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• Methods & Dependences 
★ Leading Particle Jet Charge (LPJC) 
★ Weighted Jet Charge (WJC) 
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Introduction
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Misjudgment rate ω: 
➡ To describe the probability of misjudging the jet charge 

 

Efficiency: 
➡ To describe the selection efficiency of all samples: 

  

Effective tagging power: 
➡ Considering both misjudgment rate ω and efficiency to describe the total 

performance of jet charge 

ω =
NW

Ntag

ϵtag =
Ntag

Nall

ϵeff = ϵtag(1 − 2ω)2

Applications:  
• Electroweak measurements of  ,  
• CP measurements in neutral B/D system 
• Differential measurements 
How to measure:  
• Jet charge performance is quantified by effective tagging power 

AFB sin2 θW

Jet charge
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Experiments Measureme
nts

Methods Performance

LEP 
Experiments

prompt lepton 
weighted jet charge 
c hadron, vtx, Kaon

b purity = 90%

ATLAS CMS q&g jet charge weighted jet charge εeff = 1.49% (Bs)

LHCb b jet charge
opposite side  

e, μ, K, c hadron, Qvtx 
same side π, p, K 

BDT & QML

εeff = 8% (pT>60GeV)

CEPC b/c jet charge
leading particle  

weighted jet charge 
(for Bs: kaon)

εeff = 20% (b jet) 
εeff = 39% (c jet) 
εeff = 20% (Bs)

BABAR B tagging hadronic B decay products with NN εeff = 31.2%

Belle II B tagging hadronic B decay products & DNN εeff = 30.0%

Details and references are listed in back up

Experiments & Methods
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Z pole operation & Samples

CEPC Advantages:  
• High productivity of b/c hadrons 
• Clean collision environment 
• Good VTX/tracking and PID system 

Our work:  
Jet charge performance at Z pole  

• Leading Particle Jet Charge LPJC  
• Weighted Jet Charge WJC 
• combine → Heavy Flavor Jet Charge HFJC 

and dependencies - test of principle 

Software:  
Three generators: Whizard195, Herwig, Sherpa 

Samples:  
Samples ~ 10−4  Z→bb/cc events 
Statistical uncertainty ~ 10−4  and can be omitted 
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IP

Z→bb event display

 jetq̄

 jetq
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b/c jet multiplicity & final charged particles
Mass(MeV) τ(s) cτ(m)

e 0.51 6.6E+28

μ 105.66 2.197E-06 658.6

K 493.68 1.238E-08 3.711

π 139.57 2.603E-08 7.804

p 938.27 3.6E+29

 jetc  jetb
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LPJC
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Steps of LPJC: 

• Divide final state charged particles into two back-to-back jets.  

• Select the highest energy state particle in each jet, identified as leading 
particle LP. 

• Classify LP into sub-groups based on their types. 

• Use the charge asymmetry and PID information to determine jet charge.

Leading Particle Jet Charge LPJC

corresponding misjudgment rate ω.
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ω = 1 − P(b |finali) =
P(finali | b̄)

P(finali |b) + P(finali | b̄)
=

Number of Part A
Number of Part (A + B)

P(b |finali) =
P(finali |b)

P(finali |b) + P(finali | b̄)

Percentage of final charged leading particles
 jetb̄ jetb

Part B

Part A

Part B

Part A

Use charge asymmetry to calculate misjudgment rate ω
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ω(using only charge) = 0.402 
ω(using charge & PID) = 0.383

ω(using only charge) = 0.403  
ω(using charge & PID) = 0.383

Percentage of final charged leading particles
 jetb̄ jetb

Part B

Part A

Part B

Part A

Use charge asymmetry to calculate misjudgment rate ω
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ω(using only charge) = 0.475 
ω(using charge & PID) = 0.305

ω(using only charge) = 0.473  
ω(using charge & PID) = 0.304

Percentage of final charged leading particles
 jetc̄ jetc

Part B

Part A

Part B

Part A

Use charge asymmetry to calculate misjudgment rate ω
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b jet c jet 

Whizard Herwig Sherpa Whizard Herwig Sherpa

εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff

e 7.6% 25.5% 1.8% 7.3% 25.1% 1.8% 7.8% 28.0% 1.5% 2.7% 1.9% 2.5% 3.6% 1.5% 3.4% 3.3% 2.4% 3.0%

μ 7.6% 25.5% 1.8% 7.0% 22.7% 2.1% 7.8% 28.1% 1.5% 2.7% 0.5% 2.7% 3.0% 0.2% 3.0% 3.3% 0.4% 3.2%

K 21.8% 27.5% 4.4% 21.3% 30.3% 3.3% 22.9% 30.2% 3.6% 28.4% 19.7% 10.4% 28.5% 17.8% 11.8% 30.0% 19.7% 11.0%

π 56.2% 46.3% 0.3% 53.2% 45.2% 0.5% 56.8% 44.9% 0.6% 57.3% 38.8% 2.9% 58.0% 37.9% 3.4% 58.1% 39.0% 2.8%

p 6.7% 36.5% 0.5% 11.2% 37.5% 0.7% 4.7% 32.1% 0.6% 8.9% 28.0% 1.7% 6.9% 31.8% 0.9% 5.4% 23.8% 1.5%

sum 100.0% 35.1% 8.9% 100.0% 35.5% 8.4% 100.0% 36.0% 7.8% 100.0% 27.5% 20.2% 100.0% 26.3% 22.5% 100.0% 26.8% 21.5%

εtag, ω, εeff of LPJC
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1. Dependence on leading particle type  

2. Dependence on b/c hadron type 

3. Dependence on decay source of leading particle: from b/c hadron or QCD.

Jet charge performance dependences

Mass(MeV) τ(s) cτ(μm)

5279.66 1.519E-12 455.4

5279.34 1.638E-12 491.1

5366.92 1.520E-12 455.7

5619.60 1.471E-12 441.0

1869.66 1.033E-12 309.8

1864.84 4.100E-13 123.0

1968.35 5.040E-13 151.2

2286.46 2.015E-13 60.4Λ+
c

D+
s

D0

D+

Λb

B̄0
s

B−

B̄0
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if decayed from typical hadron?

changeWhat will 



17 by WHIZARD195
ΛbB̄0

sB−B̄0

Inclusive 

from  
leading hadron 

from QCD

Percentage of leading particles jetb



18 by WHIZARD195

Λ+
cD+

sD0D+

Inclusive 

from  
leading hadron 

from QCD

Percentage of leading particles jetc
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Whizard Herwig Sherpa

εtag ωi εeff εeff εeff

b jet

42.4% 38.3% 5.6% 3.1% 13.7%

42.4% 30.2% 15.8% 16.6% 14.6%

8.2% 47.0% 0.4% 0.2% 10.8%

6.8% 23.1% 28.9% 26.1% 16.4%

Total 99.8% 34.5% 11.0% 10.1% 14.0%

c jet

22.0% 23.9% 19.3% 26.2% 19.7%

62.8% 19.0% 23.5% 24.4% 25.9%

8.1% 22.2% 14.1% 17.1% 17.5%

6.8% 20.0% 28.1% 26.1% 35.1%

Total 99.7% 20.3% 22.1% 24.3% 24.4%

Λ+
c

D+
s

D0

D+

Λb

B̄0
s

B−

B̄0

εtag, ω, εeff of LPJC(distinguish leading heavy hadron)
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WJC
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• Use the charge and energy of all final charged particles in a 
jet with a weight parameter κ to calculate Qjetκ.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
κ

0

0.05

0.1
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0.3

ef
f

∈

Whizard195

Herwig

Sherpa

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
κ

0
0.02
0.04
0.06
0.08
0.1

0.12
0.14
0.16
0.18
0.2

ef
f

∈

Whizard195

Herwig

Sherpa

 jet  charge with κ=0.2bb̄

Weighted Jet Charge (WJC)

 jetc jetb



22

IWJC
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The optimized parameter κ varies with final state 
leading particles type and the decay sources.  

