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Site : Hefei, Anhui Province
Hefei Comprehensive National Science Center
"Future Big Science City", Hefei, Anhui Province

• Funded R&D : 364 Million CNY by theAnhui government
• Construction budget : 4.5 Billion CNY
• Geological prospecting, civil engineering design are ongoing

HefeiAdvanced Light Facility 
(HALF) - under construction

SuperTau-CharmFacility (STCF)
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Current research team
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Timetable
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Accelerator

◆Core design goal:
■CMS energy: 2-7 GeV
■ Luminosity: > 5×10!"𝑐𝑚#$𝑠#%@4𝐺𝑒𝑉
■Upgrading potential: polarized beam,
higher luminosity

◆Accelerator structure
■Double-ring collider:
low emittance, high current, 
large Piwinski angle
■ Injector: full-energy linac, e+ damping
ring or accumulator, beam transport

5



Detector

Performance requirements
◆ITK:

■ Material < 0.01𝑋0, 𝜎𝑥𝑦 < 100 μm
◆MDC:

■ Material < 0.05𝑋0
■ 𝜎𝑥𝑦 < 130 µm, 𝜎𝑝/𝑝 < 0.5% at 1 GeV/c
■ 𝑑𝐸/𝑑𝑥 resolution < 6%

◆PID:
■ 3𝜎 𝜋/𝐾 separation, PID efficiency > 97% up to 

2GeV
◆EMC:

■ 𝜎𝐸 < 2.5%, 𝜎𝑝𝑜𝑠 ~ 4 mm, 𝜎𝑡 ~ 300 ps at 1 GeV
◆MUD:

■ 𝜇 efficiency > 95% above 0.7 GeV with 𝜋 → 𝜇
misidentification rate <3%

BTOF
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Detector performance

◆Advanced accelerator、detector and software 
techniques R&D ongoing.
◆Tracking
■helix parameter: better 𝜎+
■𝜖 >90% for pT > 75 MeV (except edge)
■ long lived particle

●𝜖 >80% with decay length up to 200 mm
●combined vertex/kinematic fit, better resolution

◆PID
■𝜋/𝐾 PID：

●separation power > 3𝜎
●p<2GeV: separation power > 4𝜎

■𝜇/𝜋 PID: 
●p>1 GeV，separation power > 3𝜎
●p>1.5 GeV，separation power > 3.5𝜎

7

Muon Sample

Pion Sample



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

Physics Program at STCF
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Expected Data Production at STCF

◆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 these sizes of 

data samples
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Prospects of charm physics at STCF

◆Charmed meson
■ leptonic and semi-leptonic decay
■rare and radiative decay
■𝐷 − -𝐷 mixing and CP violation

◆Charmed baryon
■ leptonic and semi-leptonic decay
■hadronic decay
■radiative decay
■charmed baryon spectroscopy
■CP violation

◆XYZ,𝑃,,double-charmonium
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Charmed meson statistics

◆Sample:
■ Comparison: 

● BESIII 20fb-1 at 3.773GeV
● 7.33 fb-1 at Ecm 4.128 - 4.226 GeV: 𝑒!𝑒" → 𝐷#𝐷#∗
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Ecms(GeV) Process Cross Section(nb) STCF (1ab-1)

