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Existing CBM KFParticle 
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Evt Gen

GEANT

Digitisation

L1 reco.

KFparticle

run_tra.C

run_digi.C

run_reco.C

Input files form simulation and reconstruction chain

Code location: cbmroot/reco/KF



Existing CBM KFParticle 
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Evt Gen

GEANT

Digitisation

L1 reco.

KFparticle

run_tra.C

run_digi.C

cbmroot/macro/KF/kf_kfparticle.C

run_reco.C

kf_kfparticle.C



Existing CBM KFParticle 
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Evt Gen

GEANT

Digitisation

L1 reco.

KFparticle

PID

Particle Finder

QA

CbmKFParticleFinderPID.h

CbmKFParticleFinderPID.cxx

tracks

CBM Class used:

Event: CbmEvent, CbmVertex, 
FairMCEventHeader

PID: CbmStsTrack, CbmTofHit, CbmTrdTrack

Environment:  
CBMRoot installation required 

kf_kfparticle.C



Existing CBM KFParticle 
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Evt Gen

GEANT

Digitisation

L1 reco.

KFparticle

PID

Particle Finder

QA

CbmKFParticleFinderPID.h

CbmKFParticleFinderPID.cxx

tracks

reco. particles 

CbmKFParticleFinder.h

CbmKFParticleFinder.cxx external KFParticle:

CBM Class used:

Event: CbmEvent, CbmVertex, 
FairMCEventHeader

PID: CbmStsTrack, CbmTofHit, CbmTrdTrack

Environment:  
CBMRoot installation required 



Existing CBM KFParticle 
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Evt Gen

GEANT

Digitisation

L1 reco.

KFparticle

PID

Particle Finder

QA

CbmKFParticleFinderPID.h

CbmKFParticleFinderPID.cxx

tracks

reco. particles 

CbmKFParticleFinder.h

CbmKFParticleFinder.cxx

CbmKFParticleFinderQa.h

CbmKFParticleFinderQa.cxx

Output: Histograms

CBM Class used:

Event: CbmEvent, CbmVertex, 
FairMCEventHeader

PID: CbmStsTrack, CbmTofHit, CbmTrdTrack

Environment:  
CBMRoot installation required 



CBM AnalysisTree 
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• Reduce amount of used disk space - store only needed information for analysis


• Include analysis-level information not available at the reconstruction stage

Detector PID

Centrality

Event plane 

…

• Goal: develop code to 
read AnalysisTree for 
KFParticle 
reconstruction 



AnalysisTree + KFParticle
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e.g. Event: CbmEvent, CbmVertex, 
FairMCEventHeader

PID: CbmStsTrack, CbmTofHit, CbmTrdTrack

Event: RecEventHeader

PID: SimParticles, VtxTracks, TofHits

Environment:  
AnalysisTree, KFParticle

Transferred to 
AnalysisTree framework

Current version includes: 
• MC and Detector PID

• KFParticle Reconstruction

• MC–reconstructed matching

• Output: Tree and histograms

✓

cbmroot/analysis/common/at_kfpf_interface
• Code adapted from Oleksii Lubynets:



AnalysisTree + KFParticle
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e.g. Event: CbmEvent, CbmVertex, 
FairMCEventHeader

PID: CbmStsTrack, CbmTofHit, CbmTrdTrack

Environment:  
AnalysisTree, KFParticle

Easily to run: root -l run_at_kfpf.C 
Input: analysistree.root 
Output: Reconstructed particle topological + 
daughter + MC information

✓

Event: RecEventHeader

PID: SimParticles, VtxTracks, TofHits

Transferred to 
AnalysisTree framework



Result from AnalysisTree + KFParticle
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• Output histograms (same as CBMKFParticle)



Result from AnalysisTree + KFParticle
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Tree:

• Option to save data in the same structure as the PFSimple 

tree (AT format)

•  Option to store an additional ROOT tree containing:

- Mother MC information: Primary or secondary 

- Daughter MC information 

- Daughter track IDs

Ongoing…

*Table from Daniel



Results from AnalysisTree + KFParticle
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• Lambda at different centrality
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- Yields are consistent with model 
predictions, except for peripheral 
collisions
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Results from AT + KFParticle
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• Input from UrQMD AT testing file from Frederic
dataset: ~100*1000 events

unigen: /lustre/cbm/users/fkornas/mc/data/release/jul25_patches/urqmd/day-1/unigen

AT: /lustre/cbm/users/fkornas/mc/data/release/jul25_patches/urqmd/day-1/AT/

TOF m2 PID

Significant combinatorial 
background and mis-PID

ɸ ɸ candidates daughters’ MC PDG

p
K

π



Results from AT + KFParticle
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dataset: ~100*1000 events

unigen: /lustre/cbm/users/fkornas/mc/data/release/jul25_patches/urqmd/day-1/unigen

AT: /lustre/cbm/users/fkornas/mc/data/release/jul25_patches/urqmd/day-1/AT/
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536.0±N=287049.7

MC, N=3086.0

MC PID

The fit overestimates the yield 
compared to MC input — 
results not reliable

A more robust background 
estimation is needed

ɸ

• Input from UrQMD AT testing file from Frederic

gaus + pol2



Background from Event Mixing
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Event 1 Event 2 Event 3 Event NCentrality 1:

Centrality 8:

Track A

All tracks 
except A

Randomly replace one 
event when the buffer 
is full

Current Event

Buffer Event

Do Mix

• Create an event buffer outside the main event loop

• Mix tracks from events with similar characteristics (e.g., centrality, event-plane 
angle)

p
π−

π−

pπ−

p

π−
π−

p

Current Event

Last Evente.g. 
Λ → 𝗉π−, Ξ− → 𝗉π−π−

𝖪𝟢
𝖲 → π+π−, 𝟥

Λ𝖧 → 𝟥𝖧𝖾π−



Background from Event Mixing
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kfParticleFinder->SetMixEventAnalysis() // e.g. default is close 

kfParticleFinder->SetMixEventTrkPID( A ) // e.g. 321 for φ, K*,  -211 for Λ, Ξ etc.

kfParticleFinder->SetMixEventBuffer( N ) // e.g. 5

• Flexible Boolean flags to enable or disable mixed-event analysis 
• Configurable event-pool parameters (e.g., how many events) ✓
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• The mixed-event background smoothly reproduces the shape of the true-
event background


• Validated by Krzysztof

𝖪𝟢
𝖲 Λ 𝟥

Λ𝖧



Summary and Outlook
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✓ Common AnalysisTree + KFParticle
• More then 100 decays 
• All reconstructed 

simultaneously in one go 
• Implemented and validated 

within STAR, ALICE, and 
PANDA

e.g. STAR has advanced KFParticle 
version for hypernuclei analysis  



Summary and Outlook
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✓ Common AnalysisTree + KFParticle
• Read Input include PID, Centrality …

• Provides Output for femtoscopy, flow … 



Summary and Outlook
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✓ Common AnalysisTree + KFParticle

✓ Event Mixing Method for background estimation 

Next steps:

• Implement many-body background (e.g., two-step decays in double-Λ hypernuclei)

• Transfer newly added code from CBM KFParticle to the AT+KFParticle framework

Next steps:

Currently compiling AnalysisTree + KFParticle within the CBMRoot environment

• Need to prepare a standalone compilation script

• Check the output PFSimple structure together with Susanne

• Read Input include PID, Centrality …

• Provides Output for femtoscopy, flow … 
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89K urqmd events
unigen: /lustre/cbm/users/fkornas/mc/data/release/jul25_patches/urqmd/day-1/unigen



Background from Rotation Track Method
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 = 4.9 GeV, b<15fmNNsAu+Au, 

TOF PID
TOF PID, MC truth

rotate daughter 𝝅 180° 𝝅+ ɸ distribution

• Rotate tracks randomly Before reconstruction 

• Non-uniform and not periodic phi distribution (e.g., not 

symmetric under 90° or 180° rotation)→ this simple 
rotation background method not work

pT = 0

𝝅+

𝖪𝟢
𝖲