The overall optimized κ depends on the balance 
between hadron decay and QCD factorization. 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
κ

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

ef
f

∈

e
µ
K
π
p

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
κ

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

ef
f

∈

e
µ
K
π
p

Improved Weighted Jet Charge (IWJC)
Optimal κ vs leading particle type

Consider the optimal κ=100 as +∞ , 
which corresponds to LCJC method.  jetc jetb



24

b jet c jet 

Whizard Herwig Sherpa Whizard Herwig Sherpa

εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff

e 7.6% 22.3% 2.3% 7.3% 22.5% 2.2% 7.8% 22.9% 2.3% 2.7% 7.9% 1.9% 3.6% 7.1% 2.7% 3.3% 7.7% 2.3%

μ 7.6% 22.3% 2.3% 7.0% 21.4% 2.3% 7.8% 23.5% 2.2% 2.7% 6.8% 2.0% 3.0% 6.5% 2.3% 3.3% 6.1% 2.5%

K 21.8% 26.5% 4.8% 21.3% 29.7% 3.5% 22.9% 27.2% 4.8% 28.4% 22.4% 8.6% 28.5% 22.4% 8.7% 30.0% 22.0% 9.4%

π 56.2% 31.2% 7.9% 53.2% 32.0% 6.9% 56.8% 29.1% 10.0% 57.3% 23.7% 15.9% 58.0% 23.7% 16.1% 58.1% 23.0% 17.0%

p 6.7% 32.1% 0.9% 11.2% 32.4% 1.4% 4.7% 30.1% 0.7% 8.9% 22.5% 2.7% 6.9% 23.5% 1.9% 5.4% 20.6% 1.9%

sum 100.0% 28.6% 18.3% 100.0% 29.8% 16.3% 100.0% 27.7% 20.0% 100.0% 22.1% 31.1% 100.0% 21.9% 31.7% 100.0% 21.2% 33.1%

εtag, ω, εeff of IWJC
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HFJC 
(combine above methods)



for each input candidate, 
 is the decision weight of i-th method. 

 is the mis-judgment rate ω of i-th method. 
 is the jet charge decision of i-th method.

si
ωi
ξi

ϵtagcomb
=

Nmethod

∑
i=1

si |ξi | (1 − 2ωi)2

26

Combination→Heavy Flavor Jet Charge (HFJC)
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b jet c jet 

Whizard Herwig Sherpa Whizard Herwig Sherpa

εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff

e 7.6% 21.6% 2.5% 7.3% 21.3% 2.4% 7.8% 21.9% 2.4% 2.7% 1.9% 2.5% 3.6% 1.8% 3.4% 3.3% 2.7% 2.9%

μ 7.6% 21.2% 2.5% 7.0% 20.2% 2.5% 7.8% 22.5% 2.4% 2.7% 0.5% 2.7% 3.0% 0.4% 3.0% 3.3% 0.7% 3.2%

K 21.8% 23.8% 6.0% 21.3% 25.6% 5.1% 22.9% 23.9% 6.2% 28.4% 15.2% 13.8% 28.5% 14.3% 14.5% 30.0% 15.0% 14.7%

π 56.2% 31.1% 8.1% 53.2% 31.8% 7.1% 56.8% 28.9% 10.2% 57.3% 22.9% 16.8% 58.0% 22.8% 17.2% 58.1% 22.4% 17.7%

p 6.7% 28.1% 1.3% 11.2% 28.4% 2.1% 4.7% 24.0% 1.3% 8.9% 19.8% 3.2% 6.9% 21.5% 2.2% 5.4% 17.0% 2.3%

sum 100.0% 27.4% 20.4% 100.0% 28.2% 19.1% 100.0% 26.3% 22.5% 100.0% 18.8% 39.0% 100.0% 18.3% 40.3% 100.0% 18.1% 40.8%

εtag, ω, εeff of HFJC
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LPJC WJC IWJC HFJC HFJC* HFJC**

c jet

Whizard 20.2% 25.8% 31.1% 39.0% 45.5% 56.1%

Herwig 22.5% 25.5% 31.7% 40.3% 46.5% 57.3%

Sherpa 21.5% 27.0% 33.1% 40.8% 48.6% 59.4%

b jet

Whizard 8.9% 15.9% 18.3% 20.4% 36.9% 47.8%

Herwig 8.4% 14.2% 16.3% 19.1% 36.0% 46.6%

Sherpa 7.8% 19.0% 20.0% 22.5% 35.8% 48.9%

Effective tagging power of each method

HFJC* distinguish LP origin (b/c hadron / QCD)
HFJC** distinguish LP origin & leading heavy hadron type
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Detector Performance Impact
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Related detector performance impact
• Flavor tagging (see back up) 
• Energy threshold < 1GeV 
• PID  

- Lepton identification rmis < 1% 
- Hadron identification dE/dx 

resolution < 3% 
• Momentum resolution δp/p  ~0.1% 
• Polar angle acceptance |cos(θ)| 

~0.99 
• Track reconstruction … 

• Although jet charge performance is 
sensitive to some effects such as 
PID performance, for a conceptual 
detector, the impact is relatively 
small.  

• Therefore, jet charge performance 
at the reconstruction level will not 
differ significantly from the truth-
level. 

0 1 2 3 4 5 6 7 8 9 10
Energy Threshold [GeV]

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.4
0.45

0.5

ef
f

∈

c jet LPJC
c jet WJC
c jet HFJC
b jet LPJC
b jet WJC
b jet HFJC

0 0.05 0.1 0.15 0.2 0.25 0.3
misr

0
0.05
0.1

0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5

ef
f

∈

c jet LPJC
c jet WJC
c jet HFJC
b jet LPJC
b jet WJC
b jet HFJC

p, K, pi 
mis-id matrix
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Comparison
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ATLAS Bs0→J/ΨΦ

LHCb B0→J/ΨKs0

LHCb Bs0→J/ΨΦ

LHCb B0→D+D-

BaBar B0→ccK*0

Belle sin (2Φ1)

CEPC Bs→J/ΨΦ

CEPC c jet (HFJC)

CEPC b jet (HFJC)

CEPC c jet (HFJC*)

CEPC b jet (HFJC*)

CEPC c jet (HFJC**)

CEPC b jet (HFJC**)

Comparison with other experiments
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Thanks!

Analysis of jet charge performance for single jet at Z pole:  

★ Effective tagging power: 20% / 39% for b/c jet 
★ Dependences: 

• High dependency on leading particle type. 
• High dependency on b/c hadrons type, especially for Bs (Mingrui), Λb, Λc, … 
• High dependency on the decay source of leading particle. 

★ Detector Performance: 
• Energy threshold 
• PID 

Future work: 
Include charged 2rd/3rd vertex 
Take into account hadron decay, Bs, Λb/c… 
Jet charge vs c.m.s energy 
Jet charge vs jet shape, thrust 
Full simulation 
Fragmentation model of different generator 
ML 
…

Summary & Future work
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Back Up
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Related detector performance impact

• Flavor tagging impact 
• flavor tagging algorithm (FT) for b/c jet is characterized by 

• Efficiency of FT:  

• Purity of FT:  

• An algorithm combining the jet flavor tagging and jet charge identification (FC) 
• is characterized by a parameter matrix, defined in 
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Related detector performance impact

• The elements in FC matrix can be calculated from FT matrix and misjudgment rate ω of jet 
charge algorithm: 

The misjudgment rate ω of jet charge with flavor tagging, ωFC : 

The corresponding effective tagging power εeff  :

e - + + -
μ - + + -
K - + - +
π - + + -
p + - + -

b̄ c c̄b

correct charge correlation:
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Related detector performance impact
Flavor tagging matrix of b c u d s by Yongfeng:
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Overview
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use jet charge to determine AFB:  
Jet charge at LEP & SLD

https://arxiv.org/abs/hep-ex/0509008v3
https://arxiv.org/abs/1806.00141v2

https://arxiv.org/abs/hep-ex/0509008v3
https://arxiv.org/abs/1806.00141v2
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Method:  
Jet charge at LEP & SLD

https://arxiv.org/abs/hep-ex/0509008v3

https://arxiv.org/abs/hep-ex/0509008v3
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Method:  

Jet charge at DELPHI

https://arxiv.org/abs/hep-ex/0412004

https://arxiv.org/abs/hep-ex/0412004
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Result:  

Jet charge at DELPHI

https://arxiv.org/abs/hep-ex/0412004

https://arxiv.org/abs/hep-ex/0412004
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Result:  
Jet charge at DELPHI

https://arxiv.org/abs/hep-ex/0412004

https://arxiv.org/abs/hep-ex/0412004
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Pink: untagged b quarks: 473*248/2=58652 
Blue: tagged b quarks: 167*249+58*125+56*117/2=52109 
Green: tagged b anti-quarks: 218*123/2=13407 
ω=13407/(52109+13407)=0.205 
efficiency εtag =52109/(52109+58652)=0.470 

Effective tagging power εeff =0.470*(1-2*0.205)*(1-2*0.205)=0.164
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Result:  
Jet charge at DELPHI

https://arxiv.org/abs/hep-ex/0412004

https://arxiv.org/abs/hep-ex/0412004
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Result:  

Jet charge at ALEPH

https://arxiv.org/abs/hep-ex/0509008v3

https://arxiv.org/abs/hep-ex/0509008v3
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Result:  

Jet charge at ALEPH

https://arxiv.org/abs/hep-ex/0509008v3

Pink: untagged b quarks: 105*116/2=6090 
Blue: tagged b quarks: 96*117+72*74/2.+74*115/2.=18151 
Green: tagged b anti-quarks: 105*116/2=6090 
ω=6090/(6090+18151)=0.251 
efficiency εtag =18151/(18151+6090)=0.749 

Effective tagging power εeff =0.749*(1-2*0.251)*(1-2*0.251)=0.186

https://arxiv.org/abs/hep-ex/0509008v3
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Result:  

