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➢Introduction

• CKM Angle 𝛾/𝜑3 to strong phase 

➢BESIII Experiment

• BEPCII & BESIII

• Quantum correlated 𝐷0ഥ𝐷0 sample at BESIII

➢Strong Phase Measurement

• 𝐷0 → 𝐾−𝜋+, 𝐾−𝜋+𝜋+𝜋−, 𝐾−𝜋+𝜋0

• 𝐷0 → 𝐾𝑆
0ℎ+ℎ−

• Impact of Strong Phase Input

• Status of  Strong Phase Measurements

➢Summary
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Outline
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CKM Matrix
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➢ Flavor-changing charged currents

• mass eigenstates ≠ weak interaction eigenstates

➢ CKM Matrix (3x3 unitary complex matrix)

• Fundamental parameters of the Standard Model (SM)

• 3 mixing angles + 1 complex phase ⇒ source of CPV in SM

• Precise measurement ⇒ Test SM and search for new physics (NP)
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Measurement of CKM
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𝑉𝑢𝑑𝑉𝑢𝑏
∗

𝑉𝑐𝑑𝑉𝑐𝑏
∗

𝑉𝑡𝑑𝑉𝑡𝑏
∗

𝑉𝑐𝑑𝑉𝑐𝑏
∗

➢ unitarity triangle

• Related to B meson decays:  
𝑉𝑢𝑑𝑉𝑢𝑏

∗ + 𝑉𝑐𝑑𝑉𝑐𝑏
∗ + 𝑉𝑡𝑑𝑉𝑡𝑏

∗ = 0
~𝜆3 ~𝜆3 ~𝜆3

• Measurement of 𝛾/𝜙3 involve neutral D meson 
decays

• Indirect (CKMfitter Spring 21)
𝛾 = (65.5−2.7

+1.1)°
• Direct    (HFLAV & PDG 2022)

𝛾 = 65.9−3.5
+3.3 °

• Good agreement but need be improved

𝛾 ≡ 𝜑3 ≡ arg −
𝑉𝑢𝑑𝑉𝑢𝑏

∗

𝑉𝑐𝑑𝑉𝑐𝑏
∗
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Measurement of 𝛾/𝜑3

➢ Measurement of 𝜸/𝝋𝟑

• Measured entirely in tree-level transitions in the interference 
of 𝑏 → 𝑐 and 𝑏 → 𝑢 diagrams

𝛤 𝐵− → 𝑓 𝐷𝐾
− ∝ 1 + 𝑟𝐵

2𝑟𝐷
2 + 2𝑅𝑓𝑟𝐷𝑟𝐵cos(𝛿𝐵 − 𝛾 − 𝛿𝐷)

• Inputs from 𝐷0 → 𝑓 and ഥ𝐷0 → 𝑓 decays are needed

➢ Different D decay models:

• ADS: CF and DCS decays (e. g. 𝐾𝜋, 𝐾𝜋𝜋0) ← 𝑅𝑓 , 𝛿𝐷
𝑓

• GLW: (Quasi-)CP eigenstates (e. g. 𝐾𝐾, 𝜋+𝜋−𝜋0) ← 𝐹+

• GGSZ: Multi-body Self-conjugate decay (e. g. 𝐾𝑆
0𝜋+𝜋−) ← 𝑐𝑖 , 𝑠𝑖

5

𝑟𝐷
𝑓 2

= ∫ ҧ𝐴𝑓
2
dΦ/ ∫ 𝐴𝑓

2
dΦ, 𝑅𝑓𝑒

−𝑖𝛿𝐷
𝑓

=
∫ 𝐴𝑓

∗ ҧ𝐴𝑓dΦ

∫ 𝐴𝑓
2
dΦ∫ ҧ𝐴𝑓

2
dΦ
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Other Application of Strong Phase

➢ 𝑫𝟎- ഥ𝑫𝟎 mixing (Time dependent analysis)

6

➢ 𝜷 measurement in 𝑩𝟎 → ഥ𝑫𝟎𝒉𝟎 (𝜷 ≡ 𝝋𝟐 ≡ 𝒂𝒓𝒈 −
𝑽𝒄𝒅𝑽𝒄𝒃

∗

𝑽𝒕𝒅𝑽𝒕𝒃
∗ ) 

• 𝑏 → 𝑐ത𝑢𝑑 decays 𝐵0 → ഥ𝐷0ℎ0, have no penguin contributions, and 
provide theoretically clean sin(2𝛽) measurements.