3.770

𝑫𝟎"𝑫𝟎 3.6 𝟑. 𝟔 ×𝟏𝟎𝟗

𝑫#𝑫$ 2.8 𝟐. 𝟖 ×𝟏𝟎𝟗

𝑫𝟎"𝑫𝟎 𝟕. 𝟗 ×𝟏𝟎𝟖 Single Tag

𝑫#𝑫$ 5. 𝟓 ×𝟏𝟎𝟖 Single Tag

4.080

𝑫∗𝟎"𝑫𝟎 + 𝒄. 𝒄. 4.0 1. 𝟒 ×𝟏𝟎𝟗 𝑪𝑷𝑫𝟎(𝑫𝟎 = +

𝑫∗𝟎"𝑫𝟎 + 𝒄. 𝒄. 4.0 𝟐. 𝟔 ×𝟏𝟎𝟗 𝑪𝑷𝑫𝟎(𝑫𝟎 = −

𝑫𝑺#𝑫𝑺$ + 𝒄. 𝒄. 0.20 2. 𝟎 ×𝟏𝟎𝟖

4.180
𝑫𝑺#∗𝑫𝑺$ + 𝒄. 𝒄. 0.90 9. 𝟎 ×𝟏𝟎𝟖

𝑫𝑺#∗𝑫𝑺$ + 𝒄. 𝒄. 1.3 ×𝟏𝟎𝟖 Single Tag



𝑫! → 𝝁!𝝂𝝁 , 𝑫! → 𝝉!𝝂𝝉
◆Decay constant 𝑓&, 𝑓&( , LFU
◆CKM matrix 

■ unitarity and triangle 
■ violations could hint at a fourth quark generation
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Measurements
BESIII 20 fb-1 (or scaling *)

at 3.773 GeV 

STCF (1ab-1) 

at 3.773 GeV

Belle II

(50 ab-1 )

at 𝚼(𝒏𝑺)

ℬ(𝑫! → 𝝁!𝝂𝝁) 𝟐. 𝟎%𝒔𝒕𝒂𝒕 𝟏. 𝟎%𝒔𝒚𝒔 𝟎. 𝟐𝟖%𝒔𝒕𝒂𝒕 -

𝒇𝑫!
𝝁 (𝑴𝒆𝑽) 𝟏. 𝟎%𝒔𝒕𝒂𝒕 𝟎. 𝟔%𝒔𝒚𝒔 𝟎. 𝟏𝟓%𝒔𝒕𝒂𝒕 -

|𝑽𝒄𝒅| 𝟏. 𝟎%𝒔𝒕𝒂𝒕 𝟎. 𝟔%𝒔𝒚𝒔 𝟎. 𝟏𝟓%𝒔𝒕𝒂𝒕 -

ℬ(𝑫! → 𝝉!𝝂𝝉) 𝟕. 𝟎%𝒔𝒕𝒂𝒕
∗ 𝟒. 𝟎%𝒔𝒚𝒔

∗ 𝟎. 𝟒𝟏%𝒔𝒕𝒂𝒕 -

ℬ(𝑫! → 𝝉!𝝂𝝉) 
ℬ(𝑫! → 𝝁!𝝂𝝁)

𝟕. 𝟑%𝒔𝒕𝒂𝒕
∗ 𝟒. 𝟏%𝒔𝒚𝒔

∗ 𝟎. 𝟓𝟎%𝒔𝒕𝒂𝒕 -

arXiv:2410.07626   JHEP 01 (2025) 089 
Chin.Phys.Lett. 42, 010201(2025) 



Measurements
BESIII 7.3 fb-1

around 4.178 GeV 

STCF (1ab-1) 

at 4.009GeV

Belle II (50 ab-1 )

at 𝚼(𝒏𝑺)

