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Introduction

➢The ee→µµ channel at Z pole is the simplest channel at CEPC, and can be utilized to

verify the basic performance of CEPC software.

➢𝜃𝑤 (electroweak mixing angle) determines the value of 𝐴𝐹𝐵 (forward-backward

asymmetry).

➢The measurement 𝐴𝐹𝐵 of ee→Z/γ*→µµ provides a precise verification of the 𝜃𝑤.

➢The 𝐴𝐹𝐵 is defined by the angle 𝜃𝐶𝑀 between the final-state μ⁻ and the initial-state e⁻

in the dilepton center-of-mass frame.
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arXiv:0509008v3

(arXiv:2106.13885v2

➢ LEP Result

The combination of LEP measurements yields a value of AFB = 0.0169 ± 0.0013 in

the 𝜇+ 𝜇− channel.
(arXiv:0509008v3 figure2.13)

➢ FCC-ee Prediction

• Statistical uncertainty : 3×10−6 (Base on 1011 muon pairs)

• Energy spread uncertainty : 9.2×10−6 (Assume ∆Ecm = 0.1MeV)

• Total uncertainty :1×10−5

(arXiv:2106.13885v2 table3)

Other experimental results

https://arxiv.org/pdf/hep-ex/0509008
https://arxiv.org/pdf/2106.13885
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➢ ee→µµ events are simulated with Whizard + Phythia at LO and Z pole energy.

➢The simulation includes the Z/γ* interference along with ISR and FSR effects, and

incorporates the beam energy spread of 0.13% at the Z pole.

➢Process the sample into with the detector ref-TDR version of the CEPC software.

➢A XGBoost classifier was developed for muon ID, with excellent performance.

Sample production 
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➢PT > 1GeV and |cosθ|<0.99

➢Reco-level selection for a pair of opposite charge muons

from Z with muon ID.

➢Selection in a ±10 GeV Z mass window.

➢A |cosθ|>0.05 cut to reduce muon misidentification.

The event selection and cutflow
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➢Forward and backward events are classified by the angle

𝜃𝐶𝑀 of the μ⁻, which is reconstructed in the CM frame.

➢∆𝜃𝐶𝑀 is a function of both the energy and angular

resolution of the PFO.

➢The observed AFB(𝜇) measured using PFO is corrected

back to the full phase space.

The Calculation of 𝐀𝐅𝐁(𝝁) counting Method 
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➢Statistical uncertainties

One-month run: 1.34 billion muon pairs (4 × 1010 Z bosons), 3.1×10⁻5 statistical

uncertainty.

➢Systematic uncertainties

• Muon mis-identification: Impact of selecting incorrect PFO pairs is negligible.

• Background: Uncertainty measured as 1×10−6 from background contamination.

• Detector acceptance & resolution: Uncertainty estimated to be 9×10−6 for

𝑐𝑜𝑠𝜃𝜇_ and 𝑝𝑇
𝜇
_

.

• Beam energy spread: Uncertainty of 1×10−6 from 0.13%-0.14% Gaussian spread.

• Beam energy calibration: Dominant uncertainty of 2.7×10−5 from 300 keV

calibration uncertainty.

Discussion of uncertainties
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➢∆AFB(μ) : ±0.000031 (stat.) ±0.000028 (syst.) @ 1 ab-1

➢Orders of magnitude improvement with respect to LEP (±0.0014)

➢Comparable with FCC-ee (total uncertainty ±0.00001 @ 60 ab-1 ）
• A 300 keV assumption for the beam energy calibration, compared with 100 keV at

FCC-ee.

➢ This is the first time that AFB(μ) measurements have been conducted based on the

TDR software and detailed systematic error analysis.

➢ We will conduct more measurements on the properties of Z boson and the final states

of Z decays.

Summary
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arXiv:2204.09921v2

Backup

https://arxiv.org/pdf/2204.09921
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Backup
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Backup
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