
Huijing Li

lihuijing@htu.edu.cn

Flavor physics at STCF

Oct. 27, 2025

Henan Normal University

(On behalf of the STCF physics group)

mailto:lihuijing@htu.edu.cn


2

 STCF Physics Overview

 Full-simulation Physics Studies

 Summary and Outlook

Outline
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Super Tau Charm Facility (STCF)

Linear Accelerator
485 m

Dumping Ring
150 m

Collier Ring
860 m

A factory producing massive tau lepton and hadrons, to unravel the mystery of 

how quarks form matter and the symmetries of fundamental interactions.

• Ecm= 2-7 GeV，𝓛 > 0.51035  cm-2 s-1 

• Potential for upgrade to increase luminosity and realize polarized beam.

New generation 
Spectrometer
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STCF Detector
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Physics at the Tau-Charm Energy Region

Opportunities in 5~7 GeV

• Hadron form factors

• 𝒀(𝟐𝟏𝟕𝟎) resonance

• Mutltiquark states 

with s quark

• R value / g-2 related

• Light hadron spectroscopy

• Gluonic and exotic states

• Processes of LFV and CPV

• Rare and forbidden decays

• Physics with  lepton 

• 𝑿𝒀𝒁 particles

• Physics with D mesons

• 𝒇𝑫 and 𝒇𝑫𝒔
• 𝑫𝟎 − ഥ𝑫𝟎 mixing

• Charm baryons 

• Complete 𝑿𝒀𝒁 family  

• Hidden-charm pentaquarks

• Search for di-charmonium states

• More charmed baryons

• Hadron fragmentation

Unique Features in tau-charm region:

• Transition region between perturbative and 

non-perturbative QCD.

• Threshold effects and quantum correlation 

of pair production of hadrons and tau 

leptons.

• Rich resonance structures, large production 

cross section for charmonium(-like) states 

and exotics.
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Tests of fundamental Symmetries

• CP     :  Hyperons, tau, EDM

• CPV   :  𝑲𝟎 − ഥ𝑲𝟎 system

• CLFV :  Tau, meson decays 

Exploring QCD nature and 

confinement 

• Hadron Spectroscopy

• Nuclear Structure

• Fragmentation function

Precision Measurement of Fundamental 

Physical Parameters 

• R-Value, Tau mass

• Running of fine structure constant em

• CKM elements

• Three-fold physics flagships:

• About 1 ab-1 integrated luminosity at 

STCF per year.

• STCF shows superior statistics and 

purity compare to other experiments.

• The physics sensitivity studies are

based on, but not limited to, data

samples of these size.

Physics Flagships & Expected Data Production
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Physics Program at STCF

M. Achasov, et al., STCF conceptual design report (Volume 1): Physics & detector,

Front. Phys. 19(1), 14701 (2024)

Rich physics potential beyond the CDR 
content
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Expected Sensitivities

• Based on Fast 

simulation

• Next task, conduct 

full-simulation for 

these physics 

processes and writing 

TDR.
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Full Software Chain for STCF

Applications
Generator

Simulation

Reconstruction

Analysis

Core Software

SNiPER EDM

Service

IO

User Interface

External Libraries and Tools

Geant4DD4hep PODIO

ROOT Python cmake

OSCAR

W.H. Huang et al 2023 JINST 18 P03004

• Offline Software System of Super Tau-Charm Facility (OSCAR)

– External Interface+ Framework +Offline

• SNiPER framework provides common functionalities for whole data processing

• Offline including Generator, Simulation, Calibration, Reconstruction and Analysis
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Physics Full-simulation

• Testing of OSCAR full-simulation chain

✓ Tracking ✓ Kinematic fit✓ Global PID✓ Neutral

• Generators in OSCAR 

• Babayaga (bhabha, dimu, digam), 
Phokhara, Conexc (ISR)

• Madgraph + Pythia (ditau)

• Ekhara, Diag36, Gluga (two-photon)

• KKMC + EvtGen (charmonium decay)

• LundArlw, Pythia (qqbar)

• Computing optimization

✓ Background
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Full Software Chain for STCF

