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Ø Peaking luminosity: > 0.5´1035 cm-2 s-1 @ 4 GeV
Ø Potential to increase luminosity & realize beam polarization
Ø Total cost: 4.5B RMB
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Super Tau-Charm Facility (STCF) 
in China 

Linac: 400m

Storage ring: 800m𝒆! damping ring

Energy range: Ecm = 2 - 7 GeV



STCF Detector
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MDC
σxy< 130 mm
σp/p ~ 0.5% @ 1 GeV
dE/dx~6%

ITK
<0.25%X0 / layer 

σxy< 100 mm

PID
p/K (and K/p) 3-4s separation 
up to 2GeV/c

EMC 
E range: 0.025-2GeV
σE @ 1 GeV: 2 .5% in barrel, 4% 

at endcaps
Pos. Res. :  ~ 4 mm

MUD
0.4 - 1.8 GeV
p suppression >30

Requirement:
• High detection efficiency and good resolution
• Superior PID capability
• Tolerance to high rate/background environment
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Activities: http://cicpi.ustc.edu.cn/indico/categoryDisplay.py?categId=2

http://cicpi.ustc.edu.cn/indico/categoryDisplay.py?categId=2


Conceptual design report (CDR)
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The first version of CDR (three volumes) 
finished, to be publish soon.



Machine Parameters
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Expected Data Samples at STCF

7

Data sample produced per year

XYZ Factory 

Ø BelleII (50/ab) has more statistics
Ø LHCb have much more statistics, but huge 

background
Ø STCF is expected to have higher detection 

efficiency and low bkgs for productions at
threshold

Ø Additionally, STCF has excellent 
resolution,  kinematic constraining

Light meson Factory

Hyperon Factory
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Outline
✍ Collins effect
✍ 𝒃 → 𝒔 𝜸 photon polarization
✍ 𝑫𝒔" → ℓ"𝝂ℓ
• ℓ = 𝝉
• ℓ = 𝝁

✍ CP violation 
• 𝚲 decay 

Ø with non-polarized beam
Ø with polarized 𝒆$ beam

• 𝑲𝟎 − /𝑲𝟎 system
Ø in 𝑱/𝝍 decay
Ø in 𝝉$ decay

H.J. Li et al., EPJC 82 (2022) 310

J. J. Liu et al., EPJC 82 (2022) 337

J. Y. Zhang et al., draft ready

Y. Xu et al., submitted

S. Zeng et al., ongoing

Y.L. Fan et al., EPJC 81 (2021) 1068

H. Y. Sang et al., CPC 45 (2021) 053003

B. L. Wang et al., Journal of UCAS 38 (2021) 433
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Collins effect
𝒆!𝒆" → 𝒒)𝒒 𝝈 ≈ 𝟓 𝐧𝐛, 𝐋𝐮𝐧𝐝𝐚𝐫𝐥𝐰 @ 𝒔 = 𝟕 𝐆𝐞𝐕 𝐰𝐢𝐭𝐡 𝐚 𝐌𝐂 𝐨𝐟 𝟏 𝐚𝐛"𝟏

B. L. Wang et al., Journal of UCAS 38 (2021) 433

𝑫𝒉,𝒒↑ 𝔃, 𝑷𝒉(𝟐 = 𝑫𝟏
𝒒 𝔃, 𝑷𝒉(𝟐

+𝑯𝟏
(𝒒 𝔃, 𝑷𝒉(𝟐

J𝒌 ×𝑷𝒉( ⋅ 𝑺𝒒
𝔃𝑴𝒉

unpolarized 

• The number density [1,2]:

𝑯𝟏
(𝒒

H𝐚𝐝𝐫𝐨𝐧

𝑷𝒉(

[1] J. C. Collins, Nucl. Phys. B 396, 161 (1993).
[2] R. Seidl et al. (Belle Collaboration), Phys. Rev. D 78, 032011 (2008).

