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Data flow and output

Truth-seeded track seed parameters

28 app->Add(new JChainFactoryGeneratorT<TrackParamTruthInit factory>(

29 {"MCParticles"}, "InitTrackParams"));

Real-seeded track seed parameters

68 app->Add(new JChainFactoryGeneratorT<TrackSeeding factory>(

69 {"CentralTrackingRecHits"}, "CentralTrackSeedingResults"));

EICRecon tracking.cc file

351
352

354
355

357
358

359

361
362

364
365

edmdeic: :TrackParameters:

Description: "ACTS Bound Track parameters”

Author: "W.
Members:
- int32_t
- edmdhep
- edmdeic
- float
- float
- float
- edmdeic
- float
- float
- float

Armstrong, S. Joosten”

type

tivector2f loc

tiCov2f

t:Cov3t

OneToOneRelations:

locError
theta
phi
qOverpP

momentumError

time
timeError

charge

- edmdeic::Trajectory trajectory

// Type of track parameters (-1/seed, ©/head, ...)
// 2D location on surface

// Covariance on loc

// Track polar angle [rad]

// Track azimuthal angle [rad]

// [e/GeV]

// Covariance on theta, phi and qoOverp

// Track time [ns]

// Error on the time

// Particle charge

// Trajectory associated with these track parameters

In EICRecon, each seed will produce a single trajectory and a
single set of track parameters. This is because we only save

9/13/2023 trackTips.front() right now.

edmdeic.yaml file
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Truth-seeded tracking output

app->Add(new JChainMultifactoryGeneratorT<CKFTracking_factory>(

"CentralCKFTrajectories”,

{
"InitTrackParams"”,
"CentralTrackerSourcelLinker”
1
{
"CentralCKFTrajectories™,
"CentralCKFTrackParameters”,
"CentralCKFActsTrajectories”,
s
app

))s

Real-seeded tracking output

app->»Add(new JChainMultifactoryGeneratorT<CKFTracking_factory>(

"CentralCKFSeededTrajectories”,

{
"CentralTrackseedingResults”,
"CentralTrackersourceLinker”

¥

{
"CentralCKFseededTrajectories”,
"CentralCKFSeededTrackParameters”,
"CentralCKFSeededActsTrajectories”,

¥

app

))s
9/13/2023 EICRecon tracking.cc file

Data flow and output

- edmdeic::TrackerHit

330 edmdeic: :Trajectory:
331 Description: "Raw trajectory from the tracking algorithm"
332 Author: "S. Joosten, 5. Li"
333 Members:
334 - uint32 t type // @ (does not have good track fit), 1 (has good track fit)
335 - uint32 t nstates // Number of tracking steps
336 - uint32 t nMeasurements // Number of hits used
337 - uint32 t noutliers // Number of hits not considered
338 - uint32 t nHoles // Number of missing hits
- float chiz // Total chiz
340 - uint32_t ndf // Number of degrees of freedom
341 - uint32_t nsharedHits // Number of shared hits with other trajectories
342 VvectorMembers:
343 - float measurementChiz2 // Chi2 for each of the measurements
344 - float outlierChiz // Chi2 for each of the outliers
345 OneToManyRelations:

- edmdeic::TrackParameters trackParameters // Associated track parameters, if any

measurementHits // Measurement hits used in this trajectory

348 - edmdeic::TrackerHit outlierHits // outlier hits not used in this trajectory

350 edmdeic::TrackParameters:

351 Description: "ACTS Bound Track parameters”

352 Author: "W. Armstrong, S. Joosten”

353 Members:

354 - int32_t type // Type of track parameters (-1/seed, ©/head, ...)
355 - edm4hep::vector2f loc // 2D location on surface

356 - edmdeic::Cov2f locError // Covariance on loc

357 - float theta // Track polar angle [rad]

358 - float phi // Track azimuthal angle [rad]

359 - float qoverp /1 [e/GeV]

