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From where we come

» The acts project was started roughly 6 years ago

» Project Mission Statement:

- Creating a toolbox of re-usable tools for experiments

- detector agnostic top level tools

- specification possibility for dedicated detectors/experiment

- component library design

» Facilitate algorithmic and technology research

- Allow easy extensibility

- ML / Accelerator integration ( two R&D lines on acceleration / ML algorithms)



Where we stand now

» Establish a feature rich toolbox
- C++17 standard (preparing move to C++20)

- Minimal dependencies (CMake, Eigen)

- Plugins to enhance functionality

- Enables parallel processing

» The acts project has an increased several base, e.g.
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Core concepts: multi threading and contextuatlity

Built-in parallelisation support

namespace Acts {
class Module {

}

OutputData geometricOperation(const GeometryContext& gctx,const InputData& input) const;

S

—

Allows parallel execution of this operation (without explicit technology b
within and across events, nested State structs are used for necessary cac

inding, such as tbb)

Ning operations

N
namespace Acts {
class Module {

/// Nested State struct //////

struct State { ActsScalar cache

b
+

OutputData operationWithCache(State& sfate, const InputData& input) const;




Core concepts: multi threading and contextuatlity

Built-in parallelisation support and contextuality

namespace Acts {

OutputData geometricOperation(const GeometryContext& gctx,const InputData& input) const;

b
+

using GeometryContext = std::any;

ACTS allows you to pack your own contextual data into the context objects (geometry,
magnetic, field) and will carry it through the code base (untouched)

auto Experiment::applyCorrection(const GeometryContext& gctx, const InputData& input) const {

const Experiment::Payload& payload = std::any _cast<const Experiment::Payload&>(gctx);

}




Core concepts: data driven, configuration & options

Design convention for data driven design, configuration and option

namespace Acts {
class Module {

struct Config {
globalParameter;
¥

struct Options {
callParameter:;
r;

Module(const Config& cfg) : m_config(cfg){};

OutputData operation(const InputData& input, const Options& opt) const;

r;

)




Core concepts: configuration binding

Simple Config structs on ACTS side

namespace Acts {
class WorkHorse {

struct Config {
coatColor;
maxPath;
rs
Fs

L

Connection to experiment framework, e.g. Gaudi/Athena

declareProperty(“CoatColor”, m_cfg.coatColor);
declareProperty(“MaxPath”, m_cfg.maxPath);




Toolbox: track reconstruction building blocks

Geometry & Material

g Fvent Data Model

EEE R&D lines (ML GPU)



Geometry - Concepts

» ACTS creates a reconstruction view of the detailed geometry

- Plugin mechanism ensures compatibility with many geometry sources

- Context mechanism ensures MT ready contextual geometry
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Geometry R&D (1)

» Geometry model ot ACTS stems from ATLAS Trk: : TrackingGeometry
- Conceptual building blocks

TrackingVolume Quite some overlap between those
Layer

Surface

- detray GPU R&D geometry: re-implemented w/o layer concept

- huge simplification in navigation code
- can we do this also for ACTS/Core ?
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Geometry R&D (2) - Experimental

Gen1 geometry type

Acts::Surface

Acts::Layer

Acts::TrackingVolume

Acts: :BoundarySurfaceT

<Acts::TrackingVolume>

Acts::TrackingGeometry

Gen2 geometry type

Acts::Surface

Acts::Experimental: :

DetectorVolume

Acts: :Experimental::

Portal

Acts: :Experimental::

Detector

» Experimental: :Detector Geometry model of ACTS

Surface objects are unchanged,
allows client code to be untouched

Layer objects do not exist anymore,
they are represented by
volumes
Double serving of volumes as
containers or navigation volumes
omitted
Portal objects are not templated
anymore, they are holder classes of
surfaces and volume switches
Portal objects the top level entry
point that will guide into the root
volumes
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Geometry R&D (3) - Blueprint

» New type ot geometry building using

4 B

LXperimental: @]

Detailed geometry model, ACTS geometry model
Qg. DD4hep, TGeo, GeoModel, etc. with built-in navigation /

Translation of objects from geometry model,

Detector Blueprint

Instruction set how

to build the detector
from one source, but not necessarily

4 B

Logic of how to build/group

Blueprint
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Geometry R&D (4) - Blueprint

» New type of geometry building using Experimental: ::

Blueprint is an instruction graph

- Added functionality to visualize
before building, in order to spot
problems

detector

volume 0

-l I
non-coloured nodes Other
are virtual containers Mellion R b 100400 100.0)
o = o =

Blueprint

Other Other .
(0.0, 0.0, 0.0) t = (0.0, 0.0, 0.0) volume 2 int
0.0, 10.0, 100.0) b = (0.0, 10.0, 100.0)
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Geometry R&D (5) - drift detectors

» In Gen2 geometry, navigation is outsourced to Delegates

- allows for client-specified navigation

- helped developing first prototypes for (ATLAS) Muon System

Mock up muon sector spectrometer .

