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BESIII detector and Data Sample
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• CKM unitary angle 𝛾𝛾 is important for the study of CPV and new physics

• Input from 𝐷𝐷 meson decay is crucial for 𝛾𝛾 measurement
• GLW: 𝐷𝐷 →(quasi-)𝐶𝐶𝐶𝐶 ⇐ 𝐹𝐹+ PLB 265 (1991) 172-176

• ADS: 𝐷𝐷 → 𝐶𝐶𝐹𝐹/𝐷𝐷𝐶𝐶𝐷𝐷 ⇐ 𝑅𝑅𝐷𝐷, 𝑟𝑟𝐷𝐷, 𝛿𝛿𝐷𝐷
𝑓𝑓

PRD 63 (2001) 036005

• 𝐶𝐶𝐹𝐹/𝐷𝐷𝐶𝐶𝐷𝐷: 𝐾𝐾𝐾𝐾𝐾𝐾0,𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾

• BPGGSZ: 𝐷𝐷 → 𝐾𝐾𝑆𝑆,𝐿𝐿
0 ℎ+ℎ− ⇐ 𝑐𝑐𝑖𝑖 , 𝑠𝑠𝑖𝑖 arXiv:2006.12404

CKM Angle 𝛾𝛾 Measurement
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• CKMFitter:                    65.5−2.7
+1.1 °

• Direct measurement: 65.9−3.5
+3.3 °

• theoretical uncertainty free

• statistical dominant 

Γ 𝐵𝐵± → 𝐷𝐷𝐾𝐾± ∝ 1 + 𝑟𝑟𝐵𝐵2 + 2 2𝐹𝐹+ − 1 cos 𝛿𝛿𝐵𝐵 ± 𝛾𝛾

Γ 𝐵𝐵0 → 𝐷𝐷𝐾𝐾 ∝ 𝑟𝑟𝐷𝐷2 + 𝑟𝑟𝐵𝐵𝐷𝐷𝐾𝐾 + 2𝑅𝑅𝐷𝐷𝑟𝑟𝐷𝐷𝑟𝑟𝐵𝐵𝐷𝐷𝐾𝐾 cos 𝛿𝛿𝐵𝐵𝐷𝐷𝐾𝐾 + 𝛿𝛿𝐷𝐷 + 𝛾𝛾

𝑅𝑅𝐷𝐷𝑒𝑒−𝑖𝑖𝛿𝛿𝐷𝐷
𝑆𝑆

=
∫𝒜𝒜𝑆𝑆

⋆(𝐱𝐱)𝒜𝒜‾𝑆𝑆(𝐱𝐱)d𝐱𝐱
𝐴𝐴𝑆𝑆𝐴𝐴‾𝑆𝑆

and 𝑟𝑟𝐷𝐷𝑆𝑆 = 𝐴𝐴‾𝑆𝑆/𝐴𝐴𝑆𝑆

𝑁𝑁±𝑖𝑖
exp 𝐵𝐵− → 𝐾𝐾−𝐷𝐷𝐾𝐾𝑆𝑆,𝐿𝐿

0 𝜋𝜋−𝜋𝜋+

= ℎ𝐵𝐵− 𝐾𝐾±𝑖𝑖 + 𝑟𝑟𝐵𝐵2𝐾𝐾∓𝑖𝑖 + 2𝑟𝑟𝐵𝐵 𝐾𝐾𝑖𝑖𝐾𝐾−𝑖𝑖 × 𝑐𝑐𝑖𝑖co s 𝛿𝛿𝐵𝐵 − 𝛾𝛾 ± 𝑠𝑠𝑖𝑖si n 𝛿𝛿𝐵𝐵 − 𝛾𝛾

https://doi.org/10.1016/0370-2693(91)90034-N
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.63.036005
https://arxiv.org/abs/2006.12404


• Quantum correlated 𝐷𝐷0�𝐷𝐷0 recorded by sample at BESIII at 𝜓𝜓 3770 resonance

• Double tag yields

𝑁𝑁 𝐷𝐷 𝑇𝑇 ∝ 𝐴𝐴𝑆𝑆2𝐴𝐴𝑇𝑇2 [ 𝑟𝑟𝐷𝐷𝑆𝑆
2 + 𝑟𝑟𝐷𝐷𝑇𝑇 2 −2𝑅𝑅𝑆𝑆𝑅𝑅𝑇𝑇𝑟𝑟𝐷𝐷𝑆𝑆𝑟𝑟𝐷𝐷𝑇𝑇cos 𝛿𝛿𝐷𝐷𝑇𝑇 − 𝛿𝛿𝐷𝐷𝑆𝑆 ]

