation networks, and discard essential structural elements. In this work, we introduce unarXive
2024, a large-scale, richly structured corpus containing every arXiv submission from January 1991 to December
2024 – over 2.28 million documents across physics, mathematics, computer science, and other fields. Our release
enhances each paper with detailed metadata, reconstructs a substantially more complete citation network than
existing datasets, and preserves fine-grained structural information, including section boundaries, mathematical
notation, and non-textual elements. Beyond the corpus itself, we provide dense and sparse indexes optimized for
retrieval-augmented generation (RAG) over the full arXiv archive. All resources, including code and data, are publicly
available: https://github.com/faerber-lab/unarXive-2024
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1. Introduction

Full-text datasets from academic publications are
becoming increasingly important for research in
NLP and scholarly analysis (Lo et al., 2020). While
metadata-level resources (e.g., OpenAlex (Priem
et al., 2022) and SemOpenAlex (Färber et al.,
2023)) have supported research in bibliometrics,
citation analysis, and trend detection, recent ef-
forts have aimed to enrich datasets with structured
full-text content to enable more advanced natural
language processing (NLP) tasks such as scien-
tific summarization (Cohan et al., 2018), citation
recommendation (Bhagavatula et al., 2018), and
knowledge graph construction (Ammar et al., 2018).
Fundamental elements of such datasets are con-
sistent full-text formatting, comprehensive and well-
structured metadata, and the availability and struc-
ture of citation data.

Despite their importance, available datasets re-
veal consistent deficiencies across several essen-
tial criteria, as shown in Table 1. For example, there
are (1) limitations in size and scope in SciXGen,
(2) no citation network data in arXMLiv, (3) no or
only limited handling of mathematical notation in
S2ORC, and (4) outdated coverage, incomplete
citation linking, and inefficient full-text structuring
in unarXive 2022. In particular, the corpus only
includes publications up to December 2022 and
has not been updated to reflect the rapidly growing
number of new submissions to arXiv. Moreover,
while unarXive 2022 includes citation links, cov-
erage remains incomplete, with many references
unresolved, which reduces reliability for citation-
based tasks.

To address key limitations in existing datasets,
we present the unarXive 2024 dataset. Covering

over 2.28 million arXiv papers published between
1991 and 2024, it introduces several enhance-
ments to existing scholarly corpora: improved meta-
data schemas, a substantially expanded citation
network with 39.5 million resolved citations ex-
tracted from 77.4 million citation contexts (51.2%
resolution rate), and a structured representation of
paper bodies organized into logical sections. We
also release ready-to-use dense and sparse re-
trieval indexes, making the dataset directly applica-
ble for retrieval-augmented generation (RAG) and
related IR/NLP tasks. In line with best practices,
both the dataset and source code are openly dis-
tributed under a permissive license, adhering to the
FAIR data principles. Constructing this corpus in-
volved large-scale LATEX parsing, robust section seg-
mentation, metadata enrichment, language identifi-
cation, and the resolution of citation contexts using
LLM-based BibTeX extraction and OpenAlex match-
ing. The resulting dataset supports a wide range of
downstream applications, including section-aware
scientific text analysis (Achakulvisut et al., 2021), ci-
tation graph modeling and influence estimation (Co-
han et al., 2020), and the training of domain-specific
language models such as SciBERT (Beltagy et al.,
2019) and SciNCL (Ostendorff et al., 2022). Its
structured format and citation-resolved full text also
make it ideally suited for retrieval-augmented gen-
eration pipelines, including scientific question an-
swering systems (Auer et al., 2023) that require
verifiable, citation-aware outputs.

Overall, we make the following contributions:

• Comprehensive corpus coverage: We pro-
vide a structured dataset of 2.28 million arXiv
papers (1991–2024) with full text, metadata,
and 39.5 million resolved citation links.

https://github.com/faerber-lab/unarXive-2024


Table 1: Comparison of large data sets derived from paper full-texts
Data Set Source Data Citation Network Structured Doc. Math. # Docs Disciplines Purpose
CORE (Pontika et al., 2016) multiple - × × > 100M various general NLP
S2ORC (PDF) (Lo et al., 2020) multiple 69.4% ✓ × 12M various general NLP
unarXive 2020 (Saier and Färber, 2020) arXiv.org 42.6% × ✓ 1.2M phys., maths, CS general NLP
CORD19 (Wang et al., 2020) multiple - ✓ ✓ 1M Med., Bio., Chemistry Pandemic research
arXMLiv (Ginev, 2020) arXiv.org - ✓ ✓ 1.6M phys., maths, CS math linguistics
SciXGen (Chen et al., 2021) arXiv.org 41.6% ✓ ✓ 205k CS text generation
unarXive 2022 (Saier et al., 2023) arXiv.org 44.4% ✓ ✓ 1.9M phys., maths, CS general NLP
unarXive 2024 (ours) arXiv.org 51.2% ✓ ✓ 2.28M phys., maths, CS general NLP

• Retrieval-ready infrastructure: We release
dense and sparse indexes to support retrieval-
augmented generation (RAG) and scientific
information retrieval tasks.

