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Secondary Vertex Reconstruction

Phys. Rev. C 102, 014905 (2020)

Primary Vertex Reconstruction:

K-
> CentralTrackVertices
Secondary Vertex (SV) Reconstruction:
> Helix Swimming (Ignores tracking errors): Xin and others
> AdaptiveMultiVertexFinder (considers track errors): Bishoy
Secondary vertex: allows access to more topological variables, e.g.,
decay length (dl), pointing angle (cos8), DCAp, etc.
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Secondary Vertex

X. Dong (LBNL)
B. Dongwi (SBU)

ACTS Track Objects =
— ACTS objs
\ PODIO output
ReconstructedParticles ElCrecon ready
Under development |
Vertex Finder(s) (Primary)
(Secondary)
Acts-based AMVF Finder
-PR#1915
CentralTrackVertices
\ AMVF - Merged (PR #1915)
reco/SecondaryVertices (Helix/KFParticle/...) Helix - merqed (PR #2144)
a. reco/Helix.” o . .
b. KFParticle sdandalone package e R e secondary vertexing_dis: enable for AMVF
working on integration *

SecondaryVerticesXXX - PR #132 (under review)
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https://github.com/eic/EICrecon/pull/1915
https://github.com/eic/EICrecon/pull/2144
https://github.com/eic/detector_benchmarks/pull/289

Secondary Vertex Container

SecondaryVertex to edm4eic: add-secondaryvertex branch  Xin dong's slides

1. Current edm4eic::vertex object doesn’t contain many topological variables for secondary vertices.

2. Though one can in principle re-calculate all these based on the associated ReconstructedParticle, it will be much
more convenient to save them during reconstruction and the down-stream analysis can directly use them for physics
analysis and also this will avoid repeated calculations.

Propose to add edm4eic::SecondaryVertex container

- | https://github.com/eic/EDM4eic/issues/127 Issue 127
edmdeic::Vertex:
Description: “EIC vertex" edmdeic: :SecondaryVertex:
Author: "3. Osborn® Description: "EIC secondary vertex"
Members: Author: "X. Dong"
- int32_t type // Type flag, to identify what type of v Members:
- float chiz // Chi-squared of the vertex fit = int32_t type /f Type flag, to identify what type of wertex it is (e.g. p
— int ndf // NDF of the vertex fit - float chi2 /f Chi-squared of the vertex fit
- edmdhep:iVectordf  position // position [mm] + time t® [ns] of the v - int ndf /7 NDF of the vertex fit
## this is named “covMatrix" in EDMdhep, renamed for consistency with the res - edmdhep::Vectordf  position // position [mm] + time t@ [ns] of the vertex. Time is 4th
— edmdeic::Covdf positionError // Covariance matrix of the position+time} = edmdeic: :Covdf positionError // Covariance matrix of the position+time. Time is 4th comp
OneToManyRelations: = edmdhep::Vector3f  parentMomentum /{ parent momentum
- edmdeic::ReconstructedParticle associatedParticles // par:icles associated - float parentInvariantMass // parent invariant mass
= float parentInvariantMassErrer // parent invariant mass error
- float parentDecaylLength // parent decay length
- float parentDecaylengthError // parent decay length error
edmdhep: :Vertex: - float parentDca2PV // parent dca to primary vertex
Description: "Vertex" - float parentDcazPVError // parent dca_error to primary vertex
Author: "EDMdhep authors"™
Memberes VectorMembers:
- uint32_t type /7 flagword that defines the 1ype of the vertex, - edmdhep::Vector3if  daughterMomentum // daughter track momentum at the decay vertex
= float chi2 // chi-squared of the vertex 1it - int daughterPDG // daughter PDG
- int32_t ndf // number of degrees of freedim of the vertex fif] - float daughterDca2PV // daughter dca to primary vertex
- edndhep::Vector3f position [mm] // position of the verte = float daughterDca2PVError // daughter dca_error to primary vertex
- edmdhep: :CovMatrix3f cowMatrix [mm~2] // covariance matrix of the position - int daughterPairIndices // track indices for any pair
- int32_t algorithmType // type code for the algorithm that has been = float daughterPairDca // dca between any pair of tracks
VectorMembers: - float daughterPairDcaError // dca_error between any pair of tracks
- float parameters // additional parameters related to this vertex oneToOneRelations:
OneToManyRelat ions: - edmdeic::Vertex primaryVertex // associated primary vertex
- edmdhep: :ReconstructedParticle particles // particles that have been used to form 4 OneToManyRelations:
- edmdeic::ReconstructedParticle associatedParticles // particles associated to this vertex.

