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PDG and the Review of Particle Physics

● The Particle Data Group (PDG) provides a comprehensive 
summary of particle physics and related areas from cosmology 
and astrophysics in a single publication, the Review of Particle 
Physics

– International collaboration of 240 scientists, 173 institutions, 25 countries
– Berkeley Lab provides scientific leadership, central coordination, and 

technical expertise & infrastructure
– Funded primarily by the DOE Office of High Energy Physics with 

important contributions from MEXT (Japan), INFN, and CERN

● The Review of Particle Physics consists of
– Summary Tables
– Particle Listings
– 120 individual review articles, covering a wider range of topics
– Available online at pdg.lbl.gov and pdgLive.lbl.gov, as well as in print 

(PDG Book and Booklet), as an Android/web app, and downloadable files

● Journal publication every 2 years (updated online every year)
– This year’s journal publication to appear in Phys. Rev. D
– 2,400 pages

https://pdg.lbl.gov/
https://pdglive.lbl.gov/
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Summary Tables and Particle Listings

Summary Tables
● PDG world averages (or best limits)
● Masses, widths/lifetimes, branching

fractions, ...

Particle Listings
● Detailed information on how PDG

arrived at any given average
● Curated and annotated lists of

relevant published results
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120 Review Articles 

Covering wide range of topics, including
● Constants, units, atomic & nuclear properties
● Standard Model and related topics
● Astrophysics and cosmology
● Experimental methods and colliders
● Mathematical tools
● Kinematics, cross-section formulae and plots
● Particle properties
● Hypothetical particles and concepts

Sample page from PDG review
“Passage of Particles Through Matter”
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Distribution of the Review of Particle Physics

Wallet card in 1957

PDG Books as the
primary format for

many decades

                                                                 Available in many formats today

Future needs,
(from 2022 user survey)
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New PDG API with Three Tools

To make PDG data available in machine-readable format, PDG has been 
developing a new API with three related tools, aimed at different use cases

● REST API
– Download data shown by pdgLive in JSON format
– Can also be used in scripts/programs w/o

installing any PDG-specific software
– Intended for incidental, rate-limited use

● Python API
– High-level API for accessing PDG data
– Includes local data store (SQLite database file)

● Database files
– SQLite files with part of or whole PDG dataset
– Low-level access for software developers

Status
● First production release with 

2024 online publication
(beta version since June 2023)

● Access to PDG world averages 
and limits (including branching 
fractions)

● Access to measurements from 
Particle Listings coming soon

● All tools will be updated with 
each new edition of the Review 
of Particle Physics
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REST API – Get Data in JSON Format

Note
● M061 is the PDG ID (PDG digital object 

identifier) for D*(2007)0

● Can be used to retrieve data via REST API:
https://pdgapi.lbl.gov/summaries/M061

https://pdgapi.lbl.gov/summaries/M061
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Python API

● Implemented in Python package pdg
– Installation:   pip install pdg
– Supports Python 3 (and for now also 2.7)
– github.com/particledatagroup/api

● Documentation at pdgapi.lbl.gov

https://pypi.org/project/pdg/
https://github.com/particledatagroup/api
https://pdgapi.lbl.gov/doc/
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Using the Python API

Import package, connect to
the default database, and
show what we’re using

Get particle data in one of 
several ways

Get some particle properties

Iterate over and print all
branching fractions

See documentation for more 
features and examples

https://pdgapi.lbl.gov/doc/pythonapi.html
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Making a PDG History Plot in Python
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Searching the Review of Particle Physics

Current search (using Google):

Can we do better with recent AI tools?
● Paragraph-level results and preview
● Fine-grained references

☐ Link to specific page in review’s PDF 
file, rather than to whole file

● Get values from Summary Tables
☐ “Value of B0 mass?”

● Summarize information
☐ ”How is the top quark mass measured?”

● ...