• Open and FAIR data practices: All data and
code are publicly available under FAIR princi-
ples to enable reuse and transparency.

2. Related Work

Large-scale corpora derived from scientific full-
texts differ significantly in structure, citation com-
pleteness, and temporal scope (see Table 1).
CORE (Pontika et al., 2016) emphasizes scale
but lacks structured full text, limiting discourse-
aware modeling. S2ORC (PDF) (Lo et al., 2020)
retains section boundaries and partial citation res-
olution, but relies on PDF-based parsing, lead-
ing to noisy citation contexts, loss of structural
fidelity, and absence of math formulas. It has
also remained frozen since 2020, rendering it in-
creasingly outdated. Domain-focused datasets like
CORD19 (Wang et al., 2020) offer structured full
texts with math content but are restricted to biomed-
ical literature. arXMLiv (Ginev, 2020) preserves
LaTeX structure and mathematics but lacks cita-
tion links and complete paper coverage. SciX-
Gen (Chen et al., 2021) delivers high-quality struc-
tured content for text generation but is limited in
scale and scope. unarXive 2022 (Saier et al., 2023)
combined structured full text, math notation, and
citation data, but its 44.4% citation resolution, out-
dated 2022 cutoff, and lack of retrieval indexes limit
its suitability for citation analysis and RAG-based
applications.

In contrast, unarXive 2024 addresses several
important limitations: It extends coverage through
December 2024, improves citation resolution to
51.2% across 39.5M links, and leverages native
LaTeX sources to preserve structure and mathe-
matics across 2.28M documents. Moreover, it in-
troduces dense and sparse retrieval indexes tai-
lored for large-scale retrieval-augmented genera-
tion (RAG), enabling robust scientific QA, citation-
grounded text generation, and influence modeling
without relying on external databases or toolchains.

3. Methodology

Conceptually, our data creation pipeline consists of
three main stages: (1) document parsing, (2) meta-
data augmentation, and (3) reference linking, each
of which is described in detail below.

3.1. Full-Text Parsing and Structuring
Most arXiv papers are available as LaTeX source
files, which makes them uniquely suitable for struc-
tured large-scale processing. To build our dataset,
we downloaded all available source packages di-
rectly from arxiv.org. Each package typically con-
tains multiple .tex files, figures, and bibliographies.
We begin by flattening each paper’s LaTeX source
into a single .tex file using the latexpand tool.
The flattened file is then converted to XML using
Tralics, from which we generate a structured,
machine-readable JSON representation. During
this process, we preserve and annotate the doc-
ument’s logical structure by grouping content into
sections. This grouping enables consistent access
to standard parts of a paper (e.g., Introduction,
Related Work, Conclusion), which is particularly
important for training section-aware models. We
also retain URLs from embedded links, which aids
in more accurate reference resolution (see Sec-
tion 3.3). Additionally, we mark the in-text positions
of citation markers, tables, figures, and mathemat-
ical expressions. These are then explicitly linked
to their respective references, captions (as textual
surrogates), and original LATEX code to ensure se-
mantic fidelity.

3.2. Metadata Augmentation
Adding comprehensive metadata facilitates more
effective analyses, both within and across disci-
plines. For each paper, we include core metadata
fields such as paper_id, title, authors, sub-
mitter, license, doi, and categories. As an
enhancement over previous versions, we addition-
ally provide a language field (e.g., "en") to indicate
the primary language of the paper. We first infer the
document language using metadata provided by
the OpenAlex API, which includes language anno-
tations derived from the full text. If this metadata is



unavailable or missing, we fall back to automatic de-
tection using langdetect, a lightweight language
identification library (Mimino, 2023).

