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Reference: CKM 2021: 

https://indico.cern.ch/event/891123/contributio

ns/4601759/attachments/2350184/4008550/C

KM%202021%20-

%20charm%20CPV%20and%20mixing.pdf

Reference: CKM 2021:

https://indico.cern.ch/event/891123/contributio

ns/4601746/attachments/2352942/4014577/C

KM2021_strongphaseBESIII_shanxy.pdf

https://indico.cern.ch/event/891123/contributions/4601759/attachments/2350184/4008550/CKM%202021%20-%20charm%20CPV%20and%20mixing.pdf
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https://indico.cern.ch/event/891123/contributions/4601746/attachments/2352942/4014577/CKM2021_strongphaseBESIII_shanxy.pdf
https://indico.cern.ch/event/891123/contributions/4601746/attachments/2352942/4014577/CKM2021_strongphaseBESIII_shanxy.pdf
https://indico.cern.ch/event/891123/contributions/4601746/attachments/2352942/4014577/CKM2021_strongphaseBESIII_shanxy.pdf
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CKM 2023-WG7 4

We are now here

Year Integral Luminosity

2010&2011 2.93 fb−1 (This report)

2021-2022 ~5 fb−1

2022-2024 Plan to 12 fb−1
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• From Long-Ke’s reports: Overview of Charm Physics

➢ From LHCb, the direct CP violation observed at 10−3 level using 𝐷0 → 𝐾+𝐾− and 𝐷0 → 𝜋+𝜋−.
• PHYSICAL REVIEW LETTERS 122, 211803 (2019)

➢ The CP Asymmetry in BESIII is about 10−2.
• PRL 125 (2020) 14180

• PRL 124 (2020) 241803

➢ No competitive to search for CP violation at BESIII since the achievable 𝐷0 and ഥ𝐷0 samples are 

smaller by more than 2-4 orders of magnitude than those at LHCb and BelleII.
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What can BESIII do?
➢ BESIII can uniquely explore the quantum coherence of the initial 𝐷0ഥ𝐷0 state produced at 𝜓(3770) to 

provide constraints on the mixing and CPV parameters. 

➢ For decay to CP modes,

Decays of each 𝐷 in the 𝐷0ഥ𝐷0 state into the same CP final states immediately indicate CPV in charm

➢ For Cabibbo-Favored and Double-Cabibbo-Suppressed final states, the decay width and asymmetry 

are shown, 

The parameters of CPV are indicated immediately.
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➢ For Cabibbo-Favored and Double-Cabibbo-Suppressed final states, the decay width and asymmetry 

are shown, 

The strong phase differences are needed to extract parameters of CPV in some final states.

• Excellent kinematical constrains might make BESIII competitive in studies of CP-
asymmetries in some multi-body 𝐷 decays which may provide information about strong 
phase difference in local phase space.
• Chinese Physics C Vol. 44, No. 4 (2020) 040001 

• JHEP, 03: 021 (2012)
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➢ For binning CP Mixing of 𝐷0, 

➢ In LHCb, for example, ത𝐵 → 𝐷0(→ 𝐾𝑆
0𝜋+𝜋−)𝜇− ҧ𝜈𝜇𝑋

➢ CP-violation differences

➢ The ratio of yields between the Dalitz bin –b and Dalitz bin +b in the decay-time bin j

BESIII

(LHCb) arXiv:2208.06512



The QC data samples and DT

CKM 2023-WG7 9

➢ Quantum correlated 𝑫𝟎ഥ𝑫𝟎 decay at 𝝍(𝟑𝟕𝟕𝟎)

∝ Number of events

Coherence factor Strong phase difference

Advantages
➢ Absolute branching fractions

➢ Quantum correlated 𝐷0ഥ𝐷0

➢ Clean background

➢ Full kinematic constraint reconstruct missing particle (𝜈, 𝐾𝐿
0)

Disadvantages
➢ Reduced reconstruction efficiency a little.

