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BEPCII and BESIII

Linac
Storage	ring

BESIII	detector
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No CPV
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Motivation

[1]
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Double Tag Method

D

D
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: tag modes used in 
amplitude analysis
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Event Selection 
Initial Selection
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Event Selection
Initial Selection
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BKG I

BKG III

BKG II

Event Selection
For Amplitude Analysis Modes
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suppress 93.7% 
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ØPDF Function:

ØLog-likelihood in Amplitude Fit:

Amplitude Analysis
Likelihood Fit
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efficiency
(PHSP MC) 

Signal PDF 
(QC amplitude)

background PDF 
(efficiency correction)

MC integral



2026/10/14 17

Yutong Feng (冯玙潼) 17

Amplitude Analysis
Signal Yields & Purity

BKG I

BKG III

BKG II
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Amplitude Analysis
Background PDF

BKG MC

PHSP MC

Train a classification model
Based on XGBoostSample 0

Sample 1

Classification 
model

probability ratio

output

Data Point: Evts of BKG;     Blue Hist: PHSP Signal MC  sampled by weight obtained from ML 
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Amplitude Analysis
Signal PDF

Neglect DDbar mixing
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Amplitude Analysis
Fit Result
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Amplitude Analysis
CP-even Fraction & Longitudinal Polarization Fraction

Process
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I. Background Estimation
II. Detection Efficiency 
III. Resonance line shape
IV. Radius of the Centrifugal Barrier
V. Quantum Correlation Correction
VI. Extra Partial Waves
VII.Fit Bias
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Amplitude Analysis
Systematic Uncertainty

(in units of stat. error)
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Branching Fraction Measurement
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ØSummation of all sources of systematic uncertainty.
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Branching Fraction Measurement
Systematic Uncertainty
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Event Selection
For Strong Phase Measurement
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Strong Phase Measurement
Signal Yields
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• Uniform Binning: 
according to phase ratio and magnitude ratio

• Optimal Binning: 
optimize with Q value
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Strong Phase Measurement
Binning Scheme
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Strong Phase Measurement
Binning Signal Yield
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ØExpected DT yields
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Strong Phase Measurement
Parameters Measurement

flavor

CP

Input parameters Reference Fit Parameters

CPC 48, 123001 (2024), PDG

BESIII Doc-1504 and Doc-1600

HFLAV

JHEP05(2021)164

JHEP06(2025)086

BESIII Doc-1540 
Model prediction
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Strong Phase Measurement
Likelihood Construction
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Strong Phase Measurement
Fit Result

Red Line: Prediction by Amplitude Mode
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Strong Phase Measurement
Systematic Uncertainty
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Strong Phase Measurement
Systematic Uncertainty
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To validate the likelihood fit of the strong phase parameters:
• The signal yields are calculated with model predicted strong phase parameters, and 

then are re-sampled in Poisson distribution for each toy bin for 500 times.
• Re-perform the likelihood fit to extract strong phase parameters.
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Strong Phase Measurement
I/O Check
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Strong Phase Measurement
I/O Check



2026/10/14 36

• Generate 1000 toy parameters according to correlation matrix in this work and calculate 
expected B decay yields.

• Extract 𝛾 by fitting expected B decay yields.
• The contribution to 𝛾:

ü Uniform binning scheme: 1.234°
ü Optimal binning scheme: 1.167°
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Summary
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Motivation

Ø Hadron spectroscopy and the search for exotic hadronic states is crucial for QCD theory.

RevModPhys.90.015003
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Analysis Strategy

Shared parameter:
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• Fit to cross section spectrum

Yutong Feng (冯玙潼) 41

Analysis Strategy
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Summary
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STCF Detector

Broader energy range

2 orders larger than BEPCII

Linac Storage ring

Detector 
spectrometer
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DTOF Geometry Configuration
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DTOF Reconstruction
Timing Method

• Likelihood construction

z

Detection point

• TOF Reconstruction
signal bkg
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DTOF Reconstruction
Imaging Method

z

• Likelihood construction
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DTOF Reconstruction under the OSCAR
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Split mode Batch mode

ØMulti-Track Strategy
     Controlled samples ππ, πK and KK : p = 2.0 GeV/c, α = 1°–35° (track opening angle)
• Batch Mode

Builds joint hypotheses for all tracks in one sector
• Split   Mode
   Reconstructs each track independently
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DTOF Reconstruction under the OSCAR

Slightly better α < 5°

Selected as the baseline for Global PID

For α > 5°:  π efficiency > 97%   
·   K mis-ID < 2%

Common criterion: Δlog LπK > 0
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ØPhysics Process Validation
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DTOF Reconstruction under the OSCAR

Inclusive hadronic events

0.3–1.0 GeV/c:  π efficiency 93–96%
K mis-ID typically < 3%

0.4–2.0 GeV/c:  π efficiency 95–99%
K mis-ID generally < 5%

θhit < 27° improves efficiency in both samples. Physics analyses require working-point calibration.
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Summary
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Summary and Prospect

The 2024 International Workshop on Future 
Tau Charm Facilities ，2024.1.14-1.18



Backup
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Motivation
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Background Analysis
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Isospin Amplitude
Isospin states for hadrons: 

Isospin symmetry in strong decay (CG Coefficients): 



Spin Factor
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Ø Blatt-Weisskopf barrier factor

Ø Spin projection  operator:

Ø Pure orbital angular momentum
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Amplitude Analysis
Fit Result
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Amplitude Analysis
Fit Result
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Amplitude Analysis
Longitudinal Polarization fraction

Process
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Strong Phase Measurement
Binning Scheme
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Strong Phase Measurement
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Strong Phase Measurement
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Ø The U-spin symmetry forms a SU(2) doublet under the exchange of d and s quarks. 
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U-spin
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CP-even fraction & Strong Phase Difference
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Strong Phase Measurement
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学术能力｜北京谱仪 BESIII 物理分析



2026/10/14 70

STCF 端盖粒子鉴别探测器 DTOF(DIRC-like TOF) 在全模拟框架下的软件开发

学术能力-STCF粒子模拟软件开发 70

学术能力｜STCF 粒子模拟软件开发

冯玙潼



DTOF Simulation
Photon Yield

Yutong Feng STCF 2024 WorkShop, LZU 71

K Sample
Mean     30.52
Std Dev  7.60

Mean     30.20
Std Dev  7.79



DTOF Reconstruction
Single Timing Uncertainties
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B. Qi et al 2021 JINST 16 P08021 

• Single photon timing uncertainty:

Total

/ps 40 9.8 16.5 40.7 14.4 30 68.8

@2GeV