• Typical tag modes

Measurements with Quantum-correlated 𝐷𝐷0�𝐷𝐷0
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1−−

Tag
𝐷𝐷

�𝐷𝐷

Signal 

𝑒𝑒+
𝑒𝑒−

|𝜓𝜓(3770)⟩ →
1
2

𝐷𝐷0 ‾𝐷𝐷0 − ‾𝐷𝐷0 𝐷𝐷0

Flavor 𝐾𝐾+𝐾𝐾−,𝐾𝐾+𝐾𝐾−𝐾𝐾0,𝐾𝐾+𝐾𝐾−𝐾𝐾−𝐾𝐾+,𝐾𝐾+𝑒𝑒− ‾𝜈𝜈𝑒𝑒

𝐶𝐶𝐶𝐶 even 𝐾𝐾+𝐾𝐾−,𝐾𝐾+𝐾𝐾−,𝐾𝐾𝑆𝑆0𝐾𝐾0𝐾𝐾0,𝐾𝐾𝐿𝐿0𝐾𝐾0,𝐾𝐾+𝐾𝐾−𝐾𝐾0

𝐶𝐶𝐶𝐶 odd 𝐾𝐾𝑆𝑆0𝐾𝐾0,𝐾𝐾𝑆𝑆0𝜂𝜂,𝐾𝐾𝑆𝑆0𝜔𝜔,𝐾𝐾𝑆𝑆0𝜂𝜂′,𝐾𝐾𝐿𝐿0𝐾𝐾0𝐾𝐾0

Mixed 𝐶𝐶𝐶𝐶 𝐾𝐾𝑆𝑆,𝐿𝐿
0 𝐾𝐾+𝐾𝐾−



• The 𝑐𝑐𝑖𝑖 and 𝑠𝑠𝑖𝑖 are determined with DT yields in difference phase space interval

• 𝑐𝑐𝑖𝑖 = 1
𝐾𝐾𝑖𝑖𝐾𝐾−𝑖𝑖

∫𝑖𝑖 𝐴𝐴𝑓𝑓 ‾𝐴𝐴𝑓𝑓 cos 𝛿𝛿𝐷𝐷 d𝑚𝑚+
2 d𝑚𝑚−

2 ⟹
cos→sin

𝑠𝑠𝑖𝑖

• 𝑀𝑀𝑖𝑖𝑖𝑖
′ = ℎcorr′ 𝐾𝐾𝑖𝑖𝐾𝐾−𝑖𝑖′ + 𝐾𝐾−𝑖𝑖𝐾𝐾𝑖𝑖′ + 2 𝐾𝐾𝑖𝑖𝐾𝐾−𝑖𝑖′ 𝐾𝐾−𝑖𝑖𝐾𝐾𝑖𝑖′ 𝑐𝑐𝑖𝑖𝑐𝑐𝑖𝑖

′ + 𝑠𝑠𝑖𝑖𝑠𝑠𝑖𝑖′

• Associated uncertainty on the  𝛾𝛾 measurement: ~1°

• Significant improvement on 𝐷𝐷0 − �𝐷𝐷0 mixing parameters

Strong Phase Difference Parameter of 𝐾𝐾𝑆𝑆,𝐿𝐿
0 𝐾𝐾+𝐾𝐾−
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• BESIII PRD 101, 112002 (2020) 

• CLEO-c PRD 82, 112006 (2010)

• Prediction based on model PRD 98.112012(2018)

𝑖𝑖

𝐾𝐾𝑆𝑆0𝐾𝐾+𝐾𝐾−

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.241802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.112012


• Global hadronic parameters 

• Hadronic parameters measurement in four bins for the 𝐾𝐾−𝐾𝐾+𝐾𝐾−𝐾𝐾+

2023/4/23

𝛿𝛿𝐷𝐷 and 𝑅𝑅𝐷𝐷 of 𝐾𝐾−𝐾𝐾+, 𝐾𝐾−𝐾𝐾+𝐾𝐾0 and 𝐾𝐾−𝐾𝐾+𝐾𝐾−𝐾𝐾+
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Higher sensitivity and breaking degeneracies

