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genericMC (MC15rib, )400 fb−1

2.3. Background Suppression

Figure 2.1.: Pre-cuts on simulated data. The distributions are arbitrarily normalized.

shape parameters (modified Fox Wolfram Moments [16]) and allows for rejecting this 163

kind of background by cutting on the network output of the Btag. 164

Combinatorial Combinatorial background arises from wrong combination of tracks in BB̄ 165

events. 166

Peaking Irreducible peaking background arises from missing KL in the event. This source can 167

be controlled on data reconstructing an additional KS and removing it from the event. 168

This study is described in chapter 4. 169

2.3. Background Suppression 170

For the background suppression a Boosted Decision Tree (BDT) with a gradient boost is 171

chosen. These algorithms have shown exceptionally good results in recent years. They can be 172

used without preprocessing the data. Independent data samples for training and testing of the 173

classifier are used to ensure that no over-fitting is performed. 174

A set of 35 variables which provide reasonable separation between signal and background events 175

is available for classification, depicted in figs. A.1 and A.2. Subsets of variables are chosen to 176

accord to their importance to the classifier. Only the best variables regarding their separation 177

power are kept. A larger set of variables may show better performance but is vulnerable to 178

over-fitting and di↵erences between data and Monte Carlo might have an influence. 179

The agreement between Monte Carlo and data is tested on a sideband in EECL, described in 180

detail in sections 4.1 and 4.1. Due to increasing systematic errors more sensitivity might be 181

lost than gained by the information in variables with bad agreement. Consequently, variables 182

with poor data/MC agreement are removed from the training set. 183

In total 14 variables are kept for the separation between signal and background: 184
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background=> generic charged MC (MC15rib, )400 fb−1
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*Decay modes are not mutually exclusive here

Table 1: Decay branches of B+.

