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Introduction
• Significance of |𝑉𝑐𝑏|

• The normalization factor of the unitarity triangle
• New Physics study in 𝐵𝑠/𝐵𝑑 mixing 

• Significance of |𝑉𝑐𝑏| at EW scale
• |𝑉𝑐𝑏| via 𝑏-hadron decays

• non-perturbative QCD contribution
• Results show discrepancy between inclusive and exclusive analyses

• |𝑉𝑐𝑏| via W decay
• Perturbative QCD
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Δ𝑚𝑑 in  𝐵𝑑- ത𝐵𝑑 mixing
Assuming future development of 

Lattice QCD

Future bottleneck

More about this topic: Phys. 
Rev. D 102, 056023 (2020)

Phys.Rev. D91 (2015) 073007

NP parameter in the 𝐵𝑑 − ത𝐵𝑑 mixing Deviation from unitarity of CKM matrix

Simplified analysis. only minimum number of inputs: 𝑓𝐵𝑑 , 𝐵𝐵𝑑 , Δ𝑚𝑑, 𝑉𝑢𝑑 , 𝑉𝑢𝑏 , 𝑉𝑐𝑑 , 𝑉𝑐𝑏 , 𝛾



History & Futrue
• LEP:

• Br W → qq & Br(W → 𝑐𝑠)

• LHC:

• Br(𝑊 → 𝑞𝑞)

• Monte Carlo simulation 

• LHC: ~ 3% (Run 1 & Run 2 & Run 3)

• Future HL-LHC Improve by a factor of 2

• Future ee-collider

• Statistics & flavor tagging perofmrace & clean collision 
environment

• CEPC detector and luminosity as instance

• Lumi. 20 ab−1, 𝑠=240 GeV

• 𝑊𝑊 semi-hadronic

• Analysis for 𝜇𝜈𝑊 and 𝑒𝜇𝑊

• 𝜏𝜈𝑊 in which, the 𝜏 → 𝑒/𝜇 was analyzed as side work of 
analysis of 𝜇𝜈𝑊 and 𝑒𝜈𝑊

• Three signals measured simultaneously

• 𝑊 → 𝑐𝑏, 𝑊 → 𝑐(𝑠 + 𝑑), 𝑊 → 𝑢(𝑠 + 𝑑)

• 𝑊 → 𝑢𝑏 too tiny to observed, fixed
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Event selections (𝜇𝑣𝑞𝑞)

• Purity > 99.5%  at Eff. 50% for 𝜇𝜈𝑞𝑞
and 34% for 𝜏 𝜇2𝜈 𝜈𝑞𝑞

• Main backgrounds include:

• 𝑊 → 𝑐(𝑑/𝑠)

• 𝜇𝜇𝑞𝑞
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Event selections (𝑒𝑣𝑞𝑞)
• X-section increase by 15% by 

including 𝑒𝜈𝑊 process with 
kinematical cut on final-state 
electron 

• Some cut adjusted compared 
to 𝜇𝜈𝑞𝑞

• Noisy compared to 𝜇𝜈𝑞𝑞
• Additional backgrounds from 𝑏𝑏

and 𝜏 ℎ𝑎𝑑. 𝜈 𝜈𝑞𝑞
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Flavor tagging
• LCFIPlus used at the CEPC

• Trained using Z-pole sample
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classify events into 21 categories
6 tags for a jet, and 21 tag combinations for an event (di-jet).
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𝜇𝜈𝑞𝑞

𝑒𝜈𝑞𝑞

LCFIPlus performs excellent for jets from W boson decay



Extract the signal strength

• The 𝜒2

• Signal strengths for 𝑊 → 𝑐𝑏 and 𝑊 → 𝑐(𝑑𝑠) and 𝑊 → 𝑢(𝑑𝑠)

• The ratio of 𝜇𝜈𝑞1𝑞2 to 𝜏 𝜇2𝜈 𝜈𝑞1𝑞2 is assumed to be known

• 𝜇𝜈𝑞𝑞

• Statistical (relative) error: 1.5%, 3.4E-4, 3.4E-4

• Correlation coef. 
1 −0.077 0.020
⋯ 1 −0.46
⋯ ⋯ 1

• |𝑉𝑐𝑏| Statistical error: 0.75%

• 𝑒𝜈𝑞𝑞

• statistical (relative)  error: 1.7%, 3.7E-4, 3.7E-4

• Correlation coef. 
1 −0.076 0.021
⋯ 1 −0.47
⋯ ⋯ 1

• |𝑉𝑐𝑏| Statistical error: 0.85%

2023/7/4 8



Extrapolation for flavor tagging performance

• Trace of the confusion matrix
• Tr 𝑀 = (𝑀𝑏𝑏1 +𝑀𝑏𝑏2) + (𝑀𝑐𝑐1 +𝑀𝑐𝑐2) + (𝑀𝑢𝑑𝑠,𝑞1 +𝑀𝑢𝑑𝑠,𝑞2)

• 𝑀𝑖𝑗 the 𝑖 quark tagged as label 𝑗.

• Extrapolation 
• Scale the non-diagonal elements
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A conceptual design of VTX: Vin-B

• Conceptual design
• Put the innermost layer of the VTX into the beam-pipe

• Reduce the radius of innermost layer of the VTX:  from 16mm 
to 8 mm

• We simplify the support structure

• Trace  improved by 0.1, Vcb by 20%
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Discussions on theory & 
systematics

• Theory
• We exam the uncertainties from 𝑀𝑊, 𝑚𝑡, calculation 

are negligible, if the unitarity of CKM matrix is 
imposed

• Systematics
• Uncertainties from kinematic selection & WW boson 

yields are mostly canceled in calculation of 𝑅𝑐𝑏
• For the signal

• 𝑏 → 𝑏1 & 𝑐 → 𝑐1,2 can be measured from Z-pole data

• For the backgrounds:
• 𝑊 → 𝑢(𝑑/𝑠)

• 𝑢𝑑𝑠 → 𝑏1 is not feasible to be measured from Z-pole data
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Conclusion
• 𝑒𝑣𝑞𝑞 and 𝜇𝜈𝑞𝑞 

• 0.75% and 0.85% @ 20 ab−1 240GeV

• (current best: 2% for inclusively and exclusive, 
respectively)

• Conceptual VTX design are exam
• 20% improvement in Vcb

• Outlook:
• Further development of flavor tagging algorithm is 

required

• Simulation at WW threshold is ongoing
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thanks
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