JHEP 05 (2021) 164, EPJC 82, 1009 (2022)

Physics Letters B, 802 (2020)

Uncertainty on 𝛾𝛾 measurement: ~6°

𝐾𝐾𝐾𝐾𝐾 𝐾𝐾𝐾𝐾𝐾𝐾0

global
4 bins
global
4 bins

https://link.springer.com/article/10.1007/JHEP05(2021)164
https://www.sciencedirect.com/science/article/pii/S0370269319309104?via%3Dihub


𝐷𝐷 → 𝐾𝐾+𝐾𝐾−𝐾𝐾+𝐾𝐾−

𝐷𝐷 → 𝐾𝐾+𝐾𝐾−𝐾𝐾+𝐾𝐾−

𝐶𝐶𝐶𝐶 Even Fraction 𝐹𝐹+ of the Quasi-CP States

Wei Xu ,HEP 8

𝑁𝑁+ = 𝑁𝑁+𝐷𝐷𝐷𝐷

𝑁𝑁+𝑆𝑆𝐷𝐷
𝑁𝑁− = 𝑁𝑁−𝐷𝐷𝐷𝐷

𝑁𝑁−𝑆𝑆𝐷𝐷

𝐹𝐹+ =
𝑁𝑁+

𝑁𝑁+ + 𝑁𝑁−

PRD  106, 092004 (2022)

𝑁𝑁± = 𝑁𝑁±
𝐷𝐷𝐷𝐷

𝑁𝑁±
𝑆𝑆𝐷𝐷𝜀𝜀𝑆𝑆

10−3

PRD 107.032009

Improved by a factor of 1.8, compared with CLEO-c result

• 𝐹𝐹+𝐾𝐾𝐾𝐾𝜋𝜋𝜋𝜋 = 0.730 ± 0.037 ± 0.021
• First measurement

• Consistent with model prediction

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.032009


Motivations 

• Input for the measurement of bottom hadron

• Calibration for non-perturbative QCD

• CP violation study, e.g. 𝐴𝐴𝐶𝐶𝐶𝐶 = Γ 𝐷𝐷→𝑓𝑓 −Γ ‾𝐷𝐷→ ‾𝑓𝑓
Γ 𝐷𝐷→𝑓𝑓 +Γ ‾𝐷𝐷→ ‾𝑓𝑓

• SU(3) breaking, e.g. 𝐾𝐾𝑆𝑆0 − 𝐾𝐾𝐿𝐿0 asymmetry

Double tag mothed for the absolute branching fraction measurement 

• ℬ = 𝑁𝑁𝐷𝐷𝐷𝐷

𝑁𝑁𝑆𝑆𝐷𝐷𝜀𝜀𝑠𝑠𝑖𝑖𝑠𝑠

• Quantum correlation effect need to be corrected for 𝐷𝐷0�𝐷𝐷0

Branching Fraction Measurements

2023/4/23
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𝐷𝐷0/+ → 𝐾𝐾𝐾𝐾𝐾𝐾 PRD  106, 032002 (2022)

𝐷𝐷0/+ → 𝐾𝐾𝐾𝐾𝜔𝜔 PRD  105, 032009 (2022)

Branching Fraction: Kaonic

Wei Xu ,HEP 10

𝐷𝐷0 → 𝐾𝐾𝐿𝐿0𝑋𝑋PRD  105, 092010 (2022)

• Asymmetry between ℬ 𝐷𝐷0 → 𝐾𝐾𝑆𝑆0𝑋𝑋 and 
ℬ 𝐷𝐷0 → 𝐾𝐾𝐿𝐿0𝑋𝑋

• ℛ 𝐷𝐷0,𝑋𝑋 = ℬ 𝐷𝐷0→𝐾𝐾𝑆𝑆
0𝑋𝑋 −ℬ 𝐷𝐷0→𝐾𝐾𝐿𝐿

0𝑋𝑋
ℬ 𝐷𝐷0→𝐾𝐾𝑆𝑆

0𝑋𝑋 +ℬ 𝐷𝐷0→𝐾𝐾𝐿𝐿
0𝑋𝑋

• Indications 𝐾𝐾𝐿𝐿0 − 𝐾𝐾𝑆𝑆0 asymmetry(ℛ) for 𝐾𝐾𝐿𝐿0𝜂𝜂 and 
𝐾𝐾𝐿𝐿0𝜂𝜂𝜂

• Based on statistical isospin model Nucl.Phys.B 122 (1977) 
144-169

• Large deviation from measured value
• Potential final-state interaction 

Improved by a factor 7

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.032002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.032009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092010
https://linkinghub.elsevier.com/retrieve/pii/0550321377904291