rowNo decay branch of B+ iDcyBrP nCase nCcCase nAllCase nCCase

1 B+ ! µ+⌫µD̄
⇤0 29 11719 11766 23485 23485

2 B+ ! ⇢+D̄0 5 8053 8135 16188 39673

3 B+ ! e+⌫eD̄
⇤0 1 8140 7724 15864 55537

4 B+ ! D̄⇤0a+
1 32 6142 6174 12316 67853

5 B+ ! µ+⌫µD̄
0 3 5381 5415 10796 78649

6 B+ ! ⇢+D̄⇤0 24 4231 4297 8528 87177

7 B+ ! e+⌫eD̄
⇤0�F 16 4128 4025 8153 95330

8 B+ ! ⇡+D̄0 7 3854 3943 7797 103127

9 B+ ! e+⌫eD̄
0 31 3867 3913 7780 110907

10 B+ ! ⇡+D̄⇤0 0 3226 3258 6484 117391

11 B+ ! ⇡0⇡+⇡+D⇤� 20 2902 2923 5825 123216

12 B+ ! ⇡0⇡+⇡+⇡�D̄⇤0 30 2554 2417 4971 128187

13 B+ ! ⇡+⇡+⇡�D̄0 50 2361 2339 4700 132887

14 B+ ! ⇢0⇡+D̄0 10 2331 2346 4677 137564

15 B+ ! D̄0a+
1 4 2195 2202 4397 141961

16 B+ ! e+⌫eD̄
0�F 6 1935 1849 3784 145745

17 B+ ! ⌧+⌫⌧ D̄
⇤0 25 1809 1855 3664 149409

18 B+ ! µ+⌫µD̄
⇤0�F 2 1785 1799 3584 152993

19 B+ ! ⇡0⇢+D̄0 43 1435 1403 2838 155831

20 B+ ! D̄0D+
s 47 1319 1313 2632 158463

21 B+ ! ⇡+!D̄0 17 1106 1118 2224 160687

22 B+ ! ⇢+D̄⇤0
2 26 1025 1107 2132 162819

23 B+ ! ⌧+⌫⌧ D̄
0 42 1065 1018 2083 164902

24 B+ ! e+⌫eD̄
⇤0�F �F 52 1074 959 2033 166935

25 B+ ! D̄⇤0D⇤+
s 71 1016 1008 2024 168959

26 B+ ! D̄0D⇤+
s 64 851 844 1695 170654

27 B+ ! D̄⇤0D+
s 39 858 831 1689 172343

28 B+ ! µ+⌫µD̄
0�F 95 780 826 1606 173949

29 B+ ! D̄0p̄�++ 74 779 769 1548 175497

30 B+ ! D̄⇤0D⇤+
s0 102 742 723 1465 176962

31 B+ ! ⇡+!D̄⇤0 101 754 662 1416 178378

32 B+ ! ⇡0⇡0⇡+D̄0 63 649 694 1343 179721

33 B+ ! ⇡+D̄0�F 70 676 654 1330 181051
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Truth match test signalMC

•No. of events with Btag_isSignal and mother PDG index matched = 46040

•Compare the no. of events in two variations in addition to above flags:

• with bsig_isSignalMissingNeutrino, #events = 18749

• with our decays modes using topoana, #events = 34800

Table 1: Decay branches of B+.