𝔃 = 𝑬𝒉
𝒔/𝟐

: fractional energy of hadron (h)

Transversely 
polarized 
quark 

spin
SIDIS: Transversity ⨂ Collins FF

𝒆!𝒆" : Collins FF ⨂ Collins FF
Collins function



Azimuthal angle 
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Unlike-sign (𝐔) 𝒆!𝒆" → 𝒒)𝒒 → 𝒉𝟏
±𝒉𝟐∓𝑿

Like-sign (𝐋): 𝒆!𝒆" → 𝒒)𝒒 → 𝒉𝟏
±𝒉𝟐

±𝑿

(𝒉𝟏 = 𝒉𝟐 = 𝝅,𝑲)

• Double ratio (DR):

𝐃𝐑 𝟐𝝓𝟎 =
𝑹𝑼

𝑹𝑳 = 𝟏 + 𝑨𝑼𝑳 𝐜𝐨𝐬(𝟐𝝓𝟎)

𝑹𝑼 𝑳 =
𝑵 𝟐𝝓𝟎

< 𝑵𝟎 >

Collins asymmetry 

Average yield
Yield of 𝒉𝟏𝒉𝟐 pair in a 𝟐𝝓𝟎 range 

• The ratio of the relative statistical uncertainty of 𝑨𝐨𝐮𝐭𝐩𝐮𝐭𝑼𝑳 with 1 𝐚𝐛"𝟏 over the 
precision of 2% required by EicC. 

When 𝑨𝐢𝐧𝐩𝐮𝐭𝑼𝑳 > 𝟎. 𝟎𝟕, the relative  
statistical uncertainty of 𝑨𝐨𝐮𝐭𝐩𝐮𝐭𝑼𝑳

with 1 𝐚𝐛"𝟏 is better than 2%.
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𝒃 → 𝒔 𝜸 photon polarization 
𝑫𝟎 → 𝑲𝟏 𝟏𝟐𝟕𝟎 $𝒆!𝝂𝒆@ 𝒔 = 𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕 𝐰𝐢𝐭𝐡 𝐚 𝐌𝐂 𝐨𝐟 𝟏 𝐚𝐛$𝟏

In SM, 𝒃 → 𝒔 𝜸： predominantly left-handed.
New physics: a right-handed photon polarization.

[1] M. Gronau and D. Pirjol, Phys. Rev. D 66, 054008 (2002).
[2] W. Wang, F. S. Yu, and Z. X. Zhao, Phys. Rev. Lett. 125, 051802 (2020).

𝝀𝜸 =
𝟒 𝑨𝐔𝐃
𝟑 𝑨𝐔𝐃)

• The ratio of up-down asymmetry:

𝑨𝐔𝐃: =
𝚪 𝐜𝐨𝐬 𝜽𝑲 > 𝟎 − 𝚪 𝐜𝐨𝐬 𝜽𝑲 < 𝟎
𝚪 𝐜𝐨𝐬 𝜽𝒍 > 𝟎 − 𝚪(𝐜𝐨𝐬 𝜽𝒍 < 𝟎)

Y.L. Fan et al., EPJC 81 (2021) 1068

• The photon helicity (𝝀𝜸) in 𝑩 → 𝑲𝟏 𝜸 [1]  

in 𝑩! → 𝑲𝟏
! 𝜸

𝐢𝐧 𝑫𝟎 → 𝑲𝟏
"𝒆!𝝂𝒆

𝑫𝟎 → 𝑲𝟏 𝟏𝟐𝟕𝟎 " → 𝑲"𝝅!𝝅" 𝒆!𝝂𝒆

𝝀𝜸 =
𝑪𝟕𝑹 𝟐 − 𝑪𝟕𝑳 𝟐

𝑪𝟕𝑹 𝟐 + 𝑪𝟕𝑳 𝟐

C: Wilson coefficients

• In Ref.[2]
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p Efficiency corrected signal yields

𝟏 𝐚𝐛"𝟏 The statistical uncertainty of 𝑨𝐔𝐃:

Default 𝟏. 𝟖×𝟏𝟎"𝟐

With optimizations 𝟏. 𝟓×𝟏𝟎"𝟐 Improved by 17%

p Results

p Optimization parameters for the STCF detector
• Reconstructed efficiencies for tracks are improved by 10%;
• 𝝅/𝒆mis-identification rate: 3.2% @ 0.2 GeV/c.
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Pure leptonic 𝑫𝒔" decays
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• Axial current (nonperturbative) 

< 𝟎|p𝒔 𝜸𝝁 𝜸𝟓 𝒄 |𝑫𝒔! >= 𝒊 𝒑𝝁 𝒇𝑫𝒔# .

