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Quick facts

• Python frontend to generators written in Fortran & C++
‣ DPMJet-III*, PhoJet*, EPOS-LHC, Pythia-6.4, Pythia-8.3, QGSJet*, QGSJet-

II*, SIBYLL*, SOPHIA, UrQMD 3.4 (* = several versions)

‣ Use as Python library or command-line interface

• Open source development on Github
‣ https://github.com/impy-project/chromo
‣ BSD 3-clause license, contributions welcome

• Main authors
‣ Anatoli Fedynitch (project lead), Hans Dembinski, Anton Prosekin

• Beta status
‣ Authors already use it for science projects
‣ pip install chromo not yet ready, but coming very soon!
‣ For installation from source, see README.md
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https://github.com/impy-project/chromo
https://github.com/impy-project/chromo/blob/main/README.md


Introduction
• Applications in (astro)particle physics require 

simulations of particle production in interactions of 
photons, hadrons, and nuclei
‣ Cosmic ray propagation through galaxy
‣ Air showers
‣ Min-bias physics and underlying event at colliders

• No standard event generator (yet)
‣ Common: compute result with input from several 

generators to estimate systematic uncertainty

• Event generators have no standard interface
‣ Varying event representations, particle IDs, and data 

structures

• Most generators implemented in Fortran 77; 
modern generators in C++

• Majority of scientific computing, education, and 
data science have moved to Python ecosystem

• Chromo (formerly named impy) provides
‣ Standard Python interface over generators
‣ Taps into rich Python ecosystem for extra features
‣ CLI to generate HepMC & ROOT output or SVG images

Artist impression of air shower
Image credit: Rebecca Pitt, Discovering Particles, CC BY-ND-NC 2.0
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• DPMJET-III 3.0.6 & PHOJET 1.12-35
• DPMJET-III 19.1 & PHOJET 19.1
• DPMJET-III 19.3 & PHOJET 19.3
• EPOS-LHC
• PYTHIA 6.4
• PYTHIA 8.3
• QGSJet-01
• QGSJet-II-03
• QGSJet-II-04

• SIBYLL-2.1
• SIBYLL-2.3
• SIBYLL-2.3c
• SIBYLL-2.3d
• SOPHIA 2.0
• UrQMD 3.4

Supported event generators
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Technical concept
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Code example
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Event visualization (via pyhepmc)
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Pythia-6.4 event
sqrt(s) = 15 GeV

• pyhepmc is Scikit-HEP library and frontend to HepMC3 C++ library
• Optional event visualization via Graphviz library



Output in HepMC3 format (via pyhepmc)
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HepMC: Lingua franca for simulation software used at CERN 

SIBYLL-2.1, pp, sqrt(s) = 20 GeV



Command line interface
• Interface mimics CRMC to ease transition
• Powered by Python libraries: argparse, rich

‣ Progress bar with ETA, events / sec

• Generate output in HepMC format, ROOT, or generate SVG images
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Prior work: CRMC
• CRMC: Command-line interface written in C++

‣ Used by ATLAS, CMS, LHCb, NA61, TOTEM

• Currently maintained by Tanguy Pierog
‣ Former lead developer Ralf Ulrich left scientific community

• Source compilation required, no binary packages
• Output in ROOT, HepMC, LHE formats

‣ Heavy dependency: ROOT framework

• No direct access to event record from Python or other language
• No built-in event visualization
• Extra models only in Chromo

‣ SIBYLL-(2.1, 2.3, 2.3c), SOPHIA, Pythia-8.3, UrQMD-3.4

• Models not in Chromo
‣ HIJING, GHEISHA (outdated), UrQMD 1.3 (outdated)
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https://web.ikp.kit.edu/rulrich/crmc.html


Performance

• Python libraries can be very fast
• Use Python as glue between fast compiled libraries written in Fortran/C++
• Pass large chunks of data efficiently (as "pointers") as Numpy arrays

• pp collisions at sqrt(s) = 7 TeV: Chromo factor 2 to 35 faster
‣ Event generation faster in chromo (better optimization?)
‣ HEPMC output generation faster in pyhepmc

• Caveat: output not exactly identical
• Postprocessing of raw generator output may be different
• But small expected impact on performance
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Table prepared by Anton
impy is now chromo



Summary
• Easy comparisons between a wide variety of event generators
• Easy visualization and manipulation of events using rich Python ecosystem
• Easy installation*: automated packaging and distribution of binaries via PyPI for 

Linux, MacOS, and Windows (* = coming very soon)
‣ Excellent choice for application and education in (astro)particle physics

• Easy change of simulation settings (on-the-fly)
• Command-line interface

‣ Mimics CRMC to ease transition
• Fast thin wrapper, processing optimized

‣ Much faster than CRMC
• Output in standard formats

‣ HepMC (via pyhepmc), optionally gzipped
‣ Root (via uproot)
‣ SVG images

• Used in cosmic ray community, high-energy neutrino physics (IceCube), and HEP 
community (LHCb)

• To-do
‣ Finish packaging (supporting Windows is challenging)
‣ Add LHE output (via pyhepmc)
‣ Add more event generators, e.g. EPOS 4.0
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