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Relevant links

https://github.com/mattbellis/hepfile

https://hepfile.readthedocs.io/en/latest/index.html

Colab notebook example

https://github.com/mattbellis/hepfile
https://hepfile.readthedocs.io/en/latest/index.html
https://colab.research.google.com/drive/167gHbHluieh_oUluOG6k7pz0unPGb8gI?usp=sharing


Siena College
Undergraduate-only institution in upstate-NY

~3000 students

Member of CMS experiment since 2013



So much thanks to my student collaborators!

● Willow Hagen

● Matt Dreyer (Cornell)
○ Supported on a DIANA-HEP 

fellowship in 2021

● Ryan Mikulec

● Gabriella Tamayo

https://diana-hep.org/pages/fellows.html.html
https://diana-hep.org/pages/fellows.html.html


What is the problem we’re trying to solve?

● HEP (High Energy Physics) data is heterogeneous and 
complicated!

● HEP-native example is particle physics experiment
○ Sensors find muons, electrons, jets, etc.
○ Each particle has specific data attached to it (momentum, charge, 

etc.)
○ Each event (collision) might have different numbers of these 

particles

● Consider a census of a town, with data gathered per 
household

○ Each household has people, cars, and place of residence
○ Each person has name, gender, and age
○ Each car has age and license plate
○ Each house has # of bedrooms and bathrooms



How to solve it

Current solutions: ROOT! 

Problems: Monolithic

PyROOT helps but still tied to a file format that is bound to the 

analysis toolkit

Makes it difficult to interface with non-HEP people (e.g. broader 

computing community)

Alternative ROOT-file approaches: 

uproot/awkward ecosystem

But this is still using the ROOT file 

format (uproot). 



Early attempt - h5hep
● Since 2013, maintained Particle Physics Playground

○ Simplified particle physics data (zipped text files)
○ CMS, BaBar, CLEO
○ Custom python accessors with knowledge of file (text) structure
○ Getting complicated to maintain! 

● Package originally called h5hep (2017)
○ Begun in earnest at HEP Software Foundation workshop in Annecy, FR. https://indico.cern.ch/event/613093/

● I approached it from the UI/UX/API standpoint first
○ What would I want to type? Then figure it out!
○ Didn’t want to write an entire file structure from scratch!

● Leaned in to wrapping HDF5 file format
○ Robust; been around; someone else had done the heavy lifting, h5py
○ Datasets stored in group, stored in groups, etc. Very HEP-like

Tried HDF5 as far back as 2014 but couldn’t figure out how to use efficiently! 

https://particle-physics-playground.github.io/
https://indico.cern.ch/event/613093/
https://www.h5py.org/


By 2018, h5hep was used in PPP

In 2021, proposed fellowship project through DIANA-HEP and worked with Matt Dryer 
(Cornell sophomore)

What we had
● Basics of hepfile
● Could be pip installed
● Basics of ReadThe Docs

What we wanted to have
● Add some functionality

○ Store strings
○ Add attributes

● Improve documentation
● Use Henry Schreiner’s scikit-cookiecutter to 

make the package more robust for distribution
● Make code more robust and fault-tolerant
● Add necessary unit tests
● Get CI working
● Submit to JOSS! (Journal of Open-Source Software)

https://diana-hep.org/pages/fellows.html.html
https://github.com/scikit-hep/cookie


hepfile is born!

● h5hep → hepfile (Summer 2021)
● Define a schema

○ How data is organized
○ What metadata needs to be stored to organize the 

data

● Define minimal useful API for flexibility
● Then, implement it in 

○ Python
○ HDF5

● Define structure of two python dictionaries 
to help with packing/unpacking data

○ Analogous to ROOT’s TTree/Leaf/Branch

Image credit : 
https://www.neonscience.org/resources/learning-hub/tutorials/about-hdf5
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hepfile - API



hepfile - Read The Docs is getting populated!



Installation

Local install and development

● Clone from Github

● https://github.com/mattbellis/hepfile

PyPI installpip install hepfile

pip install hepfile[awkward]

git clone https://github.com/mattbellis/hepfile
cd hepfile
flit install 

In development

https://github.com/mattbellis/hepfile


Julia test case
using HDF5
using Plots

fname = "output.h5"
fid = h5open(fname, "r")

group_names = keys(fid)

for name in group_names
    println(name)
end

jet = read(fid,"jet")
jet_fields = keys(jet)

for field in jet_fields
  println(field)
end

e = jet["e"]

h = histogram(e,bins=25)

savefig("julia_plot_output.png")

gui()

With a standard underlying file format (HDF5), it 
makes it easier for other languages to extract data 
from the file (assuming there are HDF5 tools written 
already)



Summary

hepfile is in use in Particle Physics Playground (outreach)

I’m using it regularly for CMS analysis with skimmed data

Interest from others!

To do

● A few more features to add

● Refactor internal storage (slightly)
● Finish documentation

● Submit to JOSS

Thank you for your time!



Backup slides



What is hepfile?

● Data organized into events/buckets 

● hepfile groups data of similar types together in 

datasets

○ Keep bucket data using ‘counter’ field in dataset

● Pack takes buckets -> groups and datasets

● Unpack takes groups and datasets -> buckets

○ Extracts specific bucket ‘i’ from datasets



Residence

People
Vehicles



Residence: House, 4, 2.5, 1500, 1955, 250000

Person 0: Ollie, Defelice, M, 54, 159, 75000. BS
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Vehicle 3: Bike,1,Human,2015,500

Vehicle 4: Bike,1,Human,2015,500 

Vehicle 5: Bike,1,Human,2015,500 
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Unit tests

● Unit tests ensure functionality 

of the program and use cases 

are considered

● Continuous Integration
○ Evaluates whether every github 

commit keeps all unit tests 

working

○ Using Github Actions for this



hepfile - Read The Docs is getting populated!