Branching Fraction: Pionic
𝐷𝐷0+ decay with multiple pions(CS) PRD  106, 092005 (2022)

• First absolute measurement of 20 decay modes

Wei Xu ,HEP 11

• 𝒜𝒜𝐶𝐶𝐶𝐶 = ℬ+−ℬ−

ℬ++ℬ−
are measured 

• ℬ±: branching fraction of 𝐷𝐷 → 𝑓𝑓 and �𝐷𝐷 → ̅𝑓𝑓

• No significant CP violation is observed  

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092005


Longitude PHSP

Branching Fraction: VV
 𝐷𝐷0 → 𝜙𝜙𝜔𝜔 PRL 128, 011803 (2022)

• ℬ = (6.48 ± 0.96 ± 0.40) × 10−4

• First observation with significance of  6.2 𝜎𝜎

• Polarization measurements 
• 1
Γ

𝑑𝑑Γ
𝑑𝑑cos 𝜃𝜃𝜔𝜔/𝐾𝐾

= 3
2

1
2

1 − 𝑓𝑓𝐿𝐿 sin2𝜃𝜃𝜔𝜔/𝐾𝐾 + 𝑓𝑓𝐿𝐿cos2 𝜃𝜃𝜔𝜔/𝐾𝐾

• Transverse polarized
• 𝑓𝑓𝐿𝐿 < 0.24 @ 95% CL

• Contradicts to the naive factorization and Lorentz 
invariant-based symmetry models

• PRD  81, 114020 (2010), JHEP 03(2014)042

• Consistent with explanation of FSI
• arXiv:2303.00535v2

2023/4/23
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Prediction Mode
6.6 × 10−4 Factorization model [PRD 81.114020(2010)]

3.5 × 10−5 SU(3) symmetry with nonet symmetry [PRD 43, 843 (1991)]

(1.41 ± 0.09) × 103 Factorization-assisted topological-amplitude method [CPC 42, 063101 (2018)]

0.028 ± 0.004 Heavy quark effective Lagrangian and chiral perturbation theory [PRD 56.7207 (1997)]

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.011803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.114020
https://link.springer.com/article/10.1007/JHEP03(2014)042
https://arxiv.org/abs/2303.00535v2


Branching Fraction: Doubly Cabibbo-suppressed(DCS) Decay

2023/4/23

𝐷𝐷0 → 𝐾𝐾+𝐾𝐾−𝐾𝐾0 𝐾𝐾0 PRD  105, 112001 (2022)

• Previous results are from the 𝐷𝐷0 − �𝐷𝐷0 mixing or coherent 

factor measurement

• ℬ 𝐾𝐾+𝐾𝐾−𝐾𝐾0 = �3.13−0.56
+0.60( stat ) ± 0.15( syst ]) × 10−4

• ℬ 𝐾𝐾+𝐾𝐾−𝐾𝐾0𝐾𝐾0 < 3.6 × 10−4 @ 90% CL.

• [1.84−1.00
+1.19(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)] × 10−4

𝐷𝐷+ → 𝐾𝐾+𝐾𝐾0𝐾𝐾0 and 𝐾𝐾+𝐾𝐾0𝜂𝜂 JHEP09(2022)107

13

(a):𝐾𝐾+𝐾𝐾−𝐾𝐾0(7𝜎𝜎), (b):𝐾𝐾+𝐾𝐾−𝐾𝐾0𝐾𝐾0(1.9𝜎𝜎)

First observation

• 𝜃𝜃𝐶𝐶: Cabibbo mixing angle

• ℬ 𝐷𝐷+→𝐾𝐾+𝜋𝜋0𝜂𝜂
ℬ 𝐷𝐷+→ ‾𝐾𝐾0𝜋𝜋+𝜂𝜂

inconsistent with prediction based on 

isospins symmetry by 2.4𝜎𝜎Nucl.Phys.B 122 (1977) 144-169
Ignoring interference between the 𝐾𝐾∗ and 𝐾𝐾+𝐾𝐾0