Jet charge at L3

https://arxiv.org/abs/hep-ex/0509008v3

https://arxiv.org/abs/hep-ex/0509008v3


49

Method:  

Result: 

Jet charge at LHCb

https://cds.cern.ch/record/2229990/

https://cds.cern.ch/record/2229990/
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Method:  

Result:  

Jet charge at LHCb

https://arxiv.org/abs/1808.08865

https://arxiv.org/abs/1808.08865
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Method:  

Result:  

Jet charge at LHCb

https://link.springer.com/article/10.1007/JHEP08(2022)014

https://link.springer.com/article/10.1007/JHEP08(2022)014
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Method:  

Result: 

B tagging at BABAR

https://arxiv.org/abs/0902.1708v2

https://arxiv.org/abs/0902.1708v2
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Method:  

Result: 

B tagging at BABAR

https://arxiv.org/abs/1206.3525v2

https://arxiv.org/abs/1206.3525v2
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Method:  

Result: 

B tagging at Belle

https://arxiv.org/abs/hep-ex/0403022v1

https://arxiv.org/abs/hep-ex/0403022v1
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THE DEEP-LEARNING FLAVOR TAGGERTHE CATEGORY-BASED FLAVOR TAGGER
Method:  

Result: 

B tagging at Belle2

https://arxiv.org/abs/2110.00790v1

https://arxiv.org/abs/2110.00790v1
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Method:  

Result: 

B tagging at Belle2

https://docs.belle2.org/record/2423

https://docs.belle2.org/record/2423
https://docs.belle2.org/record/2423
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Method:  

Result: 

B tagging at Belle2

https://edoc.ub.uni-muenchen.de/23003/

https://edoc.ub.uni-muenchen.de/23003/
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Method:  

Result: 

Jet charge at ATLAS

https://link.springer.com/content/pdf/10.1007/JHEP08(2016)147.pdf

https://link.springer.com/content/pdf/10.1007/JHEP08(2016)147.pdf
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Method:  

Result: 

Jet charge at ATLAS

https://cds.cern.ch/record/2255823/files/ATL-PHYS-PROC-2017-017.pdf

https://cds.cern.ch/record/2255823/files/ATL-PHYS-PROC-2017-017.pdf
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Method:  

Result: 

Jet charge at CMS

https://arxiv.org/abs/1706.05868v2

https://arxiv.org/abs/1706.05868v2
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Method:  

Result: 

Jet charge at CEPC for B0
s

https://arxiv.org/abs/2205.10565v1

https://arxiv.org/abs/2205.10565v1


62

Effective tagging power
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Number, efficiency, and misjudgment rate ω:  

aCP: 

accuracy of aCP: 

use effective tagging power to measure the accuracy: 

Total effective tagging power for independent sub-groups: 

Definition of effective tagging power
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LPJC pie plots



65 by WHIZARD195
ΛbB̄0

sB−B̄0

Inclusive 

from  
leading hadron 

from QCD

Percentage of leading particles jetb



66 by Herwig
ΛbB̄0

sB−B̄0
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Percentage of leading particles jetb
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ΛbB̄0
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Λ+
cD+

sD0D+

Inclusive 

from  
leading hadron 

from QCD

Percentage of leading particles jetc
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Λ+
cD+

sD0D+

Inclusive 

from  
leading hadron 

from QCD

Percentage of leading particles jetc
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Λ+
cD+

sD0D+

Inclusive 

from  
leading hadron 

from QCD

Percentage of leading particles jetc
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HFJC* 
distinguish LP origin 
(b/c hadron / QCD)
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source leading 
particle

b jet c jet 

Whizard Herwig Sherpa Whizard Herwig Sherpa

εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff

all

e 7.6% 21.6% 2.5% 7.3% 21.3% 2.4% 7.8% 21.9% 2.4% 2.7% 1.9% 2.5% 3.6% 1.8% 3.4% 3.3% 2.7% 2.9%
μ 7.6% 21.2% 2.5% 7.0% 20.2% 2.5% 7.8% 22.5% 2.4% 2.7% 0.5% 2.7% 3.0% 0.4% 3.0% 3.3% 0.7% 3.2%
K 21.8% 23.8% 6.0% 21.3% 25.6% 5.1% 22.9% 23.9% 6.2% 28.4% 15.2% 13.8% 28.5% 14.3% 14.5% 30.0% 15.0% 14.7%
π 56.2% 31.1% 8.1% 53.2% 31.8% 7.1% 56.8% 28.9% 10.2% 57.3% 22.9% 16.8% 58.0% 22.8% 17.2% 58.1% 22.4% 17.7%
p 6.7% 28.1% 1.3% 11.2% 28.4% 2.1% 4.7% 24.0% 1.3% 8.9% 19.8% 3.2% 6.9% 21.5% 2.2% 5.4% 17.0% 2.3%

sum 100.0% 27.4% 20.4% 100.0% 28.2% 19.1% 100.0% 26.3% 22.5% 100.0% 18.8% 39.0% 100.0% 18.3% 40.3% 100.0% 18.1% 40.8%

heavy 
hadron

e 7.5% 15.9% 3.5% 7.1% 15.6% 3.3% 7.6% 17.0% 3.3% 2.7% 1.1% 2.6% 3.6% 1.2% 3.4% 3.2% 1.8% 3.0%
μ 7.6% 15.9% 3.5% 6.8% 15.7% 3.2% 7.7% 17.3% 3.3% 2.7% 0.4% 2.7% 3.0% 0.3% 3.0% 3.3% 0.6% 3.2%
K 18.8% 14.3% 9.6% 18.1% 15.6% 8.6% 20.1% 16.4% 9.0% 23.1% 4.3% 19.2% 23.5% 4.4% 19.5% 24.9% 3.2% 21.8%
π 45.6% 18.2% 18.5% 41.8% 18.6% 16.5% 47.0% 18.8% 18.3% 35.4% 19.5% 13.2% 37.6% 19.4% 14.1% 36.5% 20.2% 12.9%
p 3.6% 15.5% 1.7% 8.2% 15.6% 3.9% 3.1% 14.0% 1.6% 3.5% 0.4% 3.4% 3.4% 0.4% 3.3% 2.6% 0.7% 2.5%

sum 83.1% 16.7% 36.8% 82.0% 17.1% 35.6% 85.5% 17.7% 35.6% 67.3% 10.9% 41.1% 71.1% 10.9% 43.4% 70.4% 10.7% 43.4%

QCD

e 0.1% 20.9% 0.0% 0.2% 14.7% 0.1% 0.2% 15.8% 0.1% 0.1% 25.8% 0.0% 0.0% 29.1% 0.0% 0.1% 36.5% 0.0%
μ 0.1% 17.9% 0.0% 0.2% 12.4% 0.1% 0.1% 14.2% 0.1% 0.0% 8.8% 0.0% 0.0% 17.0% 0.0% 0.0% 24.2% 0.0%
K 3.0% 45.5% 0.0% 3.2% 46.6% 0.0% 2.8% 46.0% 0.0% 5.3% 40.3% 0.2% 5.0% 39.8% 0.2% 5.1% 37.3% 0.3%
π 10.6% 49.3% 0.0% 11.4% 48.3% 0.0% 9.8% 48.1% 0.0% 21.9% 39.6% 0.9% 20.3% 41.2% 0.6% 21.6% 39.6% 0.9%
p 3.1% 44.0% 0.0% 3.0% 38.4% 0.2% 1.6% 38.2% 0.1% 5.4% 41.5% 0.2% 3.5% 38.0% 0.2% 2.8% 41.7% 0.1%

sum 16.9% 45.3% 0.1% 18.0% 42.4% 0.4% 14.5% 43.1% 0.3% 32.7% 39.9% 1.3% 28.9% 40.4% 1.1% 29.6% 39.3% 1.4%

sum

e 7.6% 16.0% 3.5% 7.3% 15.5% 3.5% 7.8% 17.0% 3.4% 2.7% 1.5% 2.6% 3.6% 1.4% 3.4% 3.3% 2.1% 3.0%
μ 7.6% 16.0% 3.5% 7.0% 15.6% 3.3% 7.8% 17.2% 3.4% 2.7% 0.5% 2.7% 3.0% 0.3% 3.0% 3.3% 0.7% 3.2%
K 21.8% 16.9% 9.6% 21.3% 18.2% 8.6% 22.9% 18.6% 9.1% 28.4% 8.6% 19.4% 28.5% 8.4% 19.7% 30.0% 7.0% 22.1%
π 56.2% 21.3% 18.5% 53.2% 22.1% 16.5% 56.8% 21.6% 18.3% 57.3% 25.1% 14.2% 58.0% 24.8% 14.8% 58.1% 25.6% 13.9%
p 6.7% 24.3% 1.8% 11.2% 19.9% 4.0% 4.7% 19.8% 1.7% 8.9% 18.2% 3.6% 6.9% 14.2% 3.5% 5.4% 15.3% 2.6%

