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Charm Hadron Reconstruction

D0 meson

d⃗l=S⃗V−P⃗V

cosθ=
d⃗l . p⃗D 0

|d⃗l||p⃗D0|

DCAD 0=|d⃗l|sinθ

Topological Variables

Primary Vertex Reconstruction:
➔ CentralTrackVertices
➔ AdaptiveMultiVertexFinder (in development: Bishoy)

Primary vertex: allows access to the DCA of daughter tracks 

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

Secondary vertex is important for the reconstruction of HF-hadrons

arXiv:1911.12168 [nucl-ex]

mD0=√(EK -+Eπ+)2−(p⃗K-+ p⃗π+)2Invariant mass: 
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Secondary Vertex Reconstruction

p

K -

π+

d0
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P⃗V

K -

π+

d0
π

d0
K

P⃗V

p⃗0

p⃗ s

Path length (s)

D0→K - π+

Λc
+→ p K - π+

➔ Perform the combinatorics between two tracks (D0 meson) and three tracks for Λc
+ baryon

➔ Find the closest space point to the helices properly considering the track errors

Secondary vertex
Secondary vertex

AdaptiveMultiVertexFinder and KFParticle for secondary vertex, as they account for proper track errors once available
Various approaches for secondary vertex reconstruction

Signal pairs: From HF-hadron decay Bkg pairs: One of them is not from an HF-hadron decay 

Λc+ Reconstruction code

K -

π+
MC vertex

Reco

Signal pair

Uncertainties

https://github.com/eic/snippets/blob/main/JetsAndHF/Lcp_Reconstruction/Lcp_Reconstruction.cxx
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Secondary Vertex Reconstruction (D0)

K -

π+

d0
π

d0
K

D0→K - π+

S⃗V=
⃗pca1+ ⃗pca2

2

P⃗V

Approach 1 (Analytical ignoring tracking errors)
from the STAR helix calculation 

Secondary Vertex

TrackDCA=( r⃗0 , p⃗0 ,q )

TrackAt(s)=( r⃗s , p⃗s , q)

Vertex position SV = (vx, vy, vz) 

s: path length ⃗pca1

⃗pca2

SV
→p⃗0

p⃗ s

https://doi.org/10.1103/PhysRevLett.124.172301

STAR experiment

uncertanities

https://doi.org/10.1103/PhysRevLett.124.172301
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Secondary Vertex Reconstruction (D0)

K -

π+

d0
π

d0
K

D0→K - π+

P⃗V

Approach 2 (ignoring tracking errors)
Minimization of square of distance

TrackDCA=( r⃗0 , p⃗0 ,q )

TrackAt(s)=( r⃗s , p⃗s , q)

Vertex position SV = (vx, vy, vz) parameters 

s: path length

SV
→p⃗0

p⃗ s

Minimizing the distance

Track At (s1)=(r⃗ s1 , p⃗1 , q1)

Total parameters (5):  (vx, vy, vz, s1, s2)

d2=( r⃗ s1− v⃗ )
2+(r⃗ s 2− v⃗ )

2Minimize

Track At (s2)=(r⃗ s2 , p⃗2 , q2)From fit:

S⃗V=
⃗pca1+ ⃗pca2

21. 2.  S⃗V=(vx , vy , v z)

Using parameters (s1, s2) Using parameters 
(vx, vy, vz)
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Secondary Vertex Reconstruction (D0)

Code to Minimize the square of the distance

Initialization of parameters for fit function: can be improved in the future

D0→K - π+
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Comparison of Results

➢ Distance minimization and mid point estimation 
both works well for the true D0  

Comparison of MC secondary vertex to the reco vertex

25.03.1/epic_craterlake/SIDIS/D0_ABCONV/pythia8.306-1.0/18x275
86 files used

Signal Pairs Signal Pairs

Signal Pairs

K -

π+
(SVxmc, SVymc, SVzmc) 

Signal pair
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Comparison of Results
Analytical

1. Fit Parameters Dimensions are in cm

Analytical

S⃗V=
⃗pca1+ ⃗pca2

2

2. Fit Parameters

Fit Parameters 
(using s1, s2 parameters )

S⃗V=
⃗pca1+ ⃗pca2

2
Fit Parameters 

(vx, vy, vz )
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Secondary Vertex Reconstruction (Λc)

p

K -

π+

d0
p

d0
K

Λc
+→p K - π+

S⃗V=
⃗pca1+ ⃗pca2+ ⃗pca3

3

P⃗V

Secondary Vertex
(Analytical approach)