• 𝑽𝒄𝒔: CKM matrix element, fundamental SM parameter, measured by experiments. 

𝒇𝑫𝒔#: 𝑫𝒔! decay constant

𝚪 =
𝑮𝑭𝟐

𝟖𝝅 𝒇𝑫𝒔#
𝟐 𝑽𝒄𝒔 𝟐𝒎𝒍

𝟐𝒎𝑫𝒔# 𝟏 −
𝒎𝒍
𝟐

𝒎𝑫𝒔#
𝟐

𝟐

• Decay width:

• Branching fraction: 𝑩𝒓 𝑫𝒔! → 𝒍!𝝂𝒍 = 𝚪 ⋅ 𝝉𝑫𝒔#

𝑩𝒓 𝑫𝒔! → 𝒍!𝝂𝒍 ∝ 𝒇𝑫𝒔# ⋅ 𝑽𝒄𝒔
𝟐 Direct measurement

(lifetime)

p 𝒇𝑫𝒔# : calibrate the Lattice QCD calculations

p 𝑽𝒄𝒔 : test the unitarity of the CKM matrix

p 𝝉!/𝝁! : test lepton flavor universality
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𝑫𝒔" → ℓ"𝝂ℓ ℓ = 𝝉, 𝝁 + 𝒄. 𝒄.
𝒆!𝒆" → 𝑫𝒔!𝑫𝒔" @𝟒. 𝟎𝟎𝟗 𝐆𝐞𝐕 𝐰𝐢𝐭𝐡 𝐚 𝐠𝐞𝐧𝐞𝐫𝐢𝐜 𝐌𝐂 𝐨𝐟 𝟎. 𝟏 𝐚𝐛"𝟏

H.J. Li et al., EPJC 82(2022)310
Signal peak

J. J. Liu et al., EPJC 82(2022)337

𝐌𝐌𝟐 = 𝑬𝐛𝐞𝐚𝐦 − 𝑬𝝁#
𝟐 − −𝒑𝑫𝒔$ − 𝒑𝝁#

𝟐

Missing mass squared.

𝐌𝐌𝟐 (𝐆𝐞𝐕𝟐/𝒄𝟒)
𝑬𝐞𝐱𝐭𝐫𝐚𝐭𝐨𝐭 (𝐆𝐞𝐕)

• 𝑫𝒔! → 𝝉!𝝂𝝉 via 𝝉! → 𝒆!𝝂𝒆)𝝂𝝉 • 𝑫𝒔! → 𝝁!𝝂𝝁

𝑬𝐞𝐱𝐭𝐫𝐚𝐭𝐨𝐭 : the total energy of the extra good 
EMC showers.
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p Optimization of detector response

• Reconstructed efficiencies for tracks are improved by 10%;
• 𝝅/𝑲mis-identification rates: 1.0% @ 1 GeV/c.
• 𝝅/𝝁mis-identification rates: 3.0% @ 1 GeV/c.

Source
(𝟏 𝐚𝐛$𝟏)

𝑩𝒓𝑫𝒔"→𝝉"𝝂𝝉 𝑩𝒓𝑫𝒔"→𝝁"𝝂𝝁
𝑩𝒓𝑫𝒔"→𝝉"𝝂𝝉
𝑩𝒓𝑫𝒔"→𝝁"𝝂𝝁

Combined 𝝉 and 𝝁 (STCF)

𝒇𝑫𝒔" (𝐌𝐞𝐕) |𝑽𝒄𝒔|
Relative 
stat. 0.3% 0.2% 0.5% 0.1% 0.2%

p Results

Comparable to uncertainty (0.2%) of the LQCD calculation 𝟐𝟒𝟗. 𝟗 ± 𝟎. 𝟓 𝐌𝐞𝐕.

