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(Semi)leptonic charm decays

































=
















b

s

d

VVV

VVV

VVV

b

s

d

tbtstd

cbcscd

ubusud

'

'

' CKM matrix elements: fundamental Standard 
Model (SM) parameters describing the mixing 
of quark fields due to weak interaction

◼ |Vcs| and |Vcd|  → Test CKM matrix unitarity 

◼ Decay constants and form factors  → Calibrate LQCD calculations 

◼ Branching fraction (BF) ratios → Test lepton flavor universality (LFU)

Ideal bridge to 
access the strong 
and weak effects 
between quarks

Search for 
new physics 
beyond the 
SM



Strong phase difference between hadronic 𝑫𝟎 and ഥ𝑫𝟎 decays

Precision measurements of g at LHCb and Belle II need 
input the strong phase differences of neutral 𝐷 decays

The constraint on the g measurement before BESIII is only 2°. Improved 
measurements of strong phase differences are highly desirable

In the future 10-15 years, the
statistical uncertainties of the g 

measurements will reach at ~1.5° and 
0.4° at Belle II and LHCb upgrade

Quantum-correlated 𝑒+𝑒− → y(3770) →
𝐷0 ത𝐷0 pairs at BESIII offer an ideal 
opportunity to extract the strong phase 
differences between 𝐷0 and ത𝐷0

In 𝐵 physics, precision measurements of 𝐶𝑃 violation phase 
angles a, b and g offer powerful tests on the EW theories. 
Among them, the g precision is the most urgent
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Amplitude analyses of hadronic charm decays
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Tree Color suppressed

W-exchange Annihilation

Measurements of absolute BFs → test 
theoretical calculations of these BFs or decay 
asymmetry parameters, benefit the 
understanding of the quark SU(3) flavor 
symmetry and its break effect, help to deeply 
explore the effects of 𝐷0−ഥ𝐷0 mixing and 𝐶𝑃

violation in the charm sector

Amplitude analysis of multi-body hadronic 
charm decays → mass and width of light 
hadrons which are beneficial to understand 
light hadron spectroscopy, more information 
of 𝐷 → 𝑉𝑃, 𝑃𝑆, 𝑉𝑉, 𝑇𝑆, 𝑇𝑃, 𝐴𝑃…

Typical Feynman diagrams of two-body 
hadronic 𝐷 decays (𝐷 → 𝑉𝑃, 𝑃𝑃 for example) 

𝑃, 𝑉, 𝑆, 𝐴, 𝑇 denote pseudoscalar, vector, 
scalar, axial-vector and tensor mesons, 
respectively



Charmed baryon decays
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Intensive studies of these charmed baryons, 
search for new decays and absolute BF 
measurements are important to fully explore 
charmed baryon decay mechanisms 

➢ L𝑐
+ was observed in 1979

➢ Sum of the BFs of known L𝑐
+ decays is only 

about 60%

➢ Similar situation for the other charmed 
baryons 𝝣𝒄

−, 𝝣𝒄
𝟎, 𝞨𝑐

0, 𝞝𝑐𝑐
++ and 𝞝𝑐𝑐

+

➢ Before 2014, all decays of L𝑐
+ are measured 

relative to L𝑐
+ → 𝑝𝐾−𝜋+, which suffers large 

uncertainty of  25%, with data at high energy 
range. No absolute measurement using data 
produced at L𝑐

+ pair threshold

➢ Knowledge is poor. Taking L𝑐
+ as example 
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Experiments and data samples

0.98 ab-1 0.54 ab-1

0.8 fb-1@3.774 
GeV

0.6 fb-1@4.170 
GeV

2.93 fb-1@3.773 GeV

7.33 fb-1@4.13-4.23 GeV

4.50 fb-1@4.6-4.7 GeV

9 fb-1



π-

e-e+

K+

D+

D-

π-

m+

v

y’’

Produced in pair → Double tag method

Low background → low systematic uncertainties

Quantum correlation for y(3770) → 𝐷0 ത𝐷0 pairs

Ecm

(GeV)

Data taking year L (fb-1) ST 𝑫𝟎

yield

ST 𝑫+

yield

ST 𝑫𝒔
+

yield

ST L𝒄
+

yield

3.773 2010-2011 (+2022) 2.93 (→8) 2.5M (2.7) 1.7M (2.7)

4.009 2011 0.48 13K

4.13-4.23 2016,2017,2012,2019 7.33 0.8M

4.6-4.7 2014, 2020 4.5 0.12M
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The world largest threshold hadron samples at BESIII

Total yields of various charmed hadrons at BESIII are lower than Belle and LHCb by 2-3 orders. 
However, BESIII, Belle and LHCb have complimentary advantages in various charm physics  