• cos(2𝛽) can be determined with multibody final states 

(e.g. 𝐷0 → 𝐾𝑆
0𝜋+𝜋−)

Neglect |
𝑉𝑢𝑏
∗ 𝑉𝑐𝑑

𝑉𝑐𝑏𝑉𝑢𝑑
∗ |~0.02

𝑞

𝑝
=
𝑉𝑡𝑏
∗ 𝑉𝑡𝑑

𝑉𝑡𝑏𝑉𝑡𝑑
∗ = 𝑒−2𝑖𝛽+𝑂(𝜆

4) Im 𝜆𝑓 =
𝐴 ത𝐵0 → 𝑓

𝐴 𝐵0 → 𝑓
sin(𝛿𝑓 − 2𝛽)

𝐵0 → ഥ𝐷0ℎ0 → 𝑓: 𝛿𝑓 = arg 𝜂𝐶𝑃
ℎ0 −1 𝐿 + 𝛿𝐷
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Measurement of Strong Phase Parameters

➢ Quantum correlated (QC) 𝑫𝟎ഥ𝑫𝟎 decay at 𝝍 𝟑𝟕𝟕𝟎

𝑒+𝑒− → 𝜓 3770 → 𝐷0ഥ𝐷0 → 𝑓𝑔

𝑒+

𝑒−
𝜓(3770)

D

D

𝑔: tag mode

𝑓: signal mode

𝐶𝜓(3770) = −1

| ۧ𝜓 3770 →
1

2
(| ۧ𝐷0 | ۧഥ𝐷0 − ۧ|ഥ𝐷0 | ۧ𝐷0 )

Γ 𝑓 𝑔 ∝ 1 +
𝑦2 − 𝑥2

2
𝑟𝐷
𝑓 2

+ 𝑟𝐷
𝑔 2

− 2𝑟𝐷
𝑓
𝑟𝐷
𝑔
𝑅𝑓𝑅𝑔 cos 𝛿𝐷

𝑓
− 𝛿𝐷

𝑔

+
𝑦2 + 𝑥2

2
[1 + 𝑟𝐷

𝑓
𝑟𝐷
𝑔 2

− 2𝑟𝐷
𝑓
𝑟𝐷
𝑔
𝑅𝑓𝑅𝑔 cos 𝛿𝐷

𝑓
+ 𝛿𝐷

𝑔
]

➢ Strong phase parameters of 𝑫𝟎 → 𝒇 decay can be measured in quantum correlated 𝑫𝟎ഥ𝑫𝟎 data  

∝ Number of events coherence factor      strong phase difference

7

No CPV
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MDC: small cell & Gas:
He/C3H8(60/40), 43 layers

σp/p = 0.5%@1GeV,

σdE/dx = 6%

TOF: Barrel: σT = 100ps
endcap: σT = 110ps
(60ps for endcap after 

upgraded to MRPC in 2015)

[Nucl. Instr. Meth. A614, 345(2010)]

EMC: CsI crystal. 28cm
Δ𝐸/𝐸 = 2.5%@1𝐺𝑒𝑉,

𝜎𝑧 = 0.6𝑐𝑚/√𝐸

MUC: 9layers RPC
(8 layers in Endcap)
σRϕ = 1.4~1.7cm

Magnet: 1T Super conducting

BEPCII & BESIII

(2.47 GeV)

8
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Quantum Correlated 𝐷0ഥ𝐷0 Data @ BESIII

➢ Quantum correlated 𝑫𝟎ഥ𝑫𝟎 produced at BESIII

• 2.93fb−1@Ecm = 3.773 GeV (~3.6x CLEO’s)

• ~10.5M 𝐷0ഥ𝐷0 pairs produced

𝑒+𝑒− → 𝜓 3770 → 𝐷0ഥ𝐷0

𝑒+

𝑒−
𝜓(3770)

D

D

𝑔: tag mode

𝑓: signal mode

➢ Analysis method in pair production:

• Single Tag(ST): reconstruct one of 𝐷ഥ𝐷

• Double Tag(DT): reconstruct both of 𝐷ഥ𝐷

➢ Typical Tag modes:

Flavor 𝐾±𝜋∓, 𝐾±𝜋∓𝜋0, 𝐾±𝜋∓𝜋±𝜋∓, 𝐾±𝑒∓𝜈𝑒

CP even 𝐾+𝐾−, 𝜋+𝜋−, 𝐾𝑆
0𝜋0𝜋0, 𝐾𝐿

0𝜋0, 𝜋+𝜋−𝜋0

CP odd 𝐾𝑆
0𝜋0, 𝐾𝑆

0𝜂(′), 𝐾𝑆
0𝜔,𝐾𝐿

0𝜋0𝜋0

Mixed CP 𝐾𝑆
0𝜋+𝜋−, 𝐾𝐿

0𝜋+𝜋−

9
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𝐷0 → 𝐾−𝜋+, 𝐾−𝜋+𝜋0 and 𝐾−𝜋+𝜋+𝜋−

➢ Measurement Parameters: 𝑹𝒇, 𝜹𝑫
𝒇

➢ PHSP average analysis with 2.93 𝐟𝐛−𝟏 𝐝𝐚𝐭𝐚 @ 𝑬𝒄𝒎 = 𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕

➢ Improved precision compared to CLEO-c results

𝑹𝒇𝒆
−𝒊𝜹𝑫

𝒇

=
∫ 𝐴𝑓

∗ ҧ𝐴𝑓dΦ

∫ 𝐴𝑓
2
dΦ∫ ҧ𝐴𝑓

2
dΦ
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[JHEP 05, 164 (2021)]• BESIII

• CLEOc

cos𝛿𝐾𝜋 = 0.81−0.18−0.05
+0.22+0.07

• HFLAV 2022:

𝛿𝐾𝜋 = 11.7−3.8
+3.6 ⇒ cos𝛿𝐾𝜋 = 0.979−0.015

+0.011

[PLB 734 227 (2014)]

(*Will be updated : more tag modes and 
more fit configurations)

[PRD 86 112001 (2012)]

https://link.springer.com/article/10.1007/JHEP05(2021)164
https://doi.org/10.1016/j.physletb.2014.05.071
https://doi.org/10.1103/PhysRevD.86.112001
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𝐷0 → 𝐾−𝜋+𝜋+𝜋− (Binned)
[JHEP 05, 164 (2021)]

➢ Sensitivity on 𝜸 can be improved with binned 
measurement in 𝑫𝟎 → 𝑲−𝝅+𝝅+𝝅−

➢ Binned analysis with 2.93 𝐟𝐛−𝟏 𝐝𝐚𝐭𝐚 @ 𝑬𝒄𝒎 =
𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕

➢ 4-bin binning scheme from [PLB 802, 135188 (2020)]

Global
4 bins

11

[PLB 802, 135188 (2020)]

https://link.springer.com/article/10.1007/JHEP05(2021)164
https://doi.org/10.1016/j.physletb.2019.135188
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𝐷0 → 𝐾𝑆
0ℎ+ℎ−

➢ Measurement Parameters: binned strong parameters 𝒄𝒊, 𝒔𝒊

➢ Binned analysis with 2.93 𝐟𝐛−𝟏 𝐝𝐚𝐭𝐚 @ 𝑬𝒄𝒎 = 𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕

𝒄𝒊 =
1

𝐾𝑖𝐾−𝑖
න
𝑖

𝐴𝑓 ҧ𝐴𝑓 cos 𝜹𝑫 d𝑚+
2d𝑚−

2
𝐜𝐨𝐬→𝐬𝐢𝐧

𝒔𝒊 𝐾𝑖 = න
𝑖

𝐴𝑓
2
d𝑚+

2d𝑚−
2

12

Binning scheme of 𝑲𝑺
𝟎𝑲+𝑲−

[PRD 78, 034023 (2008)] 

Binning scheme of 𝑲𝑺
𝟎𝝅+𝝅−

[PRD 82, 112006 (2010)]

https://doi.org/10.1103/PhysRevD.78.034023
https://doi.org/10.1103/PhysRevD.82.112006