TrackDCA=( r⃗0 , p⃗0 ,q )

SV for preliminary studies:
Tracking errors are currently ignored

⃗pca1

⃗pca2

⃗pca3

1. Triangle in space

2. CircumCircle Center

 3. Distance2 Minimization

Track At (s1)=(r⃗ s1 , p⃗1 , q1)

Track At (s2)=(r⃗ s2 , p⃗2 , q2)
Track At (s3)=( r⃗s3 , p⃗3 , q3)

Total parameters (6) =  (vx, vy, vz, s1, s2, s3)

d2=( r⃗ s1− v⃗)
2+(r⃗ s 2− v⃗ )

2+(r⃗ s 3− v⃗)
2Minimize



21/08/25 Secondary Vertexing: Shyam Kumar 10

Distance2 Minimization 

Function to minimize

Initialization of parameters for fit function: can be improved in the future
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Comparison of Results (Λc)

➢ Distance minimization is giving better results

➢ Of Course, chi2 minimization will be the best 
option but requires covariance information at DCA 
 

Signal Pairs Signal Pairs

Signal Pairs
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Comparison of Results (Λc)

➢ Distance minimization is giving better results

➢ Of Course chi2 minimization will be best but 
requires covariance information at DCA  

Bkg Pairs Bkg Pairs

Bkg Pairs

STAR experiment
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Secondary Vertex Reconstruction (D0)

K -

π+

d0
π

d0
K

D0→K - π+

P⃗V

Approach 3 (considering the tracking errors)
Minimization of chi-square

TrackDCA=( r⃗0 , p⃗0 ,q )

TrackAt(s)=( r⃗s , p⃗s , q)

Vertex position SV = (vx, vy, vz) parameters 

s: path length

SV
→p⃗0

p⃗ s

χ2=
(x1−v x)

2

σx 1
2 +

(x2−v x)
2

σx 2
2 +

( y1−v x)
2

σ y 1
2 +

( y2−v x)
2

σ y 2
2 +

(z1−v x)
2

σ z1
2 +

(z2−v x)
2

σ z2
2

Minimize chi2:

⃗pca1=r⃗s 1=(x1 , y1 , z1) ⃗pca2=r⃗ s 2=(x2 , y2 , z2)

∂ χ2

∂ v x
=0 ∂ χ2

∂ v y
=0 ∂ χ2

∂ v z
=0

If we know the 
covariance at this 

point

uncertanities
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Secondary Vertex Reconstruction (D0)

v x=
( x1

σ x 1
2 +

x2

σx 2
2 )

( 1
σ x 1

2 + 1
σx 2

2 )
v y=

( y1

σ y 1
2 +

y2

σ y 2
2 )

( 1
σ y 1

2 + 1
σ y 2

2 )
v z=

( z1

σ z 1
2 +

z2

σ z2
2 )

( 1
σ z 1

2 + 1
σ z2

2 )
 x= −l0 sinϕ , y=l0 cosϕ , z= l1

For a given track: 

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

We need covariances at pca1 and pca2 
Further chi2 minimization can be performed in the code
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Chi2 Minimization Code
These covariances must be at pca1 and pca2 points

Root files store the covariance at the DCA, I did a quick try with that

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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Chi2 Minimization Results
Covariance can be improved (required at the DCA between two tracks)

Chi2 for all pairs

Signal pairsSignal pairs

Signal pairs

Pulls are not ~1 as expected Already asked Bishoy to look in 
AdaptiveMultiVertexFinder  

D0→K - π+

Signal+bkg pairs

Signal pairs
Bkg pairs
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Comparison of Results

➢ Chi2 minimization and mid point estimation 
both works well for the true D0  

Comparison of MC secondary vertex to the reco vertex

25.03.1/epic_craterlake/SIDIS/D0_ABCONV/pythia8.306-1.0/18x275

86 files used

Signal pairs Signal pairs

Signal pairs
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Summary

➢ I investigated different approaches to improve secondary vertexing

➢ Distance minimization can be a good solution until KFParticle and the AdaptiveMultiVertexFinder become available

➢ Chi2 minimization can also be improved, but it requires knowledge of the covariances at the DCA points between 
two tracks

➢ The expectation is to have pulls consistent with unity after using the proper covariances

➢ For three-daughter decays, distance minimization can be a good solution for the moment 

➢ We can compare the results with KFParticle or the AdaptiveMultiVertexFinder becomes available

Thank you for your attention!
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Covariance Matrix
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