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● Aware that this talk will be preaching to the choir
● In Neutrino MCEG's seeing problems that LHC 

software addressed 10-20 years ago
○ Seems sensible for us to build on those solutions…

● I have perspectives/biases:
○ Neutrino–Nucleus interaction systematic uncertainties for 

long-baseline oscillation experiments

Disclaimer
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The Problem
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State of the 𝝼-tion: MCEG Format Edition

NuHepMC @ IPPP     2024/06/27

Generator Name Vector Format Comments

NEUT object TTree, 
'flat' TTree

- Mostly F77, Pythia5, CERNLIB…
- T2K/HK stacks built on NEUT 'flat' TTree
- Event reweighting, flux/det. geom tools

Achilles HepMC3, NuHepMC - C++17, interfaces with LHC MCEGs, e.g. 
SHERPA

GENIE object TTree, 
'flat' TTree,  XML

- FNAL 𝝼 stacks built on GENIE object TTree
- Event reweighting, flux/det. geom tools

NuWro ROOT 'flat' tree - Provides flux/geometry drivers

GiBUU LHA XML, 'flat' TTree - Sophisticated treatment of hadron transport

Marley NuHepMC - Argon-target 'low-energy' MCEG
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● We have 7 different ROOT formats in common use
○ 2 experimental MCEG x ('simple', full experiment detsim), +NuWro, +GiBUU, +NUISANCE
○ Completely non-interoperable
○ Every analysis needs custom code and MCEG expertise per MCEG. 

A very common task that is currently a utter pain in the neck:
● Make a correctly-normalized generator prediction for your measurement 

with multiple generators for your publication

The Problem
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● NUISANCE: a multi-MCEG data-comparison and tuning framework
○ Format converters 'in house'
○ Widely used by the community…

NUISANCE: A Case Study
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Scaling law is worse than ~NMCEGs due 
to breaking changes/different formats
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It is mechanically trivial…

The Solution
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but sociologically tricky
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● Loose coupling:
○  Should not need a copy of the MCEG binary to parse an event vector

● Extensible:
○ We can't pre-specify all information that future MCEGs might want to communicate to 

users

● Self-describing:
○ Should not need a copy of the MCEG source code to interpret an event vector
○ Hard-scatter process identifiers, custom particle statuses should be fully defined within 

the event vector itself

High-level Requirements For A Common Format

NuHepMC @ IPPP     2024/06/27
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● A solution that cannot fully encode MCEG information in existing formats 
will not get adopted:

○ Generator-specific dialects may evolve after adoption: expected, good!

Some Design Assumptions Before Diving In!

NuHepMC @ IPPP     2024/06/27
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● A solution that cannot fully encode MCEG information in existing formats 
will not get adopted:

○ Generator-specific dialects may evolve after adoption: expected, good!

● We can make multi-MCEG event processing simpler and more flexible by 
agreeing on common interfaces without losing any functionality

● Such a common interface must not constrain potential modelling choices

● The simplest solution that needs the least maintenance is the best

● Event parsing is not the computational bottleneck in any 
compute-intensive tasks (e.g. experiment simulation).

○ If a boatload of extensibility makes event reading off disk a little slower, this isn't a 
problem

Some Design Assumptions Before Diving In!
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NuHepMC
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● What is NuHepMC? A metadata specification on top of HepMC3
○ All NuHepMC events are valid HepMC3 events, a strict subset.
○ Not restricted to neutrino probes, have electron probe users, expect nucleon and pion 

probe analyses! 

NuHepMC
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✅

Link to HepMC3 library: Extensively tested, maintained
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● What is NuHepMC? A metadata specification on top of HepMC3
○ All NuHepMC events are valid HepMC3 events, a strict subset. 
○ Not restricted to neutrino probes, have electron probe users, expect nucleon and pion 

probe analyses! 

Why HepMC3?

NuHepMC

NuHepMC @ IPPP     2024/06/27

HepMC3::Attribute system is perfect for arbitrary                             run-, 
event-, particle-, and process-level metadata

✅
✅

✅
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● What is NuHepMC? A metadata specification on top of HepMC3
○ All NuHepMC events are valid HepMC3 events, a strict subset. 
○ Not restricted to neutrino probes, have electron probe users, expect nucleon and pion 

probe analyses! 

Why HepMC3?