• With the refinement of OSCAR framework, full simulation for more physics processes can be 

performed

• Jan. 21, 2025: kick-out of OSCAR full simulation, three physics working groups formed

• Feb.21-23,2025:  STCF OSCAR tutorial & hackathon, about 20 analysis underway 

• May-June, 2025: summarized the results, preparing the TDR drafting for physics performance

• End of this year: Finish the preliminary version of TDR

STCF OSCAR tutorial & hackathon



Physics goal Processes Contributors

Baryon CPV and EDM
𝑱/𝝍 → 𝚲ഥ𝚲 于明玉 (山大), 张剑宇 (国科大)

𝑱/𝝍 → 𝜩+ഥ𝚵− 徐月 (复旦大学)

𝝉 physics

(QE, EDM, rare decay)

𝝉 → 𝝅(𝝅𝝅𝟎)𝝂 鲍晨涛 (浙大) ，刘明依 (中科大)

𝝉 → 𝟑𝝁 李睿翔 (中科大)

Radiative decay 李昊霖 (郑大)

𝜏 EDM 李晓康（北大）

Charm mixing, strong phase
𝐂-even correlated 𝑫ഥ𝑫 王英豪 (兰大)，兰强 (南华大学)

𝑫(𝒔)
∗ → 𝜸/𝝅𝟎+𝑫(𝒔)

𝟎

CPV in 𝜦𝒄
+ decays 𝜦𝑲+, 𝜮𝟎𝑲+, 𝜮+𝑲𝑺

𝟎
王泓鉴(兰大)

CP and CPT in 𝑲𝑺
𝟎 → 𝝅+𝝅− decay 𝑱/𝝍 → 𝑲𝑺

𝟎𝑲𝝅 张慧斌 (国科大)

CLFV decay
𝑱/𝝍 → 𝜸𝒍𝒍′ 陶智博 (吉大)

𝐷0 → ҧ𝛬 + 𝐴𝐿𝑃 唐馨茹(南华大学) 12

WG1: Fundamental Symmetries

WG1 Conveners: 张宇 (南华大学), 刘明依(中科大)
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WG2: Quark Confinement

Topic Processes Contributors

Charmonium-like, 

tetra- and penta-quarks 

𝑿(𝟑𝟖𝟕𝟐)

𝒆+𝒆− → 𝝅𝒁𝒄(𝟑𝟗𝟎𝟎) 周杭 (中科大)

𝒆+𝒆− → 𝑷𝒄ഥ𝒑 → Τ𝑱 𝝍𝒑ഥ𝒑 董焯娟 (中大)

Τ𝑒+𝑒− → 𝐽 𝜓𝜂𝑐 陈梓康 (中大)

Collins FFs 𝒆+𝒆− → 𝑲𝑲, 𝝅𝝅, 𝐊𝝅 翟云聪 (山大)

Hadron EMFFs 𝑒+𝑒− → 𝑝 ҧ𝑝 田文辉 (中大)

Form factors in hyperon 

decay

𝑱/𝝍 → 𝒆+𝒆−𝝅𝟎/𝜼 Vindhyawasini Prasad (吉大)

𝚺+ → 𝜸𝒑 宋勇 (中科大)

𝚲 → 𝒑𝒆𝝂 周俊贤 (复旦大学)

𝚵− → 𝚲𝒆𝝂 韩许 (中科大)

WG2 Conveners: 耿聪 (中大), 罗涛 (复旦大学), 康晓珅 (辽大)
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WG3: Physical Fundamental Parameters

Topic Simulated Process Contributors

R scan 𝒆+𝒆− → 𝒉𝒂𝒅𝒓𝒐𝒏𝒔

Two-photon physics
𝛾𝛾 → ℎ𝑎𝑑𝑟𝑜𝑛𝑠 王杰 (地大)

𝜂𝑐 → 𝛾𝛾 景新媚 (国科大)

Tau mass 𝑒+𝑒− → 𝜏+𝜏− near threshold 宋海林 (中科大)

CKM matrix

𝑫 → 𝝅𝝁𝝂 黄清源 (国科大)

𝐷 → 𝜇𝜈 乔佳辉 (河南师大)

