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The FAIR Principles
● To inspire scientific data management for reproducibility and maximal reusability1

● Originally proposed for scientific data 
● Can be interpreted as guidelines to manage and preserve other Digital Objects (DOs) e.g. 

research software2 , tutorials and notebooks3 , AI and ML models4

● Different working groups working on FAIR guidelines for different DOs (e.g FAIR4RS, FAIR 
workflows, FAIR VREs)
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Findable: locating DOs in a failsafe fashion
Accessible: obtaining DOs along with their

context, content, and format
Interoperable: being usable across multiple

computing platforms
Reusable: specifying the context and extent

of reusing DOs

https://www.google.com/url?q=https://www.rd-alliance.org/groups/fair-research-software-fair4rs-wg&sa=D&source=editors&ust=1657302755655346&usg=AOvVaw1gkpXQnoW3-zEm-9q30XMt
https://workflows.community/groups/fair/
https://workflows.community/groups/fair/
https://www.rd-alliance.org/groups/fair-virtual-research-environments-wg


Extending  FAIR to Other Digital Objects

● Interpretation of FAIR depends on the nature of the 
digital content being FAIRified

● Dedicated work being done for interpreting and 
benchmarking the FAIR principles for a variety of 
digital objects

● Question: What kind of tools and processes are 
needed to make HEP DOs FAIR?

● Constraints: 
○ FAIRification without interfering with the established 

practices of developing the DOs
○ Compatible with existing DOs as well as newer content
○ Preferably, an end-to-end software system with certain 

automations incorporated
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Universal FeynRules Output (UFO) Models

● UFO models are used for simulating Beyond Standard 
Model Physics with Monte Carlo generators

● Custom Python libraries that pack necessary physics 
content as modules

● Designed to be Interoperable across multiple generator
● Heavily used in ATLAS and CMS analyses

● No uniform convention for management and citation 
practices for these models

● Most models are preserved at the FeynRules Model 
Database w/o dedicated metadata preservation or version 
controlling
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https://feynrules.irmp.ucl.ac.be/wiki/ModelDatabaseMainPage
https://feynrules.irmp.ucl.ac.be/wiki/ModelDatabaseMainPage


Why FAIRify UFOs? 
The Case for UFO Citations

● In many cases, only the theory paper 
describing the physics model is cited

● The actual digital object i.e. the 
implementation of the model itself is not 
always cited

● When cited, no uniform convention is 
followed

● Often digital repositories are cited, that 
may be lost/changed when the hosting 
service or the hosting account becomes 
inactive
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From the references in JHEP 05 (2019) 142



Making UFOs FAIR

● Making UFOs FAIR requires consistent 
standards for 

○ preserving the models with persistent 
identifiers like DOIs (F, A)

○ storing domain-specific enriched 
metadata (I, R)

○ allowing search and download models 
(F, R)

● FAIRification should be independent of 
developing the UFO, compatible with 
existing models (hence, compatible with 
both Python 2 and 3)
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UFOManager

Dedicated software developed to 
● Validate models 
● Create enriched metadata
● Store said metadata in dedicated repo
● Publish model in Zenodo with DOI
● Facilitate search and download of models
● Allows version controlling 

UFOMetadata

Dedicated repository developed to 
● Store metadata of published UFO models
● Validate metadata format with continuous 

integration

https://github.com/Neubauer-Group/UFOManager
https://github.com/Neubauer-Group/UFOMetadata


UFOManager
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Search Query 
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Fetch Matching 
Metadata from 
UFOMetadata

Match Results 
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Download 
Request

Download models 
using DOIs

Model 
Files

Format Validation

● Works as a 
Python module

● Contains the 
necessary files

● Each file contains 
non-zero count of 
physics objects

Physics Validation

● Unique PDG ID for 
each particle

● Valid PDG IDs for 
SM and BSM 
particles

● NLO Compatibility

Enriched 
Metadata (.json)

Upload 
Model to 

Zenodo with 
unique DOI

Upload 
Metadata to 

UFOMetadata

Initial
 Metadata (.json)

Upload Workflow

Search and Download Workflow



The Enriched 
Metadata
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Initial Metadata

Enriched Metadata



UFOMetadata

● Stores Metadata for FAIRified UFO models
● Interfaces with the Upload script of 

UFOManager to enable the storage of enriched 
metadata, and with the Download script to 
enable search for the right UFO models

● Has a built-in Continuous Integration Workflow 
to automate the integration of new UFO models 
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Summary and Outlook

● The work presented here is a demonstrative example of the kind 
of tools and approaches needed to FAIRify custom-HEP DOs

● Room for improvement:
○ Seamless integration with existing model repositories and 

databases
○ Work to be done to include compatibilities with UFO v2.0
○ Making it a part of a more sustainably preserved cyberinfrastructure 

for development, preservation, dispersion, and citation of UFO 
models

● Ultimately, we hope to initiate and engage in a larger 
community-wide discussion on adaptation of FAIR principles for 
DOs (UFOs and beyond) in HEP
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Mark Neubauer
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