sum 100.0% 19.6% 36.9% 100.0% 20.0% 36.0% 100.0% 20.1% 35.8% 100.0% 17.4% 42.4% 100.0% 16.7% 44.4% 100.0% 16.5% 44.8%

comb

e 7.6% 16.0% 3.5% 7.3% 15.5% 3.5% 7.8% 17.0% 3.4% 2.7% 1.5% 2.6% 3.6% 1.4% 3.4% 3.3% 2.1% 3.0%
μ 7.6% 16.0% 3.5% 7.0% 15.6% 3.3% 7.8% 17.2% 3.4% 2.7% 0.5% 2.7% 3.0% 0.4% 3.0% 3.3% 0.7% 3.2%
K 21.8% 16.9% 9.6% 21.3% 18.2% 8.6% 22.9% 18.6% 9.1% 28.4% 8.6% 19.4% 28.5% 8.4% 19.7% 30.0% 7.0% 22.1%
π 56.2% 21.3% 18.5% 53.2% 22.1% 16.5% 56.8% 21.6% 18.3% 57.3% 22.9% 16.8% 58.0% 22.8% 17.2% 58.1% 22.4% 17.7%
p 6.7% 24.3% 1.8% 11.2% 19.9% 4.0% 4.7% 19.8% 1.7% 8.9% 18.2% 3.6% 6.9% 14.2% 3.5% 5.4% 15.3% 2.6%

sum 100.0% 19.6% 36.9% 100.0% 20.0% 36.0% 100.0% 20.1% 35.8% 100.0% 16.4% 45.0% 100.0% 15.8% 46.8% 100.0% 15.1% 48.6%
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source leading 
particle

b jet by Whizard

inclusive sum

εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff

all

e 7.6% 21.6% 2.5% 3.4% 25.3% 0.8% 3.1% 13.1% 1.7% 0.6% 32.3% 0.1% 0.4% 10.3% 0.3% 7.6% 41.5% 2.9%
μ 7.6% 21.2% 2.5% 3.4% 25.3% 0.8% 3.1% 13.1% 1.7% 0.7% 32.3% 0.1% 0.4% 10.2% 0.3% 7.6% 41.5% 2.9%
K 21.8% 23.8% 6.0% 8.9% 25.6% 2.1% 10.1% 18.2% 4.1% 2.1% 31.6% 0.3% 0.7% 28.5% 0.1% 21.7% 37.1% 6.6%
π 56.2% 31.1% 8.1% 25.0% 31.8% 3.3% 24.2% 29.7% 4.0% 4.5% 32.7% 0.5% 2.5% 30.6% 0.4% 56.1% 35.7% 8.2%
p 6.7% 28.1% 1.3% 1.7% 32.3% 0.2% 1.8% 31.4% 0.3% 0.4% 31.6% 0.1% 2.8% 15.1% 1.3% 6.7% 43.2% 1.9%

sum 100.0% 27.4% 20.4% 42.4% 29.2% 7.3% 42.4% 23.7% 11.7% 8.2% 32.3% 1.0% 6.8% 20.2% 2.4% 99.8% 26.3% 22.5%

heavy 
hadron

e 7.5% 15.9% 3.5% 3.4% 29.9% 0.5% 3.1% 0.4% 3.0% 0.6% 48.8% 0.0% 0.4% 10.3% 0.3% 7.5% 40.2% 3.9%
μ 7.6% 15.9% 3.5% 3.4% 30.0% 0.5% 3.1% 0.4% 3.0% 0.6% 48.6% 0.0% 0.4% 10.2% 0.3% 7.5% 40.2% 3.9%
K 18.8% 14.3% 9.6% 7.8% 27.7% 1.6% 8.7% 0.3% 8.6% 1.6% 49.0% 0.0% 0.5% 32.2% 0.1% 18.7% 34.0% 10.2%
π 45.6% 18.2% 18.5% 20.2% 43.7% 0.3% 19.5% 0.5% 19.2% 3.8% 48.9% 0.0% 2.0% 37.9% 0.1% 45.5% 27.9% 19.6%
p 3.6% 15.5% 1.7% 0.6% 33.6% 0.1% 0.6% 0.4% 0.6% 0.1% 49.0% 0.0% 2.3% 2.8% 2.0% 3.6% 41.8% 2.7%

sum 83.1% 16.7% 36.8% 35.3% 35.4% 3.0% 35.0% 0.4% 34.5% 6.8% 48.9% 0.0% 5.7% 15.2% 2.8% 82.9% 15.2% 40.3%

QCD

e 0.1% 20.9% 0.0% 0.0% 19.2% 0.0% 0.0% 21.0% 0.0% 0.0% 19.1% 0.0% 0.0% 29.2% 0.0% 0.1% 49.0% 0.0%
μ 0.1% 17.9% 0.0% 0.0% 16.5% 0.0% 0.0% 18.0% 0.0% 0.0% 17.1% 0.0% 0.0% 27.0% 0.0% 0.1% 49.0% 0.0%
K 3.0% 45.5% 0.0% 1.1% 33.1% 0.1% 1.4% 23.9% 0.4% 0.4% 20.6% 0.1% 0.1% 32.2% 0.0% 3.0% 45.9% 0.7%
π 10.6% 49.3% 0.0% 4.8% 31.2% 0.7% 4.6% 26.8% 1.0% 0.7% 32.6% 0.1% 0.4% 32.3% 0.1% 10.6% 43.3% 1.8%
p 3.1% 44.0% 0.0% 1.1% 30.6% 0.2% 1.2% 28.1% 0.2% 0.2% 28.9% 0.0% 0.5% 13.3% 0.3% 3.1% 45.8% 0.7%

sum 16.9% 45.3% 0.1% 7.1% 31.2% 1.0% 7.3% 26.3% 1.7% 1.4% 27.5% 0.3% 1.0% 21.6% 0.3% 16.8% 28.0% 3.3%

sum

e 7.6% 16.0% 3.5% 3.4% 29.8% 0.6% 3.1% 0.6% 3.1% 0.6% 46.2% 0.0% 0.4% 10.1% 0.3% 7.6% 14.3% 3.9%
μ 7.6% 16.0% 3.5% 3.4% 29.8% 0.6% 3.1% 0.6% 3.1% 0.7% 46.2% 0.0% 0.4% 10.0% 0.3% 7.6% 14.3% 3.9%
K 21.8% 16.9% 9.6% 8.9% 28.3% 1.7% 10.1% 2.9% 9.0% 2.1% 36.7% 0.1% 0.7% 32.2% 0.1% 21.7% 14.6% 10.9%
π 56.2% 21.3% 18.5% 25.0% 40.0% 1.0% 24.2% 4.3% 20.2% 4.5% 43.0% 0.1% 2.5% 36.7% 0.2% 56.1% 19.1% 21.4%
p 6.7% 24.3% 1.8% 1.7% 31.6% 0.2% 1.8% 16.3% 0.8% 0.4% 33.4% 0.0% 2.8% 4.4% 2.3% 6.7% 14.4% 3.4%

sum 100.0% 19.6% 36.9% 42.4% 34.6% 4.0% 42.4% 3.8% 36.1% 8.2% 40.7% 0.3% 6.8% 16.0% 3.1% 99.7% 17.0% 43.5%

comb

e 7.6% 16.0% 3.5% 3.4% 25.3% 0.8% 3.1% 0.6% 3.1% 0.6% 32.3% 0.1% 0.4% 10.3% 0.3% 7.6% 12.7% 4.2%
μ 7.6% 16.0% 3.5% 3.4% 25.3% 0.8% 3.1% 0.6% 3.1% 0.7% 32.3% 0.1% 0.4% 10.2% 0.3% 7.6% 12.7% 4.2%
K 21.8% 16.9% 9.6% 8.9% 25.6% 2.1% 10.1% 2.9% 9.0% 2.1% 31.6% 0.3% 0.7% 28.5% 0.1% 21.7% 13.6% 11.5%
π 56.2% 21.3% 18.5% 25.0% 31.8% 3.3% 24.2% 4.3% 20.2% 4.5% 32.7% 0.5% 2.5% 30.6% 0.4% 56.1% 17.0% 24.4%
p 6.7% 24.3% 1.8% 1.7% 31.6% 0.2% 1.8% 16.3% 0.8% 0.4% 31.6% 0.1% 2.8% 4.4% 2.3% 6.7% 14.3% 3.4%

sum 100.0% 19.6% 36.9% 42.4% 29.2% 7.3% 42.4% 3.8% 36.1% 8.2% 32.3% 1.0% 6.8% 14.8% 3.4% 99.8% 15.4% 47.8%

