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Why Release?
● Data is very valuable (and expensive: economic and human time)
● Improving interaction models without high-quality, accessible 

measurements to predict is both very difficult and ~pointless
● For neutrino oscillations: We need improved models for the headline 

precision physics goals 

What do we want from data releases?
●  An unambiguous prescription for making a prediction of a measurement 

and calculating a goodness of fit for the prediction

Data Releases
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● Data is very valuable (and expensive: economic and human time)
● Improving interaction models without high-quality, accessible 

measurements to predict is both very difficult and ~pointless
● For neutrino oscillations: We need improved models for the headline 

precision physics goals 

What do we want from data releases?
●  An unambiguous prescription for making a prediction of a measurement 

and calculating a goodness of fit for the prediction
● Simple, right?
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● This talk is mostly my understanding of the problem domain of 
publishing and using scattering data

This Talk

Data Releases and Preservation
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○ Ultimately, the problem is not difficult to solve unlike other problems discussed at this 

workshop:
■ Whats are best measurements to make?
■ Which statistical meat grinder to use to summarise measurement?
■ How to model neutrino-nucleus interactions in the few-GeV region
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● This talk is mostly my understanding of the problem domain of 
publishing and using scattering data
○ Ultimately, the problem is not difficult to solve unlike other problems discussed at this 

workshop:
■ Whats are best measurements to make?
■ Which statistical meat grinder to use to summarise measurement?
■ How to model neutrino-nucleus interactions in the few-GeV region
■ …

● I will also show a quick example of a possible solution that we've been 
working on

● BUT The most useful solution is the one that is used, so this is also a 
call to engage!

This Talk

Data Releases and Preservation
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Measurement Predictions: A Workflow
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● Data histogram (bins, values)

An Example from MINERvA

Data Releases and Preservation

PRL 129 021803

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.021803
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● Data histogram (bins, values)
● Errors (covariance in bin number)
● Flux shape

An Example from MINERvA
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● Data histogram (bins, values)
● Errors (covariance in bin number)
● Flux shape
● Target: CH
● Signal definition
● Projection operators

An Example from MINERvA

Data Releases and Preservation
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● Data histogram (bins, values)
● Errors (covariance in bin number)
● Flux shape
● Target
● Signal definition
● Projection operators

An Example from MINERvA

Data Releases and Preservation

PRL 129 021803

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.021803
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Cross section data/Flux predictions/Error matrices/Smearing matrices:
● Plots in papers

Overview of Encountered Approaches

Data Releases and Preservation

Requires manual digitisation, infeasible for 
many bin measurements

I've tried asking ChatGPT to do it… don't 
recommend
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Cross section data/Flux predictions/Error matrices/Smearing matrices:
● Plots in papers
● Tables in papers

Overview of Encountered Approaches

Data Releases and Preservation

ChatGPT is probably better at this one, 
but it still requires human effort to 'get' 

the data
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Cross section data/Flux predictions/Error matrices/Smearing matrices:
● Plots in papers
● Tables in papers
● Text tables in supplementary materials
● ROOT files in supplementary materials
● File storage on experiment webspace/third party repository

Overview of Encountered Approaches

Data Releases and Preservation

Better! As there is no standard format 
between or within experiments, requires 
(sometimes significant) effort on the part 
of the user to understand the form of the 

data
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● File storage on experiment webspace/third party repository

Analysis Steps:
● Vaguely hinted at throughout paper text
● Clearly signposted signal definition in paper and mathematical 

representation of independent projections
● Official example implementation (in NUISANCE or elsewhere)

Overview of Encountered Approaches
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Expert analyser 
writes code for 
signal/projection

The Ill-posed Analysis Problem
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Analysis Steps:
● Vaguely hinted at throughout paper text
● Clearly signposted signal definition in paper and mathematical 

representation of independent projections
● Official example implementation (in NUISANCE or elsewhere)
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The Ill-posed Analysis Problem

Expert analyser 
writes code for 
signal/projection

Paper committee 
describes analyser 
code in English

Non-expert user 
implements 
prediction code

Lossy projection operator Ill-posed unfolding problem
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Cross section data/Flux predictions/Error matrices/Smearing matrices:
● Plots in papers
● Tables in papers
● Text tables in supplementary materials
● ROOT files in supplementary materials
● File storage on experiment webspace/third party repository

Analysis Steps:
● Vaguely hinted at throughout paper text
● Clearly signposted signal definition in paper and mathematical 

representation of independent projections
● Official example implementation (in NUISANCE or elsewhere)

Overview of Encountered Approaches

Data Releases and Preservation

Conceptually simple to release: 
Values + minimal metadata (bin 

definitions, variable units, …)

Just needs standardisation!

More difficult to release:
How to publish operators that are 

executable over a simulated event stream?

Just learn NUISANCE?
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● Common Formats, Standards, Documentation:
○ Data Release Aphorism: Most of human progress has been driven by shared 

"languages"

● We need more community engagement on the 'boring' bits, so we can all 
do the interesting bits.

● Standardised, machine-readable formats for data with appropriate 
metadata

● Well-documented, open source, community tools to build/validate 
standardised data releases

● Measurements are getting more complicated, and more powerful! 