Syst.: limited by the uncertainty (0.8%) of the 𝑫𝒔! lifetime 𝝉𝑫𝒔# = (𝟓𝟎𝟒 ± 𝟒)×𝟏𝟎"𝟏𝟓 s.
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CP violation (CPV)
p Sakharov conditions for the observed matter-antimatter asymmetry :

• Baryon number violation

• C and CP violation

• Out of thermal equilibrium

p CPV in SM is too small:

Source CPV magnitude Experiments

𝑲 meson 𝓞(𝟏𝟎"𝟑) Discovered in 1964 at Fix targets

𝑩 meson 𝓞(𝟏) Discovered in 2001 at BaBar and Belle

𝑫 meson 𝓞(𝟏𝟎"𝟒) Discovered in 2019 at LHCb

𝚲𝒃𝟎 baryon 𝓞(𝟏𝟎"𝟒) Evidence in 2017 at LHCb
CPV has yet to be established in baryonic decay and lepton sector.
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CP violation of 𝚲 decay
with 𝐚 𝐌𝐂 𝐨𝐟 𝑱/𝝍 𝐞𝐯𝐞𝐧𝐭𝐬 @ 𝟑. 𝟎𝟗𝟕 𝐆𝐞𝐕𝒆!𝒆" → 𝑱/𝝍 → 𝚲 → 𝒑𝝅" )𝚲(→ )𝒏𝝅𝟎, )𝒑𝝅!)

• The joint angular distribution

∝ polarizability 𝑷𝒛 of the 𝒆" beam

Polarized 𝒆" beam case [1] = Non-polarized beam case 

+ 𝜶𝟏𝑻𝟔 + 𝜶𝟐𝑻𝟕 − 𝜶𝟏𝜶𝟐𝑻𝟖

[1] N. Salone et al., Phys. Rev. D 105, 116022 (2022).

• The angular distribution of proton in  𝚲 → 𝒑 𝝅"

𝚲 polarization

asymmetry parameter 

𝜟𝜱 ≠ 𝟎, the phase difference between helicity conserving and helicity flip amplitudes of 
𝒆!𝒆" → 𝚲)𝚲.

𝟏
𝟒𝝅
(𝟏 + 𝜶𝟏 𝑷 𝚲 ⋅ J)𝒏)

• 𝚲 polarizaiton

𝜽: 𝐚𝐧𝐠𝐥𝐞(𝚲, 𝒆!)
Or

𝜽: 𝐚𝐧𝐠𝐥𝐞(𝚲, 𝒆")
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• The polarization of 𝚲 in the 𝒚-axis with 
non-polarized beam:

𝑷𝚲 𝐢𝐧 𝒚 =
𝟏 − 𝜶𝟐 𝐬𝐢𝐧 𝜽 𝐜𝐨𝐬 𝜽
𝟏 + 𝜶 𝐜𝐨𝐬𝟐𝜽 𝐬𝐢𝐧 (𝜟𝜱)

• The polarization of 𝚲 with polarized 𝒆" beam:

y-axis

y-axis

x-axis

The magnitude

The magnitudes are higher.

𝑷𝒛 : 𝒆$ beam polarizability

z-axis

Y. Xu et al., submitted

S. Zeng et al., ongoing
The magnitude 

Included detection efficiency

𝜽: 𝐚𝐧𝐠𝐥𝐞(𝚲, 𝒆!)

𝜽: 𝐚𝐧𝐠𝐥𝐞(𝚲, 𝒆")
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𝑨𝑪𝑷 =
𝜶𝟏 + 𝜶𝟐
𝜶𝟏 − 𝜶𝟐

~𝓞(𝟏𝟎$𝟒)
Theoretical prediction 𝑨𝑪𝑷 ≈ 𝟏𝟎"𝟒 [1,2].