360 - edmdeic: :Cov3f momentumError // Covariance on theta, phi and qOverp

361 - float time // Track time [ns]

362 - float timeError // Error on the time

363 - float charge // Particle charge

364 oneToOneRelations:

365 - edmdeic::Trajectory trajectory // Trajectory associated with these track parameters

edmdeic.yaml file 3
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Data flow and output

Truth-seeded tracking output

// link charged particles to PID and to MC truth
app->»Add(new JChainMultifactoryGeneratorT<ParticlesWithPID_factory>(
"ChargedParticleswithAssociations”,

r
L

"MCParticles”, // edmshep::MCParticle
"CentralCKFTrajectories”, // edmdeic::Trajectory
"DRICHMergedIrtCherenkovParticleID" // edmdeic::CherenkovParticleID

T

[

L
"ReconstructedChargedParticles”, // edmdeic::ReconstructedParticle

"ReconstructedChargedParticleassociations”, // edmdeic::MCRecoParticleAssociation
"ReconstructedChargedParticleIDs" // edmahep::ParticlelID

s

link_cfg,

app

DE

Real-seeded tracking output

app->Add(new JChainMultifactoryGeneratorT<ParticlesWithPID factory>(

"ChargedParticleswithAssociations™,

r

L
"MCParticles”, // edmdhep: :MCParticle
"CentralCkFSeededTrajectories”, // edmdeic::Trajectory
"DRICHMergedIrtCherenkovParticleID™ // edmdeic::CherenkovParticleID

¥

I

L
"ReconstructedseededChargedParticles”, // edmdeic::ReconstructedParticle
"ReconstructedseededChargedParticleaAssociations”, // edmdeic::MCRecoParticleAssociation
"ReconstructedseededChargedParticleIDs™ // edmahep::ParticleID

b

link _cfg,

app

)

9/13/2023 EICRecon pid.cc file

130

edmdeic: :Recol

nstructedParticle:

Description: "EIC Reconstructed Particle”

rd as this could easiliy become un

// type of reconstructed particle. Check/set collection parameters ReconstructedParticleTypeNames and ReconstructedParticleTypeValues.
// [GeV] energy of the reconstructed particle. Four momentum state is not kept consistent internally.

// [GeV] particle momentum. Four momentum state is not kept consistent internally.

// [mm] reference, i.e. where the particle has been measured

// charge of the reconstructed particle.

// [GeV] mass of the reconstructed particle, set independently from four vector. Four momentum state is not kept consistent internally.
// overall goodness of the PID on a scale of [@;1]

// covariance matrix of the reconstructed particle 4vector (10 parameters).

plicit PDG ID here. Heeds to be discussed how we

information here.
e would be to store reconstructed identified

ons for the different particle types (which would

require some algorithmic changes but might work. Doing both might even make

sense. Needs some discussion, note that PID is more emphasized in NP than|

// PDG code for this particle

time?

/f Start vertex associated to this particle

- edmdhep::ParticleID particleIDUsed // particle ID used for the kinematics of this particle

/f Clusters used for this particle

Author: "W. Armstrong, S. Joosten, F. Gaede"
Members:

- int32_t type

- float energy

- edmdhep: :Vector3f momentum

- edmdhep: :Vector2f referencePoint

- float charge

- float mass

- float goodnessOfPID

- edmdeic::Covaf covMatrix

#H@TODO: deviation from EDM4hep: store

# move fo

e The only acceptable alterna

e particles in separate collec

##

##

## HEP).

- int32_t PDG

#it @T0D0O: Do we need timing info? Or do we rely on the start v
OneToOneRelations:

- edmdeic::Vertex startVertex
OneToManyRelations:

- edmdeic::Cluster clusters

- edmdeic::Track tracks

- edmdeic::ReconstructedParticle particles // Reconstructed particles that have been combined to this particle

- edmdhep:

ExtraCode:

:ParticleID particlelDs

declaration:

// Tracks used for this particle

// All associated particle IDs for this particle (not sorted by likelihood)

bool isCompound(} const {return particles size() > @:l\n

edmdeic.yaml file 4
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Data flow and output

Currently, uses truth-seeded tracking output only

app->Add(new JChainFactoryGeneratorT<TrackProjector factory>(
{"CentralCKFActsTrajectories”}, "CentralTrackSegments"));

app->Add(new JChainFactoryGeneratorT<IterativeVertexFinder factory>(

{"CentralCKFActsTrajectories”}, "CentralTrackvertices"));

app->Add(new JChainMultifactoryGeneratorT<TrackPropagation factory>(
"CalorimeterTrackPropagator”,
{"CentralCKFActsTrajectories"},
{"CalorimeterTrackProjections”},
app
));

9/13/2023 EICRecon tracking.cc file

Track parameters at various
tracking layers

Reconstructed primary vertex

Track projections to calorimeters



Looking at the results with single muons

root [1] events->SetAlias("P_gen", "sqrt(MCParticles.momentum.x*MCParticles.momentum.x+MCParticles.momentum.y*MCParticles.momentum.y+MCP
articles.momentum.z*MCParticles.momentum.z)")

(bool) true

root [2]

root [2] events->SetAlias("Theta_gen","acos(MCParticles.momentum.z/P_gen)")

(bool) true

root [3]

root [3]

root [3]

root [3] events->Scan("P_gen:Theta _gen", "MCParticles.generatorStatus==1")

k% Rk ok koK koK koK ok K kK ¢ P
e * Instance * Theta_gen * Event
st s sl ok sk sk ok sk ol 3 o sk ok ok sk o ok ok o ok o ok sk ok o3k ok ok sk ok Bttt

number

*

N
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Looking at (real-seeded) results with single muons

root [9] events->SetAlias("P_rec","sqrt(ReconstructedSeededChargedParticles.momentum.x*ReconstructedSeededChargedParticles.momentum.x+
econstructedSeededChargedParticles.momentum.y*ReconstructedSeededChargedParticles.momentum.y+ReconstructedSeededChargedParticles.momen
um.z*ReconstructedSeededChargedParticles.momentum.z)")

(bool) true

root [10]

root [10] events->SetAlias("theta rec”,"acos(ReconstructedSeededChargedParticles.momentum.z/P_rec)")

(bool) true

root [11]

root [11] events->Scan("CentralTrackSeedingResults.theta:CentralCKFSeededTrackParameters.theta:theta rec:CentralCKFSeededTrajectories.

* % H
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B EE e e e e e e e R R R R R
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Looking at (real-seeded) results with single muons

root [9] events->SetAlias("P_rec","sqrt(ReconstructedSeededChargedParticles.momentum.x*ReconstructedSeededChargedParticles.momentum.x+
econstructedSeededChargedParticles.momentum.y*ReconstructedSeededChargedParticles.momentum.y+ReconstructedSeededChargedParticles.momen
um.z*ReconstructedSeededChargedParticles.momentum.z)")

(bool) true

root [10]

root [10] events->SetAlias("theta rec”,"acos(ReconstructedSeededChargedParticles.momentum.z/P_rec)")

(bool) true

root [11]

root [11] events->Scan("CentralTrackSeedingResults.theta:CentralCKFSeededTrackParameters.theta:theta rec:CentralCKFSeededTrajectories.
3 ok ok ok ok ok ok ok ok oK ok 3 ok 3 ok ok ok ok ok ok 3K ok ok ok ok ok ok 3K ok ok ok 3K ok ok ok ok ok ok 3k ok ok ok o ok ok ok ok oK ok 3K ok ok ok o ok ok ok ok ok ok ok ok ok ok R kR ok ok ok K

