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Update on Secondary Vertexing

Shyam Kumar, Xin dong, Bishoy, Rongrong and others
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Secondary Vertex Reconstruction

D0 meson

Secondary Vertex (SV) Reconstruction:
➔ Helix Swimming 

➔ Chi2 minimization (considers track errors): Shyam

➔ AdaptiveMultiVertexFinder (considers track errors): Bishoy

➔ KFParticle (considers track errors): Xin and others

Secondary vertex: allows access to more topological variables, e.g., 
decay length (dl), pointing angle (cosθ), DCAD0 or  DCAΛc etc.

Phys. Rev. C 102, 014905 (2020)

Based on 
Kalman filter

Primary Vertex Reconstruction:
➔ CentralTrackVertices

➔ AdaptiveMultiVertexFinder (in development: Bishoy)

Primary vertex: allows access to the DCA of daughter tracks 

σSV∝σdca /√Ndau

σPV∝σdca /√N tracks

Ndau = 2 for D0 

Ndau = 3 for Λc
+ 
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Secondary Vertex

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

AMVF - under review (PR 
#1915)

Helix - merged (PR #2144)

Chi2 fitting-need to implement 
in EICRecon

KFParticle - under development
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Helix Swimming

Method based on STAR experiment which use track parameters to determine the vertex position

Track parameters (DCA):

(l0 , l1 ,φ ,θ ,q /p) Local

(x , y , z , px , py , pz) Global

x = - l0 sinφ, y = - l0 cosφ, z=l1

px = p cosφ sinθ, py = p sinφ sinθ

pz = p cosθ, q = sign(q/p)
⃗pca1

⃗pca2

D0→K- π+

S⃗V=1
2
( ⃗pca1+ ⃗pca2)

Implemented in EICRecon (Xin dong, LBL)
Ignores the track uncertainties 

Next: Compared the results from EICRecon to local code on the same simulation file, the two must be exactly same 

Information used: Track parameters
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Chi2 Minimization

K -

π+

d0
π

d0
K

D0→K - π+

P⃗V

Considering the tracking errors
Minimization of chi-square

TrackDCA=( r⃗0 , p⃗0 ,q )

TrackAt(s)=( r⃗s , p⃗s , q)

Parameters: (vx, vy, vz, s1, s2) 

s: path length

SV
→p⃗0

p⃗ s

Minimize chi2:

⃗pca1=r⃗s 1=(x1 , y1 , z1)

⃗pca2=r⃗s 2=(x2 , y2 , z2)

uncertainties

χ2=
(x1−v x)

2

σ x1
2 +

(x2−v x)
2

σ x 2
2 +

( y1−v y)
2

σ y 1
2 +

( y2−v y)
2

σ y 2
2 +

(z1−v z)
2

σ z1
2 +

(z2−v z)
2

σ z2
2

For a given track:  x= −l0 sinϕ , y=l0 cosϕ , z= l1

σx
2​= sin2ϕ σ⋅ ℓ0

2​+ ℓ0
2​cos2ϕ σϕ⋅ 2​ + 2 ℓ⋅ 0​sinϕcosϕ Cov(ℓ⋅ 0​,ϕ)

σy
2​=cos2ϕ σ⋅ ℓ0​2​+ ℓ0

2​sin2ϕ σϕ⋅ 2​−2 ℓ⋅ 0​sinϕcosϕ Cov(ℓ⋅ 0​,ϕ)
σz

2​ = σℓ1
​2

Information used: Track parameters and Covariance

Helix swimming is used for 
helix definition

S. Kumar,INFN
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Comparison of Results (Helix Swimming and Chi2)

Helix Swimming

Chi2 fitting
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Secondary Vertex Resolution

D0→K - π+

preTDR

Fit Range: Mean+/- 2*StdDev

Chi-square minimization using track parameters and covariances

10.2025

Two Gaussian (Acore, σcore, Atail,  σtail)

σeff=√ A core

(Acore+A tail)
σ core

2 +
A tail

(A core+Atail)
σtail

2

σeff decreases as we go at high pT

D0 Sample
ep (10x100, Q2> 1 GeV2)
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Pull distributions

D0→K - π+

10.2025

Pulls=
SV rec

x −SVmc
x

σx

Pulls=
SV rec

z −SVmc
z

σz

D0 Sample
ep (10x100, Q2> 1 GeV2)

Topological features and ML

https://colab.research.google.com/drive/1JtKXPSfRBXTOu4-yUd_h7fOENDyWLCDm?usp=sharing


05/02/26 Secondary Vertexing: Shyam Kumar 9

Pull distributions
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SV rec

x −SVmc
x
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Λc Sample
ep (10x100, Q2> 1 GeV2)
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AdaptiveMultiVertexFinder (AMVF)

Considers track parameters and covariance (fitting approach: Kalman)

Information used: Track parameters, time, and Covariance

Additional time information can help 

B. Dongwi (SBU)

Slide 16

Λ0→p π-

Pulls are ~1.5

Apply on D0 sample

https://indico.global/event/15249/contributions/134323/attachments/62701/120963/dongwiEICReadinessWorkshop2025.pdf
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KFParticle

Considers track parameters and covariance (fitting approach: Kalman) Additional kinematic constraint e.g. mass

Implementation Requires: 

➔ Track Parameters in Global Coordinates
➔  Covariance in Global Coordinates

Xin dong, LBL

(l0 , l1 ,φ ,θ ,q /p) Local

(x , y , z , px , py , pz) Global

Jacobian Matrix (J)

Global

x = - l0 sinφ, y = - l0 cosφ, z=l1

px = p cosφ sinθ, py = p sinφ sinθ

pz = p cosθ, q = sign(q/p)

KFPTrack& t;

#include <KFParticle/KFPTrack.h>

  t.SetParameters(xyzp);
  t.SetCovarianceMatrix(CovXyzp);
  t.SetCharge(charge);

Under development

C(l0 , l1 ,φ ,θ ,q /p)

C(x , y ,z , px , py ,pz)=J C(l0 , l1 ,φ ,θ ,q /p)J
T
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Summary

➢ Helix swimming is already available in EICRecon but ignores the track covariances.

➢ In the meantime, a Chi2-fitting method is used in the analysis for D  and Λc , which uses track parameters and ⁰ ⁺
covariances and also allows access to the chi2 of the fit

➢ AMVF can be very useful with timing information (pull request not merged yet)

➢ KFParticle can be further helpful and is widely used for heavy-flavor analyses in the community (still development)

Thank You !
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Secondary Vertex Reconstruction (D0)

For a given track:  x= −l0 sinϕ , y=l0 cosϕ , z= l1

σx
2​= sin2ϕ σ⋅ ℓ0

2​+ ℓ0
2​cos2ϕ σϕ⋅ 2​ + 2 ℓ⋅ 0​sinϕcosϕ Cov(ℓ⋅ 0​,ϕ)

σy
2​=cos2ϕ σ⋅ ℓ0​2​+ ℓ0

2​sin2ϕ σϕ⋅ 2​−2 ℓ⋅ 0​sinϕcosϕ Cov(ℓ⋅ 0​,ϕ)
σz

2​ = σℓ1
​2
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Chi2 Minimization Code

Root files store the covariance at the DCA

Note: Covariances are taken from DCA to primary vertex
Need to estimate at pca1 and pca2 can be done in ACTs 

D0→K- π+
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Covariance Matrix in ACTS
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