2022/8/22 BESIII实验上粲强子、QCD及新物理研讨会

𝐷0 → 𝐾𝑆
0ℎ+ℎ−

BESIII

CLEO-c
[PRD 82, 112006 
(2010)]  

Model
[PRD 98, no.11, 
112012 (2018)]  

[PRL 124, 241802 (2020); PRD 101, 112002 (2020)] 

13

𝑫𝟎 → 𝑲𝑺
𝟎𝝅+𝝅− 𝑫𝟎 → 𝑲𝑺

𝟎𝑲+𝑲−

BESIII 

CLEO-c 
[PRD 82, 112006 
(2010)]

Model 
[PRD 78, 034023 
(2008)]  

[PRD 102, 052008 (2020)] 

➢ Consistent with CLEOc’s result

➢ Improved precision compared to CLEO-c results

https://doi.org/10.1103/PhysRevD.82.112006
https://doi.org/10.1103/PhysRevD.98.112012
https://doi.org/10.1103/PhysRevLett.124.241802
https://doi.org/10.1103/PhysRevD.101.112002
https://doi.org/10.1103/PhysRevD.82.112006
https://doi.org/10.1103/PhysRevD.78.034023
https://doi.org/10.1103/PhysRevD.102.052008
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Impact on 𝛾/𝜑3

14

[JHEP 05, 164 (2021)]

𝑫𝟎 → 𝑲𝑺
𝟎𝒉+𝒉− 𝑫𝟎 → 𝑲𝟑𝝅 (Binning)

• Total uncertainty 5° @ LHCb (run1+run2) 
• Leading to the best single 𝛾 measurement
• 1° from strong phase input

[JHEP 02 (2021) 169]

• Estimated uncertainty −9
+7 ° @ LHCb (run1+run2) 

• Second leading contribution to 𝛾

• −7
+5 °

from strong phase input

https://link.springer.com/article/10.1007/JHEP05(2021)164
https://link.springer.com/article/10.1007/JHEP02(2021)169
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Impact on 𝐷0- ഥ𝐷0 mixing

15

𝑫𝟎- ഥ𝑫𝟎 mixing with 𝑫𝟎 → 𝑲𝑺
𝟎𝝅+𝝅−include 𝑫𝟎 → 𝑲𝑺

𝟎𝝅+𝝅−without 𝑫𝟎 → 𝑲𝑺
𝟎𝝅+𝝅−

[PRL 127, 111901 (2021)]

https://doi.org/10.1103/PhysRevLett.127.111801
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Status of Strong Phase Measurement @ BESIII

16

Decay mode Quantity Status
（2.93 fb−1）

𝐾𝑆
0𝜋+𝜋− 𝑐𝑖 , 𝑠𝑖 Finished

𝐾𝑆
0𝐾+𝐾− 𝑐𝑖 , 𝑠𝑖 Finished

𝐾−𝜋+𝜋+𝜋− 𝑅, 𝛿 Finished

𝐾+𝐾−𝜋+𝜋− 𝐹+ 𝑜𝑟 𝑐𝑖 , 𝑠𝑖 On going

𝜋+𝜋−𝜋+𝜋− 𝐹+ 𝑜𝑟 𝑐𝑖 , 𝑠𝑖 On going

𝐾−𝜋+𝜋0 𝑅, 𝛿 Finished

𝐾𝑆
0𝐾±𝜋∓ 𝑅, 𝛿 …

Decay mode Quantity Status 
（2.93 fb−1）

𝜋+𝜋−𝜋0 𝐹+ On going

𝐾𝑆
0𝜋+𝜋−𝜋0 𝐹+ 𝑜𝑟 𝑐𝑖 , 𝑠𝑖 On going

𝐾+𝐾−𝜋0 𝐹+ On going

𝐾−𝜋+ 𝛿 Finished
(Update)

Decay channels required in [LHCb-PUB-2016-025]

• The precision will be improved with a factor ~2 
compared with CLEOc’s measurement

https://doi.org/10.1103/PhysRevLett.124.241802
https://doi.org/10.1103/PhysRevD.102.052008
https://link.springer.com/article/10.1007/JHEP05(2021)164
https://link.springer.com/article/10.1007/JHEP05(2021)164
https://doi.org/10.1016/j.physletb.2014.05.071
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Status of Strong Phase Measurement @ BESIII