➢ Time-integrated measurements only
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➢ There are four results about strong phase at BESIII since CKM2021. 

• Inclusive MC

• Dataset: Quantum-correlated 𝐷0ഥ𝐷0 pairs corresponding to an integrated luminosity of 

2.93 fb−1 collected at the 𝜓(3770) resonance by the BESIII experiment
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➢ Pure CP tag channels:

Which to 𝒪(𝑥, 𝑦, (𝑟𝐷
𝐾𝜋)2) has the following relationship to the 

physics parameters:

➢ Similarly, CP Mixing tag channels:

➢ 𝐾𝑆,𝐿
0 𝜋+𝜋−:

Improved measurement of the strong-phase difference 𝜹𝑫
𝑲𝝅 in quantum-correlated 𝑫𝟎ഥ𝑫𝟎 decays.

Eur. Phys. J. C (2022) 82:1009 

𝒜𝐾𝜋 = 0.132 ± 0.011 ± 0.007, 𝒜𝐾𝜋
𝜋𝜋𝜋0 = 0.130 ± 0.012 ± 0.008

𝑟𝐷
𝐾𝜋cos𝛿𝐷

𝐾𝜋 = −0.0634 ± 0.0048 ± 0.0030 ± 0.0004

𝑟𝐷
𝐾𝜋cos𝛿𝐷

𝐾𝜋 = −0.0562 ± 0.0081 ± 0.0050 ± 0.0010

𝑟𝐷
𝐾𝜋sin𝛿𝐷

𝐾𝜋 = −0.011 ± 0.012 ± 0.007 ± 0.003

𝛿𝐷
𝐾𝜋 = (187.6−9.7−6.4

+8.9+5.4)° More details: Inputs from BESIII for 𝛾,XiaoKang Zhou,WG5,CKM2023.
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Measurement of the CP-even fraction of 𝑫𝟎 → 𝝅+𝝅−𝝅+𝝅− Phys. Rev. D 106, 092004 (2022)

Ignore CPV

𝐹+ contains the information of strong 
phase difference in total phase space.

➢ Pure CP tag channels:

➢ Self-conjugate tag channels:

➢ 𝐾𝑆,𝐿
0 𝜋+𝜋−:
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Measurement of the CP-even fraction of 𝑫𝟎 → 𝝅+𝝅−𝝅+𝝅− Phys. Rev. D 106, 092004 (2022)

𝑀𝑚𝑖𝑠𝑠
2 = ( Τ𝑠 2 − 𝐸𝑋)

2 − |ෝ𝐩𝐃𝐓 𝐃 Τ𝑠 4 −𝑀𝐷
2 − 𝐩𝐗|

2

➢ 𝑁𝑆𝑇 = 369782 with 9 ST channels.

𝑚𝐵𝐶 = Τ𝐸𝑏𝑒𝑎𝑚
2 𝑐4 − | Ԧ𝑝𝐷|

2

• 𝐸𝑏𝑒𝑎𝑚 is the beam energy.

• Ԧ𝑝𝐷 is the momentum of the 𝐷 candidates.

• 𝐸𝑋 and 𝐩𝐗 are the energy and momentum of the reconstructed particles in signal side.
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Measurement of the CP-even fraction of 𝑫𝟎 → 𝝅+𝝅−𝝅+𝝅− Phys. Rev. D 106, 092004 (2022)

Measurement 𝑭+

BESIII 𝟎. 𝟕𝟑𝟓 ± 𝟎. 𝟎𝟏𝟓 ± 𝟎. 𝟎𝟎𝟓

CLEO-c 0.769 ± 0.021 ± 0.010

𝑲𝑺
𝟎𝝅+𝝅− 𝑲𝑳

𝟎𝝅+𝝅−
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Determination of the CP-even fraction of 𝑫𝟎 → 𝑲𝑺
𝟎𝝅+𝝅−𝝅𝟎 Phys. Rev. D 108, 032003 (2023)