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112001
https://link.springer.com/article/10.1007/JHEP09(2022)107
https://www.sciencedirect.com/science/article/pii/0550321377904291?via%3Dihub


Inclusive Decays of 𝐷𝐷

Wei Xu ,HEP 14

• Results from Inclusive measurements are larger

• Indications of unobserved decay modes

• 𝐷𝐷𝑠𝑠+ → 𝐾𝐾+𝐾𝐾+𝐾𝐾−𝑋𝑋

• The partial ℬ as a function of 𝑀𝑀 𝐾𝐾+𝐾𝐾−𝐾𝐾0 are measured to 

help study background 𝐵𝐵0 → 𝐷𝐷∗𝐷𝐷𝑠𝑠+ → 𝐾𝐾+𝐾𝐾+𝐾𝐾−𝑋𝑋 for 

𝐵𝐵0 → 𝐷𝐷∗𝜏𝜏+ → 𝐾𝐾+𝐾𝐾−𝐾𝐾+



𝐷𝐷∗0 → 𝐷𝐷0𝑒𝑒+𝑒𝑒−PRD  104, 112012 (2021)

• Observed for the first time with significance of 13.2𝜎𝜎

• ℬ 𝐷𝐷∗0→𝐷𝐷0𝑒𝑒+𝑒𝑒−

ℬ 𝐷𝐷∗0→𝐷𝐷0𝛾𝛾
= 11.08 ± 0.76 ± 0.49 × 10−3

• Deviated from VMD model prediction of 6.7 × 10−3 by 4.8𝜎𝜎

• ℬ 𝐷𝐷∗0 → 𝐷𝐷0𝑒𝑒+𝑒𝑒− = (3.91 ± 0.27 ± 0.17 ± 0.10) × 10−3

𝐷𝐷𝑠𝑠∗+ → 𝐷𝐷𝑠𝑠+𝛾𝛾 and 𝐷𝐷𝑠𝑠∗+ → 𝐷𝐷𝑠𝑠+𝐾𝐾0PRD  107, 032011 (2023)

Excited Charmed Meson Decays 

Wei Xu ,IHEP 15

The most precise 
measurement

Covariant model
Eur. Phys. J. C 76, 19 (2016)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.032011
https://link.springer.com/article/10.1140/epjc/s10052-016-3883-5
https://link.springer.com/article/10.1140/epjc/s10052-016-3883-5


Λ𝑐𝑐 Decays
Λ𝑐𝑐+ → Λ𝐾𝐾+ PRD  106, L111101 (2022)

• ℬ Λ𝑐𝑐+→Λ𝐾𝐾+

ℬ Λ𝑐𝑐+→Λ𝜋𝜋+
= (4.78 ± 0.34 ± 0.20)%

• Significant difference from pure factorization 
approximation of  7.34 ± 0.14 % arXiv:2208.00557v1

• ℬ Λ𝑐𝑐+ → Λ𝐾𝐾+ = (0.621 ± 0.044 ± 0.026 ± 0.034) × 10−3

• Consistent with prediction of Ref. [17]

Λ𝑐𝑐+ → Σ0𝐾𝐾+ and Σ+𝐾𝐾𝑆𝑆0 PRD  106, 052003 (2022)

• ℬ Λ𝑐𝑐+→Σ0𝐾𝐾+

ℬ Λ𝑐𝑐+→Σ0𝜋𝜋+
= 0.0361 ± 0.0073 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠. ± 0.0005 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠.

• ℬ Λ𝑐𝑐+→Σ+𝐾𝐾𝑆𝑆
0

ℬ Λ𝑐𝑐+→Σ+𝜋𝜋+𝜋𝜋+
= 0.0106 ± 0.0031(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠. ) ± 0.0004(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠. )

• ℬ Λ𝑐𝑐+→Σ0𝐾𝐾+

ℬ Λ𝑐𝑐+→Σ+𝐾𝐾𝑆𝑆
0 = 0.98±0.35(stat.)±0.04(syst.)±0.08(ref.)

2023/4/23
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[8]. PRD 55, 7067 (1997)
[14]. PRD 49,3417 (1994)
[15]. PRD 97,074028 (2018).
[16]. CTP 40,563 (2003).
[17]. PLB 776,265 (2018).