➢ Expected 𝛾/𝜑3 precision of LHCb[1] and Belle II[2] experiment 

[1]. arXiv: 1808.08865
[2]. PTEP 2019, 123C01 (2019)

➢ 𝛾/𝜑3 uncertainty from strong phase input

2.93fb−1@Ecm = 3.773 GeV @ BESIII
𝐷0 → 𝐾𝑆

0ℎ+ℎ−~ 1°
20fb−1@ Ecm = 3.773 GeV @ BESIII

𝐷0 → 𝐾𝑆
0ℎ+ℎ−~ 0.4°

[Chinese Phys. C 44, 040001 (2020)]

17

https://arxiv.org/abs/1808.08865
https://doi.org/10.1093/ptep/ptz106
https://doi.org/10.1088/1674-1137/44/4/040001
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➢ BESIII provides unique quantum correlated 𝑫𝟎ഥ𝑫𝟎 data to measure the strong phase parameters 
in D decays as inputs to LHCb and Belle II for CKM angle 𝜸 measurement and search of indirect 
CPV in charm mixing

➢ Using 2.93 𝐟𝐛−𝟏 𝒆+𝒆− collision data taken @ 3.773 GeV with BESIII detector, strong phase 
parameters of five channels are reported 
• Global parameters are measured for 𝑲−𝝅+, 𝑲−𝝅+𝝅𝟎, 𝑲−𝝅+𝝅+𝝅−

• Binned parameters are measured for  𝑲−𝝅+𝝅+𝝅−, 𝑲𝑺
𝟎𝝅+𝝅−, 𝑲𝑺

𝟎𝑲+𝑲−

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

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

• Higher precision (e.g. uncertainty on 𝜸 ~𝟏° → ~𝟎. 𝟒° for 𝑲𝑺
𝟎𝒉+𝒉−)

Thank you!

Summary

18
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Measurement of 𝛾/𝜑3

➢ Measurement of 𝜸/𝝋𝟑➢ CKM Matrix

𝛼 ≡ 𝜑1 ≡ arg −
𝑉𝑡𝑑𝑉𝑡𝑏

∗

𝑉𝑢𝑑𝑉𝑢𝑏
∗ = 85.2−4.3

+4.8 °

𝛽 ≡ 𝜑2 ≡ arg −
𝑉𝑐𝑑𝑉𝑐𝑏

∗

𝑉𝑡𝑑𝑉𝑡𝑏
∗ = 22.2 ± 0.7 °

𝛾 ≡ 𝜑3 ≡ arg −
𝑉𝑢𝑑𝑉𝑢𝑏

∗

𝑉𝑐𝑑𝑉𝑐𝑏
∗ = 65.9−3.5

+3.3 °

20



2021/11/25 CKM2021

𝐷0 → 𝐾−𝜋+
[JHEP 05, 164 (2021)]

21



2021/11/25 CKM2021

𝐷0 → 𝐾−𝜋+𝜋0 and 𝐾−𝜋+𝜋+𝜋−

➢ Measurement of 𝜸 (ADS) ← 𝑹𝒇, 𝜹𝑫
𝒇

➢ Global analysis and binned analysis for 𝑫𝟎 → 𝑲−𝝅+𝝅+𝝅−

➢ Observables

• 𝜌 =
𝐷𝑇 𝑌𝑖𝑒𝑙𝑑 𝑤𝑖𝑡ℎ 𝑄𝐶

𝐷𝑇 𝑌𝑖𝑒𝑙𝑑 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑄𝐶

✓ CP tag: 𝜌CP±
f = 1 ∓

2𝑟𝐷
𝑓
𝑹𝒇

1+ 𝑟𝐷
𝑓 2 cos 𝜹𝑫

𝒇
, Δ𝐶𝑃

𝑓
= ±(𝜌CP±

f − 1) (e.g. 𝑓 vs 𝐶𝑃 + ҧ𝑓 vs 𝐶𝑃 )

✓ Like-sign tag (same charge of Kaon in tag side and signal side): 