- Row * Instance * CentralTr * CentralCK * theta_rec * CentralCK *

3 ok ok ok ok ok ok ok ok oK ok 3 ok ok ok ok ok ok ok ok 3K ok ok ok ok ok ok ok ok ok ok oK ok ok ok ok ok ok 3k ok ok ok o ok ok ok ok ok ok R ok ok ok R ok koK koK kR ok ok ok Rk Rk R ok ok Looking at the 1St event’ we see 3 seeds.
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o * G LI © (ST © (s Ve e Each seed produces a single trajectory and a
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Looking at (real-seeded) results with single muons

root [9] events->SetAlias("P_rec","sqrt(ReconstructedSeededChargedParticles.momentum.x*ReconstructedSeededChargedParticles.momentum.x+
econstructedSeededChargedParticles.momentum.y*ReconstructedSeededChargedParticles.momentum.y+ReconstructedSeededChargedParticles.momen
um.z*ReconstructedSeededChargedParticles.momentum.z)")

(bool) true

root [10]

root [10] events->SetAlias("theta rec”,"acos(ReconstructedSeededChargedParticles.momentum.z/P_rec)")

(bool) true

root [11]

root [11] events->Scan("CentralTrackSeedingResults.theta:CentralCKFSeededTrackParameters.theta:theta rec:CentralCKFSeededTrajectories.
3 ok ok ok ok ok ok ok ok oK ok 3 ok 3 ok ok ok ok ok ok 3K ok ok ok ok ok ok 3K ok ok ok 3K ok ok ok ok ok ok 3k ok ok ok o ok ok ok ok oK ok 3K ok ok ok o ok ok ok ok ok ok ok ok ok ok R kR ok ok ok K
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0 * @ * 0.1937180 * 0.1945763 * 0.1945763 * 4 * :
o * G LI © (ST © (s Ve e reconstructed theta angle for the tracks is

9 * 11938095 * @.1947055 1947055 * close to the generated muon theta angle of
~000//01 = 2.0092020 . 9984649 0.1950 Radians.
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Association between trajectories and track parameters

CentralCKFSeededTrajectories = (vector<edmdeic::TrajectoryData>*)0x4e52290

CentralCKFSeededTrajectories.type = 0, 9, ©

CentralCKFSeededTrajectories.nStates = 10, 10, 10

CentralCKFSeededTrajectories.nMeasurements = 4, 4, 4 edndeic: iTrajectory:

CentralCKFSeededTrajectories.nOutliers = 3, 3, 3 zi;ﬁ?jyiiimffiy“mt“t”““g“@“WW
CentralCKFSeededTrajectories.nHoles = 1, 1, 1 R |

CentralCKFSeededTrajectories.chi2 = 2.466630, 2.439069, 2.992647 - uint32 t type // ® (does not have good track fit), 1 (has good track fit)
CentralCKFSeededTrajectories.ndf = 14, 14, 14 R ey o e
CentralCKFSeededTrajectories.nSharedHits = 0, 0, © Cuintast noutliers // number of hits not considered
CentralCKFSeededTrajectories.measurementChi2_begin - uint32 t nHoles // Number of missing hits
CentralCKFSeededTrajectories.measurementChi2_end R " e arees of tresion
CentralCKFSeededTrajectories.outlierChi2_begin - uint3z t rsharedits // number of shared hits with other trajectories
CentralCKFSeededTrajectories.outlierChi2_end = 3, vectortienbers: _ _
CentralCKFSeededTrajectories.trackParameters_begin o o e
CentralCKFSeededTrajectories.trackParameters_end
CentralCKFSeededTrajectories.measurementHits begin . — -
CentralCKFSeededTrajectories.measurementHits_end = - ddmdsics Trsckertit cutliniits /) outiier nits not used 1n Shis trajectory
CentralCKFSeededTrajectories.outlierHits begin =

CentralCKFSeededTrajiectories outlierHits end = 0.0 0

CentralCKFSeededTrajectories#0 = (vector<podio::0ObjectID>*)0x4f2eal0d

CentralCKFSeededTrajectories#0.index = 0, 1, 2 If in the future we allow the
Centr‘alCKFSeededTr‘a_‘!ector‘%es#@.collectionID = 84, 84, 84 (Multi)Trajectory to have multiple sets
CentralCKFSeededTrajectories © = (vector<float>*)0x565b240

CentralCKFSeededTrajectories_1 = (vector<float>*)0x565bef0 of track parameters, we can use this
association to link the data types.