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.L111101
https://arxiv.org/abs/2208.00557v1
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052003


Λ𝑐𝑐 Decay
Λ𝑐𝑐+ → 𝐾𝐾𝐾𝐾+(SCS) PRL 128, 142001 (2022)

Λ𝑐𝑐+ → 𝐾𝐾𝐾𝐾+𝐾𝐾0,𝐾𝐾𝐾𝐾+𝐾𝐾−𝐾𝐾+(CS) and                

Λ𝑐𝑐+ → 𝐾𝐾𝐾𝐾−𝐾𝐾+𝐾𝐾+ (CF) Chin. Phys. C47, 023001 (2023)

Wei Xu ,HEP 17

topological-diagram approach

2023/4/23

• ℬ Λ𝑐𝑐+→𝑛𝑛𝜋𝜋+𝜋𝜋−𝜋𝜋+

ℬ Λ𝑐𝑐+→𝑛𝑛𝐾𝐾−𝜋𝜋+𝜋𝜋+
= 0.24 ± 0.04

• Consistent with |𝑉𝑉𝑐𝑐𝑑𝑑|/|𝑉𝑉𝑐𝑐𝑠𝑠| = (0.224 ± 0.005)

�Λ𝑐𝑐− → �𝐾𝐾 + 𝑋𝑋 arXiv:2210.09561

• �𝐾𝐾 identification 
• Most energetic shower in the EMC 
• A data driven method for the better simulation of �𝐾𝐾

Nucl.Instrum.Meth.A 1033 (2022) 166672

• ℬ �Λ𝑐𝑐− → �𝐾𝐾 + 𝑋𝑋 = (33.5 ± 0.7 ± 1.2)%

• ℬ Λ𝑐𝑐+ → 𝐾𝐾 + 𝑋𝑋 = (33.5 ± 0.7 ± 1.2)%
• Ignoring CPV

• ℬ𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝑒𝑒𝑠𝑠𝑖𝑖𝑒𝑒𝑒𝑒𝑠𝑠𝑒𝑒𝑠𝑠 ≈ 25%

• 1/4 decay channels are not observed 

Visible

Tag mode

𝑒𝑒+
𝑒𝑒−

Missed

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142001
https://iopscience.iop.org/article/10.1088/1674-1137/ac9d29
https://arxiv.org/abs/2210.09561
https://www.sciencedirect.com/science/article/pii/S0168900222002194?via%3Dihub


• Light meson or baryon spectroscopy

• Polarization of vector meson

• 𝐷𝐷 → 𝑉𝑉𝑉𝑉

• Optimization of binning scheme for the measurement of strong phase difference 

and CKM angle 𝛾𝛾

Amplitude Analysis

2023/4/23
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Amplitude Analysis :𝐷𝐷𝑠𝑠+ → 𝐾𝐾𝑆𝑆0𝐾𝐾𝑆𝑆0𝐾𝐾+ PRD  105, L051103 (2022)

• A structure around 1.7 GeV, 𝐷𝐷 1710 , in 𝑀𝑀 𝐾𝐾𝑆𝑆0𝐾𝐾𝑆𝑆0

Wei Xu ,HEP 192023/4/23

• The 𝐷𝐷 980 is observed in the (
)
𝐷𝐷𝑠𝑠+ →

𝐷𝐷 980 𝐾𝐾+, 𝐷𝐷 980 → 𝐾𝐾+𝐾𝐾− decay with 
significance > 20𝜎𝜎 PRD  104, 012016 (2021)

• Constructive interference between 𝑠𝑠0 980 0

and 𝑓𝑓0 980 0 for 𝐾𝐾+𝐾𝐾−

• Destructive interference between 𝑠𝑠0 980 0

and 𝑓𝑓0 980 0 for 𝐾𝐾𝑆𝑆0𝐾𝐾𝑆𝑆0

• One order of magnitude larger than expectation based on the isospin symmetry
• Constructive interference between 𝑓𝑓0 1710 and 𝑠𝑠0 1710 0

• A simultaneous amplitude analysis of 𝐷𝐷𝑠𝑠+ → 𝐾𝐾+𝐾𝐾−𝐾𝐾+ and 𝐷𝐷𝑠𝑠+ → 𝐾𝐾𝑆𝑆0𝐾𝐾𝑆𝑆0𝐾𝐾+ is desirable 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.L051103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012016


Amplitude Analysis :𝐷𝐷𝑠𝑠+ → 𝐾𝐾𝑆𝑆0𝐾𝐾+𝐾𝐾0 PRL 129, 182001 (2022)

• First observation of 𝑠𝑠0-like state, 𝐷𝐷 1817 +, in 𝑀𝑀𝐾𝐾𝑆𝑆
0𝐾𝐾+

• Mass: 1.817 ± 0.008𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ± 0.020𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 GeV/𝑐𝑐2

• Width: 0.097 ± 0.022𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ± 0.015𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 GeV/𝑐𝑐2

• Isospin-one partner of 𝑓𝑓0 1710 → 𝐾𝐾𝑆𝑆0𝐾𝐾𝑆𝑆0 ?

