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Reconstruction Task Forces

Calorimeter Clustering Chao Peng Dmitry Kalinkin

cpeng@anl.gov dmitry.kalinkin@gmail.com
Jet Reconstruction Derek Anderson

dmawxc@iastate-edy track recon task force meeting
PID Ch:;?ltlg'gﬁ;:g'r‘; (the previous EIC-ACTS meeting):

. T 7am PT on Thursdays

Tracking Shuijie Li o

shujieli@Ibl.gov https://indico.bnl.gov/category/463/
ElCrecon Dmitry Romanov ma'lmg “St

romanov@jlab.org https://lists.bnl.gov/mailman/listinfo/eic-pro
Modular Reconstruction  David Lawrence |det-trk-recon- joosten

davidl@ijlab.org sjoosten@anl.gov
Simulation Production Wouter Deconinck

wouter.deconinck@umanitoba.ca

* Next simulation campaign:
* Target date: End of March. thd
* Goal: Improved software stack for the reconstruction, including benchmarks.

See https://indico.bnl.gov/event/18274/#1-announcement for details



https://indico.bnl.gov/event/18274/#1-announcement
https://indico.bnl.gov/category/463/
https://lists.bnl.gov/mailman/listinfo/eic-projdet-trk-recon-l
https://lists.bnl.gov/mailman/listinfo/eic-projdet-trk-recon-l

Track Reconstruction in EICrecon contact: Dmitry Romanov

Full diagram at https://eic.qgithub.io/EICrecon/#/design/tracking?id=full-diagram
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Track info in output EEEE

outputTrackParameters

‘ Tracking output

‘ CentralTrackSegments ‘ ‘ ReconstructedChargedParticles ‘ ‘ ReconstructedChargedParticlesAssociations



https://eic.github.io/EICrecon/#/design/tracking?id=full-diagram

. . Simplified geometry in ACTS:
Space POInt Formatlon detector volumes — representing surfaces
Simulation output
Approach
Barrel vertex: ] MPGD barrel trk: } - - "
VertexBarrelHits MPGDBarrelHits

ko e eprserae £ oume boinds

- - e Global / local coord. transformation
‘ VertexBarrelRawHits ] ‘ MPGDTrackerRawHit ’ ® Associate hits to surfaces
o Raw hit positions are used, no clusterization

o ACTS “on surface” check for BO tracker, see

Tglob! loc = Ttrans Trot

‘ VertexBarrelRecHits ’ ‘ MPGDTrackerHit ’

trackerHits



https://indico.bnl.gov/event/18126/contributions/72236/attachments/45589/76933/B0IntegrationACTS.pdf

Track Finding/Fitting with ACTS

TrackSourceLinks ] [ TrackMeasurements ] InitTrackParams
e Combinatorial Kalman Filter (CKF)
o combine track finding and fitting
o allows track branching
CentralCKFTrajectories - ?nsuerr;(bjgrﬂi,ncehcilzr)neasurement SeleCtor

o  high efficiency

o Need a reasonable “initial guess”

outputParticles outputTrackParameters




Initial Guess for CKF: 1. truth seeding

TrackerSourceLinker

TrackParamTruthlnit

- \.

[ TrackSourceLinks TrackMeasurements J

\‘ CKFrraCKi =

y

InitTrackParams

// build some track cov matrix

Acts::BoundSymMatrix cov

cov(Acts::eBoundLoc@, Acts:
cov(Acts::eBoundLocl, Acts:

cov(Acts::eBoundPhi, Acts:

cov(Acts::eBoundTheta, Acts:
cov(Acts::eBoundQOverP, Acts:
cov(Acts::eBoundTime, Acts:

Acts::BoundVector params;
params(Acts: :eBoundLoc9)
params(Acts: :eBoundLocl)
params(Acts: :eBoundPhi)
params (Acts: :eBoundTheta)
params (Acts: :eBoundQOverP)
params(Acts: :eBoundTime)

:eBoundLoc@)
:eBoundLoc1)

