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Internal ACTS EDM

1. Track information

a. fitted track parameters with respect to some reference point
b. summary information from the track finding stage
c. fit quality from the track fit

2. TrackState information

a. measurements states
b. expected intersections with sensors
c. intersections with known passive material

Flexibility in how track state information is stored, e.g. allowing for both

e linear structure of a plain Kalman filter
e tree structure from combinatorial Kalman filter



TrackState Storage Container: Flexibility for CKM
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TrackState Storage Container: Flexibility for CKM
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States can be predicted, filtered, or smoothed (see next slide).

Note: This is inherently backward structured, since there is no single state
downstream of S,. Forward linking can be done after copying and picking a path.



TrackState Storage Container: Flexibility for CKM

States can be predicted, filtered, or
smoothed.

predicted: Uses “older” data (i.e.

from the last surfaces) to make 51

the prediction. This prediction is

an extrapolation from the old data
onto the current surface.

filtered: Uses the “current” data °
(i.e. the predicted data updated

with the measurement on the

current surface). It is some kind

of weighted mean.
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smoothed: Uses the “future” data to
predict the current parameters. This
can only be evaluated if the whole
propagation is finished once.



Internal ACTS EDM Public ACTS EDM
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Frontend/Backend Interface: TrackProxy

EDM4hep input
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Frontend/Backend Interface: TrackProxy
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Concepts for Track and TrackState Containers

Frontend interface requirements for TrackContainer:

template <typename T>
concept TrackContainerFrontend = requires() {

requires TrackContainerBackend<typename T::TrackContainerBackend>;
requires CommonMultiTrajectoryBackend<typename T::TrackStateContainerBackend>;

typename T::TrackProxy;

typename T::ConstTrackProxy;

typename T::TrackStateProxy;

typename T::ConstTrackStateProxy;
}

Note: code listings are illustrative and reduced to essentials for sake of brevity.



Concepts for Track and TrackState Containers

Frontend interface requirements for TrackProxy:

template <typename T>
concept TrackProxyConcept = requires() {
{ T::ReadOnly } -> std::same_as<const bool &>;

requires TrackContainerBackend<typename T::Container>;
requires CommonMultiTrajectoryBackend<typename T::Trajectory>;

requires std::same_as<typename T::IndexType, TrackIndexType>;



Concepts for Track and TrackState Containers

Frontend interface requirements for TrackStateProxy:

template <typename trajectory t, std::size t M, bool read_only = true>
class TrackStateProxy {
public:
IndexType index() const { return m_istate; }
IndexType previous() const {
return component<IndexType, hashString("previous")>();
¥
const Surface& referenceSurface() const {
return *m_traj->referenceSurface(m_istate);
¥
ConstParameters predicted() const {
return m_traj->self().parameters(
component<IndexType, hashString("predicted")>());
¥
ConstParameters filtered() const {
return m_traj->self().parameters(
component<IndexType, hashString("filtered")>());



Concepts for Track and TrackState Containers

Backend interface requirements for TrackContainer:

template <typename T>
concept ConstTrackContainerBackend =

requires(const T& cv, HashedString key, TrackIndexType itrack) {
cv.size impl() } -> std::same_as<std::size t>;
cv.component_impl(key, itrack) } -> std::same_as<std::any>;
cv.parameters(itrack) } -> std::same_as<detail::ConstParameters>;
cv.covariance(itrack) } -> std::same_as<detail::ConstCovariance>;
cv.hasColumn_impl(key) } -> std::same_as<bool>;
cv.referenceSurface_impl(itrack) } -> std::same_as<const Surface*>;
cv.particleHypothesis_impl(itrack) } -> std::same_as<ParticleHypothesis>;

el e e e e )



Concepts for Track and TrackState Containers

Backend interface requirements for TrackStateContainer:

template <typename T> concept CommonMultiTrajectoryBackend =
requires(const T& cv, HashedString key, TrackIndexType istate) {

e e e T

}

Ccv.
Ccv.
Ccv.
Ccv.
Cv.
Cv.

calibratedSize impl(istate) } -> std::same_as<TrackIndexType>;
getUncalibratedSourcelLink_impl(istate) } -> std::same_as<SourcelLink>;
referenceSurface_impl(istate) } -> std::same_as<const Surface*>;
parameters_impl(istate) } -> std::same_as<detail::ConstParameters>;
covariance_impl(istate) } -> std::same_as<detail::ConstCovariance>;
jacobian_impl(istate) } -> std::same_as<detail::ConstCovariance>;

template <typename T> concept MutableMultiTrajectoryBackend =
CommonMultiTrajectoryBackend<T> &&
requires(T v, HashedString key, TrackIndexType istate,