• EPJC 82, 225 (2022)

• ℬ 𝐷𝐷𝑠𝑠+ → 𝑠𝑠0 1817 +𝐾𝐾0 = 3.44 ± 0.52 ± 0.32 × 10−3

• ~100 MeV difference in mass

• ℬ(𝐷𝐷𝑠𝑠+ → 𝐾𝐾𝑆𝑆0𝐾𝐾+𝐾𝐾0) = (1.46 ± 0.06𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ±

0.05𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)%.

Wei Xu ,HEP 20

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.182001
https://link.springer.com/article/10.1140/epjc/s10052-022-10178-3


Amplitude Analysis :Λ𝑐𝑐+ → Λ𝐾𝐾+𝐾𝐾0 JHEP12(2022)033

2023/4/23
Wei Xu ,HEP 21

First observation Consistent with predictions 

https://link.springer.com/article/10.1007/JHEP12(2022)033


Other Results
 𝐷𝐷+0

• PWA of 𝐷𝐷0 → 𝐾𝐾𝐿𝐿0𝐾𝐾+𝐾𝐾−: arXiv :2212.09048

• PWA of 𝐷𝐷+ → 𝐾𝐾+𝐾𝐾𝑆𝑆0𝐾𝐾0 :PRD  104, 012006 (2021):

 𝐷𝐷𝑠𝑠
• Observation of the decay 𝐷𝐷𝑠𝑠+ → 𝜔𝜔𝐾𝐾+𝜂𝜂:PRD  107, 052010 (2023) 

• PWA of 𝐷𝐷𝑠𝑠+ → 𝐾𝐾+𝐾𝐾+𝐾𝐾−𝐾𝐾0:JHEP09(2022)242 

• PWA of 𝐷𝐷𝑠𝑠+ → 𝐾𝐾+𝐾𝐾+𝐾𝐾−:JHEP08(2022)196

• PWA of 𝐷𝐷𝑠𝑠+ → 𝐾𝐾+𝐾𝐾−𝐾𝐾+𝐾𝐾+𝐾𝐾− :JHEP07(2022)051

• PWA of 𝐷𝐷+𝑠𝑠 → 𝐾𝐾+𝐾𝐾0𝜂𝜂′:arXiv:2202.04232

• PWA of 𝐷𝐷𝑠𝑠+ → 𝐾𝐾+𝐾𝐾0𝐾𝐾0 :JHEP01(2022)052

• PWA of 𝐷𝐷𝑠𝑠+ → 𝐾𝐾+𝐾𝐾−𝐾𝐾+:PRD  106, 112006 (2022)

• PWA of 𝐷𝐷𝑠𝑠+ → 𝐾𝐾+𝐾𝐾+𝐾𝐾−𝜂𝜂 :PRD  104, L071101 (2021)

• PWA of 𝐷𝐷𝑠𝑠+ → 𝐾𝐾𝑆𝑆0𝐾𝐾+𝐾𝐾0 :JHEP06(2021)181

• PWA of  𝐷𝐷𝑠𝑠+ → 𝐾𝐾−𝐾𝐾+𝐾𝐾+𝐾𝐾0 :PRD  104, 032011 (2021)

• PWA of  𝐷𝐷𝑠𝑠+ → 𝐾𝐾𝑆𝑆0𝐾𝐾−𝐾𝐾+𝐾𝐾+ :PRD  103, 092006 (2021)

• PWA of 𝐷𝐷𝑠𝑠+ → 𝐾𝐾+𝐾𝐾−𝐾𝐾+ :PRD  104, 012016 (2021)

 Λ𝑐𝑐+

• Measurement of branching fractions Λ𝑐𝑐+ → Σ+𝐾𝐾+𝐾𝐾−, Σ+𝜙𝜙, and Σ+𝐾𝐾+𝐾𝐾−(𝐾𝐾0): arXiv:2304.09405