Yields of Singly Tagged (ST) charmed hadrons



(Semi)leptonic 𝑫 decays
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◼ Leptonic 𝐷 decays

◼ Semileptonic decays of 𝐷 → 𝑃𝑒+𝜈𝑒

◼ Semileptonic decays of 𝐷 → 𝑉𝑒+𝜈𝑒

◼ Semileptonic decays of 𝐷 → 𝑆𝑒+𝜈𝑒

◼ Semileptonic decays of 𝐷 → 𝐴𝑒+𝜈𝑒



PRD89(2014)051104

40921

B[𝐷+ → 𝜇+𝑣] = (3.71 ± 0.19 ± 0.06) × 10−4

vD ++ → m

𝐟𝑫+|𝑽𝒄𝒅| = 𝟒𝟔. 𝟕 ± 𝟏. 𝟐 ± 𝟎. 𝟒 MeV

13727

vD ++ →

𝐟𝑫+|𝑽𝒄𝒅| = 𝟓𝟎. 𝟒 ± 𝟓. 𝟎 ± 2.5 MeV

B[𝐷+ → 𝜏+𝑣] = (1.20 ± 0.24 ± 0.12) × 10−3

PRL123(2019)211802

First observation

Studies of 𝑫+ → 𝒍+𝝂𝒍

10

The most 
precise to date

Precision~11%Precision~2.7%



Studies of 𝑫𝒔
+ → 𝝁+𝝂𝝁

3.19 fb-1@4.18 GeV

PRL122(2019)071802

310)15.016.049.5(]B[ −++ =→ vDs m

𝐟𝑫𝒔
+|𝐕𝒄𝒔| = (𝟐𝟒𝟔. 𝟐 ± 𝟑. 𝟔 ± 𝟑. 𝟓) MeV

6.3 fb-1@4.18-4.23GeV

B[𝐷𝑠
+ → 𝜇+𝑣] = (5.35 ± 0.13 ± 0.16) × 10−3

with m 

counter 
information

m−like

p−like

𝐟𝑫𝒔
+|𝐕𝒄𝒔| = (𝟐𝟒𝟑. 𝟏 ± 𝟑. 𝟎 ± 𝟑. 𝟕) MeV
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PRD104(2021)052009

219855

113633

Constrained fit
to matched and 
un-matched 
transition g(p0)

Precision~2.0%Precision~2.1%

without m 

counter 
information



𝑫𝒔
+ → 𝝉+(𝒆+𝒗𝒗)𝒗

PRL127(2021)171801

𝐟𝐃𝐬
+|𝐕𝐜𝐬| = (𝟐𝟒𝟒.𝟒 ± 𝟐.𝟑 ± 2.9)MeV

PRD104(2021)052009

𝑫𝒔
+ → 𝝉+(p+𝒗)𝒗

𝐟𝑫𝒔
+|𝐕𝒄𝒔| = (𝟐𝟒𝟑.𝟎 ± 𝟓. 𝟖 ± 4.0)MeV

𝑫𝒔
+ → 𝝉+(r+𝒗)𝒗

𝐟𝑫𝒔
+|𝐕𝒄𝒔| = (𝟐𝟒𝟒.𝟖 ± 𝟓. 𝟖 ± 4.8)MeV

Studies of 𝑫𝒔
+ → 𝝉+𝝂𝝉
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m−like

p−like

174584 94646 494097

Precision~3.1%

6.3 fb-1
6.3 fb-1 6.3 fb-1

Precision~2.9% Precision~1.5%

B 𝐷𝑠
+ → 𝜏+𝑣 = 5.27 ± 0.10 ± 0.12 %B 𝐷𝑠

+ → 𝜏+𝑣 = 5.21 ± 0.25 ± 0.17 %B 𝐷𝑠
+ → 𝜏+𝑣 = 5.29 ± 0.25 ± 0.20 %

PRD104(2021)032001

The most 
precise to date



Comparisons of 𝒇𝑫+ and 𝒇𝑫𝒔
+
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Form factor parameterizations:

− Single pole form

− Modified pole

− ISGW2

− Series expansion

𝐟+
𝑫→𝑷(𝟎)|𝑽𝒄𝒔(𝒅)|

Dynamic study

Studies of 𝑫 → 𝑷𝒍+𝝂𝒍 dynamics
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Studies of 𝒄 → 𝒔𝒍+𝝂𝒍 semileptonic decays
PRD92(2015)072012 PRD96(2017)012002 PRD92(2015)112008

f+
𝐷→𝐾(0)|Vcs| = 0.717(03)(04)