TrackStatePropMask mask, std::string col, std::size_t dim,
SourcelLink sl, std::shared _ptr<const Surface> surface) {

{ v.parameters_impl(istate) } -> std::same_as<detail::Parameters>;
{ v.covariance impl(istate) } -> std::same_as<detail::Covariance>;
{ v.jacobian_impl(istate) } -> std::same_as<detail::Covariance>;



Concepts for Track and TrackState Containers

TrackState also stores SourcelLinks for uncalibrated measurements:

class SourcelLink final {

public:
template <typename T>
T& get() {
return m_upstream.as<T>();
}
private:
any_type m_upstream{};
¥

// e.g. in Acts::SourcelLink<ActsExamples: :IndexSourcelLink>
namespace ActsExamples {
class IndexSourcelLink final {
private:
Acts::GeometryIdentifier m_geometryld;
Index m_index = 0;
}s
}



Concepts for Track and TrackState Containers

TrackState also stores SourcelLinks for uncalibrated measurements:

namespace ActsExamples {
class MeasurementContainer {
public:
struct MeasurementEntry {
std::size_t subspaceIndexOffset{};
std::size_t parameterOffset{};
std::size_t covarianceOffset{};
std::uint8_t size{};
}s

std::vector<MeasurementEntry> m_entries;

std::vector<Acts: :GeometryIdentifier> m_geometrylIds;
std::vector<std::uint8_ t> m_subspacelndices;
std::vector<double> m_parameters;
std::vector<double> m_covariances;



Experiment EDM: Various Backend Implementations

std: :vector (default and provided in Core)
ActsPodioEdm (provided in Plugins)
EDM4hep (... not actually a backend, but ok)
EDM4eic (... not actually a backend, but ok)



Experiment EDM: Interfacing std: :vector

Provided in Core: Acts/EventData/VectorTrackContainer.hpp

class VectorTrackContainerBase {
std::vector<IndexType> m_tipIndex;
std::vector<IndexType> m_stemIndex;
std::vector<ParticleHypothesis> m_particleHypothesis;
std::vector<typename detail 1lt::FixedSizeTypes<eBoundSize>::Coefficients>
m_params;
std::vector<typename detail lt::FixedSizeTypes<eBoundSize>::Covariance> m_cov;
std::vector<std: :shared_ptr<const Surface>> m_referenceSurfaces;

std::vector<unsigned int> m_nMeasurements;
std::vector<unsigned int> m_nHoles;
std::vector<float> m_chi2;
std::vector<unsigned int> m_ndf;
std::vector<unsigned int> m_nOutliers;
std::vector<unsigned int> m_nSharedHits;



Experiment EDM: Interfacing std: :vector

Acts/EventData/VectorMultiTrajectory.hpp (i.e. VectorTrackStateContainer)

class VectorMultiTrajectoryBase {
std::vector<IndexData> m_index;
std::vector<IndexType> m_previous;
std::vector<IndexType> m_next;
std::vector<typename detail 1lt::FixedSizeTypes<eBoundSize>::Coefficients> m_params;
std::vector<typename detail lt::FixedSizeTypes<eBoundSize>::Covariance> m_cov;

std::vector<double, NonInitializingAllocator<double>> m_meas;
std::vector<MultiTrajectoryTraits::IndexType> m_measOffset;
std::vector<double, NonInitializingAllocator<double>> m_measCov;
std::vector<MultiTrajectoryTraits::IndexType> m_measCovOffset;

std::vector<typename detail 1lt::FixedSizeTypes<eBoundSize>::Covariance> m_jac;
std::vector<std: :optional<SourcelLink>> m_sourcelLinks;
std::vector<SerializedSubspaceIndices> m_projectors;

// owning vector of shared pointers to surfaces
std::vector<std: :shared_ptr<const Surface>> m_referenceSurfaces;



Experiment EDM: Interfacing podio or EDM4hep

Possible persistency layer in podio, but still requires that the container satisfy the
concepts of a TrackContainer and TrackStateContainer

Included in P1lugins/Podio:

e edm.yml with data model definition, replicates closely the contents of the
ACTS internal data model

Included in Plugins/EDM4hep:

e Based on EDM4hep data model, with the necessary conversions into the
ACTS internal data model



Experiment EDM: Interfacing podio (components)

components:
ActsPodioEdm: :Surface:
Members:

int surfaceType, boundsType
uinte4_t geometryld

uinte4_t identifier

std: :array<double, 10> boundValues
uint32_t boundValuesSize
std::array<double, 16> transform