(If CP is conserved, 𝜶𝟏 = −𝜶𝟐, 𝑨𝑪𝑷 = 𝟎)  

[1] J. F. Donoghue, X. G. He, and S. Pakvasa, Phys. Rev. D 34, 833 (1986).
[2] I. I. Bigi, X. W. Kang, and H. B. Li, Chin. Phys. C 42, 013101 (2018).

• The statistical sensitivity for CP violation in 𝜦 decays with 𝟏×𝟏𝟎𝟏𝟐 𝑱/𝝍 events in the 
non-polarized beam case.

𝑷𝒛 = 𝟎. 𝟖
𝑷𝒛 = 𝟎

• The precision of each parameter with different polarizability 𝑷𝒛 of the 𝒆" beam
(𝟏×𝟏𝟎𝟏𝟐 𝑱/𝝍 events).

• The sensitivity of 𝑨𝑪𝑷 is expected to be smaller in the polarized beam case.

𝚲 → 𝒑 𝝅" )𝚲 → )𝒑 𝝅!



20

CP violation of 𝑲𝟎 − .𝑲𝟎 system
• Strangeness is conserved in strong interaction

• Strangeness can be changed in weak interaction 

• Assume CP is symmetric, 
the CP eigenstates: 

𝑪𝑷 = 𝟏:

|𝑲𝟏 >=
𝟏
𝟐
[|𝑲𝟎 > + )𝑲𝟎 > ,

𝑪𝑷 = −𝟏:

|𝑲𝟐 >=
𝟏
𝟐
[|𝑲𝟎 > − )𝑲𝟎 > ,

• But CP is violated in weak interaction, the 
mass states:

|𝑲𝑺 >=
𝟏

𝟏 + 𝝐𝑺 𝟐
[|𝑲𝟏 > +𝝐𝑺 𝑲𝟐 >

|𝑲𝑳 >=
𝟏

𝟏 + 𝝐𝑳 𝟐
[|𝑲𝟐 > +𝝐𝑳 𝑲𝟏 >

𝝐𝑺 = 𝝐 + 𝜹, 𝝐𝑳 = 𝝐 − 𝜹.

(If CP conservation: 𝝐𝑺 = 𝝐𝑳 = 𝟎)

𝑲𝟎 = 𝒅 p𝒔, )𝑲𝟎 = )𝒅 𝒔

𝑲𝟎 − )𝑲𝟎 mixing or oscillatione.g. 𝑲𝟎 → 𝝅!𝝅"
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𝒆!𝒆" → 𝑱/𝝍 → 𝑲"𝝅!𝑲𝟎 → 𝝅!𝝅" + 𝒄. 𝒄.𝐰𝐢𝐭𝐡 𝟑. 𝟗×𝟏𝟎𝟗 signal events. 

• Introduce the CP violation parameters:

𝜼!" =
𝑨(𝑲𝑳 → 𝝅!𝝅")
𝑨(𝑲𝑺 → 𝝅!𝝅") = 𝜼!" 𝒆𝝓#$

Amplitude
• The 𝑲𝟎/)𝑲𝟎 can be tagged:

𝑱/𝝍 → 𝑲"𝝅!𝑲𝟎

𝝉𝑲 =
𝒎𝑲⋅ 𝑳𝑲
𝒑𝑲

• The decay lifetime of 𝑲𝟎 ( )𝑲𝟎) at STCF:

𝑱/𝝍 → 𝑲!𝝅")𝑲𝟎

The position uncertainty of production 
vertex is taken as 𝝈𝒙 = 𝟏𝟑. 𝟔 𝛍𝐦, 
𝝈𝒚 = 𝟏. 𝟒 𝛍𝐦, 𝝈𝒛 = 𝟓𝟎 𝛍𝐦.

vertex 
constrained fit 

vertex 
constrained fit 

𝑱/𝝍 → 𝑲%𝝅"𝑲𝟎 + 𝒄. 𝒄.