PRL122(2019)011804

f+
𝐷→𝐾(0)|Vcs| = 0.7148(38)(29) f+

𝐷𝑠→𝜂
(0)|Vcs| = 0.446(05)(04) f+

𝐷𝑠→𝜂′
(0)|Vc𝑠| = 0.477(49)(11)

PRL123(2019)121801

PRD88, 034023

𝑫𝒔
+ → h(′)𝒆+𝝂𝒆

𝑫𝟎 → 𝑲−𝝁+𝝂𝝁

𝑫𝟎 → 𝑲−𝒆+𝝂𝒆
𝑫+ → ഥ𝑲𝟎𝒆+𝝂𝒆 𝑫+ → 𝑲𝑳

𝟎𝒆+𝝂𝒆

f+
𝐷→𝐾(0)|Vcs| = 0.705(04)(11) f+

𝐷→𝐾(0)|Vcs| = 0.728(06)(11)

First 
extraction
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Studies of 𝒄 → 𝒅𝒍+𝝂𝒍 semileptonic decays

PRD92(2015)072012 PRD96(2017)012002

f+
𝐷→𝜋(0)|Vcd| = 0.144(02)(01)

PRL122(2019)061801

𝑓+
𝐷𝑠→𝐾

(0)|Vcd| = 0.162(19)( 03)

PRL124(2020)231801

𝑓+
𝐷→h

0 |Vcd| = 0.087(08)(02)

PRD97(2018)092009

𝑫0 → p−𝒆+𝝂𝒆

𝑫+ → h𝝁+𝝂𝝁

𝑫𝒔
+ → K𝟎𝒆+𝝂𝒆

𝑫+ → h𝒆+𝝂𝒆

𝑓+
𝐷→h

0 |Vcd| = 0.079(06)(02)

𝑫+ → p0𝒆+𝝂𝒆

f+
𝐷→𝜋(0)|Vcd| = 0.140(03)(01)

First 
extraction

First 
extraction
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Comparisons of 𝒇+
𝑫→𝑲 𝟎 and 𝒇+

𝑫→𝝅(𝟎)
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Experimental precision of 𝒇+
𝑫→𝝅(𝟎) is still 

dominated by statistical uncertainties
Experimental precision of 𝒇+

𝑫→𝑲 𝟎 is
comparable to the latest LQCD precision

2.4→0.6%

0.7%

2010→2021 >4%

1.6%
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其它半轻衰变形状因子的比较Comparisons of other 𝑫 → 𝑷 form factors



Comparisons of |Vcs| and |Vcd|
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𝒇+
𝑫→𝑲 𝟎 @HPQCD2021

precision: 2.4%→0.6%



3.9s

Tension in 𝑩 physics

ΓPDG18[𝐷0 → 𝜋−𝜇+𝑣]

ΓPDG18[𝐷0 → 𝜋−𝑒+𝑣]
= 0.82 ± 0.08

(2.1s)

BPDG18[𝐷0 → 𝜋−𝜇+𝑣] = (0.237 ± 0.024)%

LFU tests in charm meson decays before BESIII

SM prediction: 
0.985

Tension in 𝑫 physics

𝑫𝟎 𝑫+ 𝑫𝒔
+

𝒄 → 𝒔𝒍+𝝂

𝑲− 4%Belle ഥ𝑲𝟎 7%FOCUS h NA

𝑲∗− 13%FOCUS ഥ𝑲∗𝟎 3%CLEOc h’ NA

𝜙 NA

f0 NA

𝒄 → 𝒅𝒍+𝝂

π− 10%Belle π𝟎 NA 𝑲𝟎 NA

r− NA  r𝟎 17%FOCUS 𝑲∗𝟎 NA

𝜔 NA

h NA

h’ NA 20

The knowledge of semimuonoic charm 
meson decays is very poor

3.3s



SM prediction: 2.67

Combined results:

SM prediction: 9.75

BPDG[𝐷+ → 𝜇+𝑣] = (3.74 ± 0.17) × 10−4

B[𝐷+ → 𝜏+𝑣] = (1.20 ± 0.24 ± 0.12) × 10−3

R𝑫 =
B[𝐷+ → 𝜏+𝑣]

B[𝐷+ → 𝜇+𝑣]
= 3.21 ± 0.64 ± 0.43 R𝑫s =

B[𝐷𝑠
+ → 𝜏+𝑣]

B[𝐷𝑠
+ → 𝜇+𝑣]

