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ΛΛ Analysis with PANDA  
_ _ 
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The PANDA Tracking System 

Ques%on:	  How	  much	  can	  the	  Λ	  Disks	  contribute	  to	  the	  analysis	  
of	  hyperon	  decay	  /	  ΛΛbar	  decay?	  	  	  

Λ	  Disks	  
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Λ Disk Position 
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•  Five disk positions 
•  Just MVD, STT, GEM and FTS detectors  
•  Three beam momenta -  1.642 GeV/c  

    1.918 GeV/c 
    6.00 GeV/c  

•  10,000 Events per momentum and disc position 

September 11, 2013 4 

Investigated Cases 

Used EventGenerator: EvtGenDirect 
Decay Model available:  
•  LambdaLambdaBar à Generator base on experimanetal data 
•  LambdaLambdaBarPol à includes polarization of Λ particles 
•  LambdaLambdaBarHE à „just a example, dummy diff cross 

section should be replace by correct one “ 
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Angular Distribution 

Ref.:	  P.	  D.	  Barnes	  et.	  al:	  Observables	  in	  high-‐
sta%s%cs	  measurements	  of	  the	  reac%on	  p	  ̄	  p	  
→λ	  λ̄.	  Phys.	  Rev.	  C,	  54:1877–1886,	  Oct	  1996.	  	  
	  

PS185	  at	  LEAR,	  CERN	  
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Decay Model: LambdaLambdaBarPol
Beam momenta 1.642 GeV/c
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Decay Length 

lambda_-1_1-642_10000_4_fMeanLifeLambdaCMS

Entries  10000
Prob       1
Constant  0.014± 5.754 
Slope     0.0013± -0.1261 
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0.079 cm± = 7.9273τc

ΛMean Life 

p=1.642 GeV/c 

cτPDG	  =	  7,89	  cm	  	  
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Track Selection / Cut Critera #MVDHits	  >3	  and	  Sum(#STTHits,	  
#GEMHits,	  #FTSHits)>1	  

or	  
SUM(#MVDHits,	  #STTHits,	  
#GEMHits,	  #FTSHits)	  >9	  	  

At	  the	  moment	  no	  track	  finder	  available	  which	  
findes	  secondary	  vertex	  >1cm	  
à	  Using	  Ideal	  Track	  Finder	  with	  selec%on	  criteria	  to	  
pretend	  real	  track	  finder.	  	  
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After Selection Critera 
Momenta	   Pos	  0	  

40	  cm	  &	  60	  cm	  
Pos	  1	  
37	  cm	  &	  43	  cm	  

Pos	  2	  
57	  cm	  &	  63	  cm	  	  

Pos	  3	  
77	  cm	  &	  83	  cm	  

Pos	  -‐1	  
no	  disk	  

1.642	  GeV/c	   #Λ	   5709	   +1.09%	   5600	   +0.0%	   5758	   +1.58%	   5763	   +1.63%	   5600	  

#Λ	  bar	   6082	   +5%	   6093	   +5.11%	   6107	   +5.25%	   6130	   +5.48%	   5582	  

#ΛΛbar	  	   3463	   +2.66%	   3421	   +2.24%	   3530	   +3.33%	   3531	   +3.34%	   3197	  

1.918	  GeV/c	   #Λ	   4857	   +0.12%	   4859	   +0.14%	   4958	   +1.13%	   4935	   +0.9%	   4845	  

#Λ	  bar	   6592	   +7.17%	   6541	   +6.66%	   6510	   +6.35%	   6495	   +6.20%	   5875	  

#ΛΛbar	  	   3266	   +3.6%	   3191	   +2.85%	   3246	   +3.40%	   3232	   +3.26	   2906	  

6	  GeV/c	   #Λ	   822	   -‐0.27%	   838	   -‐0.11%	   849	   +0.0%	   862	   +0.13%	   849	  

#Λ	  bar	   5496	   +1.72%	   5473	   +1.49%	   5574	   +2.5%	   5489	   +1.65%	   5324	  

#ΛΛbar	  	   545	   +0.47%	   540	   +0.42%	   543	   +0.45%	   550	   +0.52%	   498	  

Λbar	  efficiency	  gains	  from	  Lambda-‐Disks,	  Λ	  efficiency	  may	  suffer	  from	  it.	  	  