J. Y. Zhang et al., draft ready



22

• The time-dependent decay rate asymmetry

𝑨!" 𝝉 =
)𝑵 𝝉 − 𝒌𝑵(𝝉)
)𝑵 𝝉 + 𝒌𝑵(𝝉)

= −𝟐
𝜼𝒇 𝒆 𝜞𝑺(𝜞𝑳 𝝉 𝐜𝐨𝐬(𝜟𝒎 𝝉$𝝓𝒇)

𝟏! 𝜼𝒇
𝟐 𝒆 𝜞𝑺(𝜞𝑳 𝝉

The relative precisions of the CP violation 
parameters are 𝟏×𝟏𝟎"𝟑. 

• The number of time-dependent events
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𝝉% → 𝑲𝑺
𝟎𝝅%𝝂𝝉 + 𝒄. 𝒄.

H. Y. Sang et al., CPC 45 (2021) 053003
𝒆!𝒆" → 𝝉!𝝉"(𝝈 ≈ 𝟑. 𝟓 𝐧𝐛) @ 𝒔 = 𝟒. 𝟐𝟔 𝐆𝐞𝐕 𝐰𝐢𝐭𝐡 𝐚 𝐌𝐂 𝐨𝐟 𝟏 𝐚𝐛"𝟏

In the SM, the CPV of 𝝉" → 𝑲𝑺
𝟎𝝅"𝝂𝝉 due to the 𝑲𝟎 − )𝑲𝟎 oscillation [1, 2]: 

𝑨𝐂𝐏 =
𝚪 𝝉! → 𝑲𝒔

𝟎𝝅!)𝝂𝝉 − 𝚪 𝝉" → 𝑲𝑺
𝟎𝝅"𝝂𝝉

𝚪 𝝉! → 𝑲𝒔
𝟎𝝅!)𝝂𝝉 + 𝚪 𝝉" → 𝑲𝑺

𝟎𝝅"𝝂𝝉

[1] I. I. Bigi and A. I. Sanda, Phys. Lett. B 625, 47 (2005).
[2] Y. Grossman and Y. Nir, JHEP 1204, 002 (2012).
[3] J. P. Lees et al. (BaBar Collaboration), Phys. Rev. D 85, 031102 (2012).

A higher-precision result of 𝝉" → 𝑲𝑺
𝟎𝝅"𝝂𝝉 is required to 

• hunt for signals of New physics.

• Determine the intermediate resonances parameters.

• Determine the CKM matrix element |𝑽𝐮𝐬|.

= 𝟎. 𝟑𝟑 ± 𝟎. 𝟎𝟏 %

BaBar Collaboration [3]:
𝑨𝐂𝐏[𝝉" → 𝑲𝒔

𝟎𝝅!(≥ 𝟎𝝅𝟎))𝝂𝝉] = −𝟎. 𝟑𝟔 ± 𝟎. 𝟐𝟑 ± 𝟎. 𝟏𝟏 %
𝟐. 𝟖 𝝈 𝐚way from the SM prediction after correction.
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𝒆!𝒆" → 𝝉!𝝉"
Decay chain:

Signal side: 𝝉" → 𝑲𝑺
𝟎𝝅"𝝂𝝉, 𝑲𝑺

𝟎 → 𝝅!𝝅"
Tag side: 𝝉! → ℓ!𝝂ℓ𝝂𝝉 (ℓ = 𝒆, 𝝁)

(The charge conjugate decays are always implied.)

After fitting the 𝑲𝑺
𝟎𝝅" invariant mass, the statistical 

sensitivity of 𝑨𝐂𝐏 is 𝟗. 𝟕×𝟏𝟎"𝟒 based on 𝟏 𝐚𝐛"𝟏 @4.26 GeV.

The statistical sensitivity of 𝑨𝐂𝐏 is 𝟑. 𝟏×𝟏𝟎"𝟒 based on 𝟏𝟎 𝐚𝐛"𝟏 @4.0 - 5.0 GeV.

