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An example of open software 
in theoretical physics

• Has open source license.


• Source code is openly accessible


• Software is allowed to be freely 
copied, modified and redistributed
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Open Software

(Open Source) 

Open Science FAIR data

one pillar of ensures

Reproducibility Traceability

Good scientific (software) practices
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3 types of theoretical 
research data
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3 types of theoretical 
research data
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~100 MBs ~ TBs ~ MBs
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3 types of theoretical 
research data
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3 types of theoretical 
research data
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3 types of theoretical 
research data
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Data Management Policy  
of CRC-TR 211

• DFG funded collaborative research center between Goethe University Frankfurt, 
TU Darmstadt, JLU Gießen and Bielefeld University


• Implemented and enforces data policy


• Common directory structure for publications


• source: contains LaTeX source files and


• figures: Separate pdf- or eps-files for each  
figure in the publication 


• anc: Separate text files with the data to reproduce the figure 


• workflow: Everything needed to reproduce results  
(used software, packages, scripts, handwritten notes, …)


• Source directory is to be uploaded on arXiv. org
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SMASH*

• Hadronic transport approach for low 
energy collisions and dilute non-
equilibrium stages of high energy heavy-
ion collisions


• Goal: standard reference for hadronic 
system with vacuum properties


• Predict and explain observables for 
future high-baryon density nucleus-
nucleus collisions like at FAIR
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* Simulating Many Accelerated Strongly-interacting Hadrons

 J.Weil et al, Phys. Rev. C 94, 054905 (2016) 
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Example: SMASH
• SMASH is a ~30.000 lines C++ code with development since 2012  
→ Publication in November 2018


• Large collaborative effort under the supervision of Hannah Elfner: 33 
authors + 5 external contributors


• Used by many theory groups and experimental collaborations around 
the world e.g. STAR, ALICE, HADES/CBM, NA61/SHINE and theory 
groups in McGill, BNL or Japan


• Good example: A large additional effort to follow good scientific 
(software) practices


• Idea from the beginning to use modern open source development 
tools and practices
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 SMASH on Github
• Made accessible on Github as the most popular platform 

for open-source software 


• License from the start of development: GPL-3.0


• Use of project management tools like issues, pull 
requests and the wiki


• External users are welcomed to contribute to the code via 
opening public issues and pull requests
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Version control
• Version control is the basis of reproducibility in theoretical 

software efforts


• Version control systems: Git, subversion, Mercurial, …


• Pinpoint precise state of source that lead to result


• Tagged versions or commit hash can be quoted in paper


• Also ensures data integrity
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SMASH-2.2 commit b08a1a2acd21210f6c3d4db555608c7c08e8c443



Research Data Management at GSI/FAIR Jan Staudenmaier

SMASH Versions
• Every 6 months a new release is finished


• Issues („to-dos“) are assigned to these milestones


• Explain in Changelog file in detail what is new or different 


• Semantic versioning (MAJOR.MINOR.FIX)
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• Github release can easily get a Digital Object Identifier (DOI) 
issued by Zenodo


• Code versions are citable


• Version is archived


• Funded by CERN and the European Commission (Open AIRE)
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Documentation 

and User Guide

• Also available online (for every version)


• Generated with doxygen: HTML documentation from 
special code comments
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SMASH Configs
• Ensuring reproducibility on a practical level


• All used input files are merged into one file  
→ automatically placed with output


• Includes the employed fixed random seed


• Re-run the same calculation


• Serves as metadata reference
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config.yaml
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Website

17

FAIR
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Tests
• Test suite contains mostly unit and run tests - nothing is broken 

• Has to pass on every change before merged into main 
branch (+ code is reviewed by someone else)


• Automatically ensured by CI Service (Github Actions)


• Physics analysis suite compares observables against previous 
versions and experimental data


• Run for every new release


• Results are public and analysis code is also open source 
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https://smash-transport.github.io/#feat
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Rivet / HepMC
• Rivet: particle-physics MC analysis toolkit


• Provides experimental analyses useful for MC 
generator comparison to experimental data  
(open source)


• Allows to add own analysis e.g. done by LHC 
experiments


• Basically stores the workflow from raw output to 
extracted observable
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https://rivet.hepforge.org

MC generator = Monte-Carlo approaches like Pythia or SMASH

FAIR

https://rivet.hepforge.org
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Rivet / HepMC
• HepMC: C++ event record for High Energy Physics 

Monte Carlo generators and simulation


• Standardized output format e.g. used by Rivet


• Stores all interaction vertices


• Newly included in SMASH since SMASH-2.2


• SMASH also interfaces directly with Rivet with no output 
written to disk 
→ external pull request contribution
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FAIR

http://hepmc.web.cern.ch/hepmc/

http://hepmc.web.cern.ch/hepmc/
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Open Software and 

FAIR principle

• Findable: Website, Github repository, Documentation, 
Zenodo, …


• Publicly Accessible: Open Source, Github, arXiv anc 
directory, …


• Interoperable: Documentation, Output standards 
(HepMC/Rivet), …


• Reusable: Version control, Releases, User Guide, …
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Summary
• Theoretical research data has three parts: software, raw data, results


• Open Software is one of the main requirements in theoretical work to 
ensure FAIR data and Open Science


• SMASH is one example, where we undertake a large additional effort 
to follow this practice and we have made good experiences with it
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https://github.com/
smash-transport/smash
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License
• GNU General Public License v3.0 (or short GPL-3.0)
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Open Science

25

https://de.wikipedia.org/wiki/Offene_Wissenschaft#cite_note-1
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Our Experience
• Overall: Positive experience


• Community appreciates publication


• Ongoing initiatives to contribute to code 


• Widely used by experimentalists


• Other approaches considering to go public, too


• Positive: People did not care too much e.g. no „support 
nightmare“ (no major changes concerning our work)


• Inspired other projects to be open-sourced
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Our Experience
• Code base and documentation improved significantly


• Some extra work is necessary (the later you think about going open 
source the more work)


• Helped to be already a larger collaborative effort (infrastructure already 
set up at the beginning)


• Switch to Github was smooth and improved internal workflow


• Vital to have test and physics analysis suite


• Support-Stats: No pull requests, 6 issues (3 feature requests, 1 bug, 2 
installation problems)


• …
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Discussion

Why should you open source a code? 

Why is your code (not) open source? 

What are potential issues with open-sourcing a code?
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Contra
• Overhead: create proper documentation, maintain 

infrastructure, support, … 


• „Hacking“ together results is faster in the short-term


• Someone else might write your paper first


• Uncontrolled and wrong usage of your code


• You get confronted with/are blamed for wrong results


• Your code can get stolen without credit


• …
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Pro
• Good scientific practice: Reproducibility, traceability and 

credibility of your results


• Research funded by the public, therefore you should 
make your research available to the public


• Funding agencies encourage (future: require?) open source


• Follows the general trend of Open Science (Open source is 
one pillar)


• Not everybody has to „reinvent the wheel“
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Pro
• Other will use your approach more —> it gains more relevance 

in the community —> more citations 

• More collaboration with other scientists —> more publications 

• Code is automatically improved: Bugs are found, code is 
kept clean, documentation is done


• Developers get to know open source development (new 
personal skill for C.V.)


• Convenient, if you anyway want to share the approach (no e-
mails with users, easy to use for them, explain and setup 
everything only once)
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Platform
• Hosted on Github, the most popular place for open-

source software


• Private development repository


• Public repository updated with new versions and allows 
to open issues and pull requests
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