rowNo decay branch of B+ iDcyBrP nCase nCcCase nAllCase nCCase

1 B+ ! ⌧+⌧�K+ 0 21879 21569 43448 43448

2 B+ ! ⇢+D̄0 5 3064 3059 6123 49571

3 B+ ! ⇡+D̄0 7 1942 1999 3941 53512

4 B+ ! ⇢0⇡+D̄0 21 1316 1331 2647 56159

5 B+ ! ⇡+⇡+⇡�D̄0 11 1230 1300 2530 58689

6 B+ ! ⌧+⌧�K+�F 14 1276 1245 2521 61210

7 B+ ! D̄⇤0a+
1 8 1205 1165 2370 63580

8 B+ ! ⇡0⇡+⇡+D⇤� 3 1128 1148 2276 65856

9 B+ ! D̄0a+
1 9 1071 1053 2124 67980

10 B+ ! ⇢+D̄⇤0 34 623 671 1294 69274

11 B+ ! ⇡+D̄⇤0 4 647 636 1283 70557

12 B+ ! D̄0p̄�++ 16 470 424 894 71451

13 B+ ! ⇡0⇢+D̄0 30 424 445 869 72320

14 B+ ! D̄0D+
s 12 392 415 807 73127

15 B+ ! ⇢+D̄⇤0
2 13 354 437 791 73918

16 B+ ! ⇡+!D̄0 10 376 379 755 74673

17 B+ ! ⇡+⇡+⇡�D̄0�F 37 396 355 751 75424

18 B+ ! ⇡0⇡+⇡+⇡�D̄⇤0 43 328 361 689 76113

19 B+ ! ⇡+D̄0�F 33 265 293 558 76671

20 B+ ! ⇡+⇡�⇢+D̄0 20 261 280 541 77212

21 B+ ! ⇡0⇢0⇡+D̄0 36 237 284 521 77733

22 B+ ! ⇢0⇢+D̄0 32 263 257 520 78253

23 B+ ! ⇡+⇡+D� 39 236 247 483 78736

24 B+ ! ⇡+⇡+D⇤� 25 224 248 472 79208

25 B+ ! ⇡0⇡+⇡+D⇤��F 22 234 214 448 79656

26 B+ ! ⇡0⇡+⇡+D� 17 218 224 442 80098

27 B+ ! K+J/ 65 213 223 436 80534

28 B+ ! ⇡0⇡0⇡+D̄0 38 226 200 426 80960

29 B+ ! ⇡+⇢+D� 19 207 216 423 81383

30 B+ ! ⇡+⇡+⇡�p⇤̄�
c 41 192 180 372 81755

31 B+ ! D̄0D⇤+
s 46 195 163 358 82113

32 B+ ! ⇢+D̄00
1 56 136 182 318 82431

33 B+ ! ⇢+D̄0� 92 158 156 314 82745
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Table 2: Decay branches of ⌧+.

rowNo decay branch of ⌧+ iDcyBrP nCase nCcCase nAllCase nCCase

1 ⌧+ ! µ+⌫µ⌫̄⌧ 0 11082 11008 22090 22090

2 ⌧+ ! ⌫̄⌧⇡
0⇡+ 1 9434 9569 19003 41093

3 ⌧+ ! e+⌫e⌫̄⌧ 4 7732 7474 15206 56299

4 ⌧+ ! ⌫̄⌧⇡
+ 2 6803 6852 13655 69954

5 ⌧+ ! e+⌫e⌫̄⌧�
F 3 4130 4118 8248 78202

6 ⌧+ ! ⌫̄⌧⇡
0⇡0⇡+ 5 1992 2030 4022 82224

7 ⌧+ ! µ+⌫µ⌫̄⌧�
F 9 1279 1326 2605 84829

8 ⌧+ ! e+⌫e⌫̄⌧�
F �F 14 1066 1134 2200 87029

9 ⌧+ ! ⌫̄⌧⇡
+�F 8 743 701 1444 88473

10 ⌧+ ! ⌫̄⌧⇡
0⇡+�F 12 675 743 1418 89891

11 ⌧+ ! e+⌫e⌫̄⌧�
F �F �F 18 188 168 356 90247

12 ⌧+ ! ⌫̄⌧⇡
0⇡0⇡+�F 22 141 132 273 90520

13 ⌧+ ! ⌫̄⌧⇡
0⇡0⇡0⇡+ 17 127 133 260 90780

14 ⌧+ ! ⌫̄⌧⇡
0⇡+K0 16 113 93 206 90986

15 ⌧+ ! ⌫̄⌧⇡
+⇡+⇡� 10 85 92 177 91163

16 ⌧+ ! µ+⌫µ⌫̄⌧�
F �F 15 75 84 159 91322

17 ⌧+ ! ⌫̄⌧⇡
0⇡+⇡+⇡� 13 53 53 106 91428

18 ⌧+ ! ⌫̄⌧⇡
+K0K̄0 23 46 42 88 91516

19 ⌧+ ! ⌫̄⌧⇡
+�F �F 20 38 42 80 91596

20 ⌧+ ! ⌫̄⌧K
+ 7 45 31 76 91672

21 ⌧+ ! ⌫̄⌧⇡
0⇡+�F �F 6 26 38 64 91736

22 ⌧+ ! ⌫̄⌧⇡
0⇡+⌘ 31 20 27 47 91783

23 ⌧+ ! ⌫̄⌧⇡
+K⇤ 25 24 16 40 91823

24 ⌧+ ! e+⌫e⌫̄⌧�
F �F �F �F 33 21 19 40 91863

25 ⌧+ ! ⌫̄⌧⇡
0K+ 37 18 11 29 91892

26 ⌧+ ! ⌫̄⌧⇡
+⇡+⇡��F 19 12 16 28 91920

27 ⌧+ ! ⌫̄⌧⇡
+K0 32 11 13 24 91944

28 ⌧+ ! ⌫̄⌧⇡
0⇡0⇡0⇡0⇡+ 29 8 12 20 91964

29 ⌧+ ! ⌫̄⌧⇡
0⇡+! 21 8 11 19 91983

30 ⌧+ ! ⌫̄⌧⇡
0⇡0⇡0⇡+�F 27 9 5 14 91997

31 ⌧+ ! ⌫̄⌧ K̄
0K+ 24 6 7 13 92010

32 ⌧+ ! ⌫̄⌧⇡
0⇡0⇡+K0 28 7 3 10 92020

33 ⌧+ ! µ+⌫µ⌫̄⌧�
F �F �F 38 4 6 10 92030
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*Decay modes are not mutually exclusive here
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Table 1: Decay branches of B+.

