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𝐬𝐢𝐧𝟐 𝜽𝒆𝒇𝒇
𝒍 measurement at the CEPC



Electroweak Precision measurements and sin2 𝜃𝑒𝑓𝑓
𝑙

• Key parameter in electroweak sector:

• ⍺, 𝐺𝜇 , 𝑀𝑍 , 𝑀𝑊 , 𝐬𝐢𝐧
𝟐𝜽𝑾

• Effective weak mixing angle:

• sin2 𝜃𝑒𝑓𝑓
𝑙 = 1 −𝑚𝑊

2 /𝑚𝑍
2 ∗ (1 + Δ𝜅)

• Δ𝜅 absorb higher order corrections

Physical constants

Experimental

uncertainty

(relative)

Fermi Constant (𝐺𝐹) 10−7

Mass of Z (𝑚𝑍) 10−5

Mass of W (𝑚𝑊) 10−4

Effective Weak mixing 

angle (sin2 𝜃𝑒𝑓𝑓)
10−3

Important in global test and 

physics search, but has a bad 

precision.
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𝒔𝒊𝒏𝟐 𝜽𝒆𝒇𝒇
𝒍 measurement at lepton/hadron collider

• LEP&SLAC (precision~0.1%)

• LEP: 0.23188 ± 0.00021

• SLAC: 0.23098 ± 0.00026

• Statistical dominant error

• Tevatron

• 0.23148 ± 0.00033 (DØ+CDF)

• Statistic & PDF dominant error

• LHC

• 0.23101±0.00053 (CMS 8TeV)

• Aiming for ~0.1% in the future

• PDF, QCD & systematic dominant error
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The sensitivity of 𝑨𝑭𝑩/𝑨𝑳𝑹 to 𝐬𝐢𝐧𝟐 𝜽𝒆𝒇𝒇
𝒍



Asymmetry parameter 𝑨𝒇

• For the 𝑒+𝑒− experiment, we define an asymmetry parameter for 

convenience:

• 𝐴𝑓 =
2⋅𝑔𝑉

𝑓
/𝑔𝐴

𝑓

1+ 𝑔𝑉
𝑓
/𝑔𝐴

𝑓 2

• Where 𝑔𝑉
𝑓
/𝑔𝐴

𝑓
= 1 − 4 ⋅ 𝑄𝑓 ⋅ sin2 𝜃𝑒𝑓𝑓

𝑓

• Thus, 𝐴𝑓 = 𝐴𝑓(sin
2 𝜃𝑒𝑓𝑓

𝑓
)

𝑨𝒇 𝝏𝑨𝒇/𝝏 sin
2 𝜃𝑒𝑓𝑓

𝑓

lepton 0.1513 1.80

b quark 0.923 5.59
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𝐬𝐢𝐧𝟐 𝜽𝒆𝒇𝒇
𝒍 measurement using 𝐴𝐹𝐵 & 𝐴𝐿𝑅

• Fermion pair production e+𝑒− → 𝑓 ҧ𝑓 at Z pole

d𝜎

d cos 𝜃
~ 1 + cos2 𝜃 + 2𝐴𝑒𝐴𝑓 cos 𝜃

• Define: 𝐴𝐹𝐵 =
𝑁𝐹−𝑁𝐵

𝑁𝐹+𝑁𝐵
= 𝐴𝐹𝐵(sin

2 𝜃𝑒𝑓𝑓
𝑙 )

• We have 𝐴𝐹𝐵
0,𝑓

=
3

4
𝐴𝑒𝐴𝑓

𝑒+𝑒−
𝑓

ҧ𝑓

𝜃

𝑍 𝑏𝑜𝑠𝑜𝑛

𝜃 < 𝜋/2: Forward

𝜃 > 𝜋/2: Backward
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𝐬𝐢𝐧𝟐 𝜽𝒆𝒇𝒇
𝒍 measurement using 𝐴𝐹𝐵 & 𝐴𝐿𝑅

• For the collision with a polarized electron beam (polarization=𝒫𝑒)

d𝜎

d cos 𝜃
~ 1 − 𝐴𝑒𝒫𝑒 1 + cos2 𝜃 + 2 𝐴𝑒 − 𝒫𝑒 𝐴𝑓 cos 𝜃

Define 𝐴𝐿𝑅 =
𝜎𝐿−𝜎𝑅

𝜎𝐿+𝜎𝑅

1

𝒫𝑒
, where L, R is (event produced by) left hand (𝒫𝑒 < 0) 

and right hand

Thus, 𝐴LR
0 = 𝐴𝑒
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𝐬𝐢𝐧𝟐 𝜽𝒆𝒇𝒇
𝒍 measurement using 𝐴𝐹𝐵 & 𝐴𝐿𝑅