ΛbB̄0
sB−B̄0
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source leading 
particle

b jet by Herwig

inclusive sum

εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff

all

e 7.3% 21.3% 2.4% 3.1% 27.1% 0.7% 2.9% 14.8% 1.5% 0.3% 32.8% 0.0% 0.9% 9.1% 0.6% 7.3% 41.7% 2.8%
μ 7.0% 20.2% 2.5% 3.1% 26.5% 0.7% 2.8% 11.7% 1.6% 0.2% 33.1% 0.0% 0.9% 8.7% 0.6% 7.0% 41.4% 2.9%
K 21.3% 25.6% 5.1% 8.8% 29.5% 1.5% 9.8% 19.7% 3.6% 0.8% 32.7% 0.1% 1.9% 31.6% 0.3% 21.2% 38.4% 5.4%
π 53.2% 31.8% 7.1% 23.1% 32.3% 2.9% 22.6% 30.2% 3.6% 2.0% 33.4% 0.2% 5.4% 33.1% 0.6% 53.1% 36.5% 7.3%
p 11.2% 28.4% 2.1% 2.8% 32.5% 0.3% 2.9% 31.3% 0.4% 0.3% 32.8% 0.0% 5.2% 15.1% 2.5% 11.1% 40.9% 3.3%

sum 100.0% 28.2% 19.1% 40.9% 30.8% 6.0% 41.0% 24.5% 10.6% 3.5% 33.1% 0.4% 14.3% 21.5% 4.7% 99.7% 26.7% 21.7%

heavy 
hadron

e 7.1% 15.6% 3.3% 3.1% 32.9% 0.4% 2.8% 0.4% 2.8% 0.2% 48.2% 0.0% 0.9% 9.1% 0.6% 7.0% 40.3% 3.8%
μ 6.8% 15.7% 3.2% 3.0% 32.4% 0.4% 2.7% 0.4% 2.6% 0.2% 48.8% 0.0% 0.9% 8.7% 0.6% 6.8% 40.5% 3.6%
K 18.1% 15.6% 8.6% 7.5% 34.6% 0.7% 8.5% 0.4% 8.3% 0.6% 49.1% 0.0% 1.5% 37.4% 0.1% 18.1% 34.9% 9.1%
π 41.8% 18.6% 16.5% 18.1% 45.2% 0.2% 17.8% 0.5% 17.4% 1.6% 48.8% 0.0% 4.3% 42.3% 0.1% 41.7% 29.0% 17.7%
p 8.2% 15.6% 3.9% 1.8% 46.4% 0.0% 1.9% 0.4% 1.9% 0.2% 49.0% 0.0% 4.3% 4.3% 3.6% 8.2% 38.3% 5.5%

sum 82.0% 17.1% 35.6% 33.4% 39.0% 1.6% 33.7% 0.5% 33.1% 2.8% 48.8% 0.0% 11.9% 17.6% 5.0% 81.8% 15.2% 39.7%

QCD

e 0.2% 14.7% 0.1% 0.1% 14.9% 0.0% 0.1% 14.7% 0.0% 0.0% 24.8% 0.0% 0.0% 13.7% 0.0% 0.2% 48.3% 0.1%
μ 0.2% 12.4% 0.1% 0.1% 12.3% 0.0% 0.1% 12.4% 0.0% 0.0% 24.4% 0.0% 0.0% 12.0% 0.0% 0.2% 48.3% 0.1%
K 3.2% 46.6% 0.0% 1.3% 34.6% 0.1% 1.3% 30.3% 0.2% 0.2% 27.8% 0.0% 0.3% 34.9% 0.0% 3.2% 46.8% 0.4%
π 11.4% 48.3% 0.0% 5.1% 33.3% 0.6% 4.8% 31.2% 0.7% 0.4% 34.8% 0.0% 1.1% 35.4% 0.1% 11.4% 44.1% 1.4%
p 3.0% 38.4% 0.2% 1.0% 29.0% 0.2% 1.0% 34.5% 0.1% 0.1% 30.3% 0.0% 0.9% 19.6% 0.3% 3.0% 46.1% 0.6%

sum 18.0% 42.4% 0.4% 7.6% 32.2% 1.0% 7.3% 30.8% 1.1% 0.7% 31.6% 0.1% 2.4% 27.6% 0.5% 18.0% 30.9% 2.6%

sum

e 7.3% 15.5% 3.5% 3.1% 32.1% 0.4% 2.9% 0.8% 2.8% 0.3% 43.6% 0.0% 0.9% 9.2% 0.6% 7.3% 13.5% 3.9%
μ 7.0% 15.6% 3.3% 3.1% 31.5% 0.4% 2.8% 0.7% 2.7% 0.3% 43.7% 0.0% 0.9% 8.8% 0.6% 7.0% 13.5% 3.7%
K 21.3% 18.2% 8.6% 8.8% 34.6% 0.8% 9.8% 3.3% 8.5% 0.8% 39.2% 0.0% 1.9% 36.9% 0.1% 21.2% 16.5% 9.5%
π 53.2% 22.1% 16.5% 23.1% 41.1% 0.7% 22.6% 5.2% 18.1% 2.0% 43.0% 0.0% 5.4% 40.4% 0.2% 53.1% 20.0% 19.1%
p 11.2% 19.9% 4.0% 2.8% 36.9% 0.2% 2.9% 8.7% 2.0% 0.3% 38.6% 0.0% 5.2% 6.5% 3.9% 11.1% 13.0% 6.1%

sum 100.0% 20.0% 36.0% 40.9% 37.5% 2.6% 41.0% 4.4% 34.1% 3.5% 41.7% 0.1% 14.3% 19.0% 5.5% 99.7% 17.4% 42.3%

comb

e 7.3% 15.5% 3.5% 3.1% 27.1% 0.7% 2.9% 0.8% 2.8% 0.3% 32.8% 0.0% 0.9% 9.1% 0.6% 7.3% 12.2% 4.1%
μ 7.0% 15.6% 3.3% 3.1% 26.5% 0.7% 2.8% 0.7% 2.7% 0.2% 33.1% 0.0% 0.9% 8.7% 0.6% 7.0% 12.2% 4.0%
K 21.3% 18.2% 8.6% 8.8% 29.5% 1.5% 9.8% 3.3% 8.5% 0.8% 32.7% 0.1% 1.9% 31.6% 0.3% 21.2% 15.1% 10.4%
π 53.2% 22.1% 16.5% 23.1% 32.3% 2.9% 22.6% 5.2% 18.1% 2.0% 33.4% 0.2% 5.4% 33.1% 0.6% 53.1% 17.9% 21.8%
p 11.2% 19.9% 4.0% 2.8% 32.5% 0.3% 2.9% 8.7% 2.0% 0.3% 32.8% 0.0% 5.2% 6.5% 3.9% 11.1% 12.5% 6.3%

sum 100.0% 20.0% 36.0% 40.9% 30.8% 6.0% 41.0% 4.4% 34.1% 3.5% 33.1% 0.4% 14.3% 17.5% 6.0% 99.7% 15.8% 46.6%

ΛbB̄0
sB−B̄0
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source leading 
particle

b jet by Sherpa

inclusive sum

εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff

all

e 7.8% 21.9% 2.4% 2.5% 16.7% 1.1% 3.1% 14.9% 1.5% 0.5% 12.5% 0.3% 0.6% 16.2% 0.3% 6.7% 41.1% 3.2%
μ 7.8% 22.5% 2.4% 2.5% 17.1% 1.1% 3.1% 15.0% 1.5% 0.5% 14.1% 0.2% 0.6% 15.0% 0.3% 6.7% 41.1% 3.1%
K 22.9% 23.9% 6.2% 7.4% 18.8% 2.9% 9.8% 18.8% 3.8% 1.2% 28.3% 0.2% 1.0% 20.7% 0.4% 19.5% 36.5% 7.3%
π 56.8% 28.9% 10.2% 18.6% 28.1% 3.6% 23.5% 27.6% 4.7% 2.7% 29.6% 0.4% 4.0% 28.1% 0.8% 48.8% 34.6% 9.5%
p 4.7% 24.0% 1.3% 0.8% 29.0% 0.1% 1.1% 30.3% 0.2% 0.1% 29.9% 0.0% 2.3% 8.9% 1.5% 4.3% 43.2% 1.9%

sum 100.0% 26.3% 22.5% 31.8% 23.7% 8.8% 40.6% 23.1% 11.8% 4.9% 25.4% 1.2% 8.6% 19.2% 3.2% 85.9% 23.0% 25.0%

heavy 
hadron

e 7.6% 17.0% 3.3% 2.4% 19.3% 0.9% 3.1% 0.4% 3.0% 0.5% 13.0% 0.2% 0.6% 17.7% 0.2% 6.5% 39.5% 4.4%
μ 7.7% 17.3% 3.3% 2.5% 20.3% 0.9% 3.0% 0.4% 3.0% 0.5% 14.8% 0.2% 0.6% 15.6% 0.3% 6.6% 39.6% 4.4%
K 20.1% 16.4% 9.0% 6.7% 17.8% 2.8% 8.6% 0.4% 8.4% 1.0% 42.9% 0.0% 0.8% 19.4% 0.3% 17.1% 33.0% 11.5%
π 47.0% 18.8% 18.3% 15.3% 37.0% 1.0% 19.5% 0.5% 19.1% 2.2% 44.9% 0.0% 3.3% 39.6% 0.1% 40.4% 27.5% 20.3%
p 3.1% 14.0% 1.6% 0.4% 18.8% 0.1% 0.5% 0.3% 0.5% 0.0% 22.9% 0.0% 2.0% 1.1% 1.9% 2.9% 42.0% 2.6%

sum 85.5% 17.7% 35.6% 27.2% 27.1% 5.7% 34.7% 0.5% 34.0% 4.2% 32.2% 0.5% 7.4% 18.5% 2.9% 73.5% 11.7% 43.2%