= 9.82 ± 0.36

Tests of LFU in 𝑫(𝒔)
+ → 𝒍+𝝂𝒍

PRL123(2019)211802

B[𝐷𝑠
+ → 𝜇+𝑣] = (5.43 ± 0.16) × 10−3

B 𝐷𝑠
+ → 𝜏+𝑣 = 5.33 ± 0.12 %
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𝑫𝒔
+ → 𝝉+(𝒆+𝒗𝒗)𝒗PRL127(2021)171801

𝑫𝒔
+ → 𝝉+(π+𝒗)𝒗



Tests of LFU in 𝑫 → (𝑷, 𝑽)𝒍+𝝂𝒍
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PRL124(2020)231801 PRD101(2020)072005

𝑹𝑫𝝎 =
𝜞[𝑫+ → 𝝎𝝁+𝒗]

𝜞[𝑫+ → 𝝎𝒆+𝒗]
= 𝟏. 𝟎𝟓 ± 𝟎. 𝟏𝟒

B[𝐷+ → η𝜇+𝑣] = (0.104 ± 0.010 ± 0.005)% B[𝐷+ → 𝜔𝜇+𝑣] = (0.177 ± 0.018 ± 0.011)%

𝑹𝑫𝜼 =
𝜞[𝑫+ → 𝜼𝝁+𝒗]

𝜞[𝑫+ → 𝜼𝒆+𝒗]
= 𝟎. 𝟗𝟏 ± 𝟎. 𝟏𝟑

SM predictions: 0.93-0.96

𝑫+ → 𝜼𝝁+𝒗 𝑫+ → 𝝎𝝁+𝒗

PRD104(2021)L091103

𝑫𝟎 → r−𝝁+𝒗

𝑹𝑫r =
𝜞[𝑫+ → 𝝎𝝁+𝒗]

𝜞[𝑫+ → 𝝎𝒆+𝒗]
= 𝟎. 𝟗𝟎 ± 𝟎. 𝟏𝟏

B[𝐷0 → r−𝜇+𝑣] = (0.135 ± 0.009 ± 0.009)%

First observations



Summary of LFU tests at BESIII

23No deviation greater than 1.7s is found! 

BF ratios References

m/e

𝐷0 → 𝐾− 0.978 ± 0.007 ± 0.012 PRL122(2019)011804

𝐷0 → π− 0.922 ± 0.030 ± 0.022 PRL121(2018)171803

𝐷0 → r− 0.90 ± 0.11 PRD104(2021)L091003

𝐷+ → ഥ𝐾0 1.00 ± 0.03 EPJC76(2016)369

𝐷+ → π0 0.964 ± 0.037 ± 0.026 PRL121(2018)171803

𝐷+ →𝜔 1.05 ± 0.14 PRD101(2020)072005

𝐷+ →h 0.91 ± 0.13 PRL124(2020)231801

𝐷𝑠
+ →h 0.86 ± 0.29

PRD97(2018)012006𝐷𝑠
+ →h’ 1.14 ± 0.68

𝐷𝑠
+ →𝜙 1.05 ± 0.24

𝛬𝑐
+ → 𝛬 0.96 ± 0.16 ± 0.04 PLB767(2017)42

/m

𝐷+ → +𝜈 3.21 ± 0.64 ± 0.43 PRL123(2019)211802

𝐷𝑠
+ → +𝜈 9.67 ± 0.36 PRL127(2021)171801

The 𝑫+ → +𝝂 and six semimuonic 𝑫 decays are 

observed for the first time. Five semimuonic

charm decays are measured with better precision

SM prediction

PRL121(2018)171803

PRL122(2019)011804
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Studies of 𝑫 → 𝑽𝒆+𝝂𝒆 dynamics



