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P violation in charmed baryon
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𝒫Λ =
−𝛼 − 𝒫𝑇 ⋅ ො𝑛𝑧 ො𝑛𝑧 + 𝛽 𝒫𝑇 × ො𝑛𝑧 + 𝛾ො𝑛𝑧 × 𝒫𝑇 × ො𝑛𝑧

1 + 𝛼𝒫𝑇 ⋅ ො𝑛𝑧

If parity violation exists: 𝜶, 𝜷 ≠ 𝟎, 𝜸 ≠ −𝟏

𝛼 =
2Re(𝑠∗𝑝)

| |s 2 + 𝑝 2
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| |s 2 + 𝑝 2 𝛾 =
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𝛽 = 1 − 𝛼2sinΔ 𝛾 = 1 − 𝛼2cosΔ

𝛼2 + 𝛽2 + 𝛾2 = 1

• Transform using a simple linear relation



CP violation in charmed baryon

November 19, 2024 3

𝛼 =
2Re(𝑠∗𝑝)

| |s 2 + 𝑝 2
𝛽 =

2Im(𝑠∗𝑝)

| |s 2 + 𝑝 2
𝛾 =

| |s 2 − 𝑝 2

| |s 2 + 𝑝 2

𝑠 = 𝑠 𝑒𝑖𝜉𝑠𝑒𝑖𝜙𝑠

𝑝 = 𝑝 𝑒𝑖𝜉𝑝𝑒𝑖𝜙𝑝

ҧ𝑠 = − 𝑠 𝑒𝑖𝜉𝑠𝑒−𝑖𝜙𝑠

ҧ𝑝 = 𝑝 𝑒𝑖𝜉𝑝𝑒−𝑖𝜙𝑝

under CP transformation 𝜙 weak phase
𝜉 strong phase

• If CP conserved:

𝑠 −𝑠

𝑝 𝑝

CP

CP

Λ𝑐
+ 1

2

+
→ Λ

1

2

+
𝜋+(0−)  as an example

CP

CP

CP

𝛼 ത𝛼 = −𝛼

𝛽 ҧ𝛽 = −𝛽

𝛾 ҧ𝛾 = +𝛾

All polarization induced CPV observables can be derived using 𝛼/ ത𝛼 and Δ/ഥΔ.
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PRL 131.191901(2023)

CPC 46.113003(2022)Available data for charmed baryons

✓ 0.587 fb−1 at 4.6 GeV (35 days in 2014)

✓ 3.9 fb−1 scan at 4.61, 4.63, 4.64, 4.66, 4.68, 4.70 GeV (186 days in 2020)

✓ 1.93 fb−1 scan at 4.74, 4.75, 4.78, 4.84, 4.92, 4.95 GeV (99 days in 2021)

➢ Close to the production threshold, a relatively clean background environment.

Total: 

6.4 fb−1
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Λ𝑐
+ → Ξ0𝐾+

Λ𝑐
+ → Λ𝜋+𝜋0

Λ𝑐
+ → Λ𝜋+𝜂

Λ𝑐
+ → pKs

0, Λ𝜋+, Σ0𝜋+, Σ+𝜋0

II. Partial wave analysis

I. Angular analysis

PRD 100.072004 (2019)

JHEP 12.033 (2022)

PRL 132.031801 (2024)

arXiv: 2407.12270

Two-body decay

Multi-body decay

➢ There were no 𝛼-induced CPV measurement results for charmed baryon in the BESIII experiment.
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Current results on BESIII: Angular analysis
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PRD 100.072004 (2019)

➢ The first polarization measurement about Λ𝑐
+ in the BESIII experiment.

➢ To be updated using total Λ𝑐
+ data with 6.4 fb−1 on the BESIII experiment.
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PRL 132.031801 (2024)

➢ Focus on the polarization in the pure W-exchange diagram Λ𝑐
+ → Ξ0𝐾+.

A seven-dimensional angular analysis.