𝜌LS
f = 1 − 𝑹𝒇

𝟐 𝜌T,LS
f = 1 −

2𝑟𝐷
𝑓
𝑟𝐷
𝑇

rD
f 2

+ 𝑟𝐷
𝑇 2𝐑𝐟RTcos(𝛿𝐷

𝑇 − 𝜹𝑫
𝒇
)

(e.g. 𝑓 vs 𝑓 + ҧ𝑓 vs ҧ𝑓 ) (e.g. 𝐾−𝜋+ vs 𝑓 + 𝐾+𝜋− vs ҧ𝑓 )

• 𝑌𝑖 (DT yield for 𝐾𝑆
0𝜋+𝜋− tag): ∝ [𝐾𝑖 + 𝑟𝐷

𝑓 2
𝐾−𝑖 − 2𝑟𝐷

𝑓
𝑹𝒇 𝐾𝑖𝐾−𝑖(𝑐𝑖 cos 𝜹𝑫

𝒇
− 𝑠𝑖 sin(𝜹𝑫

𝒇
))]

➢ Extraction of DT yields

• Full reconstruction: Fit to 𝑀𝑏𝑐
𝑠𝑖𝑔

• Partial reconstruction: Fit to 𝑀𝑚𝑖𝑠𝑠
2

𝑹𝒇𝒆
−𝒊𝜹𝑫

𝒇

=
∫ 𝐴𝑓

∗ ҧ𝐴𝑓dΦ

∫ 𝐴𝑓
2
dΦ∫ ҧ𝐴𝑓

2
dΦ

𝑟𝐷
𝑓 2

= ∫ ҧ𝐴𝑓
2
dΦ/ ∫ 𝐴𝑓

2
dΦ

[JHEP 05, 164 (2021)]

(*𝐷0- ഥ𝐷0 mixing is ignored for simplicity,   but considered in the analysis)

*Binning scheme (N=4) 
[PLB 802, 135188 (2020)]
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2021/11/25 CKM2021

𝐷0 → 𝐾−𝜋+𝜋0 and 𝐾−𝜋+𝜋+𝜋−
[JHEP 05, 164 (2021)]

𝑌𝑖
𝐾3𝜋

𝑌𝑖
𝐾𝜋𝜋0

➢ Observed values of 𝜌 & 𝑌𝑖
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2021/11/25 CKM2021

𝐷0 → 𝐾−𝜋+𝜋0 and 𝐾−𝜋+𝜋+𝜋−
[JHEP 05, 164 (2021)]
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2021/11/25 CKM2021

𝐷0 → 𝐾−𝜋+𝜋0 and 𝐾−𝜋+𝜋+𝜋−
[JHEP 05, 164 (2021)]

Combination of global 𝑅 & 𝛿𝐷 of BESIII, CLEO-c and LHCb
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2021/11/25 CKM2021

𝐷0 → 𝐾−𝜋+𝜋0 and 𝐾−𝜋+𝜋+𝜋−
[JHEP 05, 164 (2021)]

Combination of binned 𝑅𝐾3𝜋 & 𝛿𝐷
𝐾3𝜋 of BESIII and CLEO-c
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2021/11/25 CKM2021

𝐷0 → 𝐾𝑆
0𝜋+𝜋−

➢ Measurement of 𝜸 (GGSZ) ← binned parameters 𝒄𝒊, 𝒔𝒊

➢ Divide phase space (DP) into symmetrical bins

➢ Observables (DT yields)

• Flavor tag: ∝ 𝐾𝑖/𝑓𝑖 (𝑓𝑖: correct factor for hadronic flavor tag modes)

• CP tag: ∝ [𝐾𝑖 + 𝐾−𝑖 − 2𝐹+ − 1 2𝒄𝒊 𝐾𝑖𝐾−𝑖]

• 𝐾𝑆
0𝜋+𝜋− tag (binned): ∝ [𝐾𝑖𝐾−𝑗 + 𝐾−𝑖𝐾𝑗 − 2 𝐾𝑖𝐾−𝑖𝐾𝑗𝐾−𝑗(𝒄𝒊𝒄𝒋 + 𝒔𝒊𝒔𝒋)]

