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• Slow pion efficiency as an important 
uncertainty for measurements including  
slow pions, like 


• Previous studies for  
MC15rd vs proc13+prompt  

 need updated version for  
MC16rd vs proc16+prompt


• Possible improvement by studying   
to provide more statistics


• Current relative tracking efficiency for MC15: 
(97.441 +/- 1.99 +/- 0.817)% 

|Vcb |

⇒

ee → cc
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Motivation
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• Reconstruction of 


• Selections and corrections 


• Finding suitable variables for fit


• 2D fit with templates


• Tests: Asimov, Pull


• Yield calculation 


• Slow pion efficiency calculation 

B0

3

Strategy
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• Study  decay with 
subsequent decay 


•  candidates are reconstructed 
using a combination of  
four decay channels


• Charge conjugated decays included


• Using these decay chains we will 
determine the real tracking efficiency 
of data to MC16rd

B0 → D*−π+

D*− → D0π−
s

D0
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MC: MC16rd_proc16 Run1, Lumi = 1368/fb 
Data: proc16+prompt, Lumi = 358/fb
Samples: qqbar, BBbar, taupair
Release light-2406-ragdoll

Reconstruction

makdag@uni-bonn.de                                                                                                                                                                        Belle II Germany Meeting 

Belle2-NOTE-PH-2023-035

mailto:makdag@uni-bonn.de
https://docs.belle2.org/record/3694/files/BELLE2-NOTE-PH-2023-035.pdf


• Gamma efficiency (MC): 
PhotonEfficiencyDataMCRatio_proc13
MC15_November2022


• hadronID (MC): proc16+prompt


• Track momentum scaling (Data) 
via: scaleTrackMomenta 
using: tracking data Moriond23_v1


• Photon energy bias (Data) 
via: correctEnergyBias 
using: 
PhotonEnergyBiasCorrection_MC15ri_
Nov2022

Disclaimer: have to update gamma efficiency, 
track momentum scaling and photon energy 

bias once available
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Selections and corrections
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All channels combined

Luminosity scaled signal yield , background yield  and 
significance of each channel in signal region, i.e. <0.05

Nsig Nbkg
|ΔE |
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Pre-fit Data-MC agreement
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Channel K+π−
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Channel K0
s π+π−
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Channel K+π−π+π−
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For relative tracking efficiency of  need 
amount of signal events in data


• Fit variables  and :  
compare their 2D shape of data with mc


• Includes three templates  
(fake , true  and Signal)


• Fake and true  as  
background templates due to their 
good separation in  plane


• Shown spectra include whole  
range

πs

ΔE ΔM

D* D*

D*

ΔM

p(πs)
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Fit templates
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• Signal yield of data determined in  
4 bins of  in lab frame


• Highest momentum bin used as 
reference for fast tracks


• All three mc components fitted onto 
data individually for each bin


• Extract signal yield via 2D fit with 
 9 bins in   
 5 bins in   

(binned maximum likelihood fit via pyhf)

p(πs)

⋅ ΔE
⋅ ΔM

Mismodelling: 


• True :  
Add variation of 5% per bin 

 mismodelling resulting from 
poorly known branching ratios and 
decay models for hadronic decays 
like 


• Fake :  
Correlated variation of 10%  

 mismodelling of the  
ratio of the peaking and flat fake 

 component in signal region

D*

⇒

D*ρ

D*

⇒

D*
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Fit procedure
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Asimov and pull test 
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Bin 1 Bin 2

Bin 4Bin 3
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Bin 1 Bin 2

Bin 4Bin 3

Comparison : ΔE
Pre-fit Post-fit
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Bin 1 Bin 2

Bin 4Bin 3Bin 4
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Bin 1 Bin 2

Bin 4Bin 3

Bin 1 Bin 2

Bin 4Bin 3

Comparison : ΔM
Post-fitPre-fit
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• : extracted number of signal candidates of 
each bin


• : number of candidates predicted by  
signal template of MC


• Relative yield factors : 
measure discrepancy between efficiency of 
reconstruction in data and MC for each bin


 

• Normalise of the individual bins to ratio of 
highest momentum, i.e. 

Nfit

NMC
sig

ri

ri/r4

 Relative tracking efficiency: (99.795 +/- 1.17 +/- 0.269)%
Slow pion systematic: 1.202%

MC16rd

• Get two statistical uncertainties (uncorrelated and correlated) 
obtained by linear error propagation:
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Relative tracking efficiency
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corri
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Relative tracking efficiency
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 Relative tracking efficiency: (99.795 +/- 1.17 +/- 0.269)%
Slow pion systematic: 1.202%

 Relative tracking efficiency: (98.335 +/- 1.29 +/- 0.266)% 
Slow pion systematic: 1.325%

MC16rd

MC15rd
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Relative tracking efficiency: MC16rd vs MC15rd release 8
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• To monitor charge dependent inefficiencies 
for  track finding in data and MC samples


• Just to compare behaviour of the  
data and MC samples  
(not for providing any corrections)


• Charge of  candidates identified using 
their reconstructed PDG code


• In [0.1, 0.15] for : 
 higher reconstruction efficiency than 

πs

πs

pT(πs)
π−

s π+
s
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Charge asymmetry
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Additional tree: D*+ → D0π+

• Instead of B decay,  
directly access  
for more statistics


• Overlap of slowpi momentum: 
expect large improvement for 
Bin 3 and Bin 4


• Might include additional Bin 5

ee → cc

Belle II Note
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Bin 1 Bin 2 Bin 3 Bin 4
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MC16rd: D* → D0π

