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Possible improvement in the CB 
reduction.

 Ideal Pluto and UrQMD with no detector effect

 Realistic case with Detector effect 

Improvement with current reconstruction 
algorithm. 

 Pair analysis in UrQMD

Outline
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Motivation and Pre-requisite
 Major source of combinatorial background: pi0 Dalitz decays (and 

conversions in beam pipe) where only one track is reconstructed 
whereas its partner is not. 

 Partial information available on the partner. Important to study 
maximum possible benefit in the CB reduction. 

 In this study use :
 Pluto: single pi0 Dalitz decay
 UrQMD: Min. Bias BiBi at 9.2 GeV

 Divide the acceptance into the fiducial and veto area. 

 In this study, we use a very conservative fiducial region, |y| < 
0.3 and veto is 0.3 < |y| < 1.0.
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Minimum pt required to enter or exit TPC and 
TOF

Assuming the TPC Inner radius to be 40.3 cm and outer radius to be 119.5 cm 
as well as TOF inner radius is 146.5 cm which is taken from its TDR.



1)  Analysis maybe sensitive to the 
shape of the pT and rapidity 
spectra.

2) pT spectra of pions in Pluto is 
rescaled to match with the data.

3) Rapidity spectra is reasonably 
reproduced without rescaling.

Comparison with data
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70% of the Dalitz pair:
θ < 10 degrees.



1. Strategy: Ideal case with no detector effect

1)Assume that electron is fully reconstructed if it has a pt > 110 MeV and it 
is reconstructed in TPC only if it has a 30 < pt < 110 MeV.

2)Assume signal (Ns) is proportional to the number Dalitz pairs with both 
legs  pT > 200 MeV and within |y| < 0.3

3)Assume background (Nb) is proportional to square of single tracks 
originating from Dalitz decay where one leg is pT > 200 MeV in |y| < 0.3 
and other leg is not fully reconstructed (TPC only track or Spiral track that 
is not reconstructed at all), can be anywhere in fiducial or veto area.

4)Absolute values of S/B in these slides have no meaning, however, 
the relative difference between the two values is meaningful.

5)Close TPC cut:  Electrons with 30 < pt < 110 MeV and within an opening 
angle of 10 degrees.
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Possible improvement in S/B

Acc. |y| < 0.3      S/B =  = 323 (For representation only)

Maximum gain in S/B (assuming partner with pT > 30 MeV and opening angle 
<10 deg is fully recognized):
|y| < 0.3                 S/B  =  1259    ← factor 4 improvement

Acc. |y| < 0.3         S/B = 142 (For representation only)

Maximum gain in S/B (assuming partner with pT > 30 MeV and opening angle 
<10 deg is fully recognized):
|y| < 0.3                 S/B =  692    ← factor 5 improvement

UrQMD

Pluto
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    S = Ns = No of Dalitz pair in |y| < 0.3 with both legs pt > 200 MeV 
     B = (Nb)

2 = (No of single tracks from Dalitz in |y| < 0.3 with pt > 200 MeV with partner 
anywhere in fid. or veto  



2. Strategy: Realistic case with detector

1)Now with more realistic case, with detector effect.

2)UrQMD: Request 11 production: Min. Bias BiBi at 9.2 GeV

3)Pluto using MPD ROOT used for request 11: pi0 Dalitz decay.

4)Applied track selection and PID cuts.

1)|Vz| < 50 cm 

2)Nhits > 39

3)DCA < 3σ

4)-1 < TPC nSigma_e < 2σ

5)|TOF beta| < 2σ

6)TPC-TOF matching 2σ for dφ and dz. 

