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Cut table (LCWS2017) 

250 fb-1 

(-0.8,+0.3) Left 
initial 𝝁+𝝁− 

b-tag1>0.8 or  

b-tag2>0.8 

𝒒𝐦𝐢𝐧 < 𝟑 &  

𝑷𝒛,𝜸 < 𝟓𝟎 𝐆𝐞𝐕 

Signal  𝒃𝒃𝝁𝝁𝝂𝝂 

(True)  
2961 

2725 

(e = 92.0 %) 

1921 
(80.9%) (e = 

80.2%) 

945 
(90.7%) (e = 

35.2%) Signal 𝒃𝒃𝝁𝝁𝝂𝝂 

(Miss) 
453 

(19.1%) 

97 
(9.3%) 

𝒃𝒃𝒍𝒍𝝂𝝂  
(except 𝒃𝒃𝝁𝝁𝝂𝝂 ) 

23609 387 335 71 

𝒃𝒃𝒍𝝂𝒒𝒒  104114 40 31 3 

𝒒𝒒𝒍𝒍 (𝒁𝒁) 91478 13800 2519 21 

𝒍𝒍  
(weight = 4) 

212274 

( 849096) 

74961 

( 299844) 

90 

( 360) 
0 

𝒍𝝂𝒍𝝂 (𝑾𝑾) 

(weight = 4) 

377058 

( 1508232) 

1884 

( 7536) 

3 

( 12) 
0 

𝒍𝒍𝒍𝝂𝒍𝝂 (𝒍𝒍𝑾𝑾) 3021 947 19 0 
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Binned likelihood analysis (LCWS2017) 

Estimate the number of events in each bin of the 𝜔 distribution 

described as function of 𝛿𝐹, 𝑁𝑏 𝛿𝐹 , from the full MC simulation. 

Fit 𝑁𝑏 𝛿𝐹  to the “data” using the following 𝜒2 𝛿𝐹 . 

𝜒2 𝛿𝐹 =  
𝑛𝑏

Data − 𝑁𝑏 𝛿𝐹
2

𝑛𝑏
Data

𝑁bin

𝑏=1

 

where 𝑛𝑏
Data is the number of events in bin 𝑏 of  the “data”. 

 

This method is by construction unbiased if the full MC 

simulation describes the “data” and one can use 𝜒2 𝛿𝐹  to 

assess the goodness of fit. 
 

Example : Result of 1 parameter fit 

𝛿𝐹 1𝑉
𝑍 = 0.010 ± 0.017 (CL = 33%) 

For the multi-parameter fit, more statistics of the full MC 

simulation is required. 
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𝜔 distribution for 𝛿𝐹1𝑉
𝑍  of Left polarization events 

𝜒2(𝛿𝐹 1𝑉
𝑍 ) function 



Binned likelihood analysis 

We modified the cut criteria, but the efficiency and 

purity are almost same. 

 

Consider the background events, but only bbllvv, 

which are dominant and are also depend on 𝛿𝐹. 

𝜒2 𝛿𝐹 =  
𝑛𝑏

Data − 𝑁𝑏
sig 𝛿𝐹 − 𝑁𝑏

bkg,tt 𝛿𝐹
2

𝑛𝑏
Data

𝑁bin

𝑏=1

 

 

Result of 1 parameter fit 

𝛿𝐹 1𝑉
𝑍 = −0.016 ± 0.018 (CL = 9.1%) 
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Binned likelihood analysis 

However we don’t need such tight cuts for the binned likelihood. 
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250 fb-1 

(-0.8,+0.3) Left 
initial 𝝁+𝝁− 

b-tag1>0.8 or  

b-tag2>0.8 
𝒒𝐦𝐢𝐧 < 𝟏𝟎  

Signal  𝒃𝒃𝝁𝝁𝝂𝝂 

(True)  
2837 

2618 

(e = 92.3 %) 

2059 
(82.7%) (e = 

87.7%) 

1856 
(84.1%) (e = 

77.8%) Signal 𝒃𝒃𝝁𝝁𝝂𝝂 

(Miss) 
430 

(17.3%) 

350 
(15.9%) 

𝒚𝒚𝒍𝒍𝝂𝝂  
(except 𝒃𝒃𝝁𝝁𝝂𝝂 ) 

23733 500 371 285 

𝒚𝒚𝒍𝝂𝒒𝒒  104114 40 35 8 

𝒒𝒒𝒍𝒍 (𝒁𝒁) 91478 13827 2943 180 

𝒍𝒍  
(weight = 4) 

212274 

( 849096) 

75147 

( 300577) 

152 

( 608) 
1 

𝒍𝝂𝒍𝝂 (𝑾𝑾) 

(weight = 4) 

28835 

( 115340) 

1776 

( 7104) 

6 

( 24) 
0 



Binned likelihood analysis 

Consider the all background events.  

 

𝜒2 𝛿𝐹

=  
𝑛𝑏

Data − 𝑁𝑏
sig 𝛿𝐹 − 𝑁𝑏

bkg,tt 𝛿𝐹 − 𝑁𝑏
bkg 2

𝑛𝑏
Data

𝑁bin

𝑏=1

 

 

Result of 1 parameter fit 

𝛿𝐹 1𝑉
𝑍 = −0.002 ± 0.012 (CL = 20%) 

• Although there are large background, the 

result is consistent with the SM 

• Thanks to looser cut, the statistical precision 

is improved. 
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Backup 
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Cut table 

250 fb-1 

(-0.8,+0.3) Left 
initial 𝝁+𝝁− 

b-tag1>0.8 or  

b-tag2>0.8 
𝒒𝐦𝐢𝐧 < 𝟏𝟎  

Signal  𝒃𝒃𝝁𝝁𝝂𝝂 

(True)  
2837 

2618 

(e = 92.3 %) 

2059 
(82.7%) (e = 

87.7%) 

1856 
(84.1%) (e = 

77.8%) Signal 𝒃𝒃𝝁𝝁𝝂𝝂 

(Miss) 
430 

(17.3%) 

350 
(15.9%) 

𝒚𝒚𝒍𝒍𝝂𝝂  
(except 𝒃𝒃𝝁𝝁𝝂𝝂 ) 

23733 500 371 285 

𝒚𝒚𝒍𝝂𝒒𝒒  104114 40 35 8 

𝒒𝒒𝒍𝒍 (𝒁𝒁) 91478 13827 2943 180 

𝒍𝒍  
(weight = 4) 

212274 

( 849096) 

75147 

( 300577) 

152 

( 608) 
1 

𝒍𝝂𝒍𝝂 (𝑾𝑾) 

(weight = 4) 

28835 

( 115340) 

1776 

( 7104) 

6 

( 24) 
0 
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