Personal View: The Way Forward

Data Releases and Preservation
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A Solution
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Implementations for: NEUT, NuWro, 
GENIE, GiBUU, ACHILLES, Marley
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A Solution
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Use a standard, 
minimally-dependent, declarative 

set of tools for writing portable 
event processors:

ProSelecta
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1. Download and parse HEPData record:
a. Read data, errors, smearing, compile selection/projection operations. Fully automated.

MicroBooNE GKI in Action

Data Releases and Preservation

https://www.hepdata.net/record/sandbox/1713917002

Example notebook

https://www.hepdata.net/record/sandbox/1713917002
https://github.com/NUISANCEMC/nuisance3/blob/main/notebooks/NUISANCEHEPDataDemo.ipynb
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1. Download and parse HEPData record:
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2. Interrogate for available analyses
3. Interrogate analysis for flux/target information
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MicroBooNE GKI in Action
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1. Download and parse HEPData record:
a. Read data, errors, smearing, compile selection/projection operations. Fully automated.

2. Interrogate for available analyses
3. Interrogate analysis for flux/target information
4. Load in event stream
5. Build comparison

MicroBooNE GKI in Action

Data Releases and Preservation
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Example notebook
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1. Download and parse HEPData record:
a. Read data, errors, smearing, compile selection/projection operations. Fully automated.

2. Interrogate for available analyses
3. Interrogate analysis for flux/target information
4. Load in event stream
5. Build comparison
6. Make plots

MicroBooNE GKI in Action

Data Releases and Preservation

https://www.hepdata.net/record/sandbox/1713917002

Example notebook

https://www.hepdata.net/record/sandbox/1713917002
https://github.com/NUISANCEMC/nuisance3/blob/main/notebooks/NUISANCEHEPDataDemo.ipynb
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Experimentalists:
● Publish new measurement data releases in a standardised format

○ Bonus points: convince your experimental collaboration to use a standard format 
● Be brave: Read the ProSelecta specification and use it in defining your 

measurement

Theorists:
● If a measurement you want to use isn't in the common format, convert it! 

We can help.
● Be brave: 

○ Use HepMC3, use ProSelecta, use a container if you're worried about building the 
software

○ Get outside your comfort zone, that's where the useful data is and will continue to be

How to Get Involved

Data Releases and Preservation



L. Pickering    42

Experimentalists:
● Publish new measurement data releases in a standardised format

○ Bonus points: convince your experimental collaboration to use a standard format 
● Be brave: Read the ProSelecta specification and use it in defining your 

measurement

Theorists:
● If a measurement you want to use isn't in the common format, convert it! 

We can help.
● Be brave: 

○ Use HepMC3, use ProSelecta, use a container if you're worried about building the 
software

○ Get outside your comfort zone, that's where the useful data is and will continue to be

How to Get Involved

Data Releases and Preservation



L. Pickering    43

● ProSelecta: https://github.com/NUISANCEMC/ProSelecta 

● NuHepMC
○ HepMC3 https://gitlab.cern.ch/hepmc/HepMC3 
○ Specification: https://arxiv.org/pdf/2310.13211 
○ C/python tools: https://github.com/NuHepMC/cpputils 

● HEPData: 
○ Example HEPData Record: https://www.hepdata.net/record/sandbox/1713917002 
○ HEPData YAML format: https://hepdata-submission.readthedocs.io/en/latest/submission_yaml.html 
○ HEPData python tools: https://github.com/HEPData/hepdata_lib/ 
○ NUISANCE conventions and tools: https://github.com/NUISANCEMC/HEPData 
○ Some example of converted neutrino data sets: https://github.com/NUISANCEMC/neutrino_data

● NUISANCE slack: https://www.nuisance-xsec.slack.com 

Linky Dinky Dump

Data Releases and Preservation

https://github.com/NUISANCEMC/ProSelecta
https://gitlab.cern.ch/hepmc/HepMC3
https://arxiv.org/pdf/2310.13211
https://github.com/NuHepMC/cpputils
https://www.hepdata.net/record/sandbox/1713917002
https://hepdata-submission.readthedocs.io/en/latest/submission_yaml.html
https://github.com/HEPData/hepdata_lib/
https://github.com/NUISANCEMC/HEPData
https://github.com/NUISANCEMC/neutrino_data
https://www.nuisance-xsec.slack.com
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● Standards for releasing and using data and MC events from experiments
○ c.f. MINERvA data-preservation effort
○ Fantastic effort, I think the problem domain isn't yet fully explored, so the solution 

requires more work. That should be done!
○ Here's we're talking about easy things that we should just agree how to do and do them

//What I Didn't Cover

Data Releases and Preservation
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● The problem domain is clear
○ No new research is needed

● We have sketched a solution that seems promising:
○ Unless a better one appears, we will work on converting the historical corpus of 

measurements to this format for use in NUISANCE3

● Engagement will improve the tools, reduce your cognitive load, and 
improve your productivity if you produce or use scattering data:
○ There is some upfront cost, but I think the increased productivity and reduction in scope 

for bugs/misinterpretation is worth it
○ We are committed to writing training material, supporting the tools and users using the 

tools
■ If you have ideas for training materials, please let us know: API docs, readthedocs, 

jupyter examples, youtube videos of Luke programing…

Summary

Data Releases and Preservation
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Backup