:eBound
:eBoundTheta)
:eBoundQOverP)

Phi)

:eBoundTime)

phi;
thet

0.0 *x mm ;
0.0 *x mm ;

aj

//
//

Use truth initial momentum,
angle etc. from simulation

Acts::BoundSymMatrix: :Zero();
1000*xumx1000*um;
1000%um*x1000*um;

0.05%0.05;

0.01%0.01;

(0.1%x0.1) / (GeVxGeV);

= 10.0e9%ns*x10.0e9%ns;

cylinder radius
cylinder length

charge / (pinit * GeV);
part->getTime() * ns;

https://github.com/eic/EICrecon/blob/main/src/algorithms/trackina/TrackParamTruthlnit.cc



https://github.com/eic/EICrecon/blob/main/src/algorithms/tracking/TrackParamTruthInit.cc

Initial Guess for CKF: 1. truth seeding

Single pion events (truth seed), 0.0 <n <0.1
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Single pion events (truth seed), 2.5<n<2.6
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Tracking performance check
with single pion events. See

Wengqing Fan’s work

Single pion events (truth seed), 1.5<n < 1.6
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https://indico.bnl.gov/event/17751/contributions/71442/attachments/45062/76020/ePIC_tracking_wenqing_120822.pdf

Initial Guess for CKF: 1. truth seeding

Solutions to the “unphysical behavior” at
low momentum:

Short term: add artificial smearing to init 10 2.5<1<3.0
[
parameters. See Shyam Kumar's work et
) ) —— Smear 1 %
e address the immediate concern of 8 —— Smear 90 %

the reconstruction performance at
low p from physics WG

o 6
. [13 ” Q@

e no clear guidance to a “reasonable © courtesy of Shyam Kumar

smearing i
Long term: use realistic init parameters EENEE R R AR R
from seeding Bl gt
e use smearing parameters from

realistic seeding study i T e T

e switch to realistic seeding completely


https://indico.bnl.gov/event/18272/contributions/72753/attachments/45921/77608/EPIC_Meeting_Shyam9Feb23.pdf

Initial Guess for CKF: 2. realistic seeding

Seeder: a set of three space points to estimate initial

track parameters

Binned seeder: loop over ¢-z binning to try all

combinations. Slow at large n

(@)

Orthogonal seed finder: can efficiently search

tested and bugs fixed. See YueShi Lai’'s

work

for space points within a given range.

(@)

Initial implementation in EICrecon - Joe
Osborn

Seeder configuration:

m default parameters from binned
seeder

m parameter optimization - See Rey
Cruz-Torres’s work

Seeder confirmation/filter

Parameter
bFieldinZ
rMax
rMin
zMin
zMax
beamPosX
beamPosY
deltaRMinTopSP
deltaRMinBottomSP
deltaRMaxTopSP
deltaRMaxBottomSP
collisionRegionMin
collisionRegionMax
cotThetaMax
minPt
maxSeedsPerSpM
sigmaScattering
radLengthPerSeed

-
-

T Track fitting

Description
z component of magnetic field
Maximum r value to look for seeds
Minimum r value to look for seeds
Minimum z value to look for seeds
Maximum z value to look for seeds
Beam offset in x
Beam offset iny
Min distance in r between middle and top SP in one seed
Min distance in r between middle and bottom SP in one seed
Max distance in r between middle and top SP in one seed
Max distance in r between middle and top SP in one seed
Min z for primary vertex
Max z for primary vertex
Cotangent of max theta angle
Min transverse momentum
Max number of seeds a single middle space point can belong to - 1
How many standard devs of scattering angles to consider
Average radiation lengths of material on the length of a seed


https://eicweb.phy.anl.gov/EIC/juggler/-/commit/e902e7829c712ec7596b7c505ac2d3b54b638e00
https://eicweb.phy.anl.gov/EIC/juggler/-/commit/e902e7829c712ec7596b7c505ac2d3b54b638e00
https://indico.bnl.gov/event/18272/
https://indico.bnl.gov/event/18272/