𝑫𝒔# → 𝝁#𝝂𝝁

ℬ(𝑫𝒔# → 𝝁#𝝂𝝁) 𝟐. 𝟎%𝒔𝒕𝒂𝒕 𝟏. 𝟔%𝒔𝒚𝒔 𝟎. 𝟑𝟎%𝒔𝒕𝒂𝒕 𝟎. 𝟖%𝒔𝒕𝒂𝒕 𝟏. 𝟖%𝒔𝒚𝒔

𝒇𝑫𝒔#
𝝁 (𝑴𝒆𝑽) 1. 𝟎%𝒔𝒕𝒂𝒕 𝟎. 𝟗%𝒔𝒚𝒔 𝟎. 𝟏𝟓%𝒔𝒕𝒂𝒕 -

|𝑽𝒄𝒔| 𝟏. 𝟎%𝒔𝒕𝒂𝒕 𝟎. 𝟗%𝒔𝒚𝒔 𝟎. 𝟏𝟓%𝒔𝒕𝒂𝒕 -

𝑫𝒔# → 𝝉#𝝂𝝉

ℬ(𝑫𝒔# → 𝝉#𝝂𝝉) 𝟏. 𝟑%𝒔𝒕𝒂𝒕 𝟏. 𝟓%𝒔𝒚𝒔 𝟎. 𝟐𝟒%𝒔𝒕𝒂𝒕 𝟎. 𝟔%𝒔𝒕𝒂𝒕 𝟐. 𝟕%𝒔𝒚𝒔

𝒇𝑫𝒔#
𝝁 (𝑴𝒆𝑽) 𝟎. 𝟕%𝒔𝒕𝒂𝒕 𝟎. 𝟖%𝒔𝒚𝒔 𝟎. 𝟏𝟏%𝒔𝒕𝒂𝒕 -

|𝑽𝒄𝒔| 𝟎. 𝟕%𝒔𝒕𝒂𝒕 𝟎. 𝟖%𝒔𝒚𝒔 𝟎. 𝟏𝟏%𝒔𝒕𝒂𝒕 -

E𝒇𝑫𝒔#
𝝁&𝝉(𝑴𝒆𝑽) 𝟎. 𝟔%𝒔𝒕𝒂𝒕 𝟎. 𝟕%𝒔𝒚𝒔 𝟎. 𝟎𝟗%𝒔𝒕𝒂𝒕 𝟎. 𝟑%𝒔𝒕𝒂𝒕 𝟏. 𝟎%𝒔𝒚𝒔

|"𝑽𝒄𝒔
𝝁&𝝉| 𝟎. 𝟔%𝒔𝒕𝒂𝒕 𝟎. 𝟕%𝒔𝒚𝒔 𝟎. 𝟎𝟗%𝒔𝒕𝒂𝒕 -

ℬ(𝑫𝒔# → 𝝉#𝝂𝝉) 
ℬ(𝑫𝒔# → 𝝁#𝝂𝝁)

𝟐. 𝟒%𝒔𝒕𝒂𝒕 𝟐. 𝟐%𝒔𝒚𝒔 𝟎. 𝟑𝟖%𝒔𝒕𝒂𝒕 𝟎. 𝟗%𝒔𝒕𝒂𝒕 𝟑. 𝟐%𝒔𝒚𝒔

𝑫𝒔! → 𝝁!𝝂𝝁 , 𝑫𝒔!→ 𝝉!𝝂𝝉
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◆Decay constant 𝑓&, 𝑓&( , LFU
◆CKM matrix 

PRD 108, 112001 (2023)
JHEP 09, 124 (2023),
PRD 108, 092014 (2023)



Semi-leptonic decay

◆CKM matrix, form factors
◆inclusive semi-leptonic decay: isospin symmetry test

◆𝑫𝟎 → 𝑲𝟏(𝟏𝟐𝟕𝟎)#𝒆)𝝂𝒆 sensitivity study:
■ determine photon polarization in 𝑏 → 𝑠𝛾 model independently
■ right-handed photon helicity for BSM
■ℬ = (𝟏𝟎. 𝟗 ± 𝟏. 𝟑#𝟏.𝟔)𝟎.𝟗 ± 𝟏. 𝟐)×𝟏𝟎#𝟒 (19%) 2.93 fb-1 at 3.773 GeV 
■ 1ab-1 sensitivity of ℬ：𝟏. 𝟏%𝒔𝒕𝒂𝒕	，	𝐴/& 1.5×10

#$
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PRL 127, 131801(2021)
EPJC (2021) 81:1068

Wilson coefficient vs AUD



Special issue for CP violation studies at STCF

arXiv:2502.08907, submitted to Physics Reports

CP violation
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CP violation

◆No observation of CPV in charmed and strange baryons yet.
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𝐷/ − #𝐷/mixing and CPV

◆CP violation in neutral 𝐷 meson
■CP violation in the direct decays
■CP violation associated with 𝐷0 − ?𝐷0mixing 
■ interplay between decay and mixing

◆Charm mixing and indirect CP violation 
parameters 𝑥, 𝑦 hard to calculate due to 
large long-distance uncertainties

◆HFAG gives (at 95% 𝐶𝐿)
■𝟑. 𝟐 × 𝟏𝟎!𝟑 < 𝒙 < 𝟒. 𝟗 ×𝟏𝟎!𝟑
■𝟔. 𝟎 × 𝟏𝟎!𝟑 < 𝒚 < 𝟔. 𝟗 ×𝟏𝟎!𝟑

