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How one traditionally uses ACTS

* Building and running ACTS requires * C++ package management is
experience with C++, cmake, Linux/Mac non-trivial (especially with DD4hep,
linking, etc... ROOT, ...)

- Improved a lot with spack tough

* Often took O(weeks) for
summer students, PhDs, etc. to
get a reliable setup

 Usage of ACTS as a thirdparty
dependency in a project is not
straight forward



Slim but powerful package
~ No heavy dependencies

The vision ~ e.g., no ROOT, DD4hep, Geant4
- Fast simulation available

~ Load fullsim data, serialized
geometries

Write/Import your
algorithm in Python

- Hook
pytorch/Tensorflow
models into the event
loop

~ Plot event data with

matplotlib at each stage
of the processing chain

Only need one command
to get started on ACTS:

pip install pyacts

class MyAlgorithm(acts.examples.IAlgorithm):

def execute(self, context): Import acts in your python project
OTiS = Ee SR ~ Use it as validation tool
plt.scatter(hits.x, hits.y) )
plt.show() - Compare your algorithm to reference

implementations of CKF, Triplet seeding,




* Tracking performance and validation What,s the StatUS?

- Migration from ROOT to Boost.Histogram as histogram backend:
Simple plotting integration with mplhep
* Access to event data types from python:
So far: particles, Simhits, Spacepoints, seeds, (proto)tracks
X Measurements, Clusters
 Geometries
- Generic Detector
- & Serialization (ODD, ATLAS ITk, ...) - expected to be available soon! #5336
* File I/O:
- Uproot-based reader for particles & simhits (slow!)
Y Native reading of ColliderML
* Infrastructure:

Automated build and deployment based on scikit-build-core and ci-buildwheel



https://mplhep.readthedocs.io/en/latest/gallery/
https://github.com/acts-project/acts/pull/5336
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Project description

* Tagged releases: pip install pyacts

Common Trc, ng Software if yo do not like re r: a
ki ITyou recursive

cronyms

& Download files

- We have a nightly build, deployed to the PyPI test instance:

reconstruction in (hi,

@ bhuth
* We have many example python scripts: L oo

— Most of them are only tested with the full build

- Examples/Scripts/Python/track_finding_python_only.py works with the

PyPI distribution

Current build matrix:
Python versions: 3.10, 3.11, 3.12, 3.13, 3.14
Platforms: manylinux 2.34 (x86-64), macosx 15.0 (arm64)



https://github.com/acts-project/acts/blob/main/Examples/Scripts/Python/track_finding_python_only.py

# Build prompt with all space point coordinates
points text = "\n".join(
f"{i}: ({xs[i]:.1f}, {ys[i]:.1f}, {zs[i]:.1f})"
for i in range(n)
)
prompt = (
f"You are a particle physics track finder.\n"
"I have {n} space points with (x, y, z) coordinates in mm:\n"
f"{points text}\n\n"
f"Group these points into tracks (curved helices originating near the origin).\n"
f"Separate particles if they seem to come from the same origin point.\n"
f'Return ONLY a JSON object with key \"tracks\", where each value is a list of point indices.\n'
f'Example: {{"tracks": [[0, 3, 7], [1, 2, 5, 8]]1}}'

response = openai client.chat.completions.create(
model=self.model,
messages=[{"role": "user", "content": prompt}],
response format={"type": "json object"},

result = json.loads(response.choices|[0].message.content)
print(f"OpenAI found {len(tracks)} tracks across {n} space points")
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Build infrastructure

* Build python distribution locally with pip:
- pip install . oOr pip wheel .
- Configured by ACTS’ pyproject.toml
— Set of build options: python-wheel in CMakePresets. json

* Build and deployment repo:
- https://github.com/acts-project/pypi-build



https://github.com/acts-project/pypi-build

API comparison

class CppTrackFinder : public IAlgorithm {
ReadDataHandle<SpacePointContainer2> m_spacepoints{this, "Spacepoints"}; Alg.hpp
WriteDataHandle<ProtoTrackContainer> m_prototracks{this, "Prototracks"};

CppTrackFinder: :CppTrackFinder(const Config& cfg, Acts::Logger logger)
IAlgorithm("CppTrackFinder", std::move(logger)) {

m_spacepoints.initialize(m_cfg.inputSpacePoints); Alg.cpp

m_prototracks.initialize(m_cfg.outputProtoTracks) ;

class PythonTrackFinder(acts.examples.IAlgoxrithm):
def init (self, name, level):
acts.examples.IAlgorithm.__init__(self, name, level)
self.spacepoints = acts.examples.ReadDataHandle(
self, acts.SpacePointContainer2, "Spacepoints")
self.spacepoints.initialize("spacepoints")

alg.py




API comparison

ProcessCode CppTrackFinder: :execute(const AlgorithmContext& ctx) const {
const auto& spacepoints = m_spacepoints(ctx);
ProtoTrackContainer prototracks{}; Alg.cpp
m_prototracks(ctx, std::move(prototracks));
return ProcessCode: : SUCCESS;

def execute(self, ctx):
spacepoints = self.spacepoints(ctx.eventStore)
prototracks = acts.examples.ProtoTrackContainer() alg.py
self.prototracks(ctx, prototracks)
return acts.examples.ProcessCode.SUCCESS

Next Generation Triggers



API comparison

auto tContainer = std::make_shared<Acts: :VectorTrackContainer>();
auto tsContainer = std::make_shared<Acts: :VectorMultiTrajectory>();
Acts: :TrackContainer tracks(tContainer, tsContainer);

auto track = tracks.makeTrack();
track.parameters() = Acts::BoundVector: :Ones();
track.nMeasurements() = protoTrack.size();

ConstTrackContainer constTracks{
std: :make_shared<Acts: :ConstVectorTrackContainer>(std: :move(*tContainer)),
std: :make_shared<Acts: :ConstVectorMultiTrajectory>(std: :move(*tsContainer))};

tracks = acts.examples.TrackContainer()

track = tracks.makeTrack()
track.parameters = acts.BoundVector(1.0, 1.0, 1.0, 1.0, 1.0, 1.0)
track.nMeasurements = len(prototrack)

constTracks = tracks.makeConst()




What are the limitations?

* [ts still a complex framework (but I think a lot less complex then Athena)
— Configuration is not trivial
* Python is still Python:
- for loops over event data will be slow
— Limited multi-threading (GIL)
* pytorch/tensorflow should be able to use multiple threads/GPUs
* We work on zero-copy dataframe views of our event data




Outlook & future plans

* Missing high-priority features: « ACTS & ODD ecosystem
- Integration of OpenDataDetector will grow:
- Native Reader for ColliderML - Muon system
dataset - New algorithms
- Access to event data as zero-copy - GPU tracking

dataframes (arrow/pyarrow)

* Hopefully, this project makes tracking R&D more accessible
- ML research, summer student projects, education, prototyping, ...







_ /.-b
Primer on aifs,

Examples provides geometries and
framework to use the core tools

Framework EDM Event Loop Validation
Detectors Generic Detector OoDD

1/0 Readers Writers

Plugins

Core (and
extensions)
provides tools
for e.g. tracking Core
code in Athena

Genera tion Triggers
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https://acts-project.github.io/
https://opendatadetector.github.io/ColliderML
https://indico.cern.ch/event/1499357/contributions/6628630/
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