Percentage	  points	  rela%ve	  to	  Pos-‐1	  
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Number of Events after Fit  
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Hit Analysis Tracks/Event total 2D Flag 

before:	  
Λ	  5600	  

Λbar	  5582	  
ΛΛbar	  3197	  

Cut	  away	  Tracks	  with	  FitFlag	  <0	  (indica%on	  for	  a	  bad	  fit)	  
Only	  FitFlag=-‐1	  appeared	  (NDF=0	  or	  conversion	  from	  GenFitTrack	  to	  PndTrack	  failed)	  
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Invariant Mass - PndVtxPRGFitter 
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Vertex Resolution 
PndVtxPRGFitter 

FWHM	  =	  717	  μm	  

FWHM	  =	  717	  μm	  

FWHM	  =	  2,267	  μm	  

X	  

Y	  

Z	  

LambdaBar	  
1.642	  GeV/c	  
Prob	  >	  0.01	  

Fit:	  Lorentz	  Func%on	  

 / ndf 2χ  165.6 / 185
p0        0.27± 13.49 
Width     0.00274± 0.08433 
Peak      0.0010585± -0.0005224 
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Peak      0.0010585± -0.0005224 
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p=1.642 GeV/c 

fPndVtxPRGFitter_Lambda_VertexRes_X_ProbCut
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Entries  5841
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Vertex Resolution 
PndKinVtxFitter 

FWHM	  =	  783	  μm	  

FWHM	  =	  778	  μm	  

FWHM	  =	  2,794	  μm	  

X	  

Y	  

Z	  

 / ndf 2χ    344 / 190
p0        0.26± 12.53 
Width     0.00301± 0.07267 
Peak      0.000885± 0.002621 

 [cm]MC - xRecox
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 / ndf 2χ    344 / 190
p0        0.26± 12.53 
Width     0.00301± 0.07267 
Peak      0.000885± 0.002621 

mµFWHM(Lorentz):  727 

mµFWHM:  250 

p=1.642 GeV/c 

fPndKinVtxFitter_Lambda_VertexRes_X_ProbCut 

 / ndf 2χ  311.2 / 191
p0        0.26± 12.89 
Width     0.00323± 0.08096 
Peak      0.0009536± 0.0006599 
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 / ndf 2χ  311.2 / 191
p0        0.26± 12.89 
Width     0.00323± 0.08096 
Peak      0.0009536± 0.0006599 

mµFWHM(Lorentz):  810 

mµFWHM:  250 

fPndKinVtxFitter_Lambda_VertexRes_Y_ProbCut 

 / ndf 2χ  251.8 / 196
p0        0.26± 10.39 
Width     0.0099± 0.2237 
Peak      0.0031855± -0.0001189 

 [cm]MC - zRecoz
-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

 #
Ev

en
ts 

0

10

20

30

40

50

 / ndf 2χ  251.8 / 196
p0        0.26± 10.39 
Width     0.0099± 0.2237 
Peak      0.0031855± -0.0001189 

mµFWHM(Lorentz): 2237 

mµFWHM:  600 

fPndKinVtxFitter_Lambda_VertexRes_Z_ProbCut 

LambdaBar	  
1.642	  GeV/c	  
Prob	  >	  0.01	  
Fit:	  Lorentz	  
Func%on	  
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Reconstruction Efficiency 
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Chi2 Distributions 
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Start	  values	  from	  Track	  Selector	  

Problems: Kalman Track Fitter  
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Fit	  results	  from	  PndRecoKalmanTask	  

