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Motivation & Introduction

History

CEPC potential

Summary

•  is a fundamental parameter of SM. 

•  can be precisely determined from  

• Branching ratio &  distribution are 

the basic observables.
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The Strong Coupling Constant αs
•  sets the scale of the strength of the strong interaction, and is one of the fundamental parameters of the 

Standard Model (SM). 

•  uncertainty contributes the uncertainties of: 

• Decay width of Higgs,  bosons, … 

• Top mass, width, and its Yukawa coupling, … 

• Until 2023, analyses of  decays provided the most precise experimental determinations.

αs

αs

Z

τ



4V/A denote vector/axial-vector components of non-strange hadronic  decays.τ

How to extract  from hadronic  decay?αs(m2
τ ) τ

• Observables：  

•  

•  

•  

• Theoretical prediction： 

•  

•  can be fit from , , , 

Rτ ≡
Γ (τ → ντ hadrons )

Γ (τ → lντνl)
= Rτ,V + Rτ,A + Rτ,S

Rτ,V+A ≡
Γ (τ → ντ pions )

Γ (τ → lντνl)

Rkl
τ,V/A(s0) = ∫

s0

0
ds (1 −

s
s0 )

k

( s
m2

τ )
l

dRτ,V/A

ds

Dkl
τ =

Rkl
τ

R00
τ

Rkl
τ,V/A (s0) = NcSEW Vud

2
rkl (1+δ(0),kl (s0; αS(s0))) + ∑

D=2,4…

δkl
ud,V/A (s0, D)

αS (M2
τ ) Rτ D10 D12 D13

 δNP ∼ F (⟨ αs

π
GG⟩, 𝒪(6), 𝒪(8))
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•  

from the inclusive  distribution: 

Rkl
τ,V/A(s0) = ∫

s0

0
ds (1 −

s
s0 )

k

( s
m2

τ )
l

dRτ,V/A

ds

M2
had

dRτ,V/A

ds

How to extract  from hadronic  decay?αs(m2
τ ) τ

•   

from the branching ratios: 

Rτ,V+A ≡
Γ (τ → ντ pions )

Γ (τ → lντνl)
=

Γh

Γl

Rτ,V+A =
1 − ℬe − ℬμ − ℬS

ℬe

arXiv: hep-ex/9808019
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How to extract  from hadronic  decay?αs(m2
τ ) τ

•  

•  

• Non-perturbative parameters can also be separately 

analyzed from V-A spectral moments. 

Rkl
τ,V/A (s0) = NcSEW Vud

2
rkl (1+δ(0),kl (s0; αS(s0))) + ∑

D=2,4…

δkl
ud,V/A (s0, D)

Rkl
τ,V−A (s0) = NcSEW Vud

2

∑
D=2,4…

δkl
ud,V (s0, D) − ∑

D=2,4…

δkl
ud,A (s0, D)

OPAL 1999 10.1007/s100529901061

ALEPH 2014 10.1140/epjc/s10052-014-2803-9



710.1016/j.physrep.2005.06.007 & 10.1007/s002880050523

How to extract  from hadronic  decay?αs(m2
τ ) τ

 event 
selection

τ+τ− decay 
classification 

 &  measurementBr

 
reconstruction & 

correction

m2
had

 
calculation  

&  extraction

Rkl
τ

αs(m2
τ )
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• Where was the data from? 

• Which was the dominant uncertainty? 

• Which effect contributes the larger 

systematical uncertainty?
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The statistical and systematical uncertainties are roughly estimated from  roughlyDkl

History of  measurements from αs(m2
τ ) τ

• The previous measurements provided by: 

• ALEPH & OPAL on LEP ( ) 

• CLEO-II on CESR ( ) 

• Theoretical uncertainty is decreasing. 

• The  experimental uncertainty has been 

dominated by systematic since 1995.

s ∼ 91.2 GeV

s = 10 GeV

αs(m2
τ )

±4.0%stat ± 12.1%sys ± 5.2 %theo
±1.8%stat ± 5.3%sys ± 5.6 %theo

±0.7%stat ± 2.0%sys ± 6.3 %theo
±0.9%stat ± 2.4%sys ± 5.5 %theo

±0.4%stat ± 1.4%sys ± 4.1 %theo

±0.4%stat ± 1.4%sys ± 3.3 %theo

Order  QCD Correction 
PRL 101, 012002 (2008)

α4
s

LEP Data Taking 1990~1995

Order  coefficient  
 

α4
s

K4 ∼ 50 ± 50 → 25 ± 25

Diogo Boito, Workshop TAU2021

±σstat ⊕ σsys ⊕ σtheo

±σstat ⊕ σsys

±σstat

The key is the systematic uncertainty.