Every detector volume holds the navigation

delegate
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Geometry R&D (5) - Blueprint on ODD

ODD building blueprint from DD4hep:

Resulting ODD detector




Geometry (6) - Quo vadis ?

» Gen1 geometry: Acts::TrackingGeometry  —
Well established, baseline

» Gen2 geometry: Acts: :Experimental: :Detector

Blueprint
Layer-less

Navigation delegates

» Gen3 geometry:
- adiabatic merge of those two concepts ?
- morph of Gen2 into full functionality ot Gen1 ?




Material

» ACTS ships with a material mapping module

- allows to transcribe the full Geantd geometry and map it onto the simplifiea
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Material R&D

» New Grid based material classes introduced

- Including a k-means compression algorithm

» Material mapping/validation without &
with propagation/navigation

- This is to allow tor material mapping/
validation with optionally bypassing the
propagator infrastructure

- Support for Gen1/Gen2 geometry model

» Move most material mapping/validation into Core

- Allow for more seemingness integration into SW stack

t XO:v eta
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Fvent Data Model (1)

(Bound) track parameterisation is defined:
local coordinates of the surface + global momentum

/ momentum

55 — (l07 lla ¢7 07 Q/pa t)T
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Fvent Data Model (2)

Pixel measurement
Pixel measurement with time

Strip measurement (along local x)

Strip measurement (along local y)
Drift time/circle measurement

Track segment (straight line)

-
e

1000

Measurements can be represented as subsets of the full
bound parameter space.

100

operations [MHz]

10 -

This Is done at compile time to increase computing performance.

1

M(2,5) x v(5) M(5,2) x M(2,5)

M fixed-size
W dynamic-size



Fvent Data Model (3)

» MultiTrajectory with frontend/backend split

ACTS has an internal EDM optimised for track reconstruction.
- recent work to separate transient model from |I/O backend
- demonstrator with
PODIO established Architecture
- Non-optimised ,
EDM4Hep version Track finding |— | TrackState backend |

also available .
- rackProxy
7| TrackContainer |
[Track fitters]— '[ Track backend
[Performance monitoring ]« backend interface / contract

' Downstream reconstruction |

' Experiment agnostic: decouple interface
| from storage implementation

[ Paul Gessinger-Befurt, CHEP2023, Parallel talk] T e e e — — — — —




Fitters (1) - Kalman Filter

» Kalman Filter implementation very matured

- Designed as a plugin into the Propagation engine

- shows nice performance on Geant4 simulated results

» Calibrator

- Allows to do on the fly measurement creation
- Helps to get ultimate resolution for a detector
- Can help to resolve ambiguities

- A way to start with a misaligned detector

Example, tracking in dense environment

23



Kalman Filter (2)

» Extremely high level of accuracy control

- Given by stringent mathematical validation
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Kalman Filter (3)

» Extremely high level of accuracy control

- Given by stringent mathematical validation

- Detailed material description

» Example on OpenDataDetector
(Geant4 simulation)

pull

2

L B S O O e b o e S R O B Bt i B R b 2 R ot S fatter
—_D ! g
2 —E

single u pulls over n

qq —— e = -

— e e e
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25



Fitters (2) - Gaussian Sum Filter

» Gaussian Sum Filter has been validated on Open Data Detector

- shows nice performance on Geant4
simulated results

- |s designed as a re-fitter, i.e.
after electron pattern recognition

» Electron pattern recognition
not yet implementead

- start with concept from ATLAS
to enlarge window if electron
hypothesis is triggered ...

Zy mass estimate with KF and GSF
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O
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fit from GSF: 89.06 GeV
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PDG fit: 91.1876(21) GeV
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Fitters (3) - Global Minimisation

» Global chi2 titter progress

- First pipe-line on OpenDataDetector
implementead

» Material effect integration not yet implemented

- Exists in a python based prototype

All surfaces
pull eLOCO ubs pull eLOC1 ubs pull ePHI ubs pull eTHETA ubs pull eQOP ubs




Combinatorial Kalman Filter (1)

Technical effic‘iency over n for ;ingle M events

» Track finding implementation using oo cal effifency over 1 fo single u events :
a Combinatorial Kalman Filter (CKF) 0.995, =

O
©
©
o

- Achieves almost perfect technical
efficiency for muons
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Combinatorial Kalman Filter (2)

» Speed performance optimisation

- Work on a new stepper has starteo ttbar @ <p> ~200
(lbased on Symbolic math transcription)