ActsPodioEdm: : TrackInfo:
Members:

std::array<double, 6> parameters
std: :array<double, 36> covariance
uint32_t tipIndex, stemIndex

// to TrackState

unsigned int nMeasurements, nHoles
float chi2

unsigned int ndf

unsigned int nOutliers, nSharedHits

ActsPodioEdm: :TrackStateInfo:
Members:

uint32_t previous, next // to TrackState
uint32_t 1ipredicted, 1ifiltered, ismoothed
// to BoundParameters

std::array<double, 6> measurement
std::array<double, 36> measurementCovariance
uint32_t measdim;

uint32_t 1ijacobian // to Jacobian
uinté64_t projector

bool hasProjector

float chi2

double pathLength

uinte4_t typeFlags

uint64_t uncalibratedIdentifier

ActsPodioEdm: :BoundParametersInfo:
Members:

std::array<double, 6> values
std::array<double, 36> covariance



Experiment EDM: Interfacing podio (components)

# continued

ActsPodioEdm: :JacobianInfo:
Members:

- std::array<double, 36> values

ActsPodioEdm: :ParticleHypothesis:
Members:

- uint32_t absPdg
- float mass
- float absQ



Experiment EDM: Interfacing podio (datatypes)

datatypes: ActsPodioEdm: :BoundParameters:
Members:
ActsPodioEdm: : Track: - ActsPodioEdm: :BoundParametersInfo data
Members: // parameter information

- ActsPodioEdm: :TrackInfo data

// local parameters and covariance
- ActsPodioEdm: :Surface referenceSurface
- ActsPodioEdm: :ParticleHypothesis \

ActsPodioEdm: :Jacobian:
Members:

- ActsPodioEdm: :JacobianInfo data

particleHypothesis
, Note that ActsPodioEdm: :Track and
ActsPodioEdm: :TrackState: )
Members : T ActsPodioEdm: :TrackState are
- ActsPodioEdm: :TrackStateInfo data ; . )
// local information stored in podio containers, and the

- ActsPodioEdm: :Surface referenceSurface

references between them are stored as
indices inside the components.

This does not use podio’s relations.



Experiment EDM: Interfacing podio (interface)

Acts/Plugins/Podio/PodioTrackContainer.hpp implements the backend
per Acts/EventData/TrackContainerBackendConcept.hpp

class ConstPodioTrackContainer : public PodioTrackContainerBase {
/] ...
ConstParameters parameters(IndexType itrack) const {
return ConstParameters{m_collection->at(itrack).getData().parameters.data()};

¥
/] ...

}

static_assert(
ConstTrackContainerBackend<ConstPodioTrackContainer>,
"ConstPodioTrackContainer does not fulfill ConstTrackContainerBackend");

Acts/Plugins/Podio/PodioTrackStateContainer .hpp: similar approach



Experiment EDM: Interfacing podio (interface)

Some fine-print:

// convert surfaces used in Track
static void populateSurfaceBuffer(
const PodioUtil::ConversionHelper& helper,
const ActsPodioEdm::TrackCollection& collection,
std::vector<std: :shared_ptr<const Surface>>& surfaces) noexcept {
surfaces.reserve(collection.size());
for (ActsPodioEdm::Track track : collection) {
surfaces.push_back(PodioUtil: :convertSurfaceFromPodio(
helper, track.getReferenceSurface()));
}
}

std::vector<std: :shared_ptr<const Surface>> m_surfaces;



Experiment EDM: Interfacing podio

This approach allows storing all ACTS internal track and track state representation
inside podio files.

Data model is defined by ACTS and lives in different namespace from other
podio data models.

Connecting relations or links across podio namespaces is not easily possible.

podio storage is array-of-struct, not struct-of-array, so performance may be
reduced.



Experiment EDM: Interfacing EDM4hep

edmdhep: :TrackState:
Members:
- int32_t location

edmdhep: :Track:
Members:
- int32_t type

// used in e.g. bool AtIP() - float chi2
- float D@ - int32_t ndf

// transverse impact parameter - int32_t Nholes
- float phi [rad] VectorMembers:

- float omega [1/mm]
// signed curvature of the track

- int32_t subdetectorHitNumbers
- int32_t subdetectorHoleNumbers

- float zo - edmdhep::TrackState trackStates
// longitudinal impact parameter OneToManyRelations:

- float tanLambda - edmdhep::TrackerHit trackerHits
// lambda = dip angle of the track in r-z - edmdhep::Track tracks

- float time [ns]
- edmdhep: :Vector3f referencePoint [mm]
- edmdhep::CovMatrix6f covMatrix

Note: different track state variables.