SouDo] o o

I - edmdeic::TrackParameters trackParameters // Associated track parameters, if any




A couple issues with trajectory information

CentralCKFSeededTrajectories = (vector<edmdeic::TrajectoryData>*)0x4e52290

CentralCKFSeededTrajectories.type = 0, 9, ©
CentralCKFSeededTrajectories.nStates = 10, 10, 10
CentralCKFSeededTrajectories.nMeasurements = 4, 4, 4 edndeic: :Trajectory:

CentralCKFSeededTrajectories.nOutliers = 3, 3, 3 Jeecrne e Trajectary from the fracking slgerien

. . uthor: . Joosten, 5. Li
CentralCKFSeededTrajectories.nHoles = 1, 1, 1 Members :
CentralCKFSeededTrajectories.chi2 = 2.466630, 2.439069, 2.992647 - uint32 t type // ® (does not have good track fit), 1 (has good track fit)
e e e e s evoents 11 v ot none vt
Cent r‘alCKFseedEdTr‘aj ector‘les - nShar‘EdHltS = g. 6- @ - uint32_t noutliers // Number of hits not considered
CentralCKFSeededTrajectories.measurementChi2_begin - uint3a_t nHoles // Number of missing hits

. . . - float hi // Total chi
CentralCKFSeededTrajectories.measurementChi2_end - o e e

! B . . - - uint32 t ndf // Number of degrees of freedom

. - uint32 t nsharedHits // MWumber of shared hits with other trajectories
CentralCKFSeededTrajectories.outlierChi2_begin
CentralCKFSeededTrajectories.outlierChi2 end = 3, S
— - - - - - - - - float measurementChi2  // Chi2 for each of the measurements

LENLdLlUArS>EcUcd I rd JECLOMLES .. LI'dCKPdI'diEeLers_DeEgLr - float outlierchiz // Chiz for each of the outliers
CentralCKFSeededTrajectories.trackParameters_end = OneToManyRe At Tons
cent r‘alCKFSeededTr‘ajeCtor‘ies measu PelT]entHits begin - edmdeic::TrackParameters trackParameters // Associated track parameters, if any

" . - . - - edmdeic::TrackerHit measurementHits // Measurement hits used in this trajectory
centralCKFseededTPa]eCtOPles °I]]easurelT]entHlts_end - edmdeic::TrackerHit outlierHits // outlier hits not used in this trajectory

CentralCKFSeededTrajectories.outlierHits begin =
CentralCKFSeededTrajectories.outlierHits_end = 0, 9, ©
CentralCKFSeededTrajectories#0 = (vector<podio::0ObjectID>*)0x4f2eal0d
CentralCKFSeededTrajectories#0.index = 0, 1, 2 hit chi-squares, but we can’t find the

We have a list of indices for the individual

CentralCKFSeededTrajectories#0.collectionID = 84, 84, 84
CentralCKFSeededTrajectories © = (vector<float>*)0x565b240
CentralCKFSeededTrajectories 1 = (vector<float>*)0x565bef0

actual values in the file.