NuHepMC

NuHepMC @ IPPP     2024/06/27

HepMC3::Attributes to the rescue again

✅
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● What is NuHepMC? A metadata specification on top of HepMC3
○ All NuHepMC events are valid HepMC3 events, a strict subset. 
○ Not restricted to neutrino probes, have electron probe users, expect nucleon and pion 

probe analyses! 

Why HepMC3?

NuHepMC
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HepMC3 is an existing, well maintained and supported solution 
with many stakeholders

✅

✅
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● What is NuHepMC? A metadata specification on top of HepMC3
○ All NuHepMC events are valid HepMC3 events, a strict subset. 
○ Not restricted to neutrino probes, have electron probe users, expect nucleon and pion 

probe analyses! 

Why HepMC3?

NuHepMC
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HepMC3 offers a 🚢 of extensibility, but relies on string 
parsing.
But: only parses strings of attributes that you need to read

 I assert strongly that this will not be a bottleneck for 𝝼 workflows.

✅

✅

✅
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● What is NuHepMC? A metadata specification on top of HepMC3
○ All NuHepMC events are valid HepMC3 events, a strict subset. 
○ Not restricted to neutrino probes, have electron probe users, expect nucleon and pion 

probe analyses! 

Why HepMC3?
● Separation of in-memory and on-disk formats proving very useful

○ ASCII great for file preservation, low-level debugging
○ Binary great for size & de-serialization speed
○ HepMC3::Reader/Writer plugin framework is simple, extensible, very easy to use

NuHepMC

NuHepMC @ IPPP     2024/06/27
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● Full working spec on Arxiv: https://arxiv.org/pdf/2310.13211.pdf
● More 'living' version on Github: https://github.com/NuHepMC/Spec 

The Specification

NuHepMC @ IPPP     2024/06/27

https://arxiv.org/pdf/2310.13211.pdf
https://github.com/NuHepMC/Spec
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● Full working spec on Arxiv: https://arxiv.org/pdf/2310.13211.pdf
● More 'living' version on Github: https://github.com/NuHepMC/Spec 
● Individual specifications take the form:

<Component>.<Category>.<Index>
○ <Component>:

■ G: GenRunInfo
■ E: Event
■ V: Vertex
■ P: Particle

○ <Category>:
■ R: Requirement – Must be implemented by all
■ C: Convention – Recommend specifications
■ S: Suggestion – Optional details

The Specification

NuHepMC @ IPPP     2024/06/27

https://arxiv.org/pdf/2310.13211.pdf
https://github.com/NuHepMC/Spec
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Specification Highlights
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What extra bits we need to specify:
● How to signal adherence to optional parts of the specification?
● How to communicate what 'hard-scatter channel 43' means in a random 

MCEG event vector file?
● How to correctly normalize a prediction? (what is the cross section?)

Self-Describing Event Vectors

NuHepMC @ IPPP     2024/06/27
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What extra bits we need to specify:
● How to signal adherence to optional parts of the specification?
● How to communicate what 'interaction 43' means in a NEUT file?
● How to correctly normalize a prediction?

Key Goal: If a user has an event vector file, they should be able to make 
correctly normalized predictions with it and retrieve provenance information
● Currently that is categorically untrue. User's often need to know the 

provenance of a given file to even open it.
● NuHepMC: Breaks tight coupling to MCEG binaries/source/versions!

Self-Describing Event Vectors

NuHepMC @ IPPP     2024/06/27



L. Pickering    38

● MCEGs perform above integration numerically
○ Ask MCEG for 1E6 events, or 1E21 POT exposure… but what if you need to know the 

cross-section?
■ Different MCEGs provide cross-section scaling information in fundamentally 

different ways due to different numerical approaches to the above
■ Need to provide flux-averaged total-cross section: ~equivalent to total 

cross-section for collider MCEGs.

Key Example: Predicting a Cross Section

NuHepMC @ IPPP     2024/06/27
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As far as we know, this is the first 
neutrino measurement prediction 
made directly with MCEG output 

without caring which MCEG 
produced which output

This might seem minor… but I hope 
I've given you the context to 

emphasise that I don't think it will be 
for our users
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Key Example: Flux Descriptions

NuHepMC @ IPPP     2024/06/27

● MCEGs perform above integration numerically
○ Different predictions will use different experimental fluxes
○ Universally useful to have neutrino flux provenance information stored in a vector

● Neutrino energy spectrum plays a similar role to PDFs for collider MCEGs
○ But a number of subtleties…

