An alternative to
external spacepoint t



Reminder

Space points are ...

e basically measurements in the global detector frame, usually cartesian (x,y,z)
e essential for pattern recognition e.g. triplet seeding, GNN

e despite sounding simple, rater complicated in ACTS
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Space points in ACTS

e There are multiple definitions of space /

points in ACTS

e Simple structs and containers (SoA) —_—

e Access to space points is fully templated

> All of the seeding code is templated —_—
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Seed EDM is templated

> Parameter estimation is templated
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[ Corefinclude/Acts/ / intMutableData.ipp t

45 template <typename external_spacepoint_t, typename grid_t,
46 typename platform_t = void¥>
47 v class SeedFinder {

16 template <typename external_spacepoint_t, std::size_t N = 3ul>
17 v class Seed {

69 template <std::ranges::range spacepoint_range_t>
70 v FreeVector estimateTrackParamsFromSeed(spacepoint_range_t spRange,
71 const Vector3& bField) {
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But why? (opinion)

o Space point EDM should be simple enough to be defined once, no?

o An abstract space point does not buy us anything since algorithms can only
use information they know how to access

o Do experiments even care about space points?

o Space points are only a temporary representation
o Usually experiments care about tracks and vertices

o Most likely historical - ACTS used to push EDM to the user being experiment
and EDM independent
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EDM discussion

e Complicated topic for experiment independent track reconstruction

e Different experiments use different EDMs
e Different algorithms use different EDMs

e Similar to system of units, a choice has to be made at some point

> ACTS chooses a system of units, why not decide on EDM?
e Track parameters have reached this point
e Tracks and track states have reached this point

> EDMs are part of the algorithm interfaces
e Tightly coupled and influence the compute performance
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My EDM conclusion

> ACTS should provide concrete EDMs to ...

e guarantee algorithm performance
e provide clear interfaces
e keep implementations concise

> Users can use these EDMs directly in their framework or convert on the fly
e Can be done once at entry and exit of the reconstruction chain

> (Conversions are generally cheap since we talk about MB/event scale

> ACTS EDMs need to be extensible to work for different experiments and
algorithms
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Proposal for a single space point EDM

e SOA container that supports additional columns
o By default (x,y,z) and source link(s) per space point

o Cylindrical triplet seeding needs (r,phi) and optionally variance quantities
o Strip seeding needs a few more extra columns

e Additional columns can be easily dealt with SoA and abstracted with type
erasure in C++

e Optional quantities could be stored in special sparse columns or simply with
std: :optional<T>
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Proposal to de-template seeding further

e After replacing the EDM we can tackle the other template params of the
seeding code

e The grid access can be pulled out of the triplet seeder

e Potentially, the orthogonal triplet seeder can be reduced to the space point
lookup and continue with the generalized triplet seeder
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Proposal to merge these changes

e These changes are extensive and break a lot of API

Easiest might be to have new intermediate packages in ACTS e.qg.
EventData2 and Seeding?2

e Provides a smoother transition for experiments
e Seeding algorithms can be ported gradually to the new package
e Afterwards we can re-evaluate and eventually replace the old packages

e Examples can be adapted on the go and support both
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Looking further out

e Are there other EDM we could/should provide or make more concrete?

e ACTS could provide a cluster and/or measurement container
e \We have such a container in the Examples already

e Track EDM could be reduced to the vector backend

e For users implementing a backend might be more complicated than simply copying
e Allows to de-template track finding and track fitting
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