We also provide a cited_by_count field, cap-
turing how often each paper has been cited within
our dataset up to May 2025. Citation counts are
obtained via the OpenAlex API, one of the most
comprehensive and current open repositories of
scholarly metadata, using DOI-based lookup when
available, and exact title matching as a fallback.
This approach yielded citation counts for 2,225,191
papers (79.4%). The inclusion of this field enables
bibliometric analysis and citation impact modeling.

3.3. Reference Linking
To construct a reliable citation network, raw bibli-
ographic references, typically stored as plain text
in .bbl files, must be accurately linked to the doc-
uments they cite. This enables key downstream
applications such as citation graph modeling, in-
fluence estimation, and scientific recommendation
systems. To complete the citation network, each
reference is linked to a unique identifier: either a
DOI or an OpenAlex ID. Earlier efforts, such as
unarXive 2022, relied on rule-based tools like Neu-
ral Parscit and heuristic methods to extract identi-
fiers (e.g., DOIs, arXiv IDs) and match references
against large metadata corpora. While partially
effective, these approaches struggled with format
variability and incomplete coverage. By integrating
both DOIs and OpenAlex IDs, we improve recall,
support interoperability across bibliographic sys-
tems, and ensure compatibility with both publisher
metadata and open citation graphs.

In contrast, our approach extracts raw BibTeX
strings for each citation and employs the open-
source Falcon-3-10B language model (Almazrouei
et al., 2023) to identify cited paper titles, even un-
der non-standard formatting. Falcon-3-10B was
selected for its strong performance on information
extraction tasks, efficient inference, and permis-
sive licensing, making it well-suited for scalable
and transparent citation processing (Almazrouei
et al., 2023). The extracted titles are then matched
to OpenAlex records via API, yielding OpenAlex
IDs and DOIs when available. To quantify citation
coverage, we consider all in-text citation markers
in the dataset and attempt to link each cited ref-
erence to a persistent identifier, i.e., a DOI or an
OpenAlex ID. The citation resolution rate is defined
as the proportion of citations successfully linked in
this way, including both links newly added by our
pipeline and links already present in unarXive 2022.
To reduce false positives, we additionally verify the
list of authors, since title-based matching alone can
introduce noise for papers with highly similar titles.
Typical failure cases include incomplete or noisy
bibliographic entries, ambiguous titles, and miss-

ing or inconsistent external metadata. Overall, this
process resolves 51.2% of all citations.

3.4. Schema Design

Processed arXiv papers in the unarXive 2024
dataset are stored as structured JSONL files, follow-
ing a standardized schema specifically designed to
support a variety of downstream NLP and IR tasks.
This structure balances human readability and ma-
chine efficiency, and is particularly well-suited for
applications such as document retrieval, citation
analysis, and question answering.

The JSONL representation of each paper cap-
tures three core components: metadata, full-text
content, and supplementary data. In Listing 1, we
provide an excerpt from the structured output for a
sample paper to illustrate how plain text and struc-
tured fields are organized. A sample of our dataset
is also available in our GitHub repository.

4. Final Dataset

Our data creation pipeline yields a comprehen-
sive corpus of 2,283,685 arXiv papers. In total,
39,456,244 in-text citation markers were resolved
to persistent identifiers (DOIs or OpenAlex IDs),
corresponding to a citation resolution rate of 51.2%
over all citation markers in the dataset, and result-
ing in one of the most complete and up-to-date
citation networks.

To support retrieval-augmented generation
(RAG) and related downstream tasks, we provide
a structured representation of each paper in the
form of key–value dictionaries, where each arXiv
ID maps to a cleaned and segmented set of paper
sections (e.g., title, abstract, introduction). This fa-
cilitates efficient access to semantically meaningful
content blocks and supports use cases such as
scientific question answering and summarization.

In addition, we provide pre-built retrieval indexes:
a dense vector index using the e5 model and a
sparse BM25 index, both built over abstracts for fast
neural and lexical retrieval. Unlike existing schol-
arly QA stores, which are often small, outdated,
and inconsistently structured, our infrastructure sup-
ports large-scale, up-to-date retrieval across mil-
lions of papers, making it well-suited for modern
RAG pipelines.

In the sections that follow, we outline how the
dataset is distributed to ensure ease of access and
adoption by the broader research and practitioner
communities, and we provide detailed statistics and
usage trends to support a deeper understanding
of scholarly publishing patterns. Lastly, we outline
how the dataset can be applied in various settings.