QCD

e 0.2% 15.8% 0.1% 0.1% 15.5% 0.0% 0.1% 16.0% 0.0% 0.0% 24.3% 0.0% 0.0% 19.0% 0.0% 0.1% 48.7% 0.1%
μ 0.1% 14.2% 0.1% 0.0% 12.7% 0.0% 0.1% 15.8% 0.0% 0.0% 27.1% 0.0% 0.0% 17.8% 0.0% 0.1% 48.8% 0.1%
K 2.8% 46.0% 0.0% 0.8% 32.0% 0.1% 1.3% 28.8% 0.2% 0.2% 26.0% 0.0% 0.2% 31.0% 0.0% 2.4% 46.8% 0.4%
π 9.8% 48.1% 0.0% 3.3% 31.4% 0.5% 4.0% 28.6% 0.7% 0.4% 31.8% 0.1% 0.7% 31.4% 0.1% 8.4% 44.2% 1.3%
p 1.6% 38.2% 0.1% 0.4% 27.0% 0.1% 0.6% 28.5% 0.1% 0.1% 26.8% 0.0% 0.3% 22.5% 0.1% 1.4% 47.3% 0.3%

sum 14.5% 43.1% 0.3% 4.6% 30.5% 0.7% 6.0% 28.3% 1.1% 0.7% 29.5% 0.1% 1.2% 28.7% 0.2% 12.5% 29.2% 2.2%

sum

e 7.8% 17.0% 3.4% 2.5% 19.2% 0.9% 3.1% 0.7% 3.0% 0.5% 13.4% 0.3% 0.6% 17.7% 0.2% 6.7% 9.0% 4.5%
μ 7.8% 17.2% 3.4% 2.5% 20.2% 0.9% 3.1% 0.7% 3.0% 0.5% 15.1% 0.2% 0.6% 15.6% 0.3% 6.7% 9.3% 4.4%
K 22.9% 18.6% 9.1% 7.4% 19.0% 2.9% 9.8% 3.1% 8.7% 1.2% 38.9% 0.1% 1.0% 21.1% 0.3% 19.5% 10.9% 11.9%
π 56.8% 21.6% 18.3% 18.6% 35.9% 1.5% 23.5% 4.1% 19.8% 2.7% 41.3% 0.1% 4.0% 37.8% 0.2% 48.8% 16.7% 21.6%
p 4.7% 19.8% 1.7% 0.8% 22.9% 0.2% 1.1% 12.5% 0.6% 0.1% 25.1% 0.0% 2.3% 3.1% 2.0% 4.3% 9.1% 2.9%

sum 100.0% 20.1% 35.8% 31.8% 27.5% 6.4% 40.6% 3.5% 35.1% 4.9% 31.8% 0.7% 8.6% 19.8% 3.1% 86.0% 13.7% 45.3%

comb

e 7.8% 17.0% 3.4% 2.5% 16.7% 1.1% 3.1% 0.7% 3.0% 0.5% 12.5% 0.3% 0.6% 16.2% 0.3% 6.7% 8.2% 4.7%
μ 7.8% 17.2% 3.4% 2.5% 17.1% 1.1% 3.1% 0.7% 3.0% 0.5% 14.1% 0.2% 0.6% 15.0% 0.3% 6.7% 8.3% 4.6%
K 22.9% 18.6% 9.1% 7.4% 18.8% 2.9% 9.8% 3.1% 8.7% 1.2% 28.3% 0.2% 1.0% 20.7% 0.4% 19.5% 10.6% 12.1%
π 56.8% 21.6% 18.3% 18.6% 28.1% 3.6% 23.5% 4.1% 19.8% 2.7% 29.6% 0.4% 4.0% 28.1% 0.8% 48.8% 14.5% 24.6%
p 4.7% 19.8% 1.7% 0.8% 22.9% 0.2% 1.1% 12.5% 0.6% 0.1% 25.1% 0.0% 2.3% 3.1% 2.0% 4.3% 9.1% 2.9%

sum 100.0% 20.1% 35.8% 31.8% 23.5% 8.9% 40.6% 3.5% 35.1% 4.9% 25.3% 1.2% 8.6% 17.1% 3.7% 85.9% 12.3% 48.9%

ΛbB̄0
sB−B̄0
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source leading 
particle

c jet by Whizard

inclusive sum

εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff

all

e 2.7% 1.9% 2.5% 1.2% 0.8% 1.1% 1.2% 2.3% 1.1% 0.2% 2.3% 0.2% 0.1% 1.9% 0.1% 2.7% 42.0% 2.5%
μ 2.7% 0.5% 2.7% 1.2% 0.1% 1.2% 1.2% 0.3% 1.2% 0.2% 0.4% 0.2% 0.1% 0.5% 0.1% 2.7% 41.8% 2.7%
K 28.4% 15.2% 13.8% 4.6% 18.5% 1.8% 20.5% 11.6% 12.1% 2.6% 23.1% 0.8% 0.5% 22.4% 0.2% 28.3% 30.7% 14.9%
π 57.3% 22.9% 16.8% 14.0% 22.3% 4.3% 36.9% 23.3% 10.5% 4.5% 20.2% 1.6% 1.8% 22.1% 0.5% 57.1% 29.4% 16.9%
p 8.9% 19.8% 3.2% 1.0% 24.4% 0.3% 3.0% 23.2% 0.9% 0.5% 20.5% 0.2% 4.4% 15.6% 2.1% 8.8% 40.8% 3.4%

sum 100.0% 18.8% 39.0% 22.0% 18.5% 8.7% 62.8% 18.0% 25.8% 8.1% 19.7% 3.0% 6.8% 17.2% 2.9% 99.7% 18.2% 40.4%

heavy 
hadron

e 2.7% 1.1% 2.6% 1.2% 0.1% 1.2% 1.2% 1.6% 1.1% 0.2% 0.2% 0.2% 0.1% 0.2% 0.1% 2.7% 42.0% 2.6%
μ 2.7% 0.4% 2.7% 1.2% 0.0% 1.2% 1.2% 0.1% 1.2% 0.2% 0.1% 0.2% 0.1% 0.1% 0.1% 2.7% 41.8% 2.7%
K 23.1% 4.3% 19.2% 3.6% 0.2% 3.6% 17.3% 4.6% 14.3% 1.7% 0.2% 1.7% 0.4% 0.3% 0.3% 23.0% 27.7% 19.9%
π 35.4% 19.5% 13.2% 8.3% 0.2% 8.2% 22.9% 37.2% 1.5% 3.2% 0.2% 3.2% 1.0% 0.2% 0.9% 35.3% 31.4% 13.8%
p 3.5% 0.4% 3.4% 0.0% 7.2% 0.0% 0.0% 28.5% 0.0% 0.1% 0.4% 0.1% 3.4% 0.0% 3.4% 3.5% 40.7% 3.5%

sum 67.3% 10.9% 41.1% 14.3% 0.2% 14.1% 42.6% 17.4% 18.1% 5.4% 0.2% 5.3% 4.9% 0.1% 4.9% 67.1% 10.2% 42.4%

