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The Standard Model

The standard model of particle physics is a well-tested theoretical framework, 
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 The nature of quark confinement

Matter-antimatter asymmetry of the Universe

 Gravity, dark matter, neutrino masses, numbers of flavors, etc.

However,  the SM has a number of issues need further investigation:

19 free parameters of the SM QCD coupling strength



Physics in tau-Charm Region
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Opportunities at 5~7 GeV
New XYZ particles  

Hidden-charm pentaquark

Search for di-charmonium state

More charmed baryon

Hadron fragmentation

CME (GeV) No. of Events

3.097 3 T  J/𝜓

3.686 500 B 𝜓’

3.77 3.6 B D0

2.8 B D+

4.009 0.2 B Ds

4.23

1 B Y(4260)

100 M Zc

5 M X(3872)

3.6 M tau

4.63 0.5 B Λ𝑐

 The interplay of perturbative and nonperturbative

dynamics

 Unique features: Rich of resonances, Threshold

characteristics, Quantum correlation

➢ Hadron spectroscopy and QCD

➢ Flavor and CP violation

➢ Forbidden/Rare decay and the new particles

Expected data with 1ab-1 at STCF



Fast simulation package
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➢ The FastSim can provide a critical tool for exploring 

physics requirement and physics performance;

➢ The FastSim takes the response of physical objects in 

each sub-detector:  resolution, efficiency, helix, error 

matrix etc.

➢ Geant4 free, save time and space

➢ The package is validated well by comparing fast 

simulation and BESIII’s result

Charged Neutral Vertex Fit

JINST 16 (2021) 03, P03029



Fast simulation package
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➢ The FastSimu provide flexibly adjusted responses in each sub-system, 

which is helpful for the optimization of detector design during R&D. 

• RMS of 𝜋0 with different energy/position resolution of photon:

• D tag with different track resolution:

JINST 16 (2021) 03, P03029



Physics requirements
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Charged particles Photons Neutral hadrons



Physics program at STCF
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- Leading role

- In Competition with BelleII/LHCb

- Synergy with BelleII/LHCb/Eic/EicC



Some Physics Performance
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Excellent platform to explore the QCD
Fruitful results in  past decade, a new territory to study  exotic hadrons

Charmonium (Like) Spectroscopy
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Godfrey & Isgur, PRD 32, 189 (1985)

X(3872)

X(3940)

X(4160)

X(4350)

Tasks :
 Precisely measurement the transition 
 Search for the missing states
 Understand the nature of unknown states
 Search for the new exotic states

Y(3940)

Y(4008)

Y(4260)

Y(4360)

Y(4660)

Zc(3900)

Zc(4020)

Zc(4050)

Zc(4200)

Zc(4250)

Zc(4430)

Zcs(3985)

Zcs(4000)

Zcs(4220)



Charmonium(Like) Spectroscopy at STCF
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@ 4.26 GeV for +-J/

BESIII = 46%, Belle = 10%

 B factory : Total integrate effective luminosity 

between 4-5 GeV is 0.23 ab-1 for 50 ab-1 data

 -C factory : scan in 4-5 GeV, 10 MeV/step,  

every point have 10 fb-1/year, 5 time of Belle 

II for 50 ab-1 data

 -C factory have much higher efficiency and 

low background than B Factory

Belle with ISR: PRL110, 252002

967 fb-1 in 10 years running time

BESIII at 4.260 GeV: PRL110, 252001

0.525 fb-1 in one month running time 



Electromagnetic Form Factors

11

Annihilation:Time-Like

Space-Like region
_

q2

FFs are real

Unphysical 
region

p p e
-

e
+

0

B

B

S
ca
tt
e
ri
n
g

FFs are complex

• Fundamental properties of the nucleon

➢ charge, magnetization distribution

➢ testing ground for models of the 

nucleon internal structure

• Mysteries observed from current experimental results in time-like

National Science Review, nwab187 STCF prospectNat. Phys. 17, 1200–1204 (2021)

• Oscillation features in form factors

• Threshold effect of baryon pair production



Collins Fragmentation Function (FF)
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J. C. Collins, Nucl. Phys. B396, 161 (1993)

 The Q2 evolution of Collins FFs was assumed following the extrapolation in 

the unpolarized FF, and this has not been validated.

 Low Q2 data from e+e- collider is useful.