• Branching fraction of Λ𝑐𝑐+ → 𝑝𝑝𝜂𝜂𝜂 :PRD  106, 072002 (2022)

2023/4/23
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https://arxiv.org/abs/2304.09405
https://arxiv.org/abs/2212.09048
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052010
https://link.springer.com/article/10.1007/JHEP09(2022)242
https://link.springer.com/article/10.1007/JHEP08(2022)196
https://doi.org/10.1007/JHEP07(2022)051
https://arxiv.org/abs/2202.04232
https://link.springer.com/article/10.1007/JHEP01(2022)052
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.L071101
https://link.springer.com/article/10.1007/JHEP06(2021)181
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032011
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.092006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012016
https://arxiv.org/abs/2304.09405
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.072002


Summary and Prospect 

• Many results related to the hadronic charmed decays are reported 

• Measurements with quantum correlated 𝐷𝐷0�𝐷𝐷0 based on 2.93 𝑓𝑓𝑏𝑏−1

• Most sensitive results of strong phase difference of 𝐷𝐷 → 𝐾𝐾𝑆𝑆,𝐿𝐿
0 𝐾𝐾+𝐾𝐾− for the 𝛾𝛾 measurement are reported

• …

• Branching fraction measurements 
• Transverse polarization of 𝐷𝐷 → 𝜙𝜙𝜔𝜔 is observed 
• Some of channels are still unobserved 
• …

• Amplitude analyses
• Structures 𝐷𝐷 1710 → 𝐾𝐾𝑆𝑆0𝐾𝐾𝑆𝑆0 and 𝐷𝐷 1817 + → 𝐾𝐾𝑆𝑆0𝐾𝐾+ are observed 

• 𝐷𝐷+ → 𝐾𝐾𝑆𝑆0𝐾𝐾𝑆𝑆0𝐾𝐾+ and 𝐷𝐷𝑆𝑆+ → 𝐾𝐾𝑆𝑆0𝐾𝐾+𝐾𝐾0

• …

• Prospect

• More data will be available 
• 8 𝑓𝑓𝑏𝑏−1 data at 3.773 GeV has been released and 20 𝑓𝑓𝑏𝑏−1 data will be available in 2024

• More progresses  with more precise results will be reported 
2023/4/23

Wei Xu ,HEP 23
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Backup



𝐾𝐾𝑆𝑆,𝐿𝐿
0 𝐾𝐾+𝐾𝐾−
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𝑐𝑐𝑖𝑖 and 𝑠𝑠𝑖𝑖 of 𝐾𝐾𝑆𝑆,𝐿𝐿
0 𝐾𝐾+𝐾𝐾−

2023/4/23 26

[PRD  102, 052008 (2020)]

Incorporate with the 𝐾𝐾𝑆𝑆0𝐾𝐾+𝐾𝐾−, the uncertainty on the 𝛾𝛾 measurement:~1°

JHEP 02 (2021) 169

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.052008
https://link.springer.com/article/10.1007/JHEP02(2021)169


ADS
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Isospin for two body decay 

2023/4/23
Wei Xu ,HEP 28

Nuclear Physics B122 (1977) 144-169



Signal yields of 𝐷𝐷0 → 𝐾𝐾𝐿𝐿0𝑋𝑋

2023/4/23
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Intermediates for 𝐷𝐷+ → 3𝐾𝐾+2𝐾𝐾−𝐾𝐾0

2023/4/23
Wei Xu ,HEP 30



𝐷𝐷𝑠𝑠− → 𝐾𝐾+𝐾𝐾−𝐾𝐾−𝑋𝑋: binning 

2023/4/23
Wei Xu ,HEP 31

https://indico.ihep.ac.cn/event/10988/contributions/6719/attachments/3032/3462/ds2pipipiX_20200922.pdf



Refs for the 𝐷𝐷𝑠𝑠∗ → 𝐷𝐷𝑠𝑠+𝐾𝐾0

2023/4/23
Wei Xu ,HEP 32



Single tag mode
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Λ𝑐𝑐+ → Λ𝐾𝐾
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𝐷𝐷0+ → 𝐾𝐾𝐾𝐾𝜔𝜔
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Top. Diagram
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𝐷𝐷𝑠𝑠+ → 𝐾𝐾+𝐾𝐾+𝐾𝐾+
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