Initial Guess for CKF: 2. realistic seeding

Seeder Configuration
Example of parameter tuning. Use loose settings to obtain seeds for entire eta range despite of
high chance to have duplicated seeds. Ongoing work of Rey

Efficiency after changing deltaRminSP

ACTS 21.1

file 0 - deltaRMinSP 5, efficiency set to 1 if > 1 seeds reconstructed
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Initial Guess for CKF: 2. realistic seeding

Seed Confirmation/Filter

Individual filter settings for each geometry region.
e Experience from ATLAS-ITK , see Luis Falda Coelho’s work
e implementation in EICrecon, TBD - Rey, Barak Schmookler

— 45 e et

& 100 ATLAS Simulation _ Preliminary ITk Layout - ATLAS-P2-ITK-23-00-00

centralSeedConfirmationRange = acts.SeedConfirmationRang™ = _ "=1p o n=20 é
zMinSeedConf=-250 * u.mm, 350 - Idifd & &5 & o *g

rMaxSeedConf=140 * u.mm, 250 ' %‘s ‘ %S /‘/ I JI/
nTopForlLargeR=1, oy A LR 7
nTopForSmallR=2, pt“'f;‘,'  ‘ I
seedConfMinBottomRadius=60.0 * u.mm, 180/ 4 WA

seedConfMaxZ0rigin=150.0 * u.mm, 100.:5f/ T

zMaxSeedConf=250 * u.mm, 300 | ‘ 1 \/
\
\

, AV:}£ yFEE?;l;;;l4¥;4;’”'  n= =40 -

minImpactSeedConf=1.0 % u.mm,

UHIJJH 111 JUJJlJlHlU

) # contains parameters for seed confirmation

| .- . t. P (G S VA N MO SN O O N O S VI | (OO T ) I T T
500 1000 1500 2000 2500 3000 3500
z [mm]

forwardSeedConfirmationRange = acts.SeedConfirmationRang o=
zMinSeedConf=-3000 * u.mm,
zMaxSeedConf=3000 * u.mm,
rMaxSeedConf=140 * u.mm,
nTopForLargeR=1,
nTopForSmallR=2,
seedConfMinBottomRadius=60.0 * u.mm,
seedConfMaxZ0rigin=150.0 * u.mm,
minImpactSeedConf=1.0 * u.mm,


https://indico.bnl.gov/event/18366/contributions/73060/attachments/45929/77620/ITkACTS%20seed%20confirmation%20.pdf

Initial Guess for CKF: 2. realistic seeding

Supply realistic init parameters to CKF

e CKEF with realistic seeding in addition to truth seeding. See Barak’s work
o retain data structure for current downstream analysis

e Switch between truth / realistic seeding. TBD. See Dmitry’s work

v v
BarrelTrackerHit EndcapTrackerHit VertexBarrelRecH1t5 MPGDTrackerHlt TOFEndcapTrackerHlt TOFBanelTrackeer
e T %//'

TrackSeeding

v Sim output
CentralTrackSeedingResults trackerHits MCParticles
: —l— 1
[iEckiaramSescing Tactory TrackerSourceLinker TrackParamTruthlnit
v / \ l
SeededTrackParams TrackSourceLinks TrackMeasurements InitTrackParams boxe s are

= boxes are
= CKFTracking
CKFTracking —r input/output data.
l box is a factory

CentralCKFTrajectories

CentralCKFSeededTrajectories I ~ to reformat data type.


https://conferences.lbl.gov/event/1195/contributions/6889/attachments/4378/3860/track_seeding_020723.pdf
https://github.com/eic/EICrecon/issues/473

Track Info in Output

e Track parameters from fit - Done
e Track projection - Done
e Trajectory info ( chi2, number of hits ... )
o save to histograms with EICrecon plugins:

m  plugin from Nicolas Schmidt
https://github.com/eic/EICrecon/blob/angular_st

udies tof/src/benchmarks/reconstruction/trackin

g_studies/tracking_studiesProcessor.cc

m plugin from Barak
https://qgithub.com/eic/ElCrecon/tree/track-qa-b
arak/src/tests/track qa

m see also Beatrice Liang-Gilman’s study
on number of track hits and chi2

(ongoing)