 BEPCII / STCF

• Similar Q2 coverage with SIDIS in EicC

STCF is a perfect machine for studying Collins effect

The statistical uncertainty of 𝝅 𝝅/ KK Collins with 𝟏𝐚𝐛−𝟏 MC is ~𝟏𝟎−𝟒 to 𝟏𝟎−𝟑

[1]. Wang B L, Lv X R, Zheng Y H. Journal of University of Chinese Academy of Sciences, 2021, 38(4):433-441

For more about FFs, please see Yuxiang Zhao’s talk on Nov.15th



Precision Measurements of CKM Elements
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CKM matrix elements are fundamental SM parameters that describe 
the mixing of quark fields due to weak interaction. 

 A precise test of EW theory

 New physics beyond SM?
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Three generations of quark? Unitary matrix?

Expected precision < 2% at BESIII

How about at STCF

TCF + B factories + 

LQCD

TCF + B factories + 

LHCb + LQCD

A direct measurement of Vcd(s) is one of the most 
important task in charm physics



Prospects of |Vcs| and 𝒇𝑫𝒔+ in 𝑫𝒔
+ → 𝒍+𝝂𝒍

14

0.2% 0.2%

Sys. Unc. : 1.0%
For details, please see Huijing Li’s talk and Jiajun’s
poster on Nov.16th



Measuring 𝒃 → 𝒔𝜸 photon polarization in 𝑫𝟎 →
𝑲𝟏 𝟏𝟐𝟕𝟎 𝒆𝝂𝒆
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• The photon helicity in 𝑏 → 𝑠𝛾 is predominantly left-
handed and its measurements plays a unique role in 
right-handed coupled in New Physics .

• Hadronic state helicity in 𝐵 → 𝐾1(→ 𝐾𝜋𝜋)𝛾 Phys. Rev. 

Lett.112, 161801 (2014)

• A novel method is provided to combine the 𝐵 → 𝐾1𝛾 and 𝐷 → 𝐾1𝑙
+𝜈 to 

determine the photon helicity 𝜆𝛾 =
4𝒜𝑈𝐷

3𝒜𝑈D
′ Phys. Rev. Lett. 125, 051802 (2020)

Yulan Fan et al., arXiv:2107.06118 [hep-ex]

For details, please see Yulan Fan’s talk on Nov.16th



CPV in 𝝉 decay
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In Theory : 

BaBar experiments : 

2.8 away from the SM prediction

Theorist try to reconcile the deviation, but not coverage even NP included

➢ The CPV source in 𝑲𝟎 − ഥ𝑲𝟎 mixing produces a difference in tau decay rate

The CPV sensitivity with 1ab-1 @ 4.26 GeV:

𝑨𝑺𝑻𝑪𝑭~𝟗. 𝟕 × 𝟏𝟎−𝟒

With 10 ab-1 data:

𝑨𝑺𝑻𝑪𝑭~𝟑. 𝟏 × 𝟏𝟎−𝟒

H. Y. Sang, et al., Chin. Phys. C 45, 053003 (2021)

tau-charm

B factory

Possible choice of CPV study 
with polarized beam 

Merit (STCF: B factory) = 7.7:1

Y.S Tai, Phys.Rev.D 51 (1995) 3172-3181



CPV in 𝜦 decay
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3.4 trillion J/ events  𝑨𝑪𝑷~𝟏𝟎
−𝟒

• Luminosity optimized at J/ resonance

• No polarization beams are needed

• Optimized the efficiency of low momentum 
tracks

 feasibility study of 𝜦 CPV with polarized e+ beam is undergoing



LFV decay of 𝝉 at STCF
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➢ Signal side: 𝜏 → 3𝑙𝑒𝑝𝑡𝑜𝑛𝑠
➢ Tag side: 𝜏 → 𝑒𝜐 ҧ𝜐, 𝜇𝜐 ҧ𝜐 , 𝜋𝜐 + 𝑛𝜋0 (ℬ𝑟 = 82%)

➢ Almost background free, the sensitivity : 𝓑𝑼𝑳
𝟗𝟎 𝝉 → 𝝁𝝁𝝁 ~𝟏/𝓛

➢ Best efficiency (𝜏 → 𝜇𝜇𝜇 ): 22.5% (including tag branching fraction)

➢ Precisely known kinematics of initial state

➢ Full reconstruction of signal side

➢ Neutrino in tag side is missing

Background 

➢ STCF with 1ab-1: 