Current results on BESIII: Angular analysis
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PRL 132.031801 (2024)

𝛼Ξ0K+ = 0.01 ± 0.16 ± 0.03

ΔΞ0K+ = 3.84 ± 0.90 ± 0.17 rad

Strong phase shift: −1.55(1.59) ± 0.25 ± 0.05 rad
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Partial wave analysis of the charmed baryon hadronic decay 粗体  大写  lambda 下标  加粗斜体  c ...次方  加  渐近于  粗体  大写  lambda 加粗斜体  pi ...次方  加  设备控制  4 加粗斜体  pi ...次方  粗体  0 

Partial wave analysis of the charmed baryon hadronic decay 𝚲𝒄
+ → 𝚲𝝅+𝝅𝟎

JHEP 12.033 (2022)

https://doi.org/10.1007/JHEP12(2022)033
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Observation of  and evidence for 上标  基线  , 粗体  大写  Sigma 左圆括号  粗体  1 粗体  3 粗体  8 粗体  0 右圆括号  , 结束  基线  , ...次方  加  

Observation of 𝚲𝒄
+ → 𝚲𝐚𝟎 𝟗𝟖𝟎 + and evidence for 𝚺(𝟏𝟑𝟖𝟎)+ in 𝚲𝒄

+ → 𝚲𝝅+𝜼

arXiv: 2407.12270

https://arxiv.org/abs/2407.12270
https://arxiv.org/abs/2407.12270


Future plan for BESIII
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Λ𝑐
+ → modes 𝛼 Luminosity Future precision (statistical uncertainty only)

𝑝𝐾𝑠
0 0.18 ± 0.43 ± 0.14

0.6 fb−1

~0.18

Λ𝜋+ −0.80 ± 0.11 ± 0.02 ~0.02

Σ0𝜋+ −0.73 ± 0.17 ± 0.07 ~0.03

Σ+𝜋0 −0.57 ± 0.10 ± 0.07 ~0.02

Λ𝜌(770)+ −0.763 ± 0.053 ± 0.045

4.4 fb−1

~0.029

Σ(1385)+𝜋0 −0.917 ± 0.069 ± 0.056 ~0.037

Σ(1385)0𝜋+ −0.789 ± 0.098 ± 0.056 ~0.053

Ξ0𝐾+ 0.01 ± 0.16 ± 0.03 ~0.09

Λ𝑎(980)+ 0.91−0.18
+0.09 ± 0.08

6.1 fb−1

~0.11

Σ(1385)+𝜂 −0.61 ± 0.15 ± 0.04 ~0.10

Λ 1670 𝜋+ 0.21 ± 0.27 ± 0.33 ~0.17

6.4 fb−1

➢ If beam is polarized, how is the precision about Λ𝑐
+ polarization parameters?
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For simplicity: ത𝑃𝑍 = 0 and ത𝑃𝑇 = 𝑃𝑇 

Ref. Phys. Rev. D 110.014035

Phys. Rev. D 105.116022

Phys. Rev. D   99.056008

Spin density matrix:

• 𝑃𝑇: beam transverse polarization

• 𝑃𝑍: beam longitudinal polarization



Generation of baryon & anti-baryon on STCF
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Ref. Phys. Rev. D 110.014035

Phys. Rev. D 105.116022

Phys. Rev. D   99.056008
Based on the spin density matrix, 

joint density matrix of baryon & anti-baryon pair:

𝛽0 = 1 − 𝛼0
2sinΔ0, 𝛾0 = 1 − 𝛼0

2cosΔ0 

You can clearly see the contributions from: 

1) non-polarization;

2) transverse polarization;

3) longitudinal polarization.



Baryon decay

November 19, 2024 14

Ref. Phys. Rev. D 110.014035

Phys. Rev. D 105.116022

Phys. Rev. D   99.056008
𝒂-matrix: 𝚲𝐜

+ and daughter particle decay:

Σ0 → 𝛾Λ P conserved
For 𝚲𝒄

+ → 𝒑𝑲𝒔
𝟎:

For 𝚲𝒄
+ → 𝚲𝝅+:

All angular distribution formulas can be derived.

➢ This matrix is only for 
1

2

+
→

1

2

+
+ 0− 

Note:
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➢ Simple scaling using yield (luminosity) based on current statistical uncertainty. 𝜎 ∝
1

ℒ
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P.S. : Based on the study of FastSim package designed for STCF, efficiency curve has little impact.

1. Using PHSP model

2. BESIII efficiency response

Simulation:

3. Same event selection requirements as BESIII

1. Likelihood fit

3. Give the absolute statistical uncertainty

Fit:

2. Fix different beam polarization

Can be determined by other efficiency method

Sampling:

1. Using the Angular Distribution Model

2. Input parameters

[a] arXiv: 2409.02759; 

[b] Sci. Bull. 68, 583-592 (2023); 

[c] Phys. Rev. Lett.129.131801;

Others are estimated values. 