Experiment EDM: Interfacing EDM4hep

ActsSquareMatrix<6> jacobianToEdm4hep(...) {
// From (..., theta, q/p)
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Experiment EDM: Interfacing EDM4hep

Conversion to EDM4hep:

template <TrackProxyConcept track_ proxy_ t>
void writeTrack(const Acts::GeometryContext& gctx, track proxy_ t track,
edm4hep: :MutableTrack to, double Bz,
const Logger& logger = getDummyLogger()) {
to.setChi2(track.chi2());
to.setNdf(track.nDoF());
std::vector<edmdhep: :TrackState> outTrackStates;
outTrackStates.reserve(track.nTrackStates());
for (const auto& state : track.trackStatesReversed()) {
}
outTrackStates.front().location = edmdhep::TrackState::AtLastHit;
outTrackStates.back().location = edmdhep::TrackState::AtFirstHit;
auto converted =
detail::convertTrackParametersToEdmdhep(gctx, Bz, trackParams);
for (auto& trackState : outTrackStates) {
to.addToTrackStates(trackState);

}
}



Experiment EDM: Interfacing EDM4hep

This approach allows storing ACTS tracks and track states in the EDM4hep format,
with the necessary conversion into the EDM4hep parameter choices.

Working within EDM4hep allows for relations and links between tracks and track
states and the edm4hep : : TrackerHits that went into the track reconstruction.



Back to Measurements and Hits in EDM4hep

Read EDM4hep measurements into ActsExamples: :MeasurementContainer

VariableBoundMeasurementProxy EDM4hepUtil::readMeasurement(
MeasurementContainer& container, const edmdhep::TrackerHitPlane& from,
const edmdhep::TrackerHit3DCollection* /*fromClusters*/,

Cluster* /*toCluster*/, const MapGeometryIdFrom& geometryMapper) {

Acts: :GeometryIdentifier geometryId = geometryMapper(from.getCellID());

from.getPosition();
from.getCovMatrix();

auto pos
auto cov

DigitizedParameters dParameters;
dParameters.indices.push_back(Acts::eBoundLoc@);

dParameters.values.push_back(pos.x);
dParameters.variances.push_back(cov[0]);

/] ...



Back to Measurements and Hits in EDM4hep

Read EDM4hep measurements into ActsExamples: :MeasurementContainer

VariableBoundMeasurementProxy EDM4hepUtil::readMeasurement(
MeasurementContainer& container, const edmdhep::TrackerHitPlane& from,
const edmdhep::TrackerHit3DCollection* /*fromClusters*/,

Cluster* /*toCluster*/, const MapGeometryIdFrom& geometryMapper) {

/] ...

dParameters.indices.push back(Acts::eBoundLocl);
dParameters.values.push_back(pos.y);
dParameters.variances.push_back(cov[2]);

dParameters.indices.push back(Acts::eBoundTime);
dParameters.values.push back(pos.z);
dParameters.variances.push_back(cov[5]);

auto to = createMeasurement(container, geometryId, dParameters);
return to;



Experiment EDM: Interfacing EDM4eic

edm4eic: :TrackParameters: edmdeic: :Trajectory:
Members: Members:
- int32_ t type - uint32_t type // ©
// Type of track parameters (-1/seed, (does not have good track fit), 1 (has good
@/head, ...) track fit)
- uinté64_t surface - uint32_t nStates
// Surface for bound parameters (geometryID) - uint32_t nMeasurements
- edmdhep: :Vector2f loc - uint32_t nOutliers
- float theta - uint32_t nHoles
- float phi - uint32_t nSharedHits
- float qOverP VectorMembers:
- float time - float measurementChi2
- int32 t pdg - float outlierChi2
- edmdeic::Covef covariance OneToManyRelations:
- edmd4eic::TrackParameters trackParameters
This is closer to ACTS, by design. OneToOneRelations:

- edmdeic::TrackSeed seed

But with additional Trajectory layer.



Experiment EDM: Interfacing EDM4eic and others

Both input and output support from EDM4hep is still relying on copied data
structures.

Does the data model your experiment is using at least support in principle the
required components?

Can we combine the podio edm.yml approach with the EDM4eic approach,
while maintaining the storage of track states and tracks in connections linked
by podio relations?

Can this be extended in a scalable way to a variety of data models?