4.1. Distribution
In alignment with the FAIR principles, we selected
established distribution platforms and licenses to
make our dataset and source code widely accessi-
ble:

• Dataset: The dataset is available at
https://huggingface.co/datasets/
ines-besrour/unarxive_2024.

• Indexes: The retrieval indexes are available
at:

– BM25: https://huggingface.
co/datasets/ines-besrour/
unarxive_BM25

– E5: https://huggingface.
co/datasets/ines-besrour/
unarxive_E5

• Source Code: The full codebase for dataset
construction is available on GitHub under the
permissive MIT License: https://github.
com/faerber-lab/unarXive-2024.

4.2. Data Analysis
Over the past three years, unarXive has seen an
average annual increase of approximately 204,064
papers, bringing the total to over 2.28 million by the
end of 2024. As shown in Figure 1, the number of
submitted papers is growing exponentially.

While the vast majority of submissions are in En-
glish (2,267,464 papers), our dataset also includes
several hundred papers in other languages—such
as French (560), German (47), Catalan (40), and
25 additional languages. Although limited in size,
these multilingual entries offer valuable opportuni-
ties for tasks such as language identification, fil-
tering, and benchmarking cross-lingual model be-
havior on real-world scholarly content. They can
also serve as test cases for translation, and cross-
lingual citation analysis (Reimers and Gurevych,
2020).

The disciplinary distribution of the unarXive 2024
dataset is shown in Figure 2. Among the pa-
pers, 1,209,261 (52.95%) are in physics, followed
by 494,924 (21.67%) in computer science, and
451,214 (19.76%) in mathematics. The remain-
ing publications span other scientific disciplines.
This distribution reflects the subject coverage of
arXiv and may introduce disciplinary biases into
downstream retrieval and generation tasks.

Figure 3 shows the total number of publications
per year. The continued growth in publication vol-
ume reflects the global expansion of research activ-
ity, with computer science now surpassing physics
in output and approximately doubling every four
years (Douglas and Verstyuk, 2025).

1 { " paper_id ": "2412.00056",
2 " _pdf_hash ": null ,
3 " _source_hash ": "99670c45c2f72706f15c0a

0f9b8a7d4e12a34567",
4 " _source_name ": "2412.00056.gz",
5 " metadata ": { ... },
6 " abstract ": {
7 " section ": " Abstract ",
8 " text ": "In recent years , vision ... ",
9 " cite_spans ": [ ... ],

10 " ref_spans ": [ ... ]
11 },
12 " bib_entries ": { ... },
13 " ref_entries ": { ... },
14 " sections ": { ... } }
15
16 # zoom on metadata
17 " metadata ": {
18 "id": "2412.00056",
19 " submitter ": " ... ",
20 " authors ": " ... ",
21 " title ": " Improving Medical ... ",
22 " comments ": "15 pages ",
23 " journal - ref ": null ,
24 " doi ": null ,
25 " report -no": null ,
26 " categories ": "cs.CV cs.AI",
27 " license ": " http :// creativecommons . org /

licenses /by/4.0/",
28 " abstract ": "In recent years , vision ...

",
29 " versions ": [ ... ],
30 " update_date ": "2024-12-03",
31 " authors_parsed ": [ ... ],
32 " language ": "en",
33 " cited_by_count ": 5,
34 " discipline ": " Computer Science " }
35
36 # zoom on sections
37 " sections ": {
38 " Introduction ": {
39 " text ": "In recent years ... ",
40 " cite_spans ": [ ... ],
41 " ref_spans ": [ ... ]},
42 " Uncertainty and Consistency ": {
43 " text ": " Uncertainty quantification

... ",
44 " cite_spans ": [ ... ],
45 " ref_spans ": [ ... ]
46 } }

Listing 1: Excerpt of our document
representation

Figure 1: Exponential growth of paper submissions
from 1991 to 2024.

4.3. Applications

The structured full text, enriched metadata, and
39.5 million linked citations in unarXive 2024 pro-
vide a powerful foundation for a broad spectrum
of NLP and IR tasks in the scholarly domain. By
retaining section boundaries, citation markers, ref-
erence mappings, and mathematical expressions,

https://huggingface.co/datasets/ines-besrour/unarxive_2024
https://huggingface.co/datasets/ines-besrour/unarxive_2024
https://huggingface.co/datasets/ines-besrour/unarxive_BM25
https://huggingface.co/datasets/ines-besrour/unarxive_BM25
https://huggingface.co/datasets/ines-besrour/unarxive_BM25
https://huggingface.co/datasets/ines-besrour/unarxive_E5
https://huggingface.co/datasets/ines-besrour/unarxive_E5
https://huggingface.co/datasets/ines-besrour/unarxive_E5
https://github.com/faerber-lab/unarXive-2024
https://github.com/faerber-lab/unarXive-2024


Figure 2: Disciplinary distribution of the unarXive
2024 dataset.