◆Sensitivity of CKM angle γ : 
■BESIII ~0.4°, STCF ~0.1°

17

refer to Yu Zhang‘s talk



𝐷/ − #𝐷/mixing and CPV

◆ψ(4010) ∶ neutral 𝐷 𝑝𝑎𝑖𝑟𝑠
■𝐷F𝐷∗, C-even 𝐷F𝐷 1.2×10$
■𝐷∗%F𝐷!, flavor	specific	𝐷:	2.23×10$

◆𝐷 → 𝐾!𝜋%𝜋%𝜋!, 𝐾&'𝜋%𝜋!, 𝐾! 𝜋%𝜋'
■ tree-level decays
■direct CP violation neglected
■ indirect charm CP violation can be 
studied at the 10−4 level in STCF
■combined result:

●𝜎 𝑥 = 0.036%, 𝜎(𝑦) = 0.015%
●𝜎 𝑟𝐶𝑃 = 0.028 , 𝜎(𝜙) = 2.14°

arXiv:2502.08907
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Rare decay and radiative decay

◆FCNC: 𝐷G(H) → 𝛾𝑉G(H), 𝐷G → 𝛾𝛾 , 𝐷G → ℓHℓI, 𝐷G → ℓHℓI𝑋
◆LFV, LNV:
■LFV: 𝐷 → ℓHℓIJ,𝐷 → ℓHℓIJ𝑋
■LNV: 𝐷H → ℓHℓHJ𝑋H, 𝐷KH → ℓHℓHJ𝑋H , Majorana neutrino
■sensitivities at STCF around 10IL~ 10IM Chin.Phys.Lett. 42, 010201(2025) 

◆More processes refer to Liang Sun’s talk

◆axion-like particles
■𝐷K →meson + axion−like particles (ALP-HNL model, JHEP 01 (2025) 070, 

PRD111, 035010(2025))
■𝐷G → -Λ+ missing particle (RPV-SUSY model, PRD99, 055039(2019))

19



◆1 ab-1 sample:

◆Like BESIII, STCF have advantages of semi-leptonic, neutron/𝐾(', radiative
and inclusive decays.

Charmed baryon: Λ:; decays study at STCF
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Decay BESIII current BF results Belle/LHCb BF results

Λ3) → Λ𝑒)𝜈4 3.56 ± 0.11 ± 0.07 % no result

Λ3) → 𝑛𝜋) 6.6 ± 1.2 ± 0.4 ×10#" no result

Λ3) → Σ)𝛾 < 4.4×10#" no result

Λ3) → 𝑋𝑒)𝜈4 (4.06 ± 0.10 ± 0.09)% no result

Ecms(GeV) Process Cross Section(nb) STCF (1ab-1)

4.630 𝚲𝒄*𝚲𝒄 0.56
𝟓. 𝟔×𝟏𝟎𝟖

𝟔. 𝟒×𝟏𝟎𝟕 Single Tag



Semi-leptonic decay

◆ CKM matrix, form factors et al.
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Decay
BESIII current BF 

results(𝟏𝟎!𝟑)
BESIII  

sensitivity STCF 1 ab-1

Λ,H → Λ𝑒H𝜈N 35.6 ± 1.3 3.6% 0.2% 
Λ,H → 𝑝𝐾I𝑒H𝜈N 0.88 ± 0.18 20% 1.3% 
Λ,H → ΛµH𝜈O 34.8 ± 1.7 4.9% 0.3% 

Λ,H → 𝑛𝑒H𝜈N 3.57 ± 0.37 10% 0.6% 
PRL 129, 231803 (2022)
PRD 106, 112010 (2022)
PRD 108 (2023) 3, L031105
Nat Commun. 16, 681 (2025)



Hadronic decays

◆Amplitude analysis
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JHEP 12(2023) 033

More amplitude analysis need larger data set.

• First amplitude analysis on charmed baryon multi-hadron decay Λ/# → Λ𝜋#𝜋0 using about 10K signal events.
PRL 134,021901(2025)

About 1.3K signal events are used for PWA of 𝛬56 → 𝛬𝜋6𝜂.



