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Outline

● About PDG and the Review of Particle Physics

● New tools for accessing PDG data in machine-readable format
– REST API
– Python API
– Database files

● Status and Challenges

● Conclusions
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PDG in a Nutshell

● The Particle Data Group provides a comprehensive summary of particle 
physics and related areas (cosmology, astrophysics) in a single publication, the 
Review of Particle Physics
– International collaboration with 236 scientific authors from 171 institutions and 26 countries
– Coordination team at LBNL provides overall scientific leadership, central coordination, and technical 

expertise & infrastructure for whole collaboration
– Funded primarily by the DOE Office of High Energy Physics

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

– Recognized by DOE Office of Science as authoritative
data resource in 2021 (“PuRe Data Resource”)

● Review of Particle Physics consists of
– Summary Tables
– Particle Listings
– 120 review articles covering a wide range of topics (Standard Model, searches, cosmology, 

experimental methods, mathematical tools, atomic and nuclear properties, ...)

● Updated yearly (on the web) and published in a journal every two years
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Summary Tables and Particle Listings

● Summary Tables give
PDG world averages
(or best limits)
– Some provided by specialized

averaging groups (HFLAV, ...)

● Particle Listings detail
how averages/fits were
obtained
– Including curated, annotated

lists of published results

● PDG scans published literature for
relevant results

● For each measurement, the PDG entry
is carefully put together by two
experts and finally checked by the
corresponding experiment

Summary Table

Particle Listing
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66 Years of PDG

● PDG started in 1957 with 
journal article by Rosenfeld 
and Gell-Mann
– Followed by wallet card

● PDG Book and Booklet as 
staples of particle physics

For much of PDG’s 
history, focus has 

(naturally) been on 
printed materials
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Today’s Review of Particle Physics

2,270 page open-access journal article (2022 ed.)
● 120 review articles
● 47k measurements from 13k publications
● One of/the most cited publication in HEP

pdgLive

Book & Booklet Booklet App

PDG website

Downloads
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What Does Community Use and Need?

● Comprehensive user survey in 2022
– Widely advertised (online, PDG address list, advertised by many collaborations)
– 4,231 responses, over 2,500 comments (135 pages)
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Which Data Should be Made Machine-Readable?

● Some PDG data has been available as fixed-format text files for very long time
– Particle charges, masses, and widths (available since at least 1994!)
– Cross-section data and related quantities
– Data from interactive version of Atomic and Nuclear Properties of Materials

● Current focus is on making core PDG data fully available in modern way
– Summary Tables (including branching fractions)
– Particle Listings, including

● Measurements and limits

● Comments, footnotes, references

● Fit information

● Eventually also
– Data from tables in certain PDG review articles (Collider Parameters, Physical Constants, ...)
– Data from figures in PDG review articles
– ...

FAIR principles
● Findable (digital identifiers)
● Accessible (standard protocol)
● Interoperable (shared language 

for knowledge representations)
● Reusable (metadata, license)
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Some Use Cases

● Partly or fully automated update of PDG data in HEP software for simulation, data 
analysis, or reconstruction
– Example: update of EvtGen decay tables

● Simplify making calculations or figures based on PDG data
– What particles decay into a certain combination of particles?

● Download PDG data to do custom averages/fits
– What if the PDG average did (not) include a certain measurement?

● Enable machine-learning applications of PDG data
– Automatic document classification based on PDG Identifiers and their metadata

● Meta-analysis of particle physics data
– Can the impact of blind analyses on statistical properties of averages (avoiding bias, ...) be 

quantified?

● Full-featured pdgLive-like smartphone app that works offline

● …
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New PDG API with Three Tools

Developing three closely related tools, aimed at different use cases

● REST API
– Download JSON data directly from pdgLive
– Can also be used in scripts/programs
– Intended for incidental, rate-limited use

● Python API
– High-level API for programmatic access to PDG data
– Includes local data store

● Database files
– SQLite files with part of or whole PDG dataset
– Aimed primarily at software developers
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Get Data in JSON Format from pdgLive

From D*(2007)0 page in pdgLive 

https://pdglive.lbl.gov/Particle.action?init=0&node=M061&home=MXXX035
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REST API 

●           buttons in pdgLive provide links to a REST API
– REST – Representational State Transfer

● Typical architecture for web-based APIs (Application Programming Interface)
– Provides URLs to download PDG data in machine-readable format

● JSON files
– Implemented at https://pdgapi.lbl.gov

● General format:   https://pdgapi.lbl.gov/PATH

https://pdgapi.lbl.gov/
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PDG Identifiers