Measurement 𝑭+

BESIII 𝟎. 𝟐𝟑𝟓 ± 𝟎. 𝟎𝟏𝟎 ± 𝟎. 𝟎𝟎𝟐

CLEO-c 0.238 ± 0.012 ± 0.012

𝐹+
𝜋+𝜋−𝜋0 = 0.227 ± 0.014 ± 0.003

𝐹+
𝜋+𝜋−𝜋+𝜋− = 0.227 ± 0.016 ± 0.003
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➢ Measurement of the CP-even fraction of 𝑫𝟎 → 𝑲+𝑲−𝝅+𝝅− Phys. Rev. D 107, 032009 (2023)

𝑭+ = 𝟎. 𝟕𝟑𝟎 ± 𝟎. 𝟎𝟑𝟕 ± 𝟎. 𝟎𝟐𝟏

➢ Absolute Measurements of Branching Fractions of Cabibbo-Suppressed Hadronic 𝑫𝟎(+) 

Decays Involving Multiple Pions

Phys. Rev. D 106, 092005 (2022)

More details: Inputs from BESIII for 𝛾,XiaoKang Zhou,WG5,CKM2023.

arXiv: 2206.13864v1

✓ Some quick measurements of 𝑭+
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Chinese Physics C Vol. 44, No. 4 (2020) 040001
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➢ For CPV, the decay of 𝐷0ഥ𝐷0 to the same CP final states has been studied based on blind analysis and 

will open data after finishing data taking plan.

➢ The CPV from polarization from Λ𝑐 decay is in preparation. 

➢ For some flavor decays, the strong phases would be updated using 20 fb−1.

➢ For 𝜋+𝜋−𝜋0 and 𝐾+𝐾−𝜋0, the precision of 𝐹+ would be improve with a factor more than 2 

compared with CLEO-c’s measurement. (~8 fb−1 in preparation)

➢ An optimized binning scheme and a precise 𝑐𝑖 and 𝑠𝑖 would be determined. (~8 fb−1, ~20 fb−1)

➢More precise 𝑐𝑖 and 𝑠𝑖 for 𝐾𝑆
0𝜋+𝜋− and 𝐾𝐿

0𝜋+𝜋−, it is worthwhile to explore other binning. 

(~20 fb−1) 

➢ A strong phase analysis of 𝐾+𝐾−𝜋+𝜋− is performed to measure the strong phase differences in bins 

of phase space. (~8 fb−1 in preparation) This would be the first binned analysis of this decay.

➢ The statistical uncertainty would be reduce significantly with 20 fb−1.
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➢ 𝐾𝑆
0𝜋+𝜋−𝜋0

➢ Large branching fraction: 5.2%

➢ 𝐹+~0.3 

➢ Only 𝐹+ in BESIII based on 2.93 fb−1. 

➢More precise 𝐹+ is preparing.

➢ An optimized binning scheme and a precise 𝑐𝑖 and 

𝑠𝑖 would be determined.

➢ Binned analysis of 𝜋+𝜋−𝜋+𝜋− is preparing (2.93 fb−1).

➢More precise of binned analysis 𝜋+𝜋−𝜋+𝜋− will be updated.

➢More precise 𝐹+ of 𝜋+𝜋−𝜋0𝜋0 will be measured comparing with the BESIII’s quick previous results.

➢ Binned analysis of 𝜋+𝜋−𝜋0𝜋0 would be explored.

➢……

CLEO-c
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➢ BESIII provides unique quantum correlated 𝐷0ഥ𝐷0 data to measure the strong phase 

differences that are essential for the improved determination of mixing and indirect CP 

violation parameters. 

➢ 20 fb−1 𝜓(3770) data will be collected in the near future (2024) @BESIII

• More decays (e.g. 𝜋+𝜋−𝜋0, 𝐾+𝐾−𝜋0, 𝜋+𝜋−𝜋+𝜋−, 𝐾+𝐾−𝜋+𝜋−, 𝐾𝑆
0𝜋+𝜋−𝜋0 …)

• Higher precision

Thank you!
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