Figure 3: Annual number of publications in unarX-
ive.

the dataset enables semantically rich modeling at
both the sentence and document level.

Its fine-grained citation spans facilitate both in-
line and document-level citation recommendation.
Models trained on in-text citation contexts – linked
to OpenAlex identifiers – can be readily adapted for
tasks such as citation intent detection (Devlin et al.,
2019), citation polarity analysis (Li et al., 2013), or
integration into systems like C-REX (Färber et al.,
2021b) and NeuralCite (Ebesu and Fang, 2017).

The dataset also supports the generation of con-
textualized paper embeddings. By replacing ci-
tation spans with resolved identifiers, researchers
can train models like SciBERT (Beltagy et al., 2019),
SciNCL (Ostendorff et al., 2022), or SciFive (Phan
et al., 2021), effectively capturing how papers are
cited in context (Nishikawa and Koshiba, 2024).
These embeddings enable downstream applica-
tions such as clustering, topic modeling, and per-
sonalized paper recommendation (Kanakia et al.,
2019).

Additional use cases include large-scale extrac-
tion of scientific methods, datasets, and tasks –
powering impact analyses at the dataset or method
level (e.g., h-indices) (Färber et al., 2021a) and en-
abling mining of hyperparameter usage patterns at
scale (Saier et al., 2024).

Unlike previous scholarly QA resources – which
are often PDF-based, limited in scope, or outdated

– unarXive 2024 enables citation-grounded gener-
ation and supports end-user applications such as
scientific question answering (Auer et al., 2023),
long-form retrieval-based answering (Ajith et al.,
2024), and longitudinal analyses.

5. Conclusion

We presented unarXive 2024, an updated and en-
riched version of the unarXive dataset, which ex-
tends coverage through December 2024 and in-
cludes over 2.28 million papers and 39.5 million
resolved citation links – significantly improving the
citation network. Key features include: (1) size
and scope with comprehensive metadata and full-
text coverage; (2) an improved and robust citation
network enabled by extensive linking of in-text ci-
tations to OpenAlex identifiers; and (3) enhanced
document structure through grouping and normal-
ization of related sections for better usability.

Future work will focus on enhancing semantic
linking by connecting citations not only to papers
but also to related datasets and code repositories,
thereby enriching the contextual information avail-
able. Additionally, we aim to incorporate temporal
dynamics to track how papers and their citation
networks evolve over time, enabling more detailed
trend analysis and insight into the progression of
scientific fields.

6. Ethical Considerations

Licensing and compliance. unarXive 2024 is de-
rived from publicly available arXiv submissions. We
preserve per-paper license information (license
field) and redistribute structured text and metadata
only, not publisher PDFs or other proprietary as-
sets.

Privacy and personal data. Author names and
affiliations appear as part of the public scholarly
record. We do not enrich or infer sensitive at-
tributes.

Bias and representational equity. The dataset
is dominated by papers from physics, mathemat-
ics, and computer science and is overwhelmingly
English-language. These disciplinary and linguistic
imbalances may affect downstream models, analy-
ses, and evaluations.

Misuse and safety. The corpus can be used
in retrieval-augmented systems. We encourage
citation-grounded generation and do not recom-
mend high-stakes use without expert oversight and
domain-specific validation.



Transparency and accountability. We provide
clear data provenance (arXiv IDs), persistent iden-
tifiers (DOIs and OpenAlex IDs where available),
and versioned releases.

Environmental considerations. To reduce re-
dundant compute, we release ready-to-use in-
dexes.

7. Limitations

Scope. The dataset covers arXiv submissions
from 1991 to 2024 and therefore underrepresents
disciplines and languages that are less active
on arXiv. Fields such as the humanities, so-
cial sciences, and non-English research are only
marginally included.

Parsing noise. Unconventional or complex LATEX
source files can occasionally lead to imperfect pars-
ing, which may affect section boundaries, mathe-
matical notation, or figure and table references.

Citation linking. Not all bibliographic references
could be resolved to persistent identifiers such as
DOIs or OpenAlex IDs. Unresolved citations should
be treated as unknown rather than as missing or
incorrect data.
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