■ Both energy distributions and mono-energetic fluxes are used for truth studies
■ Flux predictions presented in different formats and MCEGs expect different 

formats (/bin width or not)
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● MCEGs perform above integration numerically
○ Different predictions will use different experimental fluxes
○ Universally useful to have neutrino flux provenance information stored in a vector

● Neutrino energy spectrum plays a similar role to PDFs for collider MCEGs
○ But a number of subtleties…

■ Both energy distributions and mono-energetic fluxes are used for truth studies
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formats (/bin width or not)

Store as bin edges and content

Trivial to convert back to histogram 
format of your choosing
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● MCEGs perform above integration numerically
○ Different predictions will use different experimental fluxes
○ Universally useful to have neutrino flux provenance information stored in a vector

● Neutrino energy spectrum plays a similar role to PDFs for collider MCEGs
○ But a number of subtleties…

■ Both energy distributions and mono-energetic fluxes are used for truth studies
■ Flux predictions presented in different formats and MCEGs expect different 

formats (/bin width or not)

Store as bin edges and content

Trivial to convert back to histogram 
format of your choosing
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● We worry about attribution/funding/job security in HEP software
○ This is just as, if not more true, for early career theory/pheno people who often put the 

physics in the software.
○ Common Issue: MCEG gets citation in expt. papers, individual model components don't

● Bake in reference/attribution metadata

Key Example: Simple Citations

NuHepMC @ IPPP     2024/06/27
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Event vectors themselves preserve citation information for all 
relevant components used at generation time

No excuse for under-citing of theory/pheno contributions to 
generators
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Status, Plans, and Prospects
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'Simple' Generator formats:
● Native Internal format: Marley
● Native output format: Achilles, GENIE (PR), GiBUU (Proof of Concept)
● On-the-fly conversion of native format to NuHepMC: NuWro, NEUT
● On-the-fly 2-way conversion: GENIE (PR)

Implementation Status

NuHepMC @ IPPP     2024/06/27

https://github.com/MARLEY-MC/marley
https://github.com/AchillesGen/Achilles
https://github.com/sjgardiner/Generator/tree/hepmc3
https://github.com/NuHepMC/nuwro2hepmc3
https://github.com/neut-devel/neutvect-converter
https://github.com/sjgardiner/Generator/tree/hepmc3
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'Simple' Generator formats:
● Native Internal format: Marley
● Native output format: Achilles, GENIE (PR), GiBUU (Proof of Concept)
● On-the-fly conversion of native format to NuHepMC: NuWro, NEUT
● On-the-fly 2-way conversion: GENIE (PR)

Future Experiment stacks:
● Positive noises coming from LArSoft technical leadership (FNAL, DUNE) 

but no real movement due to lack of person power
○ Some small hope that support/interest from HSF might help build higher-level will to 

push for common/interoperable formats
● Working with Hyper-K people to build their stack on HepMC3/NuHepMC

Implementation Status

Not currently pushing on existing experiments 
as the cost/benefit doesn't seem good enough 

to warrant the effort from us or them
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https://github.com/MARLEY-MC/marley
https://github.com/AchillesGen/Achilles
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● ASAP: Submit NuHepMCv1 for publication

● Short-term: Get PRs merged, work with MCEG developers to add native 
output where possible to minimize maintenance

● Medium-term: work with next generation experiment stack developers 
to address missed requirements

○ Pressure them to build stacks on a common format, doesn't have to be this one, but it is 
possible and will make everyone involved's lives easier

● Longer term: Foster a community of related tools and support smaller 
user group with HepMC3 workflows.

Plans, and Prospects

NuHepMC @ IPPP     2024/06/27
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● NuHepMC is a set of metadata specifications on top of HepMC3 
software infrastructure. 

○ Targeting, but not limited to neutrino probe analyses

Summary

NuHepMC @ IPPP     2024/06/27



L. Pickering    53

● NuHepMC is a set of metadata specifications on top of HepMC3 
software infrastructure. 

○ Targeting, but not limited to neutrino probe analyses

● No community attempts to improve the 𝝼-MCEG format quagmire during 
the T2K/NOvA era (since ~mid 2000s).

○ We need more interoperability, greater transparency, less cognitive load when 
using/improving MCEGs for the precision DUNE/Hyper-K era (next 30 years)
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Massive thanks to the HepMC3 core team for 
enthusiastic support!
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Done! Thanks for listening