0.6209846368715083
ckf PR #3116

10 -

» Combinatorial Kalman filter updates

8-

- Improved branch stopping logic introduced

- Smoothing separated from forward filtering

au

- New, alternative CKF with external propagator .
steering in development

1 main
1 changed

14 16 18 20 22
time [s]



https://github.com/acts-project/acts/pull/3116

Vertex reconstruction

» ACTS implements a fully tledged primary vertex reconstruction suite

- |terative Finder + Billoir Fitter

—e— Run 3 (LHC Fill 8112)
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fully time-aware

Vertex reconstruction R&D

» Introduction of time in all components of vertex reconstruction

- full exercise on OpenDataDetector in progress

100

50

OPD Simulation
tt, (u) =200
/7

z [mm]

31



R&D line: parallelisation

» First chain runs on OpenDataDetector in stand-alone

- Performance (physics/computing) evaluation to start

» Integration of traccc’ suite as Plugins started (talk by Beomki Yeo, tomorrow)

- Aim is to be able to evoke a traccc reconstruction chain from ACTS

Track Finding

R Param. Est.
Clusterization

Seeding

CCL Binning Track Fitting
Agg.
: Seeding N\,  NU e CKE........

Bins ,. ~ Param. Est. , " A ~

Agg. L2G Binni Seeds —mmm™m™ > Prototracks Track

Jinning
S Clntan /\ — / \/g | | v ~ N |
. L2G Spacepoints //

Seeding -~ " Kalman filter
———Binning ‘ \_/ ...... . (/ \\

N Aga! Measurements r ’_

\—/ \ch_/ e, “',"'
{ / """""""""" Seeding.......---- Param._Est. Kalmai A @
CCA L2G K ,

< 0

v Q

Cells

CCA
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R&D line: machine learning

» ML based ambiguity solver
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https://indico.cern.ch/event/1363828/contributions/5754450/attachments/2781158/4848212/Ranking-based-ML-Ambiguity-Resolution.pdf

R&D line: machine learning

» NN based cluster position / calibration

- NN based clusterization available
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https://indico.cern.ch/event/1252748/contributions/5521480/attachments/2732042/4749702/2023-10-11_CTD_acts-calib_draft3.pdf

R&D line: machine learning

» Graph network based pattern recognition with CKF on top

Preliminary results show that the CKF can be restricted to a branch number =1

it first two (short) strip layers are also included (taking best hit only)
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Collaborating

ACTS is Open Source and invites contributions, corrections, interactions

Development, Exchange with Experts,
https://github.com/acts-project/acts Collaboration, Code review, Cl testing

>

Clone:

https://github.com/<username>/acts

Develop & Make a PR

Make an Issue:

https://github.com/acts-project/acts >

// Discuss at the open develops meeting
Ask on mattermost: https://indico.cern.ch/category/7968/

https://mattermost.web.cern.ch/acts/channels/town-square Tuesday 17:00, CE(S)T
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https://github.com/acts-project/acts
https://github.com/acts-project/acts
https://mattermost.web.cern.ch/acts/channels/town-square
https://indico.cern.ch/category/7968/

Contributing

Pull requests come with a template that guides through a proper submission

semantic naming: feat, doc, refactor, fix

| refactor!JMTJ stores measurement as jagged vector #1512 Edit <> Code ~

SR h aulgessinger wants to merge 8 commits into acts-project:main from paulgessinger:refactor/mtj-jagged-meas [CJ

L) Conversation 9 -O- Commits (8 [F} Checks (35 Files changed (18

a paulgessinger commenisgg@ays ago - edited ~ RevVieWers

@ benjaminhuth

«}y tboldagh

~meaningful description

Sti” in prOglcaa; UuUlivert o At
M1,D=3 M2,D=1 M3,D=2

Assignees

BREAKING CHANGE: Acts::MultiTrajectory measurement access methods change: No one—assign yourself

- constexpr auto measurement(IndexType measIdx) const; Labels
+ template <size_t measdim>
+ constexpr auto measurement(IndexType measIdx) const; None yet

Projects

None yet

constexpr auto measurementCovariance(IndexType covIdx)

Milestone




Community

Community-Supported Components: Acts

acts-project /acts: PRs merged between 2022-09-13 and 2022-09-20 I

Wee kly dev » [« docs: Update logging doc, add info on thresholds (PR #1520)

by @paulgessinger, no assignee, merged on 2022-09-16
» . docs: update markdown cheatsheet (PR 4 1524)

meeting with b s o e, e o8 AL

I+ feat: Exa.TrkX with torchscript backend (PR # 1473)
by @benjaminhuth, no assignee, merged on 2022-09-16

l n VO I Ve m e nt Of li; mjai‘x:mn:ﬁfémfamﬂmh merged on 2022.09-16

fo fix: Added missing return to seedfinder::CreateSeedsForGroup (PR#1521)