A couple issues with trajectory information

edmdeic: :Trajectory:

root [34] events->Scan("CentralCKFSeededTrajectories.nSharedHits") pescription: "Raw trajectory from the tracking 2lgorithm"
sk ok sk ok ok ok ok sk ok ok ok ok ok ok sk ok ok o ok skok ok ok ook ok skok ok ok ok ok ok Author: "s. Joosten, 5. Li”
Members:
* ROW * InStance * CentralCK * - uint32_t type // © (does not have good track fit), 1 (has good track fit)
3 o sk ok ok sk ok s ok ok sk ok s sk ok s ok ok s ok ok sk sk sk ok ok sk ok ok sk ok ok sk ok ck - uint32_t nStates // Number of tracking steps
® ¥ e ¥ 9 ¥ - uint32_t nMeasurements // Number of hits used
- uint32_t noutliers // Number of hits not considered
- uint32_t nHoles // Number of missing hits
- float chi2 // Total chi2
- uint3z t nﬁif I-Ju%r of degrees of ﬂ“gdom
I— uint32 t nsharedHits // NWumber of shared hits with other trajectoriel
- float measurementChi2  // Chi2 for each of the measurements
- float outlierchi2 // chi2 for each of the outliers

OneToManyRelations:
- edmdeic::TrackParameters trackParameters // Associated track parameters, if any
- edmdeic::TrackerHit measurementHits // Measurement hits used in this trajectory

- edmdeic::TrackerHit outlierHits // outlier hits not used in this trajectory

The nSharedHits for all the trajectories
seems to always be zero, even when we
have the duplicated tracks.
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A couple issues with trajectory information

edmdeic: :Trajectory:

Description: "Raw trajectory from the tracking algorithm”

root [33] events->Scan("CentralCKFSeededTrajectories#0.collectionID:CentralCKFSeededTrajectories#l.collectionID:CentralCKFSeededTraject Author: "s. Joosten, s. Li"
es#2.collect Members:
- uint32_t type // © (does not have good track fit), 1 (has good track fit)
Instance * CentralCK * CentralCK * CentralC
- uint32_t nStates // Number of tracking steps
- uint32_t nMeasurements // Number of hits used
- uint32_t noutliers // Number of hits not considered
- uint32_t nHoles // Number of missing hits
- float chi2 // Total chi2
- uint32 t ndf // Number of degrees of freedom
- uint32 t nsharedHits // MWumber of shared hits with other trajectories
VvectorMembers:
- float measurementChi2  // Chi2 for each of the measurements
- float outlierchi2 // chi2 for each of the outliers

OneToManyRelations:

- edmdeic::TrackerHit measurementHits // Measurement hits used in this trajectory

- edmdeic::TrackerHit outlierHits // outlier hits not used in this trajectory

The associations to the digitized hits are missing. This is expected
right now, since we are not extracting the used hits after the CKF
fit.

2}

9 *
9 *
1 *
1 *
2 *
2 *
3 *
3 *
4 *
4 *
4 *
5 *
6 *
6 *
7 *
7 *
7 *
8 *
8 *

ONRFRFOORONRFOROONRFRORORORONRE®

We may need to add an index to the source linker to keep track of
the hits as we convert back and forth from edm4eic to ACTS
format. This will require some coordination with the software
group.



Resolution comparison at seed and track parameter level
Momentum Resolution: (rec. - true)/true

Seed level 1800 Single u generated:
Track parameter Ievel 1600 0.5 GeV/c <P <20 GeV/c
1400 4<mn<4
Generated vertex: (0,0,0) mm
1200
1000
800

600

400

200

of/ttjrrryrryrrrfrreryrrrprrrfrriyprrrpTr
RN L R R L R R

Resolution [%]
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One recent update to truth seeding that should be checked
(prior code)

» ACTS requires us to pass the seed local coordinates and the reference
point (perigee surface). Previously for the truth seeding, we defined
the reference point to be the particle’s generation vertex and set the
local coordinates to zero.

Acts::Boundvector params;

params (Acts::eBoundLoc®) ; // cylinder radius

All this is done in the track seeding
code. Without smearing, this should

params (Acts::eBoundLocl)

; // cylinder length

params(Acts::eBoundPhi) phi;
theta; give the ideal track seed for a given
params(Acts::eBoundQOverP) charge / (pinit * GeV); partide.