• 𝐾𝐿
0𝜋+𝜋− tag (binned): ∝ [𝐾𝑖𝐾

′
−𝑗 + 𝐾−𝑖𝐾

′
𝑗 + 2 𝐾𝑖𝐾−𝑖𝐾′𝑗𝐾′−𝑗(𝒄𝒊𝒄′𝒋 + 𝒔𝒊𝒔′𝒋)]

➢ Extraction of DT yields:

• Full reconstruction: Fit to 𝑀𝑏𝑐
𝑠𝑖𝑔

• Partial reconstruction: Fit to 𝑈𝑚𝑖𝑠𝑠 for 𝜈 and 𝑀𝑚𝑖𝑠𝑠
2 for other

𝒄𝒊 =
1

𝐾𝑖𝐾−𝑖
න
𝑖

𝐴𝑓 ҧ𝐴𝑓 cos 𝚫𝜹𝑫 d𝑚+
2d𝑚−

2
𝐜𝐨𝐬→𝐬𝐢𝐧

𝒔𝒊𝐾𝑖 = න
𝑖

𝐴𝑓
2
d𝑚+

2d𝑚−
2

[PRL 124, 241802 (2020); PRD 101, 112002 (2020)] 

𝑀𝑏𝑐 = Τ𝑠 2 2 − Ԧ𝑝𝐷
2

𝑀𝑚𝑖𝑠𝑠
2 = 𝐸𝑚𝑖𝑠𝑠

2 − Ԧ𝑝𝑚𝑖𝑠𝑠
2

𝑈𝑚𝑖𝑠𝑠 = 𝐸𝑚𝑖𝑠𝑠 − Ԧ𝑝𝑚𝑖𝑠𝑠

*Binning scheme (N=8) 
[Phys. Rev. D 82, 112006 (2010)]
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2022/8/22 BESIII实验上粲强子、QCD及新物理研讨会

𝐷0 → 𝐾𝑆
0𝜋+𝜋−

[PRL 124, 241802 (2020); PRD 101, 112002 (2020)] 

➢ Dalitz Plot 
𝐾𝑆
0𝜌 770 0

➢ Fit Plot 

Full reconstruction Partial reconstruction Partial reconstruction
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2022/8/22 BESIII实验上粲强子、QCD及新物理研讨会

𝐷0 → 𝐾𝑆/𝐿
0 𝜋+𝜋−

[PRL 124, 241802 (2020)] [PRD 101, 112002 (2020)] 
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2022/8/22 BESIII实验上粲强子、QCD及新物理研讨会

𝐷0 → 𝐾𝑆/𝐿
0 𝜋+𝜋−

[PRL 124, 241802 (2020)] [PRD 101, 112002 (2020)] 

Equal Δ𝛿

Optimal Modified optimal

➢ 𝑐𝑖
′ and 𝑠𝑖

′ for 𝐷0 → 𝐾𝐿
0𝜋+𝜋−

➢ A factor of 2.8 (2.2) more 
precise for 𝑐𝑖

′ and 𝑠𝑖
′ than 

previous measurements

Likelihood function in fit:

[Phys. Rev. D 81, 112002 (2010); Phys. Rev. Lett. 95, 121802 (2005)]
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𝐷0 → 𝐾𝑆/𝐿
0 𝜋+𝜋−

[PRL 124, 241802 (2020)] [PRD 101, 112002 (2020)] 

➢ Systematic uncertainty for equal Δ𝛿 binning scheme

2022/8/22 BESIII实验上粲强子、QCD及新物理研讨会 31
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𝐷0 → 𝐾𝑆/𝐿
0 𝐾+𝐾−

[PRD 102, 052008 (2020)] 

CP-even vs. 𝐾𝑆
0𝐾+𝐾− CP-odd vs. 𝐾𝑆

0𝐾+𝐾−

CP-even vs. 𝐾𝐿
0𝐾+𝐾− CP-odd vs. 𝐾𝐿

0𝐾+𝐾−
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𝐷0 → 𝐾𝑆/𝐿
0 𝐾+𝐾−

[PRD 102, 052008 (2020)] 

➢ 𝑐𝑖
′ and 𝑠𝑖

′ for 𝐷0 → 𝐾𝐿
0𝐾+𝐾−

Likelihood function in fit:
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