The relative difference < 3% 𝑨𝐂𝐏 sensitivity ∝ 𝟏/ 𝓛

Comparable to uncertainty of the SM prediction of 𝟎. 𝟑𝟑 ± 𝟎. 𝟎𝟏 % .
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Channel (𝟏 𝐚𝐛"𝟏) Summary
𝒆!𝒆" → 𝒒)𝒒
@𝟕𝐆𝐞𝐕

The Collins asymmetry (> 0.07) with 1 𝐚𝐛"𝟏 can satisfy the 
precision of 2% required by EicC.

𝑫𝟎 → 𝑲𝟏 𝟏𝟐𝟕𝟎 "𝒆!𝝂𝒆
@𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕 The stat. of ratio of up-down asymmetry is 𝟏. 𝟓×𝟏𝟎"𝟐.

𝒆!𝒆" → 𝑫𝒔!𝑫𝒔"
@𝟒. 𝟎𝟎𝟗 𝐆𝐞𝐕

The relative stat. of 𝒇𝑫𝒔# is 0.1% with 𝑫𝒔! → ℓ!𝝂ℓ ℓ = 𝝉, 𝝁 .

𝑱/𝝍 → 𝚲)𝚲
@ 3.097 GeV 

CP violation in 𝜦 decays is 𝟏𝟎"𝟒 with non-polarized beam case;
The magnitude of 𝚲 polarization with polarized 𝒆" beam is 
higher than that with non-polarized beam.

𝑱/𝝍 → 𝑲"𝝅!𝑲𝟎 + 𝒄. 𝒄.
@ 3.097 GeV The relative stat. of the CP violation is 𝟏×𝟏𝟎"𝟑. 

𝒆!𝒆" → 𝝉!𝝉"
@4.26 GeV

CP violation in 𝝉" → 𝑲𝑺
𝟎𝝅"𝝂𝝉 decay is 𝟗. 𝟕×𝟏𝟎"𝟒, and will 

reach 𝟑. 𝟏×𝟏𝟎"𝟒 based on 𝟏𝟎 𝐚𝐛"𝟏 @4.0 - 5.0 GeV.

Summary

Thanks for your attention!
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Back up
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[1] M. Ablikim et al., Chin. Phys. C 44, 040001 (2020).
[2] E. Kou et al. (Belle II Collaboration), PTEP 2019, 123C01 (2019); 

PTEP 2020, 029201 (2020) (erratum).

Source
BESIII [1]
6 𝐟𝐛$𝟏 at 4.178 GeV

BelleII [1,2] 
50 𝐚𝐛$𝟏 at 𝜰(𝐧𝐒)

This work at STCF
1 𝐚𝐛$𝟏 at 4.009 GeV

Stat. (%) Syst. (%) Stat.(%) Syst.(%) Stat.(%) Syst.(%)
𝑩𝒓𝑫𝒔"→𝝉"𝝂𝝉 1.6 2.4 0.6 2.7 0.3 1.0

𝒇𝑫𝒔" (𝐌𝐞𝐕) 0.9 1.4 -- -- 0.2 0.6

|𝑽𝒄𝒔| 0.9 1.4 -- -- 0.3 0.7
𝑩𝒓𝑫𝒔"→𝝉"𝝂𝝉
𝑩𝒓𝑫𝒔"→𝝁"𝝂𝝁

2.6 2.8 0.9 3.2 0.5 1.1

The relative expected precisions

The external input of 𝑫𝒔! lifetime [𝝉𝑫𝒔" = 𝟓𝟎𝟒 ± 𝟒 ×𝟏𝟎$𝟏𝟓 s] introduces a relative 
uncertainty of 0.4%, need to be improved.
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𝑷𝒛 = 𝟎. 𝟖
𝑷𝒛 = 𝟎

The error of 𝜶 The error of 𝚫𝚽

The error of 𝜶𝟏 The error of 𝜶𝟐

• The precision of each parameter with different polarizability 𝑷𝒛 of the 𝒆$ beam
(normalized to 1 trillion 𝑱/𝝍 events).



34

• The reason for the much improved precision may come from the reduced global 
correlation factor.

