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Pull distributions for the primary vertex and an update on Λc  reconstruction⁺

Shyam Kumar*,  Annalisa Mastroserio, Domenico Elia
INFN Bari, Italy
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Primary Vertex Reconstruction
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Pull distributions of Primary Vertex 
Primary Vertex (PV) Reconstruction:
➔ CentralTrackVertices (default)
➔ AdaptiveMultiVertexFinder (in development: Bishoy)

D0 Sample and DIS sample (25.04.1) 

10X100 with Q2 > 1 GeV2 (Few files)

Reco track = 1

Reco track > 1

ReconstructedChargedParticles≥ 1
Event with one 
reco track

Vertex affected 
by presence of D0

Pull (Vx /y / z)=
Vx /y / z(Rec)−Vx /y / z (Mc)

σ x /y / z
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Pull distributions of Primary Vertex 

ReconstructedChargedParticles≥ 1

Reco track = 1

Reco track > 1

Vertex affected 
by presence of D0
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Pull distributions of Primary Vertex 

ReconstructedChargedParticles≥ 1

Reco track = 1

Reco track > 1

Vertex affected 
by presence of D0
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Resolution of Primary Vertex 
Resolution(Vx / y /z)=Vx / y /z (Rec)−Vx / y /z (Mc)mmReconstructedChargedParticles > 1

PVx
PVy

PVz

zoom
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Secondary Vertex Reconstruction
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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 studies

⃗pca1

⃗pca2

⃗pca3

1. Triangle in space

2. CircumCircle Center

 3. Distance2 Minimization

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

d2=( r⃗ s1− v⃗ )
2+(r⃗ s 2− v⃗ )

2+(r⃗ s 3− v⃗)
2Minimize

 4. Chi2 Minimization

Note: Covariances are taken from DCA to primary vertex

My Slides

https://indico.bnl.gov/event/29401/contributions/112312/attachments/64260/110392/ePIC_Tracking_Meeting_21August_2025_ShyamKumar.pdf
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Secondary Vertex (Λc)

➢ Distance minimization is giving better results 
w.r.t. other two methods

Signal Pairs Signal Pairs

Signal Pairs

K -

π+

Signal pair

p

Λc
+

K -

π+

p

SVmc SVrec

Reco

24.12.0
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Secondary Vertex (Λc)
Campaign: 25.07.0 Chi2 minimization Method used for Λc Reconstruction

Secondary vertex resolution further improved w.r.t. distance minimization

All pairs Signal pairs Bkg pairs
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D0 meson Reconstruction
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Event Statistics

Data Sample: ep collision 10 X 100 with Q2> 1 GeV2 

D0 sample
DIS sample

Campaign: 25.04.1 

N ~ 1747M

Nevents(10 fb−1)∼1747×10 /3.7=4721.62 M

"(mass_D0 > 1.6 && mass_D0 < 2.5) && (d0xy_pi>0.02 && d0xy_pi<10.) && (d0xy_k>0.02 && d0xy_k<10.) && decay_length <100."

Dimensions are in mmTopological selection for further studies

N ~ 5M

Real PID
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Sampling Signal and Background

~1747M 
~4721.62M 

~5M 
~4721.62M 



09/09/25 Analysis Update: Shyam Kumar 14

Sampling Signal and Background
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Sampling Signal and Background

~1747M 
~4721.62M 

~5M 
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Sampling Signal and Background

~1747M 
~4721.62M 

~5M 
~4721.62M 

Checks: Truth PID, multi vertex events, mult dependence (done), Mother of D0 
meson (ongoing)
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HF Hadrons in D0 Sample  
===============Event No = 0=====================
---------Generated HF Hadrons list--------------
Particle PDG: 421.0  Particle Name = D0 
Particle PDG: -413.0  Particle Name = D*- 
Particle PDG: -421.0  Particle Name = D0_bar 

===============Event No = 1=====================
---------Generated HF Hadrons list--------------
Particle PDG: 423.0  Particle Name = D*0 
Particle PDG: -4122.0  Particle Name = Lambda_c- 
Particle PDG: 421.0  Particle Name = D0 

===============Event No = 2=====================
---------Generated HF Hadrons list--------------
Particle PDG: -423.0  Particle Name = D*0_bar 
Particle PDG: 421.0  Particle Name = D0 
Particle PDG: -421.0  Particle Name = D0_bar 

===============Event No = 3=====================
---------Generated HF Hadrons list--------------
Particle PDG: -421.0  Particle Name = D0_bar 
Particle PDG: 421.0  Particle Name = D0 

===============Event No = 4=====================
---------Generated HF Hadrons list--------------
Particle PDG: 431.0  Particle Name = D_s+ 
Particle PDG: -413.0  Particle Name = D*- 
Particle PDG: -421.0  Particle Name = D0_bar 

===============Event No = 5=====================
---------Generated HF Hadrons list--------------
Particle PDG: 4122.0  Particle Name = Lambda_c+ 
Particle PDG: -423.0  Particle Name = D*0_bar 
Particle PDG: -421.0  Particle Name = D0_bar 

===============Event No = 6=====================
---------Generated HF Hadrons list--------------
Particle PDG: 423.0  Particle Name = D*0 
Particle PDG: -421.0  Particle Name = D0_bar 
Particle PDG: 421.0  Particle Name = D0 

===============Event No = 7=====================
---------Generated HF Hadrons list--------------
Particle PDG: 413.0  Particle Name = D*+ 
Particle PDG: 421.0  Particle Name = D0 
Particle PDG: -421.0  Particle Name = D0_bar 

===============Event No = 8=====================
---------Generated HF Hadrons list--------------
Particle PDG: 423.0  Particle Name = D*0 
Particle PDG: -413.0  Particle Name = D*- 
Particle PDG: 421.0  Particle Name = D0 
Particle PDG: -421.0  Particle Name = D0_bar 