𝓑𝑼𝑳
𝟗𝟎 𝝉 → 𝝁𝝁𝝁 <

𝑵𝑼𝑳
𝟗𝟎

𝟐𝜺𝑵𝝉𝝉
~𝟏. 𝟒 × 𝟏𝟎−𝟗



LFV decay of 𝝉 at STCF
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➢ Signal side 𝜏 → 𝛾𝜇
➢ Tag side: 𝜏 → 𝑒𝜐 ҧ𝜐, 𝜋𝜐, 𝜋𝜋0𝜐(ℬ𝑟 = 54%)

➢ Dominant background: 𝑒+𝑒− → 𝜇+𝜇− and

𝑒+𝑒− → 𝜏+𝜏−, 𝜏+ → 𝜋𝜋0𝜐, 𝜏−→ 𝜇𝜐 ҧ𝜐

𝝉 → 𝜸𝝁

Background 

➢ STCF with 1ab-1: 

𝓑𝑼𝑳
𝟗𝟎 𝝉 → 𝜸𝝁 <

𝑵𝑼𝑳
𝟗𝟎

𝟐𝜺𝑵𝝉𝝉
~𝟏. 𝟔 × 𝟏𝟎−𝟖

➢ Stringent selection criteria applied to remove the backgrounds
➢ Efficiency: 4.2%~8.5% depending on loose/strict cut (include tag 

branching fraction)

➢ The sensitivity: 𝓑𝑼𝑳
𝟗𝟎 𝝉 → 𝜸𝝁 ~𝟏/ 𝓛

For details, please see Teng Xiang’s poster on Nov.16th



Summary

20

Super -c Facility (STCF): 

➢ e+e- collision with Ecm = 2 – 7 GeV, L > 0.5 × 1035 cm-2s-1

STCF is one of the crucial precision frontier

➢ rich of physics program

➢ important playground for study of exotic hadrons, hadron 

structures, flavor physics, CPV and search for new physics. 

 Complementary to Belle-II and LHCb in understanding the

QCD/EW models and searching for new physics

Thanks for your attention!



Prospects of Physics Highlights
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QCD and Hadronic Physics

Physics at STCF Benchmark Processes Key Parameters*

XYZ properties
𝑒+𝑒− → 𝑌 → 𝛾𝑋, 𝜂𝑋, 𝜙𝑋

𝑒+𝑒− → 𝑌 → 𝜋𝑍𝑐 , 𝐾𝑍𝑐𝑠

𝑁 ΤY(4260) Τ𝑍𝑐 𝑋(3872)~

1010 Τ/109 106

Pentaquarks,

Di-charmonium 

𝑒+𝑒− → 𝐽/𝜓𝑝 ҧ𝑝, Λ𝑐ഥ𝐷 ҧ𝑝, Σ𝑐 ഥ𝐷 ҧ𝑝

𝑒+𝑒− → J/ψ𝜂𝑐, J/ψℎ𝑐

𝜎(𝑒+𝑒− → 𝐽/𝜓𝑝 ҧ𝑝)~4 fb;

𝜎(𝑒+𝑒− → 𝐽/𝜓𝑐 ҧ𝑐)~10 fb 

(prediction)

Hadron 

Spectroscopy 

Excited 𝑐 ҧ𝑐 and their transition, Charmed 

hadron spectroscopy, 

Light hadron spectroscopy

𝑁𝐽/𝜓 Τ/𝜓(3686) 𝛬𝑐~

1012 Τ/1011 108

Muon g-2
𝑒+𝑒− → 𝜋+𝜋−, 𝜋+𝜋−𝜋0, 𝐾+𝐾−

𝛾𝛾 → 𝜋0, 𝜂(′), 𝜋+𝜋−
𝛥𝑎𝜇

𝐻𝑉𝑃 ≪ 40 × 10−11

R value,

𝝉 mass

𝑒+𝑒− → 𝑖𝑛𝑐𝑙𝑢𝑠𝑖𝑣𝑒
𝑒+𝑒− → 𝜏+𝜏−

𝛥𝑚𝜏~0.012 MeV

(with 1 month scan)

Fragmentation 

functions

𝑒+𝑒− → (𝜋, 𝐾, 𝑝, Λ, 𝐷) + 𝑋
𝑒+𝑒− → (𝜋𝜋, 𝐾𝐾, 𝜋𝐾) + 𝑋 ΔACollins < 0.002

Nucleon Form 

Factors
𝑒+𝑒− → 𝐵 ത𝐵 from threshold 𝛿𝑅𝐸𝑀~1%

*Sensitivity estimated based on ℒ = 1 ab−1

not all-inclusive



Flavor Physics and CP violation
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Physics at STCF Benchmark Processes Key Parameters*