rowNo decay branch of B+ iDcyBrP nCase nCcCase nAllCase nCCase

1 B+ ! µ+⌫µD̄
⇤0 29 11719 11766 23485 23485

2 B+ ! ⇢+D̄0 5 8053 8135 16188 39673

3 B+ ! e+⌫eD̄
⇤0 1 8140 7724 15864 55537

4 B+ ! D̄⇤0a+
1 32 6142 6174 12316 67853

5 B+ ! µ+⌫µD̄
0 3 5381 5415 10796 78649

6 B+ ! ⇢+D̄⇤0 24 4231 4297 8528 87177

7 B+ ! e+⌫eD̄
⇤0�F 16 4128 4025 8153 95330

8 B+ ! ⇡+D̄0 7 3854 3943 7797 103127

9 B+ ! e+⌫eD̄
0 31 3867 3913 7780 110907

10 B+ ! ⇡+D̄⇤0 0 3226 3258 6484 117391

11 B+ ! ⇡0⇡+⇡+D⇤� 20 2902 2923 5825 123216

12 B+ ! ⇡0⇡+⇡+⇡�D̄⇤0 30 2554 2417 4971 128187

13 B+ ! ⇡+⇡+⇡�D̄0 50 2361 2339 4700 132887

14 B+ ! ⇢0⇡+D̄0 10 2331 2346 4677 137564

15 B+ ! D̄0a+
1 4 2195 2202 4397 141961

16 B+ ! e+⌫eD̄
0�F 6 1935 1849 3784 145745

17 B+ ! ⌧+⌫⌧ D̄
⇤0 25 1809 1855 3664 149409

18 B+ ! µ+⌫µD̄
⇤0�F 2 1785 1799 3584 152993

19 B+ ! ⇡0⇢+D̄0 43 1435 1403 2838 155831

20 B+ ! D̄0D+
s 47 1319 1313 2632 158463

21 B+ ! ⇡+!D̄0 17 1106 1118 2224 160687

22 B+ ! ⇢+D̄⇤0
2 26 1025 1107 2132 162819

23 B+ ! ⌧+⌫⌧ D̄
0 42 1065 1018 2083 164902

24 B+ ! e+⌫eD̄
⇤0�F �F 52 1074 959 2033 166935

25 B+ ! D̄⇤0D⇤+
s 71 1016 1008 2024 168959

26 B+ ! D̄0D⇤+
s 64 851 844 1695 170654

27 B+ ! D̄⇤0D+
s 39 858 831 1689 172343

28 B+ ! µ+⌫µD̄
0�F 95 780 826 1606 173949

29 B+ ! D̄0p̄�++ 74 779 769 1548 175497

30 B+ ! D̄⇤0D⇤+
s0 102 742 723 1465 176962

31 B+ ! ⇡+!D̄⇤0 101 754 662 1416 178378

32 B+ ! ⇡0⇡0⇡+D̄0 63 649 694 1343 179721

33 B+ ! ⇡+D̄0�F 70 676 654 1330 181051
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background=> generic charged MC (MC15rib, )400 fb−1
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Charged tracks ( ) cuts:e, μ, K, π
•transverse distance from IP,  
•distance in beam direction from IP,  
•polar angle is with in CDC acceptance 
 (thetaInCDCAcceptance) 

• Kaon PID,  
• Pion PID,  
• Electron PID,  
• Muon PID, 

dr < 0.5
|dz | < 2

ℒ(K) > 0.6
ℒ(π) > 0.6

ℒ(e) > 0.9
ℒ(μ) > 0.9

Continuum suppression:

• event sphericity  
• cosTBTO

> 0.2
< 0.9

Reconstruct FEI hadronic :Btag

• weight file prefix -  
‘FEIv4_2021_MC14_release_05_01_12’ 

• most probable  candidates is accepted 

•  
•  
• FEI signal probability  

• ROE of  has 3 charged tracks

Btag

Mbc > 5.27
|ΔE | < 0.1

> 0.001
Btag

ROE mask: 
• , thetaInCDCAcceptance 
•  and 

dr < 0.5, |dz | < 2
E > 0.06 |cluster time | < 20

Analysis globalTag: ‘analysis_tools_light-2203-zeus’
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 in ROE of π0 Υ(4S) signalMC
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tauSignalMissing==1

tauSignalMissing!=1

remove the events whose ROE  mass peak around 
 actual mass: 

π0

π0 0.130 < M(π0) < 0.139 GeV/c2

•  is built from ROE photons 

• Cut on photons:   

• Cut on :  

• Apply mass constraint 

• Select one  per event that has 
the nearest mass to the PDG mass 

π0

E > 60 MeV

π0 115 < M < 155 MeV/c2

π0

 veto
π0


