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Belle II and basf2
■ Belle II: experiment at the asymmetric e e  collider SuperKEKB (KEK, Japan)⁺ ⁻

■ Center of mass energy: ~10.58 GeV

■ Data-taking ongoing since 2018, goal to collect tens of ab ¹⁻
■ basf2 (Belle II Analysis Software Framework): monolithic C++ + Python framework

■ Event reconstruction, simulation, and analysis in a single stack

■ Pre-compiled binaries deployed via CVMFS

■ Development done on DESY GitLab; publicly available mirror on GitHub
■ Two flavors of releases:

■ Full releases for online data taking, offline reprocessing, MC simulation and analysis jobs

■ Light releases (subset of basf2 packages) only for analysis jobs
■ basf2 depends on a large set of external software packages - the topic of this talk

https://github.com/belle2/basf2
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The “externals”
■ Our externals repository on GitHub: https://github.com/belle2/externals
■ ~75 compiled C++ packages, including:

■ Toolchain: GCC, Clang, Python, binutils, CMake, ninja, Valgrind, …

■ HEP frameworks: ROOT, Geant4, HepMC, …

■ Generators: EvtGen, Pythia8, Photos, Tauola, Herwig, Whizard, …

■ ML / numerics: ONNX Runtime, FastBDT, Boost, Eigen, …

■ Storage / I/O: XRootD, DaVix, HDF5, …
■ 100+ Python packages installed via pip (NumPy, SciPy, PyTorch, TensorFlow, uproot, …)
■ One externals version serves multiple basf2 releases

■ One externals version “fixes” the version of all the included packages
■ E.g.: externals v02-04-01 → GCC 15.2, ROOT 6.36/06, EvtGen R02-00-01

https://github.com/belle2/externals
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Externals build system
■ Two-file system: Makefile (orchestrator) + Makefile.targets (per-package rules)
■ All packages built from source (by us)
■ SHA-256 verification of every downloaded source archive
■ Python packages managed in parallel via pip

■ Packages versions pinned in a dedicated requirements-base.txt

■ Versions are updated either manually (on demand) or automatically using helper tools (e.g., following major updates to 
Python or relevant packages)

■ Private source mirror at software.belle2.org - resilience against upstream disappearances or temporary 
unavailability
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Target example
■ Target example (clang): 

 
clang: $(EXTBINDIR)/clang++ 

clang.src: $(EXTSRCDIR)/llvm 

clang.touch: 

rm -fr $(EXTBINDIR)/clang++ 

 

$(EXTSRCDIR)/llvm: 

@$(DOWNLOAD) llvm llvm-project-21.1.8.src.tar.xz 

https:++github.com/llvm/llvm-project/releases/download/llvmorg-21.1.8/llvm-project-21.1.8.src.t

ar.xz

$(EXTBINDIR)/clang++: $(EXTSRCDIR)/llvm 

@echo "building llvm/clang" 

@mkdir -p $(EXTBUILDDIR)/llvm 

@cd $(EXTBUILDDIR)/llvm &+ $(CMAKE) -S $(EXTSRCDIR)/llvm/llvm \ 

    -DPython3_EXECUTABLE=`which python3` \ 

    -DLLVM_ENABLE_PROJECTS="clang;clang-tools-extra;lld;compiler-rt" \ 

    -DLLVM_ENABLE_RUNTIMES="libcxx;libcxxabi;libunwind" &+ \ 

    ninja -j $(NPROCESSES) install$(CMAKE_TARGET_SUFFIX)

https://github.com/llvm/llvm-project/releases/download/llvmorg-21.1.8/llvm-project-21.1.8.src.tar.xz
https://github.com/llvm/llvm-project/releases/download/llvmorg-21.1.8/llvm-project-21.1.8.src.tar.xz


24. Juni 2026 Giacomo De Pietro (giacomo.pietro@kit.edu)6

Installation layout
■ Install prefix structured by architecture and build mode:

■ {BELLE2_EXTERNALS_DIR}/

Linux_x86_64/

common/

bin/ lib/ lib64/ include/

root/

share/

■ CPPFLAGS and LDFLAGS point into common/; later packages find earlier ones automatically
■ DWARF debug info kept except for toolchain packages (useful for debugging)
■ Deployed on CVMFS: e.g. /cvmfs/belle.cern.ch/el9/externals/v02-02-04/

e.g. .++/externals/v02-02-04/

arch-specific built packages

ROOT has its own tree (ROOTSYS)
architecture-independent data
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Deployment workflow
■ Prepare the externals for a new release (mostly manual):

■ Update Makefile.targets (e.g. ROOT 6.36 → ROOT 6.40)

■ Ensure that all the other external packages still compile

■ Otherwise, update them as well

■ Ensure that basf2 works with the proposed new packages
■ Steps to release a new externals version (mostly automatized):

■ Update snapshot of SHA-256 checksums

■ Upload source archives to software.belle2.org mirror

■ Tag the Git repository

■ Our CI on buildbot automatically compiles the externals in Docker containers with a minimal OS image

■ Critical: avoids accidentally picking up host libraries as dependencies

■ buildbot deploys automatically the binaries on CVMFS

■ Currently, x86_64 is the only supported architecture

■ Currently, EL8, EL9, Ubuntu 22.04 and Ubuntu 24.04 are the only supported OS
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User interface: b2setup
■ A single command sets up the complete basf2 environment:

■ source /cvmfs/belle.cern.ch/tools/b2setup

■ b2setup release-09-00-15

■ b2setup sets all required variables:

■ PATH, LD_LIBRARY_PATH, PYTHONPATH

■ Sources ROOT’s thisroot.sh and Geant4’s geant4.sh automatically

■ All BELLE2_* environment variables → set externals + release directories

■ Used also to set up a development environment
■ Identical command used interactively and for grid jobs
■ Works in bash, zsh, and tcsh
■ b2venv: creates a Python virtual environment on top of basf2 for user packages
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basf2 environment
■ Example environment from release-09-00-15 of basf2:

BELLE2_OPTION=opt

BELLE2_ANALYSES_PROJECT=belle2/analyses

BELLE2_ARCH=Linux_x86_64

VO_BELLE2_SW_DIR=/cvmfs/belle.cern.ch/el9

BELLE2_EXTERNALS_TOPDIR=/cvmfs/belle.cern.ch/el9/externals

BELLE2_EXTERNALS_OPTION=opt

BELLE2_RELEASE=release-09-00-15

BELLE2_EXTERNALS_DIR=/cvmfs/belle.cern.ch/el9/externals/v02-02-04

BELLE2_TOOLS=/cvmfs/belle.cern.ch/tools

BELLE2_RELEASE_DIR=/cvmfs/belle.cern.ch/el9/releases/release-09-00-15

BELLE2_EXTERNALS_VERSION=v02-02-04

BELLE2_EXTERNALS_SUBDIR=Linux_x86_64/opt

BELLE2_SUBDIR=Linux_x86_64/opt

PATH=/cvmfs/belle.cern.ch/el9/externals/v02-02-04/Linux_x86_64/common/root/bin:…

PYTHONPATH=/cvmfs/belle.cern.ch/el9/externals/v02-02-04/Linux_x86_64/common/root/lib:…

LD_LIBRARY_PATH=/cvmfs/belle.cern.ch/el9/externals/v02-02-04/Linux_x86_64/common/root/lib:.++
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Limitations
■ Every package update requires:

■ Manual edit of Makefile.targets (URL, package version, build flags)

■ SHA-256 checksum update

■ Compilation on every supported platform in Docker

■ Upload to software.belle2.org
■ ~75 custom build recipes maintained by a very small team
■ No sharing of recipes with other HEP experiments or the wider ecosystem
■ Extensive post-install relocation needed

■ Rpath patching, symlink fixups, etc.

■ Lengthy integration testing before tagging
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Limitations: platform support
■ Supported today: x86_64, EL8, EL9, Ubuntu 22.04, Ubuntu 24.04
■ Not supported: ARM (aarch64), macOS
■ ARM is becoming unavoidable:

■ Apple Silicon: the default laptop for many physicists

■ ARM HPC clusters, cloud instances

■ Some grid sites already providing aarch64 nodes
■ Adding a new platform requires:

■ Extensive testing beforehand

■ New Docker image + full source rebuild (~hours of CPU time)
■ OS coupling: moving to a new OS requires rebuilding everything
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Why conda-forge?
■ conda-forge: community-maintained binary package channel (~25 000 packages)
■ Directly addresses our pain points:

■ ~75 custom build recipes → Community feedstocks, maintained upstream

■ No ARM support → Builds for x86_64, aarch64, etc.

■ Hours to rebuild → Pre-built binaries, install in minutes

■ Isolated Python stack → Unified conda environment

■ Rpath relocation headaches → conda handles prefix relocation automatically
■ Key packages already on conda-forge: ROOT, Geant4, Boost, Python, …
■ Reproducible environments via conda-lock files



24. Juni 2026 Giacomo De Pietro (giacomo.pietro@kit.edu)13

Embracing conda-forge
■ Ongoing work to build a prototype environment based on conda-forge

■ Part of the Google Summer of Code Enabling Sustainable ARM Support for the Belle II Software by Utkarsh Raj
■ Inventory of externals vs. conda-forge availability:

■ Most general-purpose packages covered: ROOT, Geant4, Boost, Python, …

■ Some missing HEP-specific packages

■ Utkarsh is working right now on providing the recipes to build the feedstocks for such packages

■ Great support from Matthew and Chris so far (thanks a lot!)
■ First steps:

■ Reproduce the latest version of our externals with conda-forge

■ Verify there are no major issues
■ Open questions:

■ Integration with b2setup

■ CVMFS distribution

■ Private mirroring of binaries for redundancy

https://summerofcode.withgoogle.com/programs/2026/projects/t5wtm4YD


24. Juni 2026 Giacomo De Pietro (giacomo.pietro@kit.edu)14

Potential concerns?
■ What if… 

■ Anaconda stops distributing the binaries?

■ We are already considering preserving (mirroring/archiving) all external binaries built through conda-forge to ensure 
long-term availability

■ A feedstock maintainer changes the source artifact unexpectedly?

■ A maintainer could modify the source URL or source definition, potentially introducing unreviewed or unintended content

■ A supply-chain attack compromises the build process?

■ Malicious code could be introduced through upstream sources, build infrastructure, dependencies, or compromised 
maintainer accounts
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Summary
■ Belle II externals: ~75 C++ packages + 100+ Python packages, all built from source
■ Makefile-based system has served us well so far

■ Reproducible, self-contained, works on CVMFS

■ Maintenance cost is significant for a small team

■ No ARM support, limited OS support — increasingly a problem
■ Transition to conda-forge is the target:

■ Leverages community infrastructure and pre-built binaries

■ ARM support as primary driver

■ Gaps in coverage being identified and currently addressed
■ Integration with deployment infrastructure (CVMFS, b2setup) will be necessary to continue guaranteeing a 

smooth users’ experience
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