5)Close TPC cut: Electron pool without TOF (TPC only tracks) and opening 
angle < 10 degrees. 
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Mpdroot dev branch:  50110a2507fc3da34d55648c9e7912f319af5455  



Possible improvement in S/B

Acc. |y| < 0.3      S/B =  = 229 (For representation only)

Maximum gain in S/B (assuming partner with pT > 30 MeV and opening 
angle <10 deg is fully recognized):
|y| < 0.3                 S/B  =  1080    ← factor 5 improvement

Gain in S/B (i.e. using TPC current reconstruction software and requiring 
Nhits > 39 and opening angle < 10 deg.): 
|y| < 0.3                 S/B  =  326    ← factor 1.42 improvement

Acc. |y| < 0.3         S/B = 101 (For representation only)

Maximum gain in S/B (assuming partner with pT > 30 MeV and opening 
angle <10 deg is fully recognized ): 
|y| < 0.3                 S/B =  8308    ← factor 8 improvement

Gain in S/B (i.e. using TPC current reconstruction software and requiring 
Nhits > 39 and opening angle < 10 deg.): 
|y| < 0.3                 S/B  =  128  ← factor 1.26 improvement

UrQMD

Pluto
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    S = Ns = No of Dalitz pair in |y| < 0.3 with both legs pt > 200 MeV 
     B = (Nb)

2 = (No of single tracks from Dalitz in |y| < 0.3 with pt > 200 MeV with partner 
anywhere in fid. or veto  



1) UrQMD production Min. Bias BiBi@9.2 GeV: Request 11, 
Events approx. 8.7 M

2) Single event and track selection criteria for creating pools:

1)|Vz| < 50 cm

2)Nhits > 39

3)DCA < 3σ

4)-1 < TPC nSigma_e < 2σ

5)|TOF beta| < 2σ

6)TPC-TOF matching 2σ for dφ and dz.

Mpdroot dev branch:  50110a2507fc3da34d55648c9e7912f319af5455  

3. Improvement in CB rejection: Current Status

10



 Two electron pools, Pool-1 for fiducial and Pool-2 for veto area, of fully 
reconstructed electron tracks.

 Pool-3 with TPC only tracks. 

 No further pairing: Tracks belonging to fully reconstructed π0 Dalitz are 
tagged and not used for further pairing.

 Close TPC cut: Track from Pool-1 is paired with tracks from Pool-3 and 
both tracks are removed as a potential Dalitz pair if they have M inv < 
120 MeV/c2 and opening angle < 10 degrees.

 Rest of the tracks with pt > 200 MeV from Pool-1 are paired among 
themselves to build ULS and LS pair spectra. 

Strategy: Pair analysis using UrQMD
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ULS and LS spectra
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 DCA cut < 3 sigma eliminates most 
of the conversion electrons.

 No further pairing: fully 
reconstructed pi0 Dalitz pairs are 
recognized and not used for 
pairing.  

 Close TPC cut: Fully reconstructed 
track is paired with TPC only track 
to recognize potential Dalitz track.

 Some improvement can be visibly 
observed.



Improvement in S/B

Acc. |y| < 0.3         S/B = 0.049 (for representation only)

Gain in S/B (i.e. With current reconstruction algorithm): 

|y| < 0.3                 S/B =  0.055    ← factor 1.12 improvement

UrQMD
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    S = (ULS -LS) in 0.2 < Minv < 0.6 GeV/c2 
     B = LS in 0.2 < Minv < 0.6 GeV/c2   

 About 20% reduction in 
combinatorial 
background.



pT = 174 MeV/c

In all the plots one leg has pT > 200 MeV and 0 < η < 0.1

pT = 143 MeV/c

Low pt track reconstruction with current algorithmLow pt track reconstruction with current algorithm

Reconstructed Hits

Reconstructed Hits

Reconstructed Tracks

Reconstructed Tracks
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pT = 98 MeV/c

pT = 86 MeV/c
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pT = 65 MeV/c

pT = 72 MeV/c

Partially reconstructed spiral track
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pT = 58 MeV/c

pT = 61 MeV/c
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pT = 56 MeV/c

pT = 44 MeV/c
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Conclusions

1) With a improved track reconstruction, especially for low pT 
spiral tracks, a significant improvement in the S/B can be 
obtained.

2) Current tracking algorithm bring about ~10% improvement 
only. 

1) Improve current tracking algorithm 

2) Fit the branches of the same spiral tracks

3) Use ML techniques to identify the partially reconstructed 
partner. 

Outlook
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BACK-UP
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Y-axis is scaled with an arbitary factor

Lines are boost-invariant blast wave fits. 
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Invariant mass spectra of 
reconstructed conversion 
pairs in different production 
radius regions, before and 
after applying DCA 
selection.
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Conversion 
pairs
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