
M
it
g

lie
d

 d
e

r 
H

e
lm

h
o

lt
z
-G

e
m

e
in

s
c
h

a
ft

 

Lu Cao 

IKP1, Forschungszentrum Jülich 

Sept. 9th, 2015 

Updates on Simulating Ds Semileptonic Decay 

PANDA LIV. Collaboration Meeting @ GSI 



         

Outline 

 Decay chain 

 Reconstruction strategy 

 EMC correlation & photon preselection 

 Reconstruction results of Ds/eta/pi0 

 Reconstructed lepton-neutrino system 

 Estimate on event rate 

 Summary & outlook 

L.Cao: Updates on simulating Ds semileptonic decay 09/09/2015 2 



         

𝜂 
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𝑫𝒔+ 

𝒆+ 

𝝂𝒆 

𝑿 

𝑾+ 

𝒒 

Decay Chain 

pbarpSystem                              

  Ds- Ds+                                 BRPDG2014     Decay Model 

       |       | eta e+ nu_e            2.67%              ISGW2 

       |               |pi+ pi- pi0        22.92%         ETA_DALITZ 

 A    | K- K+ pi-                         5.39%             DS_DALTZ 

 B   ( pi- pi+ pi-)                       1.09%             D_DALITZ 

• Single tagging 𝐷𝑠
− 

• Tow tagging modes of 𝐷𝑠
−: 

      A:   𝐷𝑠
− → 𝐾−𝐾+𝜋− 

      B:   𝐷𝑠
− → 𝜋−𝜋+𝜋− 

• 𝑞2 ≡ 𝑀2(𝑒+𝜈𝑒) 

 

A 

𝜋− 
𝜋+ 
𝜋− 

B 

𝛾 

𝛾 
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𝑴𝟐 𝝊𝒆 = 𝑬𝒑𝒑 − 𝑬𝑫𝒔− − 𝑬𝜼 − 𝑬𝒆+
𝟐
− 𝑷𝒑𝒑 − 𝑷𝑫𝒔− − 𝑷𝜼 − 𝑷𝒆+

𝟐
 

Reconstruction Strategy 

𝒒𝟐 ≡ 𝑴𝟐 𝝊𝒆𝒆
+  

• 10 million evt for each tag mode 

• Beam mom = 8 GeV/c 

• trk27806 

RMS= 0.039 cm 

RMS= 0.089 cm 

RMS= 0.056 cm 

RMS= 0.122 cm 

ΔX ΔZ 
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Photon Preselection 

• Distance cut on EMC cluster correlation 

• Energy threshold 

• Opening angle 
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X 

Map of crystals on EMC 

EMC Cluster Correlation 

extrapolation of track 

EMC cluster 

X 
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X 

Map of crystals on EMC 

extrapolation of track 

EMC cluster 

X 

EMC Cluster Correlation 
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X 

— (EmcNeutralQCut)1/2 

Map of crystals on EMC 

extrapolation of track 

EMC cluster 

X 

EMC Cluster Correlation 
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X 

— (EmcNeutralQCut)1/2 

Map of crystals on EMC 

extrapolation of track 

EMC cluster 

X 

Neutral Candidate 

EMC Cluster Correlation 
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X 

— (EmcNeutralQCut)1/2 

Map of crystals on EMC 

extrapolation of track 

EMC cluster 

X 

Neutral Candidate 

cut = ? 

EMC Cluster Correlation 
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X 

— (EmcNeutralQCut)1/2 

Map of crystals on EMC 

extrapolation of track 

EMC cluster 

X 

Neutral Candidate 

EMC Cluster Correlation 

— (Emc12Cut)1/2 

L.Cao: Updates on simulating Ds semileptonic decay 09/09/2015 11 



         

- Efficiency Checking 

EMC Cluster Correlation 

10k evt single pi- with BoxGen 
 

p = 0.5 GeV/c 

θ = 30o 

φ = 0o~360o 

8771 trks could find cluster 

23102 clusters found on EMC 

u 

~14000 neutral cand. 