● Digital object identifiers
– Case-insensitive, alphanumeric strings

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

– Unambiguous way to refer to physics quantities in a program

● Example:  M061          → 

● Example:  S042.214    →

– In most cases, NOT expected to know/use PDG Identifiers directly
● Can use pdgLive to look up PDG Identifiers:

● Currently about 19,000 PDG Identifiers
– Used by all PDG systems as well as for cross-linking with INSPIRE

● Might be embedded into ISO 26324 DOI system
– E.g. 10.NNNN/S042.214        (NNNN = future unique number for PDG)
– Benefit: improved public visibility/searchability, standardization



Programmatic Access to PDG Data, HADRON 2023 LAWRENCE BERKELEY NATIONAL LABORATORY Juerg Beringer (LBNL), page 14

Python API

● Implemented in Python package pdg
– Supports Python 3 (and for now also 2.7)
– Installed like any other package

● For example:  python -m pip install pdg
– Released as open-source software

● https://github.com/particledatagroup/api

● Comes with local data source
– PDG database file containing data 

current at time of release

https://pypi.org/project/pdg/
https://github.com/particledatagroup/api
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Example: Particle Properties

General usage pattern

● Import pdg package

● Connect to data source
– By default uses included database file
– Can download/use other PDG database 

files (more data or different edition)

● Access desired particle or property
– By Monte Carlo number
– By particle name
– By PDG Identifier
– By iterating over particles/properties
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Example: B0 Exclusive Branching Fractions
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Ambiguities and Pedantic Mode

Mass of the top quark?

Default: make assumption about “best” value
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Using Other Database Files

● Python API package includes minimal set of PDG data
– Summary Table data for current edition of Review of Particle Physics

● Other database files are available from https://pdg.lbl.gov/api 
– Database files with data from Particle Listings (future)
– Database files for a different edition (future)
– Files including historical Summary Table data (available now)

https://pdg.lbl.gov/api
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Example: Make Your Own History Plot
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Database Files

● All (or subset of) PDG data in a single 
file in SQLite format
– SQLite is very widely used “relational 

database in a single file”

● Aimed at software developers wishing to 
include PDG data in their applications 
without using Python API

● Low-level access to PDG data
– Queried via SQL
– Must understand special cases in PDG data
– Source of Python API can serve as guide Current schema,

still evolving
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Status

● Beta release available for testing and to get feedback
– Includes access to most data in PDG Summary Tables via REST API, Python 

API, and database files
– In particular, access to PDG branching fraction data in machine-readable 

format 

● It’s a beta release ...
– There may be bugs, and some data may be incomplete or wrong
– There are features missing that obviously should be there (and will be added)

● Ongoing development to
– Improve and extend all tools, improve metadata, better handle special cases
– Add access to data in Particle Listings
– ...
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Extending Metadata

● For most of its existence, PDG 
produced summaries to be read by 
humans
– Meaning of ℓ, interpretation of footnotes, 

indenting, and more is intuitively 
understood or “well known” by community

● For programmatic access, all this 
needs to be modeled by metadata
– Must first be added to PDG production 

database
– Need tools to maintain/update metadata
– Then needs to be properly and intuitively 

interpreted by e.g. the Python API

This is what requires most of the
work for making PDG data available

in machine-readable format
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How To Get Started with Present Version

See pdg.lbl.gov/api to get started

● Links to documentation

● Downloadable database files

Please send feedback, suggestions, 
and bug reports go api@pdg.lbl.gov 

https://pdg.lbl.gov/api
mailto:api@pdg.lbl.gov
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Conclusions

● New PDG API consists of three complementary tools to access PDG data in 
machine-readable format, addressing different use cases
– REST API with direct access to JSON data in pdgLive
– Python API
– Database files

● This is a new PDG product
– Expected to be supported in the long-term

● First beta release available for testing
– Provides, for the first time, programmatic access to PDG branching fraction data

● Development is ongoing

● We look forward to your feedback
– Contact api@pdg.lbl.gov 

mailto:api@pdg.lbl.gov
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Extra Slides
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Complete Code for History Example
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From Production Database to PDG Value

● PDG production database 
aimed at producing and 
updating Particle Listings 
and Summary Table values
– In many cases does not store 

values directly
– Instead stores relationships 

between measurements used 
in PDG averages and fits

– Done using “PDG macros”

● Tools to make PDG data 
available in machine-
readable format must do this 
evaluation
– Much more involved than just 

copying values from the 
production database into a 
downloadable database file

From a LHCb paper

(Part of) entry in production database

Entry in Particle Listings
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