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Motivation

• Properties of Z boson are fundamental 

parameters and could provide stringent tests of 

the SM.

• Possible new physics beyond the SM might be 

revealed through the subtle changes of 

measured results, for example Rb, AFB, … 

• Develop data-taking strategy to maximize the 

performance & to optimize the design.
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Theoretical framework
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Theoretical framework

• Main process:             around Z pole 

• In lowest order & neglecting the fermion masses :

with
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Ref: Eur.Phys.J.C 19 (2001) 587-651

https://link.springer.com/article/10.1007/s100520100627


Theoretical framework

• Integrated over the angular space
Z-exchange term：

• Forward-backward asymmetry 𝐴!":

• ISR

2021 CEPC Workshop, 8-12, November, Nanjing 6

F B
FB

F B

-
+

A s s
s s

=



Theoretical framework

• 𝜎##̅ = 𝜎##̅ (𝑀%, 𝛤%, 𝜎&'(
) , 𝐶**+ , 𝐶,*+ ) , 𝐴!"-- = 𝐴!"(𝑀%, 𝛤%, 𝐶**+ , 𝐶**' , 𝐶,*+ , 𝐶,*' )

• Parameter set: 

• Parameters can be obtained by fitting to the 𝑁./0 (𝜎##̅, 𝐴!"
-- ) 

• Use toy MC  to generate 𝑁./0 and perform 𝜒1 fits to evaluate the uncertainties
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Statistical and systematic 
uncertainties
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Statistical and systematic uncertainties

• Statistical uncertainties
ØFor single data point:
ØCross-section :

Ø𝑁!"#$ subject to normal distribution

ØStatistical uncertainty of a parameter P :
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Statistical and systematic uncertainties

• Statistical uncertainties
ØFor two data points or more:
ØThe 𝜒! defined as (𝜉 = 𝑁 or 𝐴"#):

• Covariance matrix calculated : 
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Statistical and systematic uncertainties

• Systematic uncertainties
pSources of systematic uncertainties that we have studied:

𝜎$, ∆𝐸, ∆𝜎$, Δ𝐿

p𝜎$ beam energy spread :
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Statistical and systematic uncertainties

• Systematic uncertainties

Ø𝜎! beam energy spread :
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Statistical and systematic uncertainties

Systematic uncertainties
• Assume that 𝐸, 𝜎2 subject to normal distribution:

E = 𝐺(E), 𝛥E)、𝜎3 = 𝐺 𝜎3), 𝛥𝜎3
• Effect of ∆𝐸, ∆𝜎2 can be considered by
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Statistical and systematic uncertainties

Systematic uncertainties
• Effect of ∆𝐸, ∆𝜎2 on 𝛥𝑀*
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𝛥E = 0.14 MeV 𝛥𝜎! = 0.57 MeV

Uncertainty of energy scale Uncertainty of energy spread 



Statistical and systematic uncertainties

Systematic uncertainties
• 𝛥𝐿 : Uncertainty of integrated luminosity
• Δ𝜎 due to 𝛥𝐿

• The uncertainty of a parameter P :

• In the simulation (uncorrelated)
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Data-taking strategy
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Data-taking strategy

• An optimization problem, a single purpose optimization is favored 
• Global Determinant Parameter (GDP)
• For n parameters, GDP defined as the determinant of the covariance matrix raised 

to the A
1B

power, 
GDP ≡ !" det 𝐶𝑜𝑣

• Here, GDP serve as an object parameter for optimization 

• To focus on                   , a transformation of weight performed
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Data-taking strategy

• Energy points selection 

• Luminosity allocation 
Total integrated luminosity     = 8 abCA

At 𝐸D = 91.2 GeV (Z pole)      ≥ 60% H
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Data-taking strategy

• Luminosity scan on 𝑬𝟕 (Z pole) : smaller fraction favored 
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Data-taking strategy

• Luminosity scan on off-peak energy points
• Luminosity distribution is in the form of geometric series with common ratio 
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Data-taking strategy

• A preliminary data-taking scheme：

• Uncertainties
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Parameter

(ISR effect not considered due to technical problems) 



Summary & Outlook 
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Summary & Outlook 

• Summary:

• The precise measurement of Z boson resonance parameters studied with toy MC

• Statistical and some important systematic uncertainties investigated

• A very preliminary data-taking scheme is provided 

• Outlook:

• Take ISR effect & other radiative corrections into account

• A more comprehensive study on various sources of uncertainties

• New parameter scheme with less members 

• More efficient way to perform optimization, genetic method … 
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Backup
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Backup

• Configurations:
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Backup

• ISR:
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Backup
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• Analytical way to consider the effect of 𝜎2, ∆𝐸, ∆𝜎2
• Taylor expansion of cross-section

• Perform the convolution

• Uncertainty caused by 𝜎23

• Uncertainty caused by Δ𝐸

• Uncertainty caused by 𝛥𝜎3

Backup
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Backup
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𝛥E = 0.14 MeV 𝛥𝜎! = 0.57 MeV
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