[a]

[a]

[a]

[b]

[c]

[c]

3. Mix background from BESIII with the same    

signal-background ratio



Statistical uncertainty estimation for 𝜶𝐩𝐊𝐬𝟎
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1. Longitudinal beam polarization has greater advantages in measuring P violation parameters.

2. When the longitudinal polarization is 50%, it only takes one year to achieve the accuracy of LHCb experiment based on 50 fb−1.

Transverse  

polarization 

of beam

Longitudinal 

polarization 

of beam



Statistical uncertainty estimation for 𝜶𝚲𝛑+ and 𝚫𝚲𝛑+
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✓ Using high longitudinal polarization beam, Belle II’s and LHCb’s measurement precision can also be achieved on STCF.

✓ Even we can test 𝛽-induced CPV.
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Statistical uncertainty estimation for 𝐀𝑪𝑷
𝚲𝝅+

✓ The improvement of beam polarization 

often corresponds to a decrease in the 

demand for integrated luminosity.

All the parameters studied can close or achieve  

accuracy of Belle II and LHCb on STCF using 

2 ab−1 data with a large longitudinal polarized beam.
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A short summary

Λ𝑐
+ → Λ𝜋+ 𝑃𝑍

𝛼Λ𝜋+ precision with  1 ab−1

(statistical uncertainty only)

𝐴𝐶𝑃
𝛼 precision with  1 ab−1

(statistical uncertainty only)

Non-polarized 0.0 2.17 × 10−3 2.76 × 10−3

Longitudinal polarization

0.3 1.96 × 10−3 2.49 × 10−3

0.5 1.66 × 10−3 2.12 × 10−3

1.0 1.07 × 10−3 1.37 × 10−3

➢ Estimated based on the 𝜶𝚲𝝅+ = −𝟎. 𝟕𝟖𝟓, and 𝐀𝑪𝑷
𝚲𝝅+ = 𝟎.

➢ The absolute value of CPV is not very important in prediction, since the value is so small (10−3~4) in charmed baryon.

𝜎 𝐴𝐶𝑃 ~ 1 − 𝐴𝐶𝑃
2 ×

𝜎(𝛼)

|𝛼|
~1

➢ How to estimate the 𝐴𝐶𝑃 precision for SCS decay Λ𝑐
+ → Λ𝐾+?

1) At the same luminosity (1.0 ab−1), it is necessary to consider 

the impact of branching fraction on yield 
ℬ(Λ𝑐

+→Λ𝐾+)

ℬ(Λ𝑐
+→Λ𝜋+)

=
0.0642%

1.29%

2) Considering the difference in
𝛼
Λ𝐾+

𝛼Λ𝜋+
=

−0.58

−0.755

3) The detection efficiency of 𝐾± and 𝜋± is similar.

𝜎(𝛼)

|𝛼|

When 𝑃𝑍 = 1.0 𝜎 𝐴𝐶𝑃
Λ𝐾+ ~𝜎 𝐴𝐶𝑃

Λ𝜋+ ×
ℬ(Λ𝑐

+ → Λ𝜋+)

ℬ(Λ𝑐
+ → Λ𝐾+)

/
𝛼Λ𝐾+

𝛼Λ𝜋+
= 8 × 10−3

Still difficult to 
test CPV in SM

0.02 for BESIII now
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1. Longitudinal polarization has a greater improvement in precision compared to transverse polarization.

2. Large longitudinal polarization is necessary for P and CP violation parameters measurement.

3. All 𝚲𝒄
+ polarization parameters have significant precision advantages on STCF!

4. Precision of 𝚫 will allow us to explore 𝛽-induced CPV.

5. Although the current research focuses on the CF processes, their formula form are exactly the same as SCS 

processes.

6. There is still a lack of data to test the CPV phenomenon in SM in the exploration of polarization-induced CPV.

Λ𝑐
+ → pKs

0

Λ𝑐
+ → Λ𝜋+

Λ𝑐
+ → Σ0𝜋+

Λ𝑐
+ → 𝑝𝜂

Λ𝑐
+ → Λ𝐾+

Λ𝑐
+ → Σ0𝐾+

Many thanks!
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backup
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Statistical uncertainty estimation for 𝚫𝚲𝝅+

November 19, 2024 24



Statistical uncertainty estimation for 𝜶𝚺𝟎𝝅+
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Statistical uncertainty estimation for 𝚫𝚺𝟎𝝅+
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Statistical uncertainty estimation for 𝐀𝐂𝐏
𝒑𝑲𝒔