𝐷 → 𝑖𝑛𝑐𝑙𝑢𝑠𝑖𝑣𝑒 粟佳元, 刘弘锐 (华科)

𝝉 → 𝑲𝝂

Strong phase 𝐷0 → 𝐾−𝜋+𝜋0 王程 (兰大)

𝜶𝒔 𝒆+𝒆− → 𝝉+𝝉−, 𝝉 → 𝒍𝝂𝝂, 𝝉 → 𝝅𝝅𝟎𝝂𝝉 李珊珊 (湖南大学)

WG3 Conveners: 康晓琳 (地大), 李惠静 (河南师大)
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Search for CPV and 𝒅𝚲 in 𝑱/𝝍 → 𝚲ഥ𝚲 decay

• Angular distribution of hyperon production 

➢ Described by EM form factors 𝐺1,2

𝑑Γ

𝑑Ω
∝ 1 + 𝜶𝝍 cos

2 𝜃

𝑷𝒚(𝐜𝐨𝐬𝜽) =

𝟏 − 𝜶𝝍
𝟐 𝐬𝐢𝐧 𝚫𝚽 𝐜𝐨𝐬𝜽 𝐬𝐢𝐧𝜽

𝟏 + 𝜶𝝍 𝐜𝐨𝐬
𝟐 𝜽

➢ Non-zero sin(𝚫𝚽) signatures hyperon polarization

• 𝑷, 𝑪𝑷 violating terms in 𝑱/𝝍 production and decay

• 𝑃𝐿: 𝐽/𝜓 longitudinal polarization induced by Z boson

• 𝐹𝐴: 𝑃 violating form factors

• 𝐻𝑇: 𝐶𝑃 violating form factors associated with EDM
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Search for CPV and 𝒅𝚲 in 𝑱/𝝍 → 𝚲ഥ𝚲 decay

• EDM measurement only performed for 𝛬
hyperon

• 𝒅𝚲 can be improved 10,000 in STCF

• Search for EDM of the other strange and 

charmed baryons

Parameter Stat. BESIII Stat. BESIII Sys.

𝛼𝐽/𝜓 𝟏. 𝟑 × 𝟏𝟎−𝟒 2.2 × 10−3 1.7 × 10−3

𝛥𝛷 𝟐. 𝟒 × 𝟏𝟎−𝟒 4.2 × 10−3 1.3 × 10−3

𝐴𝑐𝑝 2.7× 𝟏𝟎−𝟒 4.6 × 10−3 1.1 × 10−3

sin𝑊2 4.7× 𝟏𝟎−𝟒 1.2 × 10−3 2.6 × 10−3

𝑅𝑒 𝑑𝛬 𝟏. 𝟗 × 𝟏𝟎−𝟐𝟎 3.2 × 10−19 0.5 × 10−19

𝐼𝑚 𝑑𝛬 𝟏. 𝟓 × 𝟏𝟎−𝟐𝟎 2.6 × 10−19 0.6 × 10−19

• Based on OSCAR simulation, statistical precision improved 

by more than one order comparing to BESIII

• Systematic uncertainty dominated by detector resolution 

effects, could be improved by correcting resolution effect in 

MC with control samples, which is under study
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Search for CPV in 𝚲𝒄
+ decays

 Λ𝑐
+ pair production in STCF

✓ 𝑠 = 4682 MeV

 Signal channels: 

Λ𝐾, 𝛴0𝐾, 𝛴+𝐾𝑆
0

 MC simulation: OSCAR

𝐴𝐶𝑃
𝛼𝛬𝐾 𝐴𝐶𝑃

𝛼𝛴0𝐾 𝐴𝐶𝑃
𝛼𝛴+𝐾𝑆

0

𝑨𝑪𝑷
𝜶 =

𝛂𝐟 − ഥ𝛂 ҧ𝐟

𝛂𝐟 + ഥ𝛂 ҧ𝐟
∝ − 𝐭𝐚𝐧 𝛟 𝐭𝐚𝐧 𝛅

𝑨𝑪𝑷
𝜷

=
𝛃𝐟−ഥ𝛃 ҧ𝐟

𝛃𝐟+ഥ𝛃 ҧ𝐟

∝ 𝐭𝐚𝐧 𝛟 / 𝐭𝐚𝐧 𝛅

ϕ is the CP-odd weak phase and δ the CP-
even strong phase
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Search for 𝒅𝝉 in 𝒆+𝒆− → 𝝉+𝝉−