===============Event No = 9=====================
---------Generated HF Hadrons list--------------
Particle PDG: 421.0  Particle Name = D0 
Particle PDG: -411.0  Particle Name = D- 

===============Event No = 10=====================
---------Generated HF Hadrons list--------------
Particle PDG: 431.0  Particle Name = D_s+ 
Particle PDG: -421.0  Particle Name = D0_bar 

===============Event No = 11=====================
---------Generated HF Hadrons list--------------
Particle PDG: 421.0  Particle Name = D0 
Particle PDG: -413.0  Particle Name = D*- 
Particle PDG: -411.0  Particle Name = D- 

===============Event No = 12=====================
---------Generated HF Hadrons list--------------
Particle PDG: 421.0  Particle Name = D0 
Particle PDG: -421.0  Particle Name = D0_bar 

===============Event No = 13=====================
---------Generated HF Hadrons list--------------
Particle PDG: 423.0  Particle Name = D*0 
Particle PDG: 421.0  Particle Name = D0 
Particle PDG: -413.0  Particle Name = D*- 
Particle PDG: -421.0  Particle Name = D0_bar 

===============Event No = 14=====================
---------Generated HF Hadrons list--------------
Particle PDG: -411.0  Particle Name = D- 
Particle PDG: 421.0  Particle Name = D0 

===============Event No = 15=====================
---------Generated HF Hadrons list--------------
Particle PDG: 4122.0  Particle Name = Lambda_c+ 
Particle PDG: -423.0  Particle Name = D*0_bar 
Particle PDG: -421.0  Particle Name = D0_bar 

===============Event No = 16=====================
---------Generated HF Hadrons list--------------
Particle PDG: 423.0  Particle Name = D*0 
Particle PDG: -423.0  Particle Name = D*0_bar 
Particle PDG: 421.0  Particle Name = D0 
Particle PDG: -421.0  Particle Name = D0_bar 

===============Event No = 17=====================
---------Generated HF Hadrons list--------------
Particle PDG: 433.0  Particle Name = D*_s+ 
Particle PDG: -423.0  Particle Name = D*0_bar 
Particle PDG: 431.0  Particle Name = D_s+ 
Particle PDG: -421.0  Particle Name = D0_bar 

===============Event No = 18=====================
---------Generated HF Hadrons list--------------
Particle PDG: -421.0  Particle Name = D0_bar 
Particle PDG: 413.0  Particle Name = D*+ 
Particle PDG: 421.0  Particle Name = D0 

===============Event No = 19=====================
---------Generated HF Hadrons list--------------
Particle PDG: 423.0  Particle Name = D*0 
Particle PDG: -413.0  Particle Name = D*- 
Particle PDG: 421.0  Particle Name = D0 
Particle PDG: -421.0  Particle Name = D0_bar 

===============Event No = 20=====================
---------Generated HF Hadrons list--------------
Particle PDG: 411.0  Particle Name = D+ 
Particle PDG: -421.0  Particle Name = D0_bar pythia8.306-1.1_D0_10x100_hiDiv_q2_1_run01.0000.eicrecon.edm4eic.root
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Sampling Signal and Background

~1747M 
~4721.62M 

~5M 
~4721.62M 
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Sampling Signal and Background

~1747M 
~4721.62M 

~5M 
~4721.62M 
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Λc baryon Reconstruction
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Event Statistics
Data Sample: ep collision 10 X 100 with Q2> 1 GeV2 

Λc sample DIS sample

Campaign: 25.07.0 

Nevents(10 fb−1)=10×103 pb−1×4.527×105 pb

Nevents(10 fb−1)=4.527 B

~25B ~5M

Truth PID
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Background distributions

Mass distribution Momentum distribution

pT (Λc)

Merged the two background for ML
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Sampling Signal and Background

~25B 

~4.527B 

~5M
~4.527B  

S(d 0T)=
d 0T

σ(d0T)
For future use:
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Sampling Signal and Background
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Statistical Projections

Data Sample: ep collision 10 X 100 with Q2> 1 GeV2 

ePIC: Lint=10 fb−1

epsil_D0_Sig = 0.670802; // BDT Cut 0.600021 0.670802
epsil_D0_Bkg = 0.129204; // BDT Cut = 0.600021 0.129204
epsil_Lcp_Sig = 0.686461;  // BDT Cut = 0.500087 0.686461
epsil_Lcp_Bkg = 0.365076; // BDT Cut = 0.500087 0.365076

-1 <y < 1 and 1 < pT < 2 GeV/c

1 <y < 3 and 1 < pT < 2 GeV/c

  epsil_D0_Sig = 0.562838; // BDT Cut = 0.600076 0.562838 
  epsil_D0_Bkg = 0.166655; // BDT Cut = 0.600076 0.166655 
  epsil_Lcp_Sig = 0.903848; // 0.400069 0.903848
  epsil_Lcp_Bkg = 0.760462;  // 0.400069 0.760462 

Rel. Uncertainity BDT Cut=
√SNo ML×ϵSignal+BNo ML×ϵBackground

SNo ML×ϵSignal

Rel. Uncertainity No ML=
√ SNo ML+BNo ML

SNo ML
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Summary

➢ First study of the pull distributions for the primary vertex

➢ χ² minimization provides a further improvement in the resolution of the secondary vertex

➢ Preliminary results obtained for the projected statistical uncertainties of the Λc/D  ratio⁰

➢ Further to use real PID for Λc and extract the projected uncertainties 

➢ Particle identification will significantly enhance the Λc reconstruction once available

➢ Additional studies and optimizations are foreseen in the future

Thank you for your attention!
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Covariance Matrix
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