- New structure has been integrated to EICrecon locally and tested to work well!
"\l A A new brunch add-secondaryvertex on edm4eic repo.
_r__rr rrrr ‘m
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https://indico.bnl.gov/event/30543/contributions/116555/attachments/66222/113681/20251113_ePIC_Tracking_Helix.pdf
https://github.com/eic/EDM4eic/issues/127

Secondary Vetexing

Secondary Track Vertex Factory Bishoy's slides

3 ﬁgreoohles'secw:cdosmPnlusPnmmusblsoVenex..’oor
£l | events 3
=1 2% AMVSecondaryTrackVertices
-y AMVSecondaryTrackVertices. type
& AMVSecondaryTrackVerices.chi2
“ AMV SecondaryTrackVertices. ndf
AMVSecondary TrackVenices posiion. x
* ANV SecondaryTrackVertices, position.y
e AMV Secondary TrackVerices posimon .z
ANMVSacondaryTrackVerices position.t
h AMVSecondaryTrackVertices. positionEmor.oc
- % AMVSecondary TrackVemnices positlionEmoryy
ANV SecondaryTrackVerices positionEmor.zz
“ AMVSecondaryTrackVerices. positionEmor.tt
& AMV Secondary TrackVenices. posilionEmor.xy
ANV SecondaryTrackVertices. position Emor. xz
B AMVSecondaryTrackVertices posionEmor.x
h AMVSecondaryTrackVerices positionEmor.yz
i “ ANV SecondaryTrackVerices. positionEmor. yt
% AMV Secondary TrackVertices positionEmor.zt
h ANMVSacondaryTrackVerices associatedParticlas_begin
ﬁl AMVSecondaryTrackVertices. associatedParticles_end

By @size

%] _AMVSecondaryTrackVertices_associatedParticles
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https://indico.bnl.gov/event/28881/contributions/110001/attachments/63454/108908/dongwidisplacedVtxSummary07_10_2025.pdf
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AdaptiveMultiVertexFinder (AMVF)

Considers track parameters and covariance (fitting approach: Kalman)
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Pulls are ~1.5

Apply on D° sample

Also presented
invariant mass

Information used: Track parameters, time, and Covariance
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https://indico.global/event/15249/contributions/134323/attachments/62701/120963/dongwiEICReadinessWorkshop2025.pdf

Steps to be Performed

> Explicitly follow the Xin’s Podio structure on slide 4

> We need following information

Primary vertex position and corresponding covariance in each event (Exists from CentralTrackVertices)
- Secondary vertex position and covariance for each pair of tracks (AMVF from Bishoy: Slide 5)

- DCA can be calculated using PV and track information in ACTS (pca_global_impactpoint.C) or helix method

- All the topological cut on slide 4 relies on PV, SV position and it's covariances and can be calculated easily
- Implement it in to same structure so that it can be run together on same files
> Validation:
- Run locally on few files: activate both the helix swimming and AMVF and compare the topological distributions
- You can also the run the existing analysis code (currently in use) on the same files

- Later compare the topological distributions and invariant mass plots: the results must be consistent with in few
% of deviations

> How to handle three/four daughters? For AMVF is easier, while Xin assign the mid point in the case of helix
swimming
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https://github.com/eic/snippets/commit/39518a01c07d29dd6ef09597b2aa9bac41e60574
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