1010.1016/j.physrep.2005.06.007

Branching ratios for exclusive : the systematic and statistic uncertainty are comparable. 

for : leading contribution is particle identification & event selection 

for : leading contribution is  reconstruction

τ− → Xντ

X = e−, μ−, h−,3h−

X = (1,3)h− ≥ 0π0 π0

Systematic uncertainty of ALEPH  measurementsBr(τ)
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Systematic uncertainty of ALEPH  measurementsDkl

• ALEPH reported experimental 

uncertainty components in 1998 

• The leading systematic uncertainty: 

• Branching ratios (PID +  reco.) 

• (Fake-)photon and  

reconstructions

π0

π0

10.1007/s100529800895
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• Detector: CEPC vs. ALEPH 

•  decay identification on CEPC 

• Improvement from AI for PFA

τ



13CEPC performance is based on the CEPC concept design. 
New detector design includes higher VTX, TOF and calorimeter energy resolution.

CEPC will generate   events, statistic uncertainty will be suppressed by ~800 times. 

CEPC detector has: better  for PID; higher granularity for  reconstruction (also beneficial to PID).

1.3 × 1011 τ+τ−

dE/dx γ/π0

Detector Overview: CEPC vs. ALEPH

CEPC Event displayALEPH Event display
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Artificial event selection & classification
• Reproduce cut-based event selection & classification on CEPC full 

simulation 

• Reject non-  background: multiplicity & missing energy through  

•  pairing by invariant mass  

🙂 non-  background fraction at percent level. 

🙂 Good selection for leptonic channel & hadronic channel w/o  

😕 Significant channel migration due to   

Unsolved  should be corrected in enough details

τ ν

π0 → γγ

τ

π0

π0

π0

Initial

Ntrack

Scattering angle

Total energy

Jet anlge
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Non-strange hadronic  decay channel identification on CEPCτ
• A Graph Neutral Network model are preliminary trained for  

decay identification. 

• MC Sample: 

• CEPC CDR baseline 

• ; ;  

• , , , ,  

•  event/channel. 

• Truth mode tagging: Generator decay chain of . 

• Divided into train, validation, test samples (7:2:1) 

• Reconstructed particles are divided into 2 hemisphere:  & 
, and only use information from the . 

• Characteristics: 4-momenta, Cluster timing (MC truth), PID

τ

Z → τ+τ− τ− → inclusive

τ+ → π+ντ π+π0ντ π+2π0ντ 3π+ντ 3π+π0ντ

2 × 105

τ+

Jet−

Jet+ Jet+

Phys. Rev. D 101, 056019 (2020)
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The impurity are reduced by a factor of 1.5 ~ 5.

Non-strange hadronic  decay channel identification on CEPCτ

CEPC GNN GNN on FCC-ee IDEA detector 
10.3389/fphy.2022.909205

ALEPH 
10.1016/j.physrep.2005.06.007



17https://indico.ihep.ac.cn/event/22442/contributions/157327/attachments/78297/97397/BMR%20of%202.9-TOTORO.pdf

ANN benefits on PFA & improve the decay classification

• Fake neutral PFOs can be well identified 

based on: 

• Space-time structure of clusters in 

calorimeters. 

• Information from tracker 

• Environmental clusters. 

• Fake photon is hopefully to be well 

suppressed on 5D high granular 

calorimeter.

AI Assistant Arbor Algorithm @ SiW ECAL + GSHCAL
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Summary
• CEPC will deliver   events during the Tera-Z operation, providing good opportunity for  decay 

analysis and  extraction. 

• From the ALEPH’s history and theoretical developments: 

• The analysis is dominated by systematical uncertainty. 

•  reconstruction dominates the systematic of hadronic  decays (through channel classification & 

mass resolution). 

• Charged PID contributes the systematic of channels with only charged hadrons/leptons + neutrinos. 

• CEPC has Better dE/dx resolution, vertex resolution and high-granularity calorimeter. 

• Utilizing the ANN technology,  decay modes can be classified with up to 5 times lower impurity, which 

performance is possible to be further improved.

1.3 × 1011 τ+τ− τ

αs(m2
τ )

γ/π0 τ

τ
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