QCD

e 0.1% 25.8% 0.0% 0.0% 30.5% 0.0% 0.0% 19.8% 0.0% 0.0% 25.2% 0.0% 0.0% 21.2% 0.0% 0.1% 49.4% 0.0%
μ 0.0% 8.8% 0.0% 0.0% 7.1% 0.0% 0.0% 7.9% 0.0% 0.0% 9.8% 0.0% 0.0% 9.2% 0.0% 0.0% 49.3% 0.0%
K 5.3% 40.3% 0.2% 1.0% 33.4% 0.1% 3.2% 21.9% 1.0% 0.9% 16.4% 0.4% 0.2% 34.6% 0.0% 5.3% 43.7% 1.6%
π 21.9% 39.6% 0.9% 5.7% 29.5% 1.0% 14.0% 24.3% 3.7% 1.3% 32.7% 0.2% 0.8% 33.1% 0.1% 21.8% 38.9% 4.9%
p 5.4% 41.5% 0.2% 1.0% 34.8% 0.1% 2.9% 22.6% 0.9% 0.4% 30.5% 0.1% 1.0% 10.2% 0.6% 5.4% 43.6% 1.7%

sum 32.7% 39.9% 1.3% 7.7% 30.5% 1.2% 20.2% 23.6% 5.6% 2.7% 25.5% 0.6% 1.9% 19.3% 0.7% 32.6% 25.0% 8.2%

sum

e 2.7% 1.5% 2.6% 1.2% 0.3% 1.2% 1.2% 2.0% 1.1% 0.2% 0.5% 0.2% 0.1% 0.7% 0.1% 2.7% 1.1% 2.6%
μ 2.7% 0.5% 2.7% 1.2% 0.1% 1.2% 1.2% 0.3% 1.2% 0.2% 0.2% 0.2% 0.1% 0.3% 0.1% 2.7% 0.2% 2.7%
K 28.4% 8.6% 19.4% 4.6% 5.3% 3.7% 20.5% 6.8% 15.3% 2.6% 5.3% 2.1% 0.5% 7.6% 0.4% 28.3% 6.4% 21.5%
π 57.3% 25.1% 14.2% 14.0% 9.5% 9.2% 36.9% 31.3% 5.2% 4.5% 7.2% 3.3% 1.8% 11.5% 1.0% 57.1% 21.4% 18.7%
p 8.9% 18.2% 3.6% 1.0% 34.7% 0.1% 3.0% 22.6% 0.9% 0.5% 24.2% 0.1% 4.4% 2.1% 4.0% 8.8% 11.9% 5.1%

sum 100.0% 17.4% 42.4% 22.0% 8.3% 15.3% 62.8% 19.3% 23.7% 8.1% 7.0% 6.0% 6.8% 4.7% 5.6% 99.7% 14.4% 50.6%

comb

e 2.7% 1.5% 2.6% 1.2% 0.3% 1.2% 1.2% 2.0% 1.1% 0.2% 0.5% 0.2% 0.1% 0.7% 0.1% 2.7% 1.1% 2.6%
μ 2.7% 0.5% 2.7% 1.2% 0.1% 1.2% 1.2% 0.3% 1.2% 0.2% 0.2% 0.2% 0.1% 0.3% 0.1% 2.7% 0.2% 2.7%
K 28.4% 8.6% 19.4% 4.6% 5.3% 3.7% 20.5% 6.8% 15.3% 2.6% 5.3% 2.1% 0.5% 7.6% 0.4% 28.3% 6.4% 21.5%
π 57.3% 22.9% 16.8% 14.0% 9.5% 9.2% 36.9% 23.3% 10.5% 4.5% 7.2% 3.3% 1.8% 11.5% 1.0% 57.1% 17.6% 24.0%
p 8.9% 18.2% 3.6% 1.0% 24.4% 0.3% 3.0% 22.6% 0.9% 0.5% 20.5% 0.2% 4.4% 2.1% 4.0% 8.8% 11.1% 5.3%

sum 100.0% 16.4% 45.0% 22.0% 8.0% 15.5% 62.8% 16.0% 29.0% 8.1% 6.8% 6.0% 6.8% 4.7% 5.6% 99.7% 12.5% 56.1%

Λ+
cD+

sD0D+
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source leading 
particle

c jet by Herwig

inclusive sum

εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff

all

e 3.6% 1.8% 3.4% 1.7% 0.9% 1.7% 1.6% 2.0% 1.5% 0.2% 2.8% 0.1% 0.1% 2.8% 0.1% 3.6% 40.8% 3.4%
μ 3.0% 0.4% 3.0% 1.9% 0.1% 1.9% 0.9% 0.3% 0.9% 0.1% 0.4% 0.1% 0.1% 0.0% 0.1% 3.0% 41.4% 3.0%
K 28.5% 14.3% 14.5% 6.0% 17.8% 2.5% 20.4% 11.2% 12.3% 1.4% 22.7% 0.4% 0.6% 20.8% 0.2% 28.4% 30.4% 15.4%
π 58.0% 22.8% 17.2% 16.1% 21.0% 5.4% 36.1% 23.6% 10.0% 3.3% 18.6% 1.3% 2.3% 21.2% 0.7% 57.8% 29.1% 17.5%
p 6.9% 21.5% 2.2% 0.8% 24.8% 0.2% 1.6% 27.9% 0.3% 0.1% 30.4% 0.0% 4.4% 15.7% 2.1% 6.9% 41.9% 2.6%

sum 100.0% 18.3% 40.3% 26.5% 16.8% 11.6% 60.6% 17.8% 25.1% 5.1% 18.6% 2.0% 7.4% 17.4% 3.1% 99.6% 17.6% 41.9%

heavy 
hadron

e 3.6% 1.2% 3.4% 1.7% 0.1% 1.7% 1.6% 1.7% 1.5% 0.2% 0.2% 0.2% 0.1% 0.0% 0.1% 3.6% 40.7% 3.5%
μ 3.0% 0.3% 3.0% 1.9% 0.0% 1.9% 0.9% 0.2% 0.9% 0.1% 0.0% 0.1% 0.1% 0.0% 0.1% 3.0% 41.4% 3.0%
K 23.5% 4.4% 19.5% 4.7% 0.2% 4.7% 17.5% 4.7% 14.3% 0.8% 0.3% 0.8% 0.4% 0.3% 0.4% 23.4% 27.5% 20.2%
π 37.6% 19.4% 14.1% 10.1% 0.2% 10.0% 23.7% 38.9% 1.2% 2.4% 0.1% 2.4% 1.4% 0.2% 1.4% 37.5% 30.7% 14.9%
p 3.4% 0.4% 3.3% 0.0% 0.0% 0.0% 0.0% 50.0% 0.0% 0.0% 0.0% 0.0% 3.4% 0.0% 3.4% 3.4% 40.8% 3.4%

sum 71.1% 10.9% 43.4% 18.4% 0.2% 18.3% 43.7% 18.0% 17.9% 3.5% 0.1% 3.5% 5.2% 0.1% 5.2% 70.8% 10.2% 44.9%

QCD

e 0.0% 29.1% 0.0% 0.0% 26.6% 0.0% 0.0% 18.4% 0.0% 0.0% 0.0% 0.0% 0.0% 50.0% 0.0% 0.0% 49.5% 0.0%
μ 0.0% 17.0% 0.0% 0.0% 0.0% 0.0% 0.0% 13.4% 0.0% 0.0% 50.0% 0.0% 0.0% 0.0% 0.0% 0.0% 49.7% 0.0%
K 5.0% 39.8% 0.2% 1.3% 31.7% 0.2% 2.9% 24.0% 0.8% 0.5% 22.1% 0.2% 0.2% 29.8% 0.0% 5.0% 44.6% 1.2%
π 20.3% 41.2% 0.6% 6.0% 30.8% 0.9% 12.4% 25.5% 3.0% 0.9% 35.5% 0.1% 0.9% 32.5% 0.1% 20.3% 39.9% 4.1%
p 3.5% 38.0% 0.2% 0.8% 38.0% 0.0% 1.6% 27.5% 0.3% 0.1% 32.7% 0.0% 1.0% 6.8% 0.8% 3.5% 44.6% 1.1%

sum 28.9% 40.4% 1.1% 8.1% 31.5% 1.1% 17.0% 25.4% 4.1% 1.6% 29.7% 0.3% 2.1% 17.3% 0.9% 28.8% 26.4% 6.4%

sum

e 3.6% 1.4% 3.4% 1.7% 0.2% 1.7% 1.6% 1.9% 1.5% 0.2% 0.2% 0.2% 0.1% 0.0% 0.1% 3.6% 0.9% 3.5%
μ 3.0% 0.3% 3.0% 1.9% 0.0% 1.9% 0.9% 0.2% 0.9% 0.1% 0.0% 0.1% 0.1% 0.0% 0.1% 3.0% 0.1% 3.0%
K 28.5% 8.4% 19.7% 6.0% 5.1% 4.9% 20.4% 7.0% 15.1% 1.4% 7.5% 1.0% 0.6% 8.6% 0.4% 28.4% 6.6% 21.4%
π 58.0% 24.8% 14.8% 16.1% 8.9% 10.9% 36.1% 33.0% 4.2% 3.3% 6.9% 2.5% 2.3% 9.7% 1.5% 57.8% 21.3% 19.0%
p 6.9% 14.2% 3.5% 0.8% 37.5% 0.0% 1.6% 27.5% 0.3% 0.1% 30.7% 0.0% 4.4% 1.5% 4.1% 6.9% 9.4% 4.5%

sum 100.0% 16.7% 44.4% 26.5% 7.2% 19.4% 60.6% 19.9% 22.0% 5.1% 7.1% 3.8% 7.4% 4.4% 6.1% 99.6% 14.1% 51.3%

comb

e 3.6% 1.4% 3.4% 1.7% 0.2% 1.7% 1.6% 1.9% 1.5% 0.2% 0.2% 0.2% 0.1% 0.0% 0.1% 3.6% 0.9% 3.5%
μ 3.0% 0.4% 3.0% 1.9% 0.0% 1.9% 0.9% 0.2% 0.9% 0.1% 0.0% 0.1% 0.1% -0.0% 0.1% 3.0% 0.1% 3.0%
K 28.5% 8.4% 19.7% 6.0% 5.1% 4.9% 20.4% 7.0% 15.1% 1.4% 7.5% 1.0% 0.6% 8.6% 0.4% 28.4% 6.6% 21.4%
π 58.0% 22.8% 17.2% 16.1% 8.9% 10.9% 36.1% 23.6% 10.0% 3.3% 6.9% 2.5% 2.3% 9.7% 1.5% 57.8% 17.2% 24.8%
p 6.9% 14.2% 3.5% 0.8% 24.8% 0.2% 1.6% 27.5% 0.3% 0.1% 30.4% 0.0% 4.4% 1.5% 4.1% 6.9% 8.8% 4.7%

sum 100.0% 15.8% 46.8% 26.5% 7.1% 19.5% 60.6% 16.1% 27.9% 5.1% 7.1% 3.8% 7.4% 4.4% 6.1% 99.6% 12.1% 57.3%