Analysis of 𝑫𝟎(+) → pp𝒆+𝝂𝒆 and observation of 𝑫 → 𝑺𝒆+𝝂𝒆

PRL122(2019)062001

veD +−++ → pp

veD +−→ 00 pp

𝑟𝑉 = 1.695 ± 0.083 ± 0.051 𝑟2 = 0.845 ± 0.056 ± 0.039

Supports tetraquark assumption 
for light mesons of 𝒂𝟎 and 𝒇𝟎

[𝑩𝑫+→𝒇𝟎(𝟓𝟎𝟎)𝒆+𝒗 + 𝑩𝑫+→𝒇𝟎(𝟗𝟖𝟎)𝒆+𝒗]/𝑩𝑫+→𝒂𝟎(𝟗𝟖𝟎)𝟎𝒆+𝒗 > 𝟐.𝟕

25

𝑫𝟎 → 𝒂𝟎(𝟗𝟖𝟎)−𝒆+𝝂𝒆𝑫+ → 𝒂𝟎(𝟗𝟖𝟎)𝟎𝒆+𝝂𝒆

PRL121(2018)081802

𝑩𝑫+→𝒂𝟎(𝟗𝟖𝟎)𝟎𝒆+𝒗𝑩𝒂𝟎(𝟗𝟖𝟎)𝟎→𝜼𝝅𝟎 = (𝟏.𝟔𝟔−𝟎.𝟔𝟔
+𝟎.𝟖𝟏 ± 𝟎.𝟏𝟏) × 𝟏𝟎−𝟒

𝑩𝑫𝟎→𝒂𝟎(𝟗𝟖𝟎)−𝒆+𝒗𝑩𝒂𝟎(𝟗𝟖𝟎)−→𝜼𝝅− = (𝟏.𝟑𝟑−𝟎.𝟐𝟗
+𝟎.𝟑𝟑 ± 𝟎.𝟎𝟗) × 𝟏𝟎−𝟒

6.5s3.0s

Observation of 𝑫+ → 𝒇𝟎(𝟓𝟎𝟎) 𝒆+𝝂𝒆



Analyses of other 𝑫 → 𝑽𝒆+𝝂𝒆 dynamics
PRD94(2016)032001

PRD92(2015)071101

PRD99(2018)011103

007.0058.0411.1 =Vr 008.0042.0788.02 =r
02.007.046.1 =Vr 01.006.067.02 =r

06.009.024.1 =Vr 05.015.006.12 =r

𝑫+ → 𝜔𝒆+𝝂𝒆

𝑫𝟎 → 𝑲∗−𝒆+𝝂𝒆
𝑫+ → ഥ𝑲∗𝟎𝒆+𝝂𝒆

16.034.067.1 =Vr 07.028.077.02 =r

𝑫𝒔
+ → 𝑲∗𝟎𝒆+𝝂𝒆 PRL122(2019)061801

First 
extraction

First 
extraction

First 
extraction
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𝐵𝐷+→ ത𝐾1
0(1270)𝑒+𝑣 = (2.30 ± 0.26 ± 0.18 ± 0.25) × 10−3 𝐵𝐷0→𝐾1(1270)−𝑒+𝑣 = (1.09 ± 0.13 ± 0.13 ± 0.12) × 10−3

PRL123(2019)231801 PRL127(2021)131801𝑫+ → ഥ𝑲𝟏
𝟎(𝟏𝟐𝟕𝟎)𝒆+𝝂𝒆 𝑫𝟎 → 𝑲𝟏(𝟏𝟐𝟕𝟎)−𝒆+𝝂𝒆

New window to explore the property and 
nature of 𝐾1 and 𝐾1 mixing angle

Observation of 𝑫 → 𝑨𝒆+𝝂𝒆

27

Wei Wang et al. PRL125(2020)051802

Combined analysis of 𝐷 → ഥ𝐾1𝑒+𝑣 and 𝐵 → 𝛾 ഥ𝐾1 

helps to constrain new physics effect in the 
studies of photon polarization in 𝑏 → 𝑠𝛾 process

S. Momeni, 
JPG46(2019)105006

Helps to test various theoretical calculations 
which are sensitive to 𝐾1 mixing angle

>10s >10s

See backup slides for more measurements 
of the semileptonic 𝐷 decays at BESIII



Hadronic 𝑫 decays
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◼ Strong phase difference in neutral 𝐷 decays

◼ Two-body decays 𝐷0 → 𝑃𝑃, 𝑉𝑃, 𝑉𝑉

◼ Amplitude analyses of multi-body 𝐷 decays

◼ Doubly Cabibbo-Suppressed (DCS) 𝐷 decays

◼ Measurements of absolute BFs



𝑫 → 𝑲𝑺/𝑳
𝟎 𝝅+𝝅−

Constraint on g measurement ~ 0.9°

PRL124(2020)241802

𝑫 → 𝑲𝑺/𝑳
𝟎 𝑲+𝑲−

Constraint on g measurement ~ 1.3°

PRD102(2020)052008

𝑫 → 𝑲−𝝅+𝝅+𝝅− 𝐚𝐧𝐝 𝑲−𝝅+𝝅𝟎

Constraint on g measurement ~ 6°

JHEP05(2021)164 

Strong phase differences between 𝑫𝟎 and ഥ𝑫𝟎

𝒆+𝒆− → 𝛙 𝟑𝟕𝟕𝟎 → 𝑫𝟎 ഥ𝑫𝟎at 3.773 GeV

29



CP+ fraction in 𝑫𝟎/ഥ𝑫𝟎 → 𝝅+𝝅−𝝅+𝝅−

30

arXiv:2208.10098

𝑫 → 𝑲𝑺
𝟎𝝅+𝝅− 𝑫 → 𝑲𝑳

𝟎𝝅+𝝅−

Agrees with CLEO result, but with better precision



Measurements of 𝑫𝟎 → 𝑲𝑳
𝟎𝜼、𝑲𝑳

𝟎𝜼′、𝑲𝑳
𝟎𝝎 and 𝑲𝑳

𝟎𝝓

31

PRD104(2022)012003 Asymmetries of BFs of 𝐷0/ഥ𝐷0:

First measurements of these decay BFs:

Asymmetries of BFs of 𝐷0 → 𝐾𝑆
0𝑋 and 𝐾𝐿

0𝑋:

For VP final 
states, the 
asymmetries 
deviate with 
theoretical 
calculations



Observation of 𝑫𝟎 → 𝝎

32

Benefits to explore the mechanisms of 𝐷0 − ത𝐷0

mixing and 𝐶𝑃 violation in theory

PRL128(2022)011803

Transverse polarization in 𝐷0 → 𝑉𝑉 is found to 
deviate significantly with theoretical prediction

𝐁[𝑫𝟎 → 𝝎] = (𝟔. 𝟒𝟖 ± 𝟎. 𝟗𝟔 ± 𝟎. 𝟒𝟎) × 𝟏𝟎−𝟑

Transverse polarization

Phase space

Horizonal polarization



Amplitude analysis of 𝑫𝒔
+ → hp+p0

33

)%41.028.050.9(0 =++ → hppsD
B

)%2.12.9(PDG18
0 =++ → hppsD

B

)%44.048.044.7( =++ → hrsD
B

)%34.022.020.2(
)980(0

=
→+ paDs

B

which is significantly greater than that of the 
known 𝐷 annihilation decay by two orders of 
magnitude 

PRL123(2020)112001

Observation of a W-
annihilation process:
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PRD102(2020)012002

Dalitz plot analysis of 𝑫𝟎 → 𝑲−𝝅+𝞰 at Belle

𝐁 𝑫𝟎 → 𝑲−𝝅+𝞰 = 𝟏.𝟗𝟕𝟑 ± 𝟎.𝟎𝟎𝟗 ± 𝟎. 𝟎𝟕𝟗 ± 𝟎.𝟎𝟏𝟖𝐏𝐃𝐆 %

𝐁 𝑫𝟎 → 𝑲−𝝅+𝞰

𝐁 𝑫𝟎 → 𝑲−𝝅+ = 𝟎.𝟓𝟎𝟎 ± 𝟎. 𝟎𝟎𝟐 ± 𝟎.𝟎𝟐𝟎 ± 𝟎.𝟎𝟎𝟑𝐏𝐃𝐆

This analysis confirms ph’ contribution for a0(980) in 
the three channel Flatte model with significance >10s

𝐁 𝑲∗(𝟏𝟔𝟖𝟎)−→ 𝑲−𝞰

𝐁 𝑲∗(𝟏𝟔𝟖𝟎)−→ 𝑲−𝝅𝟎 = 𝟎.𝟏𝟏 ± 𝟎.𝟎𝟐 ± 𝟎.𝟎𝟔 ± 𝟎.𝟎𝟒𝐏𝐃𝐆

which is not consistent with the theoretical 
prediction under an assumption of a 13D1 state

𝐁 𝑫𝟎 → ഥ𝑲∗(𝟖𝟗𝟐)𝟎𝞰 = 𝟏. 𝟒𝟏 ± 𝟎. 𝟏𝟑 %

which deviates from various theoretical 
calculations of (0.51-0.92)% by more than 3s
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Dalitz plot analysis of 𝑫+ → 𝝅+𝝅+𝝅− at LHCb

arXiv:2208.03300

r−w interference

S-wave is dominated

Large interference between r states



Amplitude analysis of 𝑫𝒔
+ → 𝑲𝑲p

36

destructive interference: 𝒂𝟎 𝟗𝟖𝟎 and 𝒇𝟎 𝟗𝟖𝟎

𝑫𝒔
+ → 𝑲𝑺

𝟎𝑲𝑺
𝟎𝝅+

𝑫𝒔
+ → 𝑲𝑺

𝟎𝑲+𝝅𝟎

constructive interference: 𝒂𝟎 𝟏𝟖𝟏𝟕 and 𝒇𝟎 𝟏𝟕𝟏𝟎

Observation of 𝒂𝟎 𝟏𝟖𝟏𝟕 + in 𝑲𝑺
𝟎𝑲+ mass 

spectrum

• The isovector partner of 𝑓0 1710 or 𝑋(1812)?

• Same resonance observed in 𝜂𝑐 to 𝜋𝜋𝜂 by BaBar?