𝟎
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Statistical uncertainty estimation for 𝐀𝐂𝐏
𝚲𝝅+
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Statistical uncertainty estimation for 𝐀𝐂𝐏
𝚺𝟎𝝅+



Partial wave analysis
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Gounaris Sakurai model

DV-Bugg model Flatte-like model

➢ The amplitude for each decay level: 𝑅𝑎𝑏 → 𝑎 + 𝑏

𝐴𝜆𝑅𝑎𝑏 , 𝜆𝑅𝑎 , 𝜆𝑅𝑏
𝑅𝑎𝑏→𝑎+𝑏 = 𝐻𝜆𝑅𝑎 , 𝜆𝑅𝑏

𝑅𝑎𝑏→𝑎+𝑏𝐷
𝜆𝑅𝑎𝑏 , 𝜆𝑅𝑎−𝜆𝑅𝑏

𝐽𝑅𝑎𝑏
∗

(𝜙, 𝜃0, 0)

➢ The helicity coupled amplitude can be expanded by LS coupling formula:

𝐻𝜆𝑅𝑎 , 𝜆𝑅𝑏
𝑅𝑎𝑏→𝑎+𝑏 =෍

𝑙𝑠

𝑔𝑙𝑠
2𝑙 + 1

2𝐽0 + 1
𝑙𝑠, 0 𝛿 𝐽0, 𝛿 𝐽1𝐽2, 𝜆1 − 𝜆2 𝑠, 𝛿 𝑞𝑙𝐵𝑙

′(𝑞, 𝑞0, 𝑑)

➢ Take the decay 𝜌 770 + → 𝜋+ + 𝜋0 as an example:

𝐴𝜆
Λ𝑐
+ , 𝜆Λ

𝜌 770 +

= ෍

𝜆𝜌 770 + , 𝜆Λ

𝐴𝜆
Λ𝑐
+ , 𝜆𝜌 770 + , 𝜆Λ

Λ𝑐
+→Λ𝜌 770 +

𝑅𝜌 770 +(𝑀𝜋+𝜋0)𝐴𝜆
𝜌 770 + ,0,0
𝜌 770 +→𝜋++𝜋0

➢ For the resonance 𝜌 770 +, Gounaris Sakurai model is used.

➢ For the other resonance model, like relativistic Breit-Wigner (RBW) formular, the DV-Bugg model, and Flatte-like model

can be used.

➢ Finally, we can use the 𝑔𝑙𝑠 results to construct many polarization parameters.

https://doi.org/10.1103/PhysRevLett.21.244
https://doi.org/10.1088/0954-3899/34/1/011
https://doi.org/10.1016/j.physrep.2016.09.001
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𝐵

Γ

The amplitude for the two-body weak decay 𝐵𝑖 → 𝐵𝑓 + 𝑃 can be parameterized as 

𝑀 𝐵𝑖 → 𝐵𝑓 + 𝑃 = 𝑖ത𝑢𝑓 𝐴 − 𝐵𝛾5 𝑢𝑖
𝐴 → 𝑠, 𝐵 → 𝑝/𝜅

𝜅 = Ԧ𝑝𝑐 /(𝐸Λ +𝑚Λ)

Γ =
ℬ(Λ𝑐

+ → Λ𝜋+)

𝜏Λ𝑐+
=
| Ԧ𝑝𝑐|

8𝜋

𝑚Λ𝑐
+ +𝑚Λ

2
−𝑚𝜋+

2

𝑚
Λ𝑐
+

2 𝐴 2 +
𝑚Λ𝑐

+ −𝑚Λ
2
−𝑚𝜋+

2

𝑚
Λ𝑐
+

2 𝐵 2

𝛼 =
2𝜅 𝐴 |𝐵|cos(𝛿𝑝 − 𝛿𝑠)

𝐴 2 + 𝜅2 𝐵 2 Δ = arctan
2𝜅 𝐴 |𝐵|sin(𝛿𝑝 − 𝛿𝑠)

𝐴 2 − 𝜅2 𝐵 2

Three unknowns and three independent equations.

𝛾 =
| |A 2 − 𝜅2 𝐵 2

| |A 2 + 𝜅2 𝐵 2

✓ Once 𝛾 > 0 or 𝛾 < 0, one solution will be determined.
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γ* γ*

The emission of synchrotron radiation could lead to transverse 

polarization of the beam in electron positron storage rings.  

(Sokolov Ternov effect, 1964)

Emission of synchrotron radiation causes spontaneous spin flip, 

with different probability between the two scenarios.

Cited from Yutie’s talk
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