Λ+
cD+

sD0D+
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source leading 
particle

c jet by Sherpa

inclusive sum

εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff εtag ω εeff

all

e 3.3% 2.7% 2.9% 1.4% 1.1% 1.3% 1.5% 3.5% 1.3% 0.2% 2.7% 0.2% 0.1% 1.7% 0.1% 3.2% 41.4% 3.0%
μ 3.3% 0.7% 3.2% 1.5% 0.2% 1.5% 1.4% 0.5% 1.4% 0.3% 0.7% 0.3% 0.1% 0.8% 0.1% 3.3% 41.0% 3.2%
K 30.0% 15.0% 14.7% 5.9% 19.7% 2.2% 21.3% 10.3% 13.4% 2.2% 22.2% 0.7% 0.4% 21.5% 0.1% 29.8% 29.7% 16.4%
π 58.1% 22.4% 17.7% 14.5% 21.4% 4.7% 37.2% 22.8% 11.0% 4.5% 18.8% 1.8% 1.6% 21.8% 0.5% 57.8% 28.8% 18.0%
p 5.4% 17.0% 2.3% 0.6% 22.8% 0.2% 1.5% 22.3% 0.5% 0.2% 19.5% 0.1% 3.1% 12.5% 1.7% 5.3% 42.2% 2.4%

sum 100.0% 18.1% 40.8% 23.8% 17.8% 9.9% 62.8% 16.9% 27.5% 7.5% 18.3% 3.0% 5.4% 15.1% 2.6% 99.5% 17.1% 43.0%

heavy 
hadron

e 3.2% 1.8% 3.0% 1.4% 0.2% 1.3% 1.5% 2.6% 1.3% 0.2% 0.0% 0.2% 0.1% 0.0% 0.1% 3.2% 41.3% 3.0%
μ 3.3% 0.6% 3.2% 1.5% 0.1% 1.5% 1.4% 0.3% 1.4% 0.3% 0.1% 0.3% 0.1% 0.0% 0.1% 3.3% 41.0% 3.2%
K 24.9% 3.2% 21.8% 4.9% 0.4% 4.8% 18.0% 2.6% 16.2% 1.6% 0.4% 1.6% 0.2% 0.6% 0.2% 24.7% 26.1% 22.8%
π 36.5% 20.2% 12.9% 8.8% 0.3% 8.7% 23.3% 39.9% 1.0% 3.3% 0.3% 3.3% 0.9% 0.4% 0.9% 36.3% 31.4% 13.8%
p 2.6% 0.7% 2.5% 0.0% 0.0% 0.0% 0.0% 33.3% 0.0% 0.0% 0.8% 0.0% 2.5% 0.1% 2.5% 2.6% 42.0% 2.5%

sum 70.4% 10.7% 43.4% 16.5% 0.3% 16.3% 44.2% 16.5% 19.9% 5.4% 0.3% 5.4% 3.9% 0.2% 3.9% 70.0% 9.7% 45.4%

QCD

e 0.1% 36.5% 0.0% 0.0% 34.3% 0.0% 0.0% 27.3% 0.0% 0.0% 30.7% 0.0% 0.0% 37.3% 0.0% 0.1% 49.5% 0.0%
μ 0.0% 24.2% 0.0% 0.0% 11.0% 0.0% 0.0% 26.6% 0.0% 0.0% 21.1% 0.0% 0.0% 31.1% 0.0% 0.0% 49.7% 0.0%
K 5.1% 37.3% 0.3% 1.0% 32.8% 0.1% 3.3% 21.6% 1.1% 0.6% 21.4% 0.2% 0.2% 32.8% 0.0% 5.1% 44.1% 1.4%
π 21.6% 39.6% 0.9% 5.7% 26.9% 1.2% 13.9% 23.6% 3.9% 1.2% 31.5% 0.2% 0.8% 30.6% 0.1% 21.5% 38.4% 5.4%
p 2.8% 41.7% 0.1% 0.6% 29.9% 0.1% 1.5% 21.7% 0.5% 0.2% 30.2% 0.0% 0.5% 10.5% 0.3% 2.8% 45.2% 0.9%

sum 29.6% 39.3% 1.4% 7.3% 27.9% 1.4% 18.6% 23.1% 5.4% 2.0% 27.7% 0.4% 1.5% 21.9% 0.5% 29.4% 24.4% 7.7%

sum

e 3.3% 2.1% 3.0% 1.4% 0.4% 1.3% 1.5% 3.0% 1.3% 0.2% 0.4% 0.2% 0.1% 0.3% 0.1% 3.2% 1.6% 3.0%
μ 3.3% 0.7% 3.2% 1.5% 0.1% 1.5% 1.4% 0.4% 1.4% 0.3% 0.2% 0.3% 0.1% 0.2% 0.1% 3.3% 0.3% 3.2%
K 30.0% 7.0% 22.1% 5.9% 4.3% 4.9% 21.3% 5.0% 17.3% 2.2% 5.3% 1.8% 0.4% 11.4% 0.2% 29.8% 4.9% 24.2%
π 58.1% 25.6% 13.9% 14.5% 8.7% 9.9% 37.2% 32.0% 4.8% 4.5% 6.3% 3.4% 1.6% 11.2% 1.0% 57.8% 21.2% 19.1%
p 5.4% 15.3% 2.6% 0.6% 29.7% 0.1% 1.5% 21.7% 0.5% 0.2% 27.3% 0.0% 3.1% 1.7% 2.9% 5.3% 9.7% 3.5%

sum 100.0% 16.5% 44.8% 23.8% 6.9% 17.7% 62.8% 18.3% 25.3% 7.4% 6.0% 5.8% 5.4% 5.0% 4.3% 99.5% 13.5% 53.1%

comb

e 3.3% 2.1% 3.0% 1.4% 0.4% 1.3% 1.5% 3.0% 1.3% 0.2% 0.4% 0.2% 0.1% 0.3% 0.1% 3.2% 1.6% 3.0%
μ 3.3% 0.7% 3.2% 1.5% 0.1% 1.5% 1.4% 0.4% 1.4% 0.3% 0.2% 0.3% 0.1% 0.2% 0.1% 3.3% 0.3% 3.2%
K 30.0% 7.0% 22.1% 5.9% 4.3% 4.9% 21.3% 5.0% 17.3% 2.2% 5.3% 1.8% 0.4% 11.4% 0.2% 29.8% 4.9% 24.2%
π 58.1% 22.4% 17.7% 14.5% 8.7% 9.9% 37.2% 22.8% 11.0% 4.5% 6.3% 3.4% 1.6% 11.2% 1.0% 57.8% 16.9% 25.3%
p 5.4% 15.3% 2.6% 0.6% 22.8% 0.2% 1.5% 21.7% 0.5% 0.2% 19.5% 0.1% 3.1% 1.7% 2.9% 5.3% 9.1% 3.6%

sum 100.0% 15.1% 48.6% 23.8% 6.8% 17.8% 62.8% 14.7% 31.4% 7.5% 5.8% 5.8% 5.4% 5.0% 4.3% 99.5% 11.4% 59.4%

Λ+
cD+

sD0D+
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ΑΒΓΔΕΖΗΘΙΚΛΜΝΞΟΠΡΣΤΥΦΧΨΩ  
αβγδεζηθικλµνξοπρστυφχψω  
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Misjudgment rate ω, Effective tagging power


AFB sin2 θW
Z → bb̄ Z → cc̄
b b̄
c c̄
e− μ− K− π− p+

e+ μ+ K+ π+ p−

e, μ, K π, proton
B̄0 B0 B− B+ B̄0

s B0
s B−

c B+
c Λb Λ̄b

D0 D̄0 D+ D− D0
s D̄0

s Λ+
c Λ−

c

Commonly Used