55 page PDF file

19 page PDF file
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Possible Implementation Blueprint

● Use Large Language Model (LLM) to determine what user asks for
– Specific value of a quantity? Figure or table from a review?
– General question about a topic covered in PDG review?

● For PDG reviews (“semantic search”)
– Split review into small chunks (paragraph or smaller) while

keeping association to pages in the PDF file
– Using embedding model and vector database, represent each

chunk and user’s query in a high-dimensional vector space
– Retrieve relevant chunks based on a similarity score

● For data from Summary Tables or Listings
– Use a LLM to determine what quantity (PDG ID) user asks for
– Then retrieve that data using new PDG API

● If user wants, use LLM to summarize search results
– Only information from PDG is used in the summary
– Retrieval Augmented Generation (RAG)

Must avoid hallucinations

● Text found via search comes
verbatim from PDG review
articles

● Values are from Summary
Tables and Particle Listings,
retrieved via PDG API

● Summaries based only on 
text and values from PDG 
(RAG)
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Challenges and Tools

● PDG reviews authored in LaTeX with PDG-specific LaTeX style file, distributed as PDF files

● How to convert to more suitable, structured format such as Markdown (or HTML)?
– From LaTeX sources (preferred), but so far not successful with standard tools (pandoc, LaTeXML)
– From PDF files – several powerful tools have recently become available

● Nougat: Neural Optical Understanding for Academic Documents (arXiv:2308.13418) mostly succeeds with 
excellent accuracy, but correctness is not guaranteed and there are occasional mistakes

● Math support in Markdown dependent on Markdown flavor
– mathpix-markdown-it adds advanced equation and table support via LaTeX syntax, used by Nougat

● Some other tools
– Custom code for semantic chunking
– PDFFigures 2.0 to extract figures
– Embedding model (e.g. bge-base-en-v1.5 with 768 embedding dimensions)
– Chroma vector database
– Langchain
– A LLM (e.g. GPT-4o)

https://github.com/facebookresearch/nougat
https://arxiv.org/abs/2308.13418
https://github.com/Mathpix/mathpix-markdown-it
https://github.com/allenai/pdffigures2
https://huggingface.co/BAAI/bge-base-en-v1.5
https://www.trychroma.com/
https://www.langchain.com/
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A First Prototype

Preview of content, even
for advanced math

Link that opens PDF file on the relevant page

Similarity score
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Conclusions

● The new PDG API provides programmatic access to PDG data via 
three tools, aimed at different use cases
– Data in JSON format from pdgLive (or via REST API)
– Python API
– SQLite database files

● Exploring recent AI (LLM) methods with the goal to provide 
enhanced searching of PDG data and reviews 
– Results from a first prototype are encouraging and are used to learn what 

matters and where improvement is needed
– One of the hurdles is the 100% accurate conversion of PDG reviews into 

a suitable structured format such as Markdown
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Extra Slides
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PDG Identifiers

How can one refer to desired particle physics quantities in a program?

● Easy for some things, e.g. for the charged pion π+ 
– ASCII name:               pi+
– MC particle number:   211           

● How about                                                      ?

● PDG defines digital object identifiers (“PDG Identifiers”)
– Case-insensitive, alphanumeric strings

● First 4 alphanumeric characters typically denote particle, additional characters for properties
● STRING.NUMBER for branching fractions

– Examples
● S008 for π+

● S042.214 for the above decay

– In most cases can e.g. iterate over quantities, but if
– PDG Identifier is needed, can look it up e.g. in pdgLive
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Python API: Ambiguities and Pedantic Mode

● For properties such as
mass, by default the 
Python API returns the 
“best” value
– Sometimes this is 

ambiguous

● In “pedantic mode”, 
assumptions are avoided 
and one gets an exception 
in case of ambiguity
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PDG Database Files

● PDG data in a single file in SQLite format
– Different versions can be downloaded from 

pdg.lbl.gov/api
– “pdgall” files contain historical summary data

 

● Python API can use a downloaded file 
instead of the default data source, e.g.

https://pdg.lbl.gov/api
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