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Outline 

 Decay chain and reconstruction strategy  

 EMC correlator in PID 

 Neutral candidate multiplicity in Geant 3/4 

 Reconstruction results with Geant 3/4 

 Summary & outlook 
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Decay Chain and Reconstruction Strategy  
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𝑃𝑏𝑒𝑎𝑚 = 8.0 𝐺𝑒𝑉/𝑐 

𝑴𝟐 𝝊𝒆 = 𝑬𝒑𝒑 − 𝑬𝑫𝒔− − 𝑬𝜼 − 𝑬𝒆+
𝟐
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Decay Chain and Reconstruction Strategy  
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• vertex fit for 𝑲+𝑲−𝝅−  

• Ds mass constraint fit 
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𝑃𝑏𝑒𝑎𝑚 = 8.0 𝐺𝑒𝑉/𝑐 
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𝟐

− 𝑷𝒑𝒑 − 𝑷𝑫𝒔− − 𝑷𝜼 − 𝑷𝒆+
𝟐
 

𝑝𝑝  



         

Decay Chain and Reconstruction Strategy  
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• photon pre-selection 

• pi0 mass constraint fit 

• vertex fit for 𝑲+𝑲−𝝅−  

• Ds mass constraint fit 
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𝑴𝟐 𝝊𝒆 = 𝑬𝒑𝒑 − 𝑬𝑫𝒔− − 𝑬𝜼 − 𝑬𝒆+
𝟐

− 𝑷𝒑𝒑 − 𝑷𝑫𝒔− − 𝑷𝜼 − 𝑷𝒆+
𝟐
 

𝑝𝑝  



         

Decay Chain and Reconstruction Strategy  
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• vertex fit for 𝝅+𝝅−  

• eta mass constraint fit 

• photon pre-selection 

• pi0 mass constraint fit 

• vertex fit for 𝑲+𝑲−𝝅−  

• Ds mass constraint fit 
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𝑃𝑏𝑒𝑎𝑚 = 8.0 𝐺𝑒𝑉/𝑐 

𝑴𝟐 𝝊𝒆 = 𝑬𝒑𝒑 − 𝑬𝑫𝒔− − 𝑬𝜼 − 𝑬𝒆+
𝟐

− 𝑷𝒑𝒑 − 𝑷𝑫𝒔− − 𝑷𝜼 − 𝑷𝒆+
𝟐
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Neutral Candidate Multiplicity  

08/09/14 L.Cao: Simulation of Ds Semileptonic Decay and Neutral Candidate Construction 7 

𝝅𝟎 

 FullSim 2k evt #25800 



         

Neutral Candidate Multiplicity  
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 FullSim 2k evt #25800 

𝝅𝟎 

All 

MC matched 

𝑬𝜸 ≥ 𝟐𝟎 𝑴𝒆𝑽 



         

Neutral Candidate Multiplicity  
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• Bremsstrahlung? 

• Bump split off? 

• MisPID? 

• … ??? 

𝝅𝟎 

 FullSim 2k evt #25800 

All 

MC matched 

𝑬𝜸 ≥ 𝟐𝟎 𝑴𝒆𝑽 
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MC Truth Matched Photon 

10 

 FullSim 10k evt #25800 
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G3 

G4 
Split off 



         

EMC Correlator in PID:  EMC Quality 
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• Distance squared of the cluster position from the closest track (in cm2)  

          

•  fEmcQuality > 2500  

       consider neutral candidates only when the closest track is 50 cm away 

Forum 

PndPidCorrelator.cxx 

https://forum.gsi.de/index.php?t=tree&th=4382&start=0&


         

EMC Quality 
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• Distance squared of the cluster position from the closest track (in cm2)  

          

•  fEmcQuality > 2500  

       consider neutral candidates only when the closest track is 50 cm away 

Forum 

https://forum.gsi.de/index.php?t=tree&th=4382&start=0&
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• Distance squared of the cluster position from the closest track (in cm2)  

          

•  fEmcQuality > 2500  

       consider neutral candidates only when the closest track is 50 cm away 

Forum 

EMC Quality 

https://forum.gsi.de/index.php?t=tree&th=4382&start=0&
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• Distance squared of the cluster position from the closest track (in cm2)  

          

•  fEmcQuality > 2500  

       consider neutral candidates only when the closest track is 50 cm away 

Forum 

EMC Quality 

https://forum.gsi.de/index.php?t=tree&th=4382&start=0&
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• Distance squared of the cluster position from the closest track (in cm2)  

          

•  fEmcQuality > 2500  

       consider neutral candidates only when the closest track is 50 cm away 

Forum 

EMC Quality 

https://forum.gsi.de/index.php?t=tree&th=4382&start=0&
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• Distance squared of the cluster position from the closest track (in cm2)  

          

•  fEmcQuality > 2500  

       consider neutral candidates only when the closest track is 50 cm away 

PidChargedCandi. 