- by OguilbermeAlmeidal, ignee, merged on 2022-09-16
users at multiple P

by @Corentin-Allaire, assigned to Qasalzburger, merged on 2022.09-16

Lo feat: Allow configurable particle selection and reproducible seeds for Geantd (PR# 1428)

expe ri m e n tS by @benjaminhuth, no assignee, merged on 2022.09-19

I+ chore: Add priority merge label to kodiak config (PR#1532)
by @paulgessinger, no assignee, merged on 2022-09-19

Status of work ———

> refactor: improve full_chain_odd.py example (PR# 1538)

visibility through o b, it e sy 0500

> refactor: MTJ stores measurement as jogged vector (PR#1512)
by Opaulgessinger, | no mssignee, updated on 2022.09-20

p rese ntatio nS feat: Hough Transform first implementation (PRy 1305)

by Qjahreda, | no amignee, updated on 2022.09-19

" feat: Material Mapping Auto-tuning script with Oron (PR 1464)
by @Corentin-Allaire, |, no assignee, updated on 2022.09-16

Example of agile e o) e AR RPRRT

fix: Refactor and fix component merging for GSF (PRy 1364)
by Obenjaminhuth, assigned to Qasalzburger, updated on 2022-09-13

I n COI I I l I lu n Ity feat: Add a tool for writing B-fields to disk in CSV format (PRy 1470)
by Ostephenswat, assigned to @stephenswat, updated on 2022.09-07
software

acts-project /acts: PRs merged between 2022-09-13 and 2022-09-20 1l

I+ chore: Add priority label to kodiak config (PR #1533)
by @paulgessinger, no assignee, merged on 2022.09-19

f« docs: Contribution guidelines (PR#152%)

by @paulgessinger, no assignee, merged on 2022-09-19

I« fix: ParticlkeSmearing options not setup in AMVF example exe (PR 4 1508)
by Opaulgessinger. no assignee, merged on 2022.09-19

f« refactor: improve full_chain_itk.py example (PR#1513)
by @timadye, assigned to @andiwand, merged on 2022.09-19

acts-project /acts: Open PRs I

» 0 WIP g test exatrkx training of (PR#1505)
by Obenjaminhuth, § no assignee, updated on 2022-09-20

s WIP  feat: MultiTrajectory backends const version (PR # 1496)
by Opaulgessinger, | no assignee, updated on 2022.09-20

s WIP  feat: VectorMultiTrajectory memory statistics (PR 4 1511)
by Opaulgessinger, | no asssignee, updated on 2022.09-19

i WIF  refactor: Add macro to simplify algorithm binding (PR 4 1510)
by @benjaminhuth, | no assignee, updated on 2022-09-19

i WIP  docs: updates to the seeding documentation (PR 4 1476)
by OLuisFelipeCoelho, | no msignee, updated on 2022.09-16

s WIF  docs: adding Fatras description (PR 1402)
by Qasalzburger, assigned 1o Qasalzburger, updated on 2022-09-14

ws WIF  docs: polish tgeo plugin doc (PR# 1397)
by Oniermann999, assigned to Oniermann999, updated on 2022.09-14

[ Wouter Deconinck, CHEP2023, Plenary Contribution ]
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https://indico.jlab.org/event/459/contributions/12495/attachments/9451/14285/CHEP

Final remarks

» The ACTS project has grown immensely during the last years

- a very feature rich toolbox that is still enlarging

- increased focus on consolidation & performance tuning has started

» Collaboration is invited

- This is an open source project where we want to serve many clients

- Have the resources to optimise known algorithms and concepts

- Free resources to do innovative R&D
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https://indico.cern.ch/event/1397634/

Spin-offs



Plotting: actsvg

Endcap with templates

2D plotting library dedicated for tracking
- No dependencies, C++ header only,
no ACTS dependency
- ACTS and detray translate into
actsvg: :meta objects
- Plot geometry & geometric relations

(on mouse over eftects for debugging)

- Plot clusters & cluster information

WL *

0 actsvg is a generic plotting library.

Source:

* bin (0,10)
Target:

* module © 9
* module © 10
* module © 11
* module 1 9
* module 1 10
* module 1 11
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Community: Open Data Detector & key4dhep

Evolution of TrackML detector
- Re-implemented in DD4Hep to enable full/fast simulation

- Quasi-realistic feedback to allow
real-life scenario testing of algorithms

- Supports TrackML output format
through ACTS binding (work ongoing
to also support edm4hep)

ACTS integration into key4hep SW stack
- Codename: actsdhep

- Summer student project to make a
ACTS Gaudi based demonstrator

[ AS, CHEP2023 Parallel talk |

“ Ongoing activity to include first Calorimeter description, MS to follow.

Module board

Silicon sensor

tilt angle

Carbon foam

v

Cooling pipe

Cable bundle

Connector
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