• To estimate the error on sin2 𝜃𝑒𝑓𝑓
𝑙 measurement, we can define the Sensitivity, 

𝑆 =
𝜕 𝑂𝑏𝑠

𝜕 sin2 𝜃𝑒𝑓𝑓
𝑙

• For 𝐴𝐹𝐵
𝑒 case, 𝑆𝐹𝐵~

𝜕
3

4
𝐴𝑒
2

𝜕 sin2 𝜃𝑒𝑓𝑓
𝑙 ~

3

2
𝐴𝑒 ⋅

𝜕𝐴𝑒

𝜕 sin2 𝜃𝑒𝑓𝑓
𝑙

• For 𝐴𝐿𝑅
𝑒 case, 𝑆𝐿𝑅~

𝜕𝐴𝑒

𝜕 sin2 𝜃𝑒𝑓𝑓
𝑙 =

2

3𝐴𝑒
⋅ 𝑆𝐹𝐵~4.4 ⋅ 𝑆𝐹𝐵

𝐴𝐿𝑅 is more sensitive to the effective weak mixing angle than 𝐴𝐹𝐵
(but need polarized electron beam)
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Error estimation of 𝑨𝑭𝑩
measurement



Statistical error of 𝑨𝑭𝑩

According to the definition, Δ𝐴𝐹𝐵 =
1−𝐴𝐹𝐵

2

𝑁

1.Tagging efficiency 𝜖𝑡𝑎𝑔:

𝑁 → 𝑁 ⋅ 𝜖𝑡𝑎𝑔

2.Charge mis-identification (event level) 𝑓:

𝐴𝐹𝐵
𝑜𝑏𝑠. =

1 − 𝑓 𝑁𝐹 + 𝑓𝑁𝐵 − 1 − 𝑓 𝑁𝐵 + 𝑓𝑁𝐹
𝑁𝐹 + 𝑁𝐵

= (1 − 2𝑓)𝐴𝐹𝐵
𝑝ℎ𝑦.

Δ𝐴𝐹𝐵
𝑝ℎ𝑦.

=
1 − 𝐴𝐹𝐵

𝑜𝑏𝑠. 2

𝜖 1 − 2𝑓 2 ⋅ 𝑁 𝑡𝑎𝑔𝑔𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟 = 𝜖 1 − 2𝑓 2
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Final result of error estimation on 𝐬𝐢𝐧𝟐 𝜽𝒆𝒇𝒇
𝒍

• CEPC proposed a 2-year running period around the Z pole (50ab−1)

• 1 month data~1.7 × 1011Z events
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Error estimation of 𝑷𝝉
measurement



Measurement using 𝑷𝝉

• Tau is the only final state we’ve known whose polarization can be measured 

at CEPC.

• The definition of 𝑃𝜏 is:

𝑃𝜏 cos 𝜃 =
d 𝜎𝑟 − 𝜎𝑙
d cos 𝜃

/
d 𝜎𝑟 + 𝜎𝑙
d cos 𝜃

• And 𝑃𝜏 is connected to sin2 𝜃𝑒𝑓𝑓
𝑓

by:

𝑃𝜏 cos 𝜃 =
𝐴𝜏 ⋅ 1 + cos2 𝜃 + 𝐴𝑒 ⋅ 2 cos 𝜃

1 + cos2 𝜃 + 𝐴𝜏𝐴e ⋅ 2 cos 𝜃
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Kinematic parameter

• The final fitting result is: Δ sin2 𝜃𝑒𝑓𝑓
𝑙 ~2.15 × 10−6 (using 1 month data).
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Conclusion



𝒔𝒊𝒏𝟐𝜽𝒆𝒇𝒇
𝒍 measurement at the CEPC

• A work for prediction. Not many data, just basic statistics estimation.

• 𝐴𝐹𝐵 and 𝐴𝐿𝑅 measurement

• Different sensitivity to sin2 𝜃𝑒𝑓𝑓
𝑙 (can be estimated roughly by simple calc.)

• Efficiency and charge mis-identification problems

• 𝑃𝜏 measurement

• Kinematic spectrum

• Both can provide 𝒪 10−5 precision measurement of sin2 𝜃𝑒𝑓𝑓
𝑓

(except 𝐴𝐿𝑅)

• Provide energy-running test using 𝐴𝐹𝐵.
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