(2500, 8643) 

(400, 10787) 
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- Purity Checking 

𝜂 

𝛾 

𝛾 
𝜋− 

𝜋0 

𝜋+ 

𝑝𝑝  

𝜋− 

𝜋+ 
2k evt   @ 𝑠 = 4.107 GeV 

#27806; Geant 3; GenFit 2 

 

Photon E_thre = 20 MeV 

When EmcNeutralQCut = 1, 100, 400, 900, 2500, 

 

check the reconstruction purity (MC truth matched) of 𝜋0, 𝜂 and efficiency of 

𝑒+𝜈𝑒  with exactly same event data base (same output of sim, digi, reco.) 

EMC Cluster Correlation 
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2k evt 

Best:  

    EmcNeuQCut = 100  

# MCT 𝝅𝟎 # Reco 𝜼 

# MCT 𝜼 # Reco 𝒆+𝝂𝒆  

- Purity Checking 
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Photon Preselection 

• High combinatory bkg of pi0 due to high multiplicity of photons 

• Proper threshold on photon energy is requested 

- Significance Checking 

• Test on 2k evt (trk27806) 

• PidCorrelator: EmcNeutralQCut = 100,400 [cm^2] 

• Photon energy threshold = 0~80   [MeV] 

𝑵_𝑴𝑪𝑻

𝑵_𝒂𝒍𝒍
 •    Sig =  

-- counts of MC truth matched cand. after all fitting 

-- counts of all cand. 

𝜂 

𝛾 

𝛾 
𝜋− 

𝜋0 

𝜋+ 

𝑝𝑝  

𝜋− 

𝜋+ 

𝝅𝟎 # 𝒆+𝝂𝒆 
𝜼 

To use: 

• EMC corr. dist = 10 cm (EmcNeutralQCut = 100 cm^2) 

• E threshold = 40 MeV 
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Reconstruction result of pi0 
10M evt 

trk27806 

• EMC corr. dist = 10 cm 

• E_gamma threshold = 40 MeV 

• No cut on opening angle 

All 
Reco MC MCT eff. =  27.2% 

Mass resolution = 4.9 MeV/c2 
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Reconstruction result of η 
10M evt 

trk27806 

• Different distributions of prob in mass constraint fitting 

between oct14 and mar15   post on forum 

• Get vtx fitted 𝝅+, 𝝅− 

• Combine (𝝅+,  𝝅− , 𝝅𝟎)  𝜼 mass 

• Select “best fitted cand.” in each event 
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Reconstruction result of 𝑫𝒔
− (mode A) 

10M evt 

trk27806 

• Vtx fit and mass constraint fit for (𝑲+,  𝑲− , 𝝅−): cut off prob < 0.01  

• Select “best fitted cand.” in each event 
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Reconstruction result of 𝑫𝒔
− (mode B) 

10M evt 

trk27806 

• Higher combinatory bkg than mode A 

• Vtx fit and mass constraint fit for (𝝅+,  𝝅− , 𝝅−): cut off prob < 0.01  

• Select “best fitted cand.” in each event 
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Reconstruction results 

• 10 million evt for each tag mode 

• Beam mom = 8 GeV/c 

• trk27806 

• EmcNeutraQCut = 100 

• Photon E threshold = 40 MeV 
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Reconstructed Lepton-neutrino System 
10M evt 

trk27806 

𝑴𝟐 𝝊𝒆𝒆
+ = 𝑬𝒑𝒑 − 𝑬𝑫𝒔− − 𝑬𝜼

𝟐
− 𝑷𝒑𝒑 − 𝑷𝑫𝒔− − 𝑷𝜼

𝟐
≡ 𝒒𝟐 

𝑑Γ 𝐷𝑠 → 𝑣𝑙𝑋

𝑑𝑞2
=

𝐺𝐹
2

24𝜋3
𝑉𝑐𝑥

2𝑝𝑥
3 𝑓+ 𝒒𝟐

2
 

𝑀2 𝜐𝑒  𝑤𝑖𝑛𝑑𝑜𝑤 = ± 0.1 GeV/c2 

physical range:   𝟎 ≤ 𝒒𝟐 ≤ 𝑴𝑫𝒔 −𝑴𝜼
𝟐
≈ 𝟐. 𝟎𝟐   𝐆𝐞𝐕𝟐/𝒄𝟒 

𝑴𝟐 𝝊𝒆  𝒒𝟐 
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Reconstructed Lepton-neutrino System 
10M evt 

trk27806 

𝑴𝟐 𝝊𝒆  𝒒𝟐 
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Reconstructed Lepton-neutrino System 
10M evt 

trk27806 

Mode A Mode B 

Tag Mode # (𝒆+𝝂𝒆) Efficiency 

A 48798 0.49% 

B 73921 0.74% 
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𝑅(𝑒+𝜈𝑒) = ℒ ∙ 𝜎 ∙ 𝜀 ∙ 𝑡 ∙ ℬℛ 
= 2 × 1032 𝑐𝑚−2𝑠−1 ∙ 𝟐𝟎 𝑛𝑏 × 10−24 𝑐𝑚2 𝑏 ∙ 3 × 106 𝑠 ∙ 2.67% × 22.92% ×98.8% 
   × (𝟎. 𝟒𝟗% × 𝟓. 𝟑𝟗% + 𝟎. 𝟕𝟒% × 𝟏. 𝟎𝟗%)+ c.c. 

~  60 useful events 
with high luminosity mode in 35 days 

Estimate on Event Rate 

pbarpSystem                              

  Ds- Ds+                                                          BRPDG2014 

       |       | eta e+ nu_e                                        2.67 % 

       |               |pi+ pi- pi0                                   22.92 % 

       |                                 |-> 2 gamma                  98.8 % 

       | K- K+ pi-                                                     5.39 % 

       ( pi- pi+ pi-)                                                  1.09 % 
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Summary & Outlook 

 Decay chain reconstructed and resolution improved 

 Two singly tagging modes considered 

 Efficiency and production rate obtained 

 

  Improve efficiency if possible    

 Study background events (ongoing) 

 Simulate with variant beam momenta (e.g. 7.3 Gev/c, 9 GeV/c) 
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Decay Models for 𝑫𝒔
− 

MC 
BaBar 

100k evt 

PRD 83:052001 (2011)  

A:   𝐷𝑠
− → 𝐾−𝐾+𝜋− 

 B:   𝐷𝑠
− → 𝜋−𝜋+𝜋− 

PRD79:032003 (2009)  

MC BaBar 

DS_DALITZ  

/ D_DALITZ 

D_DALITZ 
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backup slides 

• Lattice QCD: I. Kanamori, arXiv:1302.6087[hep-lat] etc. 

• Light-Cone Sum Rules: N. Offen et al., Phys. Rev. D88,034023 (2013) etc.  
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Parameters in Form Factor 

Theoretical calculation from 

J.Phys.G 38 (2011) 095001] 

Modified pole 

parameterization: 

100k evt  

Mode A 

100k evt 

#26514 

𝑑𝑁 𝑑𝑞2  distubuion 

form factor 
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Charm Production Cross Section in 𝒑 𝒑 

EPJA 48, 31(2012), arXiv:1111.3798v2 

• quark-gluon string (QGS) model 

• uncertainties introduced by the strong 

couplings obtained from LCSR 

JPCS 503, 012012(2014), arXiv:1311.1607 

• double handbag approach 

• in accordance with NPB 316, 373(1989) 

using a quark-diquark model 

PRD 89, 114003(2014), arXiv:1404.4174 

• hadronic interaction model 

• baryon exchange (shaded band) 

• quark model (grid) 

• Results obtained in Born 

approximation are indicated by the 

dotted (baryon exchange) and dash-

dotted (quark model) lines 
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