CKM matrix 𝐷(𝑠)
+ → 𝑙+𝜈𝑙 , 𝐷 → 𝑃𝑙+𝜈𝑙

𝛿V𝑐𝑑/𝑐𝑠~0.15%;

δ𝑓𝐷/𝐷𝑠~0.15%

𝜸/𝝓𝟑 measurement 𝐷0 → 𝐾𝑠𝜋
+𝜋−, 𝐾𝑠𝐾

+𝐾−…
Δ(cosδKπ) ∼0.007; 

Δ(δKπ) ∼2o

𝑫𝟎 − ഥ𝑫𝟎 mixing
𝜓(3770) → (𝐷0ഥ𝐷0)𝐶𝑃=−, 

𝜓(4140) → 𝛾(𝐷0ഥ𝐷0)𝐶𝑃=+

Δ𝑥~0.035%;
Δ𝑦~0.023%

Charm hadron decay 𝐷(𝑠), Λ𝑐
+, Σ𝑐 , Ξ𝑐 , Ω𝑐 decay 𝑁 Τ𝐷 Τ𝐷𝑠 Λ𝑐~10

9 Τ/108 108

𝜸 polarization 𝐷0 → 𝐾1𝑒
+𝜈𝑒 Δ𝐴𝑈𝐷

′ ~0.015

CPV in Hyperons 𝐽/𝜓 → ΛഥΛ, ΣΣ, Ξ−തΞ−, Ξ0 തΞ0 Δ𝐴𝛬~10
−4

CPV in 𝝉
𝜏 → 𝐾𝑠𝜋𝜈, EDM of 𝜏,

𝜏 → 𝜋/𝐾𝜋0𝜈 for polarized 𝑒−
ΔA𝜏→𝐾𝑠𝜋𝜈~10

−3;

Δ𝑑𝜏~5 × 10−19 (e cm)

CPV in Charm
𝐷0 → 𝐾+𝐾−/𝜋+𝜋−,

Λ𝑐 → 𝑝𝐾−𝜋+𝜋0…

Δ𝐴𝐷~10
−3;

Δ𝐴Λ𝑐~10
−3

*Sensitivity estimated based on ℒ = 1 ab−1

not all-inclusive



Forbidden/Rare decay and New Particle Search
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Physics at STCF Benchmark Processes Key Parameters*
(U.L. at 90% C.L.)

LFV decays
𝜏 → 𝛾𝑙, 𝑙𝑙𝑙, 𝑙𝑃1𝑃2

𝐽/𝜓 → 𝑙𝑙′, 𝐷0→ 𝑙𝑙′(𝑙′ ≠ 𝑙)…

ℬ(𝜏 → 𝛾μ/𝜇𝜇𝜇)<16/1.5× 10−9;
ℬ(𝐽/𝜓 → eτ)<0.71× 10−9

LNV, BNV
𝐷(𝑠)
+ → 𝑙+𝑙+𝑋−,𝐽/𝜓 → Λ𝑐𝑒

−,

𝐵 → ത𝐵…
ℬ(𝐽/𝜓 → Λ𝑐𝑒

−)< 10−11

Symmetry violation 𝜂(′) → 𝑙𝑙𝜋0, 𝜂′ → 𝜂𝑙𝑙…
ℬ(𝜂′ → 𝑙𝑙/𝜋0𝑙𝑙)< 1. Τ5 2.4 ×

10−10

FCNC
𝐷 → 𝛾𝑉, 𝐷0 → 𝑙+𝑙−, 𝑒+𝑒− → 𝐷∗, Σ+ →

𝑝𝑙+𝑙−…
ℬ(𝐷0 → 𝑒+𝑒−𝑋)< 10−8

Dark photon, 

millicharged

𝑒+𝑒− → (𝐽/𝜓) → 𝛾𝐴′ → 𝑙+𝑙− …

𝑒+𝑒− → 𝜒 ҧ𝜒𝛾 …

Mixing strength 

𝛥𝜖𝐴′~10
−4; 𝛥𝜖𝜒~10

−4

*Sensitivity estimated based on ℒ = 1 ab−1

not all-inclusive