• Signal channel: 𝝉+𝝉− → 𝝅+𝝅−𝝂ഥ𝝂, 𝝆+𝝆−ഥ𝝂𝝂 at 4.26 GeV

• Finished Truth level, full OSCAR simulation is ongoing

• 𝜸-level machine learning selection (select 𝝅𝟎 gamma from ISR)

• Event-level machine learning selection (select 𝝆𝝆 from 𝝆𝒂)

• Overall efficiency: 0.37% , Signal efficiency: 4.9% , Signal purity: 91.2%

𝜸-level BDTG Event-level BDTG
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Quantum Entanglement in 𝒆+𝒆− → 𝝉+𝝉−

 Tau pair production in STCF

✓ Energy points: 4.26/6/7 GeV

✓ 1 ab-1/year → ~109 tau pairs/year

 Signal channels: 𝜏+𝜏− → 𝜋+𝜋−/𝜋±𝜌∓/𝜌+𝜌− ҧ𝜈 𝜈

 MC simulation: aMC@NLO + Pythia8

• Tau production and Tau decay

• ISR, parton showering

 Event selection ready

• Quantum state tomography: reconstruct the spin 

density matrix (SDM) based on decay products.

• Reconstruct spin density matrix

• Entanglement monotone: Concurrence 𝓒 𝝆  

• Bell-inequality: optimized operator 𝑚12[𝐶]

https://link.springer.com/article/10.1007/JHEP05(2023)020
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Paramet

er

|𝜼𝒇|(𝟏𝟎
−𝟑) 𝝓𝒇(degree)

PDG 2.232 ± 0.011 43.4 ± 0.5

STCF 

expected

2.2099
± 0.0065

43.615
± 0.121

CPT Symmetry Test in 𝑲𝟎 − ഥ𝑲𝟎 System

Considering the measurement error, efficiency, and the 
background

Based on Fast simulation

Decay rate:

CP asymmetry:
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𝑫𝟎 − ഥ𝑫𝟎mixing

⚫ The charm mixing parameters are 
extracted in a ratio between C-even and 
C-odd production processes
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CKM Matrix

Purely Leptonic:

Semi-Leptonic:

1. |𝑉𝑐𝑠(𝑑)|: better test on CKM matrix unitarity

2. (Semi-)leptonic 𝐷(𝑠) decays enable tests for LFU

3. 𝑓𝐷𝑠+ , 𝑓+𝐾 𝜋 (0): test of LQCD 

• The CKM matrix elements describe the mixing of quark 

flavors. The unitarity of the CKM matrix ensures three 

quark generations and violation suggests a fourth!
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• Leptonic and semileptonic decays of charmed 

hadrons (𝐷0, 𝐷+, 𝐷𝑠
+, 𝛬𝑐

+) provide ideal testbeds 

to explore weak and strong interactions
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CKM Matrix



24

Summary and Outlook

• The uniqueness at STCF can be defined by three flagships physics goals: 

fundamental symmetry; quark confinement; and fundamental parameters. 

• Full-simulations are underway to evaluate physics sensitivities and optimize

detector/software performance.  Further studies are required to fully validate 

detector-physics alignment and finish the TDR of physics simulation.

• We look forward to closer collaboration between theorists and experimentalists, 

and welcome to join the physics simulation group!
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Back up



项目时间表

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034-2049

概念性设计
（CDR）

关键技术攻关
（TDR）

项目建设

实验运行

“十四五” “十五五”

向国家发改委提交项目建设建议书

• 十四五期间 : 概念性设计、关键技术攻关, 3.64 亿

• 十五五期间 : 开建前准备、建设，6 年, ~50亿

• 运行10-15年，升级2-3年，再运行10年 26

批准后准备时间 (23 年)
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