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Significance on Ds Semileptonic Decay 

 Semileptonic decays Ds-> e + ν + η,η’ 

are an excellent environment for 

precision measurements of the CKM 

matrix elements |Vcd| and |Vcs|. 

 

 Form factor encapsulates QCD bound-

state effects; relates to the probability of 

forming final state at given invariant 

mass squared of the lepton-neutrino 

system q2. 

 

 The investigation opens a new approach 

to improve the measurement of mixing 

angle for η and η’.  

Simulation on Measurement of Ds Semileptonic Form Factor 11.06.2014 3 
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Reconstruction of Neutral Pion 

11.06.2014 Simulation on Measurement of Ds Semileptonic Form Factor 

Photon energy scaling method 

Invariant mass of two-photon: 

Photon energy 𝐸𝛾𝑖 will be scaled to 𝐸𝛾𝑖
𝑅𝐸𝐶 : 

with 𝐸𝛾𝑖
𝑅𝐸𝐶  and angular information fixed, the 4-

momenta of pi0 can be written as: 

This method is appropriate when the accuracy of the angular measurements is 

much better compared to the energy measurements.  

 

Otherwise, not only the photon energies have to be corrected, but also their 

emission angles (kinematical fit). 

Nucl. Instr. and Meth. A 453 (2000) 606 pdf  
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http://jazz.physik.unibas.ch/~irakli/files/Publications/TAPS/Reconstruction of the pi0 kinematics from gg decay -- sdarticle.pdf


         

Cuttings in energy scaling method: 

photon energy > 0.02 GeV 

width of mass window on 𝑚𝛾𝛾: 0.014 GeV/c 

opening angle > 0.1  (1 evt  not fulfill) 

 

11.06.2014 Simulation on Measurement of Ds Semileptonic Form Factor 

Cuttings in mcf method: 

photon energy > 0.02 GeV 

width of mass window: 0.014 GeV/c 

mcf chi2 < 0.0005 

 

2k evt    #24910 

after scaling 
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         11.06.2014 Simulation on Measurement of Ds Semileptonic Form Factor 

2k evt    #24910 
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Kinematics of Lepton-neutrino System 

6/11/2014 Simulation & reconstruction of semileptonic Ds meson decays 

Invariant mass squared of lepton-neutrino: 

𝒒𝟐 𝒆+𝝊𝒆 = 𝑬𝒑𝒑 − 𝑬𝑫𝒔− − 𝑬𝜼
𝟐

 

− 𝑷𝒑𝒑 − 𝑷𝑫𝒔− − 𝑷𝜼

𝟐
 

𝜂 
• FaSim (enable bremsstrahlung and neutral clusters merging) 

• 10k evt at 𝑠 = 4.108 GeV  

• Ideal PID (#25009) 

𝑝𝑝  



         

MC Truth 
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MC Truth 
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𝑀2 𝜐𝑒 <  0.1 GeV/c2 

FastSim 



         6/11/2014 Simulation & reconstruction of semileptonic Ds meson decays 

FastSim 

FullSim 



         

Updated Reconstruction Results in FullSim 

6/11/2014 Simulation & reconstruction of semileptonic Ds meson decays 

• 10k evt 𝑠 = 4.108 GeV (ideal PID， #25009) 

• photon energy scaling in pi0 reconstruction 

• photon energy threshold: 20 MeV 

• 𝛾𝛾  minimum opening angle: 0.1 rad 

• 𝛾𝛾 mass window: 135 ± 7   MeV/c2 

• 𝐷𝑠
− mass window: 1968 ± 250   MeV/c2 

• 𝜂 mass window: 548 ± 270   MeV/c2 

Ds Resolution 

M 

[MeV/c2] 

Vx 

[μm] 

Vy 

[μm] 

Vz 

[μm] 

Pt 

[%] 

Pz 

[%] 

14 75 73 160 3.0 1.4 

eta Resolution 

M 

[MeV/c2] 

Vx 

[μm] 

Vy 

[μm] 

Vz 

[μm] 

Pt 

[%] 

Pz 

[%] 

7.5 363 319 943 2.1 1.8 



         

Full Sim 
paritcle entries eff. 

    𝒆+ 7315 73% 

𝑫𝒔
− 

all 4302 

vtx 2849 

mcf 1590 16% 

𝜼 

𝜋+𝜋− all 9952 

𝜋+𝜋− vtx 7434 

eta all 4526 

eta mcf 2021 20% 

𝝅𝟎 

all 360034 

mass win. 14351 

𝜃𝛾𝛾 > 0.1 14346 

𝒆+𝝊𝒆  
w/o cut 374 3.7% 

w. cut 151 1.5% 

6/11/2014 Simulation & reconstruction of semileptonic Ds meson decays 

Fast Sim 
paritcle entries eff. 

    𝒆+ 8023 80% 

𝑫𝒔
− 

all 6845 

mcf 5288 53% 

𝜼 

eta all 5348 

eta mcf 4127 41% 

𝝅𝟎 

all 15342 

mass win. 8543 

𝜃𝛾𝛾 > 0.1 8543 

𝒆+𝝊𝒆  
w/o cut 2204 22% 

w. cut 1511 15.1% 

Reco. efficiency in FastSim & FullSim 

10k evt (ideal PID， #25009) 
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Fast Sim 
paritcle entries eff. 
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Summary and outlook 

6/11/2014 Simulation & reconstruction of semileptonic Ds meson decays 

 Use photon energy scaling method in pi0 reconstruction  

 Reconstructions in FastSim & FullSim are compared 

 Efficiency lepton-neutrino system is ~3.7% (80 evt/mon) 

 

 Improve eff. in FullSim (eg. vtx reso., tracking eff.) 

 Include 𝜂′ decay in present simulation 

 Investigate background channels 

 

 



         

l.cao@fz-juelich.de 

PANDA XLIX. Collaboration Meeting @ GSI 
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Backup Slides 
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         11.06.2014 Simulation on Measurement of Ds Semileptonic Form Factor 

Reconstruction of neutral pion 

Two ways: 

 mass constraint fit for two photons (PndKinFitter in PandaRoot) fitter fixed 

since #24893  

 photon energy scaling method  Nucl. Instr. and Meth. A 453 (2000) 606  

2k evt 

#24910 

chi2<0.0005 

mass window 14 MeV/c 

mass constraint fit  
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Cutting 2: opening angle > 0.1 rad 

11.06.2014 Simulation on Measurement of Ds Semileptonic Form Factor 

MC 

Cutting 1: photon energy > 0.02 GeV 

MC 

2k evt 

#24910 
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FastSim：bremsstrahlung and neutrals merging 

6/11/2014 Simulation & reconstruction of semileptonic Ds meson decays 

Implements in fast sim macro  

default value is kfalse now;  

will be enabled after checking 

Talk by Ronald Kunne: 



         

Test with my decay chain 

6/11/2014 Simulation & reconstruction of semileptonic Ds meson decays 

𝜂 

Opening angle of two-photon(pi0) 
10k evt 

#25009 

Ideal PID 



         

Form factor of Ds+ -> eta e+ nu_e 

Differential decay rate (massless lepton): 

 

Parameterization of the q2 dependence so the form factors: 

J.Phys.G 38 (2011) 095001 

arXiv:1011.6046[hep-ph] 

Light cone QCD sum rules 

with 

Simulation on Measurement of Ds Semileptonic Form Factor 11.06.2014 21 



         

ISGW2 

PHSP 

J.Phys.G 38 (2011) 095001 

arXiv:1011.6046[hep-ph] 

Light cone QCD sum rules 
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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 

Updates on the Simulation of Ds Semileptonic Decay 09.12.2013 24 

with high luminosity mode in 35 days 

𝜀 = 𝐵% 𝜎 = 𝐴 𝑛𝑏 = 𝐴 × 10−9  𝑏 