Number of Measurements per Track

XA2

# of track hits v.s. eta

TTTT IIII|III||II||II|II|IIII|IIII|IIII

..courtesy of
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https://github.com/eic/EICrecon/blob/angular_studies_tof/src/benchmarks/reconstruction/tracking_studies/tracking_studiesProcessor.cc
https://github.com/eic/EICrecon/blob/angular_studies_tof/src/benchmarks/reconstruction/tracking_studies/tracking_studiesProcessor.cc
https://github.com/eic/EICrecon/blob/angular_studies_tof/src/benchmarks/reconstruction/tracking_studies/tracking_studiesProcessor.cc
https://github.com/eic/EICrecon/tree/track-qa-barak/src/tests/track_qa
https://github.com/eic/EICrecon/tree/track-qa-barak/src/tests/track_qa
https://conferences.lbl.gov/event/1195/contributions/6888/attachments/4379/3859/EICRecon_status_eicrnc02072023.pdf

Track Info in Output

e Track parameters from fit - Done
e Track projection - Done

e Trajectory info ( chi2, number of hits ... )
o save to histograms with EICrecon plugins
o save to output rootfile:

m TBD: write an EICrecon factory to write

trajectory info into data structure

e TBD: Hits associated with tracks

eicd::Trajectory:

struct TrajectoryState {
0;
size_t nMeasurements =
0;

size_t nStates =
0;
size_t nOutliers =
size_t nHoles = 0;

AniilhTla ALANCiim — N

:vector<double> outlierChi2 = {};
size_t NDF = 0;

std::vector<unsigned int> measurementVolume = {};
std::vector<unsigned int> measurementLayer = {};
std::vector<unsigned int> outlierVolume = {};
std::vector<unsigned int> outlierLayer = {};
size_t nSharedHits = 0;

i

Description: "Raw trajector) from the tracking algorithm"
Author: "S. Joosten, S. Li"
Members:
— uint32_t type // @ (does not have good track fit), 1 (has good track fit)
— uint32_t nStates // Number of tracking steps
- uint32_t nMeasurements // Number of hits used
— uint32_t nOutliers // Number of hits not considered
4 data structure for ElCrecon®
— uint32_t ndf // Number of degrees of freedom
- uint32_t nSharedHits // Number of shared hits with other trajectories
VectorMembers:
- float measurementChi2 // Chi2 for each of the measurements
- float outlierChi2 // Chi2 for each of the outliers
OneToOneRelations:

— eicd::TrackParameters trackParameters // Associated track parameters, if any

OneToManyRelations:
— eicd::TrackerHit
— eicd::TrackerHit

outlierHits

measurementHits

// Measurement hits used in this trajectory 14

// Outlier hits not used in this trajectory



Track Recon Validation Plots

tracking performance:

momentum resolution,

DCA_2D resolutions,

polar angle resolution (at vertex and the various PID detector),
azimuthal angle resolution (at vertex and the various PID detector)

tracking hits information:

hit at generation level,
hit at reconstruction level.
hit locations (x,y,z) associated with tracks

tracking quality variables (truth + realistic seeding):

chi”2 (total, per DOF),

No. of hits of the reconstructed tracks
No. of trajectories per event

No. of seeders ( for realistic seeding)

Proposed by tracking WG, Matt Posik, and LBL group. To be discussed with
software/computing WG.



Summary

« Tracker in Acts geometry:
— central tracker in good shape. B0 tracker needs to be integrated
* Track reconstruction:

— recon with truth info works well except at low momentum. Parameters need to be
smeared.

— realistic seeder needs to be tuned.
« Track recon quality check:
— some tracking info is accessible via EICrecon plugins but not in rootfiles

— need to include validation plots in benchmark tests.

Thank You
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