Problems: Kalman Track Fitter  
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•  Decay of ppbar àΛ Λbarà π+ π- p+ p- has been investigated 
with the PANDA tracking detectors at three different momenta 
and five positions of the Λ-disks 

•  Counting studies have been done, Λbar efficiency gains from 
the Λ-disks, Λ efficiency gains less or even suffers 

•  The invariant mass and the vertex resolution has been 
calculated with two different vertex fitters 

•  PandaRoot has still „issues“ 

September 11, 2013 18 

Summary 

Thank you for your attention  
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Dankeschön! 

Thank you for your attention  
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Backup Slides 

BACKUP SLIDES 
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After Fit Flag 
Momenta	   Pos	  0	  

40	  cm	  &	  60	  cm	  
Pos	  1	  
37	  cm	  &	  43	  cm	  

Pos	  2	  
57	  cm	  &	  63	  cm	  	  

Pos	  3	  
77	  cm	  &	  83	  cm	  

Pos	  -‐1	  
no	  disk	  

1.642	  GeV/c	   #Λ	   3380	   +0.62%	   3313	   -‐0.05%	   3412	   +0.94%	   3422	   +1.04%	   3318	  

#Λ	  bar	   3996	   +2,8%	   3990	   +2,74%	   4022	   +3.06%	   4003	   +2.87%	   3716	  

#ΛΛbar	  	   1316	   +0.55%	   1309	   +0.48%	   1362	   +1.01%	   1329	   +0.68%	   1261	  

1.918	  GeV/c	   #Λ	   3039	   +0.76%	   3041	   +0.78%	   3069	   +1.06%	   3083	   +1.2%	   2963	  

#Λ	  bar	   4656	   +5,14%	   4538	   +3.96%	   4557	   +4.15%	   4564	   +4.22%	   4142	  

#ΛΛbar	  	   1431	   +1.95%	   1382	   +1.46%	   1388	   +1.52%	   1355	   +1.19%	   1236	  

6	  GeV/c	   #Λ	   489	   -‐0.22%	   516	   +0.05%	   495	   -‐0.16%	   520	   +0.09%	   511	  

#Λ	  bar	   4963	   +1,77%	   4963	   +1.77%	   5038	   +2.52%	   4969	   +1.83%	   4786	  

#ΛΛbar	  	   291	   +0.35%	   296	   +0.4%	   283	   +0.27%	   299	   +0.43%	   256	  



M
itg

lie
d 

de
r H

el
m

ho
ltz

-G
em

ei
ns

ch
af

t •  Investigation of hyperon decays will bring new information on 
single and multiple strangeness production and its 
dependence on spin observables. 

•  It is usefull to reconstruct the Λ decay very well, since it most 
hyperons decay with an intermediate state of Λ. 
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Hyperons 

Ref:	  PANDA	  Physics	  Book	  
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The Λ Hyperon 

Λ	  
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PANDA Detector 
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Tracks which leave >0 MCPoints in Detectors  

Events	  w	  all	  Tracks	   Events	  w	  3	  Tracks	   Events	  w	  2	  Tracks	  

1.642	  GeV/c	   83.06	  %	   15.61	  %	   1.26	  %	  

1.918	  GeV/c	   85.64	  %	   13.71	  %	   0.65	  %	  

6.00	  GeV/c	   59.86	  %	   32.46	  %	   7,14	  %	  
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Particle Type of Missing Tracks 
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Momenta Distribution 
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Reduction per Particle due to FitFlag 

Proton Antiproton Pionplus Pionminus0
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Number of Tracks per Event SttMvdGemFtsGenIdealTrackSelection

8467
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7143
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7193
6820

5435

4781

No	  Disks	  

1.642	  GeV/c	  

-‐5952	  Tracks	  
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Angular Distribution 
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Decay Model: LambdaLambdaBarPol
Beam momenta 1.642 GeV/c
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