The global correlation of 𝜶

𝑷𝒛 = 𝟎. 𝟖
𝑷𝒛 = 𝟎

The global correlation of 𝚫𝚽

The global correlation of 𝜶𝟏 The global correlation of 𝜶𝟐
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CP violation of 𝑲𝟎 − .𝑲𝟎 system
Neutral kaons have definite quark components and strangeness 𝑺 when they are 
produced by strong interaction (𝑲𝟎 = 𝒅 Y𝒔, [𝑲𝟎 = [𝒅 𝒔).

𝑲𝟎 − [𝑲𝟎 mixing

But the strangeness can be changed via flavor changing process (weak interaction), 
namely 𝑲𝟎 − [𝑲𝟎 mixing or oscillation.

Assume CP is symmetric, the CP eigenstates: 

|𝑲𝟏 >=
𝟏
𝟐
[|𝑲𝟎 > + )𝑲𝟎 > ,𝐰𝐢𝐭𝐡 𝑪𝑷 = 𝟏;

|𝑲𝟐 >=
𝟏
𝟐
[|𝑲𝟎 > − )𝑲𝟎 > ,𝐰𝐢𝐭𝐡 𝑪𝑷 = −𝟏;

But CP is violated in weak interaction, the mass 
states:

|𝑲𝑺 >=
𝟏

𝟏 + 𝝐𝑺 𝟐
[|𝑲𝟏 > +𝝐𝑺 𝑲𝟐 > ;

|𝑲𝑳 >=
𝟏

𝟏 + 𝝐𝑳 𝟐
[|𝑲𝟐 > +𝝐𝑳 𝑲𝟏 > ;

𝝐𝑺 = 𝝐 + 𝜹, 𝝐𝑳 = 𝝐 − 𝜹.
If CP conservation: 𝝐𝑺 = 𝝐𝑳 = 𝟎.

J. Y. Zhang et al., draft ready
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𝑴𝐦𝐢𝐬𝐬
𝟐 = 𝑬𝐦𝐢𝐬𝐬𝟐 − 𝒑𝐦𝐢𝐬𝐬 𝟐 𝑲𝟏 𝟏𝟐𝟕𝟎 / → 𝑲/𝝅0𝝅/

• Two-dimensional (2-D) fit for 𝑫𝟎 → 𝑲𝟏 𝟏𝟐𝟕𝟎 "𝒆!𝝂𝒆

• Efficiency corrected signal yields

The statistical uncertainty 
of 𝑨𝐔𝐃: 𝐢𝐬 𝟏. 𝟖×𝟏𝟎"𝟐.
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CP violation of 𝚲 decay
with 𝐚 𝐌𝐂 𝐨𝐟 𝑱/𝝍 𝐞𝐯𝐞𝐧𝐭𝐬 @ 𝟑. 𝟎𝟗𝟕 𝐆𝐞𝐕𝒆!𝒆$ → 𝑱/𝝍 → 𝚲 → 𝒑𝝅$ [𝚲(→ [𝒏𝝅𝟎, [𝒑𝝅!)

• The joint angular distribution with non-polarized beam:
The angular distribution of 𝑱/𝝍 → 𝚲 )𝚲

the transverse polarization effects of 𝚲 and )𝚲
the spin correlations between 𝚲 and )𝚲

Y. Xu et al., submitted

• The joint angular distribution with polarized 𝒆$ beam [1]:

∝ polarizability 𝑷𝒛 of the 𝒆$ beam

+ 𝜶𝟏𝑻𝟔 + 𝜶𝟐𝑻𝟕 − 𝜶𝟏𝜶𝟐𝑻𝟖

[1] N. Salone et al., Phys. Rev. D 105, 116022 (2022).

S. Zeng et al., ongoing

The angular distribution of 
proton in  𝚲 → 𝒑 𝝅$ is 
𝟏
𝟒𝝅
(𝟏 + 𝜶𝟏 𝑷 𝚲 ⋅ g[𝒏). 

polarization
asymmetry parameter 
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