(
(
params(Acts::eBoundTheta)
(
params (Acts::eBoundTime)

part->getTime() * ns;

//// Construct a perigee surface as the target surface

auto pSurface = Acts::Surface::makeShared<Acts: :PerigeeSurtace>(

Acts::Vector3{part->getVertex().x * mm, part->getVertex().y * mm, part->getVertex().z * mm});

9/13/2023 auto result = new eicrecon::TrackParameters({pSurface, params, charge, cov}); 15



One recent update to truth seeding that should be checked
(current code)

»Now, we set the reference point to (0,0,0) and use the particle’s
generation vertex as the local coordinates.

auto v = mcparticle.getvertex();

track parameter.setloc({static cast<float>(std::hypot(v.x, v.y)), static cast<float>(v.z)}); // 2d location on surtface [mm]

In track seeding code. The Perigee surface cannot
be saved into the edm4eic::TrackParameters data

container.

// Construct a perigee surface as the target surface

auto psurface = Acts::Surface::makeshared<const Acts::PerigeeSurface>(Acts::vector3(e,0,0));

In CKF factory which is used for both truth and real seeded tracking. The reference point is set to
the origin. Note that for the real seeds, we fit 3 points and find the point of closest approach in
the (x,y) plane, and extract the z value when r=0 from a linear fit. So, using the origin as the

reference point makes sense. 16
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One recent update to truth seeding that should be checked

» For particles with a generation vertex on the z-axis, the
results should be equivalent for the prior and current
versions. Y

)

I

» However, for non-zero (x,y) generated vertex coordinates, |
note that the old version gives a specific point in space, while !
the new version gives a specific z-value but only specifics a I
circle in the (x,y) plane. :
-l

» So, for secondary particles where the particle’s generation »” :
vertex is far from the z-axis, there may be differences / . !
between the old and new versions based on how the CKF / Rep‘::i‘:"t‘ce
treats the input. —————— ." _____ @- 7‘. ________
\ J Generated
\\ particle
sl

Fig. 4 lllustration of the perigee parametrization which uses the point of closest approach relative to a

referenceqdidf2Theimpact parameter dy, the position I and the momentum vector p are shown. 17



summary

»We have discussed the current tracking-related output that is saved
to the standard EICRecon output ROOT file.

»We are currently trying to understand a few issues with the track QA
information, as well as add some additional associations to the hit
containers.

» For the truth-seeding, we should check if our current implementation
works well for particles generated away from the beamline.



Backup



Seed multiplicity — why do we see many events with 3

If we have a particle at mid-rapidity which hits
layers LO, L1, L2, L3, and L4, then we can make
the following combinations:

1. LO,L1,L2
2. LO,L2,L3
3. LO,L3,L4

® 4 LOL1L3
®5 LoLLLA
% 6. LO,L2,L4
® 7. L1,L2,13
® 8. L1,L2,L4
% 9. L1,13,L4
% 10.L2,L3,L4

9/13/2023

seeds?

ACTS seed finder and filter parameters

z component of magnetic field 177
Maximum r value to look for seeds 440 mm
Minimum r value to look for seeds 33 mm
Minimum z value to look for seeds -1500 mm
Maximum z value to look for seeds 1700 mm
Beam offset in x 0
Beam offset in y 0
Min distance in r between middle and top SP in one seed 10 mm
Min distance in r between middle and bottom SP in one seed 10 mm
Max distance in r between middle and top SP in one seed 200 mm
Max distance in r between middle and top SP in one seed 200 mm
Min z for primary vertex -250 mm
Max z for primary vertex 250 mm
Cotangent of max theta angle 27.29
Max number of seeds a single middle space point can belong to - 1 0
How many standard devs of scattering angles to consider 5
Average radiation lengths of material on the length of a seed 0.1
Max transverse PCA allowed 3 mm
Min R for middle space point 20 mm
Max R for middle space point 400 mm
min B field 0.1
20