• 𝑴=𝟏. 𝟖𝟏𝟕 ± 𝟎. 𝟎𝟎𝟖 ± 𝟎. 𝟎𝟐𝟎 Τ𝐆𝐞𝐕 𝒄𝟐

• 𝜞= 𝟎. 𝟎𝟗𝟕 ± 𝟎. 𝟎𝟐𝟐 ± 𝟎. 𝟎𝟏𝟓 Τ𝐆𝐞𝐕 𝒄𝟐

• ℬ 𝐷𝑠
+ → 𝑎0 1817 +𝜋0

= (3.44 ± 0.52 ± 0.32) × 10−3

• Significance > 10𝜎

PRD104(2021)072002

arXiv:2204.09614

PRD105(2022)L051103

See backup slides for more 
amplitude analyses of 
multi-body hadronic 𝐷
decays at BESIII



Observation of DCS decay 𝑫+ → 𝑲+p+p−p𝟎

37

PRL125(2020)241802

𝐁𝐃+→𝐊+p+p−p𝟎 = (1.130.080.03) × 𝟏𝟎−𝟑

𝐁𝐃𝐂𝐒/𝐁𝐂𝐅 = (6.280.52)tan4qC

>10s

BDCS/BCF~(0.5−2.0)tan4qC

Naïve theoretical prediction:

qC is Cabibbo mixing angle

Evidence for 𝐷+ → 𝐾+w (3.2s):

Asymmetry of charge-conjugated BFs:

Comparison of BDCS/BCF:

A very large BF:



Observation of DCS decays 𝑫+ → 𝑲+p𝟎p𝟎 and 𝑲+p𝟎𝞰

38

arXiv:2110.10999, accepted by JHEP

𝐁 𝑫+ → 𝑲+p𝟎p𝟎

𝐁 𝑫+ → 𝑲−p+p+ = (𝟐.𝟐𝟔 ± 𝟎. 𝟒𝟎) × 𝟏𝟎−𝟑

𝐁 𝑫+ → 𝑲+p𝟎𝞰

𝐁 𝑫+ → ഥ𝑲𝟎p+𝞰
= (𝟖.𝟎𝟗 ± 𝟐. 𝟏𝟑) × 𝟏𝟎−𝟑

𝐁𝐃𝐂𝐒/𝐁𝐂𝐅 = (0.780.14)tan4qC

𝐁𝐃𝐂𝐒/𝐁𝐂𝐅 = (2.790.64)tan4qC

>5s

>5s



Studies of DCS 𝑫 decays via semileptonic tags

39

PRD104(2021)072005 PRD105(2022)112001

Confirms the results measured via hadronic tags

Direct measurement of DCS 𝑫𝟎 decays with 

negligible quantum correction effect

𝐁𝐃+→𝐊+p+p−p𝟎 = (1.030.120.06) × 𝟏𝟎−𝟑

𝐁𝐃𝐂𝐒/𝐁𝐂𝐅 = (5.730.73)tan4qC

𝐁𝐃+→𝐊+p+p−p𝟎 = (1.100.07) × 𝟏𝟎−𝟑

𝐁𝐃𝐂𝐒/𝐁𝐂𝐅 = (6.110.42)tan4qC

Combining the two results obtained with hadronic 

and semileptonic tags gives:

1.9s

𝑫− → 𝑲+𝝅−𝒆+ത𝝂𝒆tag𝑫− → 𝑲𝟎𝒆+ത𝝂𝒆 tag 𝑫𝟎 → 𝑲+𝝅−𝝅𝟎 𝑫𝟎 → 𝑲+𝝅−𝝅𝟎𝝅𝟎

𝐁𝑫𝟎→𝑲+𝝅−𝝅𝟎 = (3.130.600.15) × 𝟏𝟎−𝟒

𝐁𝐃𝐂𝐒/𝐁𝐂𝐅 = (0.750.14)tan4qC

𝐁𝑫𝟎→𝑲+𝝅−𝝅𝟎𝝅𝟎=(1.84−𝟏.𝟏𝟎
+𝟏.𝟏𝟗0.11) × 𝟏𝟎−𝟒

𝐁𝐃𝐂𝐒/𝐁𝐂𝐅<1.37 tan4qC
@90% CL

See backup slides for more measurements 
of BFs of hadronic 𝐷 decays at BESIII
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arXiv:2205.02018