PidNeutralCandi. 

Forum 

EMC Quality 

https://forum.gsi.de/index.php?t=tree&th=4382&start=0&
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• Distance squared of the cluster position from the closest track (in cm2)  

          

•  fEmcQuality > 2500  

       consider neutral candidates only when the closest track is 50 cm away 

o no MC or no MCindex found when ideal PID is used 

o cluster energy below EMC barrel threshold 20 MeV 

o hit not come from EMC or FSC 

o no propagation at module when Geane is used 

 momenta too low (<0.1) or too high (> 15) 

 poor tracking quality 

 no track info 

PidChargedCandi. 

PidNeutralCandi. 

Forum 

• return -1 : 

EMC Quality 

https://forum.gsi.de/index.php?t=tree&th=4382&start=0&
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EMC Quality vs MC Index 

-1 

𝒆+ 

 FullSim 2k evt #25800 

𝝅+ 𝝅− 

MC Id 0 1 2 3 4 5 6 7 8 9 10 11 12 13 

Cand. 𝑃𝑃  𝐷𝑠
+ 𝐷𝑠

− 𝜂 𝑒+ 𝜈𝑒 𝜋+ 𝜋− 𝜋0 𝛾 𝛾 𝐾+ 𝐾− 𝜋− 

𝝅− 𝑲− 𝑲+ 𝜸 𝜸 

𝜂 

𝛾 

𝛾 
𝜋− 

𝜋0 

𝜋+ 

𝑝𝑝  
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Single Event of K+ 

Number of tracks for pid 1; Number of Clusters for pid: EMC: 8   FSC: 0 

𝒑 ∈ 𝟏, 𝟒  𝑮𝒆𝑽 𝒄  

7 neutral cand. 

1 charged cand. 

5 neutral cand. 

 emcQ = -1 

20 

gamma 

neutron 

e+ 

K+ 
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G3 

G4 

• K+  10k evt in BoxGenerator 

• PandaRoot #25800 

• Geant 3 / Geant 4 

• p ∈ (1,4) GeV/c 

• 𝜃 ∈ (0,180) degree 

• 𝜙 ∈ (-180, 180) degree 

21 

 70%    -1 
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K+ in BoxGen 10k evt  #25800  

G3 

G4 
22 
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G3 entries ~  % 

    𝒆+ 7340 73% 

𝑫𝒔
− 

all 3431 

vtx 2428 

mcf 1682 17% 

𝜼 

𝜋+𝜋− all 9727 

𝜋+𝜋− vtx 7231 

eta all 2191 

eta mcf 1104 11% 

𝝅𝟎 

all 55906 

mcf 25120 

mass window 10423 

𝒆+𝝊𝒆  

w/o cut 209 2% 

w. cut 80 0.8% 

sig : bkg 0.62 : 1 

G4 entries ~  % 

    𝒆+ 7216 72% 

𝑫𝒔
− 

all 3465 

vtx 2450 

mcf 1673 17% 

𝜼 

𝜋+𝜋− all 9893 

𝜋+𝜋− vtx 7441 

eta all 2150 

eta mcf 1122 11% 

𝝅𝟎 

all 43822 

mcf 21263 

mass window 9204 

𝒆+𝝊𝒆  

w/o cut 201 2% 

w. cut 83 0.8% 

sig : bkg 0.70 : 1 

Full sim: 10k evt (#25800)   𝐸𝛾 ≥ 30 Me𝑉 

Reconstruction Results with G3/G4 

23 
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Mass 

resolution  

(vtx) [ MeV/c2 ] 

Vertex resolution 

[ μm ] 

Momentum 

resolution 

[ % ] 

𝑫𝒔− 𝒄𝝉 

[ μm ] 

PDG: 150 
X Y Z Pt Pz 

 

G3 

Ds 16 73 72 169 2.8 1.3 

188 ± 𝟒 η 11.2 335 327 938 1.9 1.5 

𝝂𝒆 11.4 

G4 

Ds- 15.5 67 63 144 2.9 1.3 

174 ± 3 

 
η 10.9 294 273 790 2.0 1.5 

𝝂𝒆 9.3 

• Similar entries amount, but better resolutions of mass and vertex with G4 

24 

Full sim: 10k evt (#25800)   𝐸𝛾 ≥ 30 Me𝑉 

Reconstruction Results with G3/G4 



         

Summary and Outlook 
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 EMC PID checked with event display 