Potential of undiscovered decay channels

◆BF of inclusive decay and sum of exclusive decay indicate 
undiscovered decay channels
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Decay Inclusive BF Sum of exclusive BF Ratio Reference

𝜦𝒄$ → 𝑿𝒆$𝝂𝒆 𝟒. 𝟎𝟔 ± 𝟎. 𝟏𝟎 ± 𝟎. 𝟎𝟗 % 𝟑. 𝟔𝟒 ± 𝟎. 𝟏𝟏 ± 𝟎. 𝟎𝟕 % 90% PRD 107, 052005 (2023)

𝜦𝒄$ → 𝜦𝑿 𝟑𝟖. 𝟐 ± 𝟐. 𝟓 ± 𝟎. 𝟗 % 𝟑𝟏. 𝟑 ± 𝟏. 𝟐 % 82% PRL 121, 062003 (2018)

𝜦𝒄$ → 𝑲𝑺𝟎𝑿 𝟏𝟎. 𝟗 ± 𝟎. 𝟐 ± 𝟎. 𝟏 % 𝟕. 𝟗 ± 𝟎. 𝟑 % 72% JHEP 2025, 194 (2025)

𝜦𝒄$ → 𝜮$𝑿 𝟏𝟎. 𝟗𝟕 ± 𝟎. 𝟑𝟓 % BESIII Ongoing

𝜦𝒄$ → 𝜮𝟎𝑿 𝟔. 𝟕 ± 𝟎. 𝟓 % BESIII Ongoing

𝜦𝒄$ → 𝒑𝑿 𝟒𝟖. 𝟕 ± 𝟏. 𝟎 % BESIII Ongoing



Radiative decay

◆EM transitions between two charmed baryons:
■dynamics of these particles and underlying symmetrical structures.

■ΣR → ΛR 𝛾, ΞRJ → ΞR 𝛾
■ΣR∗ → ΛR 𝛾, ΞR∗ → ΞR 𝛾
■ΣR∗ → ΣR 𝛾, ΞR∗ → ΞRJ 𝛾

■ΛRH → Σ 𝛾 estimated to be 10IT, ℬ ΛRH → Σ 𝛾 < 2.5×10IT Belle & BESIII
■ΛRH → 𝑝 𝛾

24

Chin.Phys.Lett. 42, 010201(2025)

■ΩR∗ → Ω𝑐 𝛾
■Λ𝑐(2595,2625) → Λ𝑐 𝛾
■Ξ𝑐(2790,2815) → Ξ𝑐 𝛾



Charmed baryons spectroscopy

◆More ΛU, ΛU
(∗)

◆ΛU-ΛU, ΣU QΣU, ΞU QΞU, ΩU-ΩU
■Some cross section not well known
■Double tag, clean and quantum correlation.

25

PRL 131, 191901 (2023)



Charmed baryons spectroscopy

◆Identify spin-parity quantum numbers:
■clarify JP of Λ𝑐(2940)&, 3/2' or 1/2'
■Ω𝑐(3000), Ω𝑐(3050), Ω𝑐(3066), Ω𝑐(3090). via Ξ(&𝐾

−

■Ω𝑐(3119), Ω𝑐(3185), Ω𝑐(3227). via Ξ(&𝐾
−

◆Above 7.4GeV
■doubly charmed baryon Ξ)&& would be available

PRL 131,131902 (2023) LHCb
PRD 97, 051102(R) (2018) Belle

26

Chin.Phys.Lett. 42, 010201(2025)



CPV in charmed baryons

◆Decay rate asymmetry
◆T-odd triple product
◆Polarization based CP observables

27



T-odd triple product

◆Λ*& four body decays:
■Λ*& → 𝑝𝐾'𝜋&𝜋+, Λ*& → Λ𝜋&𝜋&𝜋', Λ*& → 𝑝𝐾,𝜋&𝜋'

◆Direct CPV, T-odd triple product: 𝐶 -. = 𝒑//1 e (𝒑2/×𝒑2/)

◆SM predicts CPV for Λ*& → 𝑝𝐾,𝜋&𝜋'at “around”
  𝟑. 𝟑×𝟏𝟎'𝟑 due to CPV in 𝐾+ − F𝐾+oscillation
◆STCF sensitivity: 0.2%-0.5%