DCS 𝑫 decay at Belle

𝐁 𝑫+ → 𝑲+𝑲−𝝅+𝝅𝟎

𝐁 𝑫+ → 𝑲−𝝅+𝝅+𝝅𝟎
= 𝟏𝟏.𝟑𝟐 ± 𝟎.𝟏𝟏 ± 𝟎.𝟐𝟔 % 𝐁 𝑫+ → 𝑲+𝑲−𝝅+𝝅𝟎 = 𝟕.𝟎𝟖 ± 𝟎.𝟎𝟕 ± 𝟎.𝟏𝟔 ± 𝟎.𝟐𝟎 𝐏𝐃𝐆 × 𝟏𝟎−𝟑

𝐁 𝑫𝒔
+ → 𝑲+𝝅−𝝅+𝝅𝟎 = 𝟗.𝟒𝟒 ± 𝟎.𝟐𝟓 ± 𝟎.𝟐𝟖 ± 𝟎.𝟑𝟐𝐏𝐃𝐆 × 𝟏𝟎−𝟑

𝐁 𝑫+ → 𝑲+𝝅−𝝅+𝝅𝟎 𝐃𝐂𝐒

𝐁 𝑫+ → 𝑲−𝝅+𝝅+𝝅𝟎
= 𝟏.𝟔𝟖 ± 𝟎.𝟎𝟖 ± 𝟎.𝟎𝟑 %

𝐁 𝑫𝒔
+ → 𝑲+𝝅−𝝅+𝝅𝟎

𝐁 𝑫𝒔
+ → 𝑲+𝑲−𝝅+𝝅𝟎

= 𝟏𝟕.𝟏𝟑 ± 𝟎.𝟒𝟔 ± 𝟎.𝟓𝟏 %

𝐁 𝑫+ → 𝑲+𝝅−𝝅+𝝅𝟎 𝐃𝐂𝐒 = 𝟏.𝟎𝟓 ± 𝟎.𝟎𝟓 ± 𝟎.𝟎𝟐 ± 𝟎.𝟎𝟑 𝐏𝐃𝐆 × 𝟏𝟎−𝟑

confirms the large BF of D+ → K+p+p−p0 at BESIII𝐁𝐃𝐂𝐒/𝐁𝐂𝐅 = (5.830.30)tan4qC



Charmed baryon decays

41

◼ 𝜦𝒄
+ decays

◼ 𝞝𝒄
+ and 𝞝𝒄

𝟎 decays

◼ 𝞨𝒄
𝟎 decays 

◼ 𝝣𝒄𝒄
++ and 𝝣𝒄𝒄

+ decays
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PRL113(2014)042002

𝑩 𝜦𝒄
+ → 𝒑𝑲−𝝅+ = 𝟔. 𝟖𝟒 ±𝟎. 𝟐𝟒−𝟎.𝟐𝟕

+𝟎.𝟐𝟏 %

N𝒊𝒏𝒄
𝜦𝒄

+

=𝟑𝟔𝟒𝟒𝟕 ± 𝟒𝟑𝟐

Absolute BF of 𝜦𝒄
+ → 𝒑𝑲−𝝅+ at Belle

Much improved precision compared to the precision 
of 25% of previous world average value

𝟏𝟑𝟓𝟗 ± 𝟒𝟓



Absolute BFs of 𝜦𝒄
+ decays at BESIII

Hadronic decay
𝜦𝒄

+ → 𝒑𝑲−𝝅+ + 11 CF modes PRL116(2016)052001
𝜦𝒄

+ → pK+K-, pπ+π- PRL117(2017)232002
𝜦𝒄

+ → n𝑲𝒔
𝟎π+ PRL118(2017)112001

𝜦𝒄
+ → pη, pπ0 PRD95(2017)111102(R)

𝜦𝒄
+ → 𝜮−π+π+π0 PLB772(2017)388

𝜦𝒄
+ → 𝜩𝟎(∗)𝑲+ PLB783(2018)200

𝜦𝒄
+ → 𝚲𝜼𝝅+ PRD99(2019)032010

𝜦𝒄
+ → 𝚺+𝜼, 𝚺+𝜼′ CPC43(2019)083002

𝜦𝒄
+ → BP decay asymmetries PRD100(2019)07200

𝜦𝒄
+ → 𝒑𝑲𝒔𝜼 PLB817(2021)136327

Semi-leptonic decay
𝜦𝒄

+ → 𝜦e+𝝂𝒆 PRL115(2015)221805
𝜦𝒄

+ → 𝜦μ+𝝂𝝁 PLB767(2017)42
Inclusive decay

𝜦𝒄
+ → 𝜦X PRL121(2018)062003

𝜦𝒄
+ → 𝒆+X PRL121(2018)251801

𝜦𝒄
+ → 𝑲𝒔

𝟎X EPJC80(2020)935
Production

𝜦𝒄
+