 Neutral candidates multiplicity compared in G3 / G4 

 Full simulation result updated  

 

 Improve EMC cluster correlator in PID 

 Modify present simulation if possible 

 Investigate background channels 

 

 

Done 

To Do 

25 
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Backup Slides 
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#25009(before) vs #25628(now) 

• 10k evt 

• Ideal PID 

• Mass window 

width [MeV/c2] 

      Ds:    500  

      pi0:     67 

      eta:    300 

 

Select Criteria 

• 𝐸𝛾 > 20 MeV 

• 𝜃𝛾𝛾 > 0.1 rad 

 

• pi0 mcf p>0.01 

• eta vtx  p>0.01 

• eta mcf  p>0.01 

• Ds vtx p>0.01 

• Ds mcf p>0.01 

• select “best” candi. 

• 𝑀2(𝜐𝑒) < 0.1 GeV/c2 
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Avg. Photon Multiplicity 
K+           3.7 

K-            5.6 

pi-            5.1 

e+            2.2 

pi+           4.6 

pi-(eta)     4.8 

gamma sum = 26  in  10k evt 

pi0           3.6 

𝜂 

• numbers roughly consistent 

• 𝐸𝑡ℎ𝑟𝑒𝑠 needs to be 35~40 MeV 

Check with BoxGen 

29 



         

Cutting 2: opening angle > 0.1 rad 
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MC 

Cutting 1: photon energy > 0.02 GeV 

MC 

2k evt 

#24910 

30 
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pandaroot/pid/PidCorr/PndPidCorrelator.cxx 

reset: clusterQ[i] =  -1 

          clusterList[i] = kFalse 

calculate distance2 between emcHit and track vertex: dist 

emcQ = 106  cm2   : 10 m in length 

if ( emcQ > dist) emcQ = dist 

if ( clusterQ <0 || dist < clusterQ ) clusterQ = dist 

if ( emcQ < 2500 )  

SetChargedCandi.emcQuality (emcQ), clusterList (kTrue), etc. 

track loop 

cluster/bump loop 
if ( !clusterList (kTrue) ) 

SetNeutralCandi.emcQuality (clusterQ), etc. 

cluster 

 loop 

continue 

continue 
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Single event K+ 

G3 
Number of tracks for pid 1 – Number of Clusters for pid: EMC: 8   FSC: 0 

i 0 1 2 3 4 5 6 7 

clusterQ -1 56.63 -1 8.29 -1 -1 6832 -1 

clusterList F F F T F F F F 

32 
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G4 

Number of tracks for pid 1 – Number of Clusters for pid: EMC: 0    FSC: 1 

33 
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G4 

Number of tracks for pid 1 – Number of Clusters for pid: EMC: 0    FSC: 1 
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Reconstruction Results with G3/G4 
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• 10k evt 𝑠 = 4.108 GeV (#25800) 

• Ideal hypothesis in Kalman track  finder 

• Ideal PID  

• photon energy threshold: 30 MeV 

• 𝛾𝛾 mass window: 135 ± 5   MeV/c2 

• 𝐷𝑠
− mass window: 1968 ± 100   MeV/c2 

• 𝜂 mass window: 548 ± 50   MeV/c2 

 

• pi0 mcf p>0.01 

• eta vtx  p>0.01 

• eta mcf  p>0.01 

• Ds vtx p>0.01 

• Ds mcf p>0.01 

• select “best” candi. for each event 

• 𝑀2(𝜐𝑒) < 0.1 GeV/c2 

35 

Setting & Cut: 



         

Main requirements for EMC 

Barrel and forward end-cap EMC 

Dynamical Energy Range 

Reconstruction thresholds 
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pbarpSystem                              

 -> Ds- Ds+                                 BRPDG 

       |       |-> eta e+ nu_e            2.67% 

       |               |->pi+ pi- pi0        22.74% 

       |-> K- K+ pi-                         5.49% 

𝑅 = ℒ ∙ 𝜎 ∙ 𝜀 ∙ 𝑡 ∙ ℬℛ 

= 2 × 1032 𝑐𝑚−2𝑠−1 ∙ 𝑨 𝑛𝑏 × 10−24 𝑐𝑚2 𝑏 ∙ 𝑩 × 10−2 ∙ 3 × 106 𝑠 ∙ 2.67% × 5.49% × 22.74% 

~2𝑨𝑩 = 𝟐 × 𝟐𝟎 × 𝟑. 𝟕 = 𝟏𝟒𝟖 

Production Rate of Ds pair  

𝜂 
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with high luminosity mode in 35 days 

𝜀 = 𝐵% 𝜎 = 𝐴 𝑛𝑏 = 𝐴 × 10−9  𝑏 