PRD 100, 113002(2019)

28



Polarization based CP observables

◆Λ0! pair production in STCF @ 4.682 GeV

◆Comparable sensitivities with Belle II for 𝛴1𝐾 or better
◆Sensitivities 𝓞(𝟏𝟎"𝟐) still far away from expectation 𝓞(𝟏𝟎"𝟒)

𝐴45
6"#

ϕ: CP-odd weak phase  

δ: CP-even strong phase

Preliminary result
Hong-Jian Wang, 
Pei-Rong Li et al.
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𝐴45
6$%# 𝐴45

6$!#&
%

𝑨𝑪𝑷𝜶 =
𝛂𝐟 − �̂� ̅𝐟
𝛂𝐟 + �̂� ̅𝐟

∝ − 𝐭𝐚𝐧 𝛟 𝐭𝐚𝐧 𝛅

He et al. arXiv:2404.19166
Cheng et al. arXiv:2505.07150



Potential research above 5GeV at STCF

Hadron spectroscopy
◆Many threshold opens: 

more potentials for hadron studies
◆Structures in more channels for XYZ physics
  with larger production rates above 5 GeV

■ eg. 𝐾𝐾𝐽/𝜓, ωω𝐽/𝜓, 𝜙𝜙𝐽/𝜓
◆Pc pentaquarks 

■ hidden-charm 𝐽/𝜓𝑁： 𝐽/𝜓𝑝�̅�, 𝐽/𝜓𝑛[𝑛 , ~4fb,  statistic: 𝓞(𝟏𝟎𝟑) events
neutron is hard for LHCb
■ open-charmed 𝑃*: Λ+?𝐷(∗)�̅�, Σ*

(∗)?𝐷(∗)�̅�. 𝒪(10) fb, LHCb observation
◆fully charmed tetraquark states via 𝑒$𝑒! → 𝐽/𝜓𝑐 ̅𝑐 etc above 6 GeV

■ 𝑐𝑐 ̅𝑐 ̅𝑐 states, double- 𝐽/𝜓 , double- 𝜂* , low lying 𝑐𝑐 ̅𝑐 ̅𝑐 .  
■𝒪(10) fb, clean channels (LHCb, CMS measurement)

@ 4.26 GeV for p+p-J/y
eBESIII = 46%, eBelle = 10%
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TDR related study – full simulation

Physics goal Processes Contributors

CKM matrix

𝐃 → 𝛑𝛍𝛎 Qingyuan Huang (UCAS)

𝐃 → 𝛍𝛎 Jiahui Qiao (HNU)

𝐃 → 𝐢𝐧𝐜𝐥𝐮𝐬𝐢𝐯𝐞 Jiayuan Su, Hongrui Liu (HUST)

𝛕 → 𝐊𝛎

Strong phase 𝐃𝟎 → 𝐊"𝛑!𝛑𝟎 Cheng Wang (LZU)

Charm mixing, 
strong phase

𝐂-even 
correlated 𝐃�̂�

Yinghao Wang (LZU, UCAS)
Qiang Lan (USC)

CPV in 𝜦𝒄6 decays 𝚲𝐊!, 𝚺𝟎𝐊!, 𝚺!𝐊𝐒𝟎 Hongjian Wang (LZU)
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◆Detailed full simulation for sensitivity study.
◆To be finished within this year.



Summary

◆The STCF is a next generation high luminosity 𝜏-charm facility
■R&D project is ongoing with strong backing from local governments
■Aiming to submit a proposal to the central government this year for 

inclusion in the15th five-year plan (2026-2030)
■All forms of collaboration are opened

◆The STCF has great physics potential for breakthroughs
■High statistics and advanced detector
■Various valuable physics results can be foreseen.
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2025年超级陶粲装置研讨会
◆2025年超级陶粲装置研讨会
◆湖南科技大学，湘潭，2025年7月2日至7月6日
◆https://indico.pnp.ustc.edu.cn/event/3672/
◆注册参会～300人
◆欢迎各位专家学者莅临指导交流 湖南科技⼤学
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