Issue with total chi-square

root [17] events->Scan("CentralTrackSeedingResults.theta:CentralCKFSeededTrackParameters.theta:theta rec:CentralCKFSeededTrajectories.n

Measurements:CentralCKFSeededTrajectories.chi2™)
3k 3k 3k sk 3k 3k 5k ok sk 5k 3k ok ok ok ok 3 sk ok ok 3K 3k sk 3k 3k K ok sk ok 3 sk Sk ok ok 3 sk sk ok ok ok sk sk sk ok ok ok ok e sk sk o ok e ske ok ok ok ke ok s Sk sk sl o e sl ke o o e ok ok 3k oK S oK 3K K 3K oK KKk

* Instance * [CentralTr ¥ |JCentralCK §* theta_rec * CentralCK *ICentPalCK *I
# als als als als als als als als als ol *: s nls ale als ale sl als ale als ale ol *

g APPSR ARPREp et ] XIPUSURUPUSUSUSUSUSUY P FUFTSUSTSISUSOPUSORTL T

*
%
*
%
*
%
*
%
*
%
*
*
*
*
*

®

*

®

.1937180
.1940771
.1938095
.9997701
.9998300
.1104461
.1103586
.0850231
.0850503
.2157898
.2160625
.2157084
.3530783
.1159824
.1127062

®

.1945763
.1945463
.1947055
.9994049
.9996504
.1103764
.1102905
.0851216
.0851085
.2161549
.2161960
.2162159
.3530213
.1192474
.1198665

¥*
®

.1945763 *
.1945463
.1947055
.9994049
.9996504
.1103764
.1102905
.0851216
.0851085
.2161550
.2161960
.2162160
.3530213
.1192474
.1198665

OO MNWAAUNNOOLOUVOO®ONMNNDNMN

.4666304
.4390687
.9926469
.4067698
.0245701
.1610455
.3399877
.0655946
.4841909
.5669741
.2218980
.5914709
.5779833
.6670103
. 7781642

NNSNjo ooV AR R, WWNNRRPOO®

¥ KRR K K K X K K K K X K K K X ¥

NP O, OO NEFEFOFRPRORFRPRORLRONEERE

* O KL E K K K K X XK K K X X K X ¥

MMNOMNOONOOOOOOOONMNNMNMOE®

.6202621
.6200094
.6201334

* O OKQE K K K K XK XK K K X X K K X ¥
N NNMO O N O OO OO OONNOOO®

.6202397
.6202220
.6202380

* O KL E K K K K X XK K K X X K X ¥
N NNMO O N O OO OO OONNOOO®

.6202397
.6202221
.6202380

* O KL E K K K K X XK K K X X K X ¥

SCIENIEN] N VO N N N N N N N R NN N NN
F O R R R I R S S e T

13.872473
16.563919
13.850541

¥ O OKQ X X XK K X X K K X X XX K X X ¥

Event
number

Total chi-square

One strange thing is that even though the tracks all have
the about same parameters as the generated particles and
the same number of measurement, there chi-suare can
differ substantially.




Issue with total chi-square

» A guess for why we may see this
chi-square difference is that our
initial covariance matrix has too
small uncertainties.

»We can adjust this and check
the effect.

9/13/2023

¥

ic:: ' = new ic:: :
edmdeic::TrackParameters *params = new edmdeic::TrackParameters{

Fs

-1, // type --> seed(-1
{(float)localpos(®@), (f
{@.1,8.1}, //covariance

theta, //theta [rad]

)
loat)localpos(1)}, // 2d location on surface

of location

(float)phi, // phi [rad]

qoverP, // Q/p [e/GeV]
{0.05,0.05,0.05}, // co

10, // time in ns
.1, // error on time
(float)charge // charge

variance on theta/phi/q/p

TrackSeeding.cc file

trackparams.push_back(params);

22
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