 Relative tracking efficiency: (99.795 +/- 1.17 +/- 0.269)%
Slow pion systematic: 1.202%

MC16rd: B → D*π

22

MC prediction comparison

To be determined …
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Thanks for listening



Bin 1

Pre-fit Data-MC agreement

• MC16 PID corrections 
applied 


• MC15 track mom 
scaling

Bin 2 Bin 3

Bin 4 Bin 5



Yield comparison

Result: (105.243 +/- 0.525 +/- 0.284)% 
Slow pion systematic: 0.587%

Result: (98.942 +/- 0.3 +/- 0.267)% 
Slow pion systematic: 0.405%



Fit results
Bin 1 Bin 2

Bin 3

Bin 5

Bin 4

Result: (98.942 +/- 0.3 +/- 0.267)% 
Slow pion systematic: 0.405%



Alternatives for fitting: different bin4 range

Result: (97.615 +/- 0.429 +/- 0.264)% 
Slow pion systematic: 0.508%

Result: (101.23 +/- 0.317 +/- 0.273)% 
Slow pion systematic: 0.415%

Result: (105.243 +/- 0.525 +/- 0.284)% 
Slow pion systematic: 0.587%

Result: (98.942 +/- 0.3 +/- 0.267)% 
Slow pion systematic: 0.405%

Norm bin4Norm bin5

Original bins

Modified bins



Alternatives for fitting: more bins
Number of bins: 7 
Norm bin: Bin 7 
Bin range: 
[[0.064, 0.12], [0.12, 0.16],  
[0.16, 0.2], [0.2, 0.25], [0.25,0.35], 
[0.35,0.4], [0.4,0.65]] 
Number bins to fit in deltaM: 20



Result: (108.062 +/- 0.827 +/- 0.292)% 
Slow pion systematic: 0.867%

Fitted in 20 bins from 0.142, 0.150



Alternatives for fitting:  in 6 binspT

Result: (103.84500000000001 +/- 1.098 +/- 0.28)% 
Slow pion systematic: 1.129%



Alternatives for fitting:  in 5 binspT

Result: (101.47999999999999 +/- 0.399 +/- 0.274)% 
Slow pion systematic: 0.481%



Alternatives for fitting: different deltaM range



Alternatives for fitting: parametric fit via CB
Would this pose any problems later on if we want to combine them?



MC16rd: D* → D0π

 Relative tracking efficiency: (99.795 +/- 1.17 +/- 0.269)%
Slow pion systematic: 1.202%

Depending on the Fit results?

MC prediction comparison

Result: (98.942 +/- 0.3 +/- 0.267)% 
Slow pion systematic: 0.405%



Comparison MC15rd release 6 vs MC16rd release 8

35



Previous results from Belle2-NOTE-PH-2023-035
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MC16rd release 8 MC15rd release 6

Pre-fit KS0

https://docs.belle2.org/record/3694/files/BELLE2-NOTE-PH-2023-035.pdf
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MC16rd release 8 MC15rd release 6

Pre-fit Kpipipi Previous results from Belle2-NOTE-PH-2023-035
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MC16rd release 8 MC15rd release 6

Pre-fit pi0 Previous results from Belle2-NOTE-PH-2023-035
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MC16rd release 8 MC15rd release 6

Pre-fit Kpi Previous results from Belle2-NOTE-PH-2023-035
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MC16rd release 8 MC15rd release 6

Pre-fit all channels Previous results from Belle2-NOTE-PH-2023-035

https://docs.belle2.org/record/3694/files/BELLE2-NOTE-PH-2023-035.pdf
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MC16rd release 8 MC15rd release 6

Previous results from Belle2-NOTE-PH-2023-035Shapes

https://docs.belle2.org/record/3694/files/BELLE2-NOTE-PH-2023-035.pdf
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MC16rd release 8 MC15rd release 6

Previous results from Belle2-NOTE-PH-2023-035Fit: yield ratios

https://docs.belle2.org/record/3694/files/BELLE2-NOTE-PH-2023-035.pdf


 Relative tracking efficiency: (98.335 +/- 1.29 +/- 0.266)% 
Slow pion systematic: 1.325%

MC15rd release 8

 Relative tracking efficiency: (97.441 +/- 1.99 +/- 0.817)% 
Slow pion systematic: 1.46%

MC15rd release 6
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MC16rd release 8 MC15rd release 6

Previous results from Belle2-NOTE-PH-2023-035Pre-fit all channels

https://docs.belle2.org/record/3694/files/BELLE2-NOTE-PH-2023-035.pdf
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MC16rd release 8 MC15rd release 6

Previous results from Belle2-NOTE-PH-2023-035Pre-fit all channels Previous results from Belle2-NOTE-PH-2023-035
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MC16rd release 8 MC15rd release 6

Post-fit all channels Previous results from Belle2-NOTE-PH-2023-035
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MC16rd release 8 MC15rd release 6

Post-fit all channels Previous results from Belle2-NOTE-PH-2023-035
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MC16rd release 8 MC15rd release 6

Charge asymmetry Previous results from Belle2-NOTE-PH-2023-035
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MC16rd release 8 MC15rd release 6



• /belle/collection/MC/MC16rd_proc16_chunk1_{sample}_4S_v1


• /belle/collection/MC/MC16rd_proc16_{sample}_chunk{2,3,4}_4S_v1


• /belle/collection/Data/proc16_chunk{1,2,3}_had_4S_v1


• /belle/collection/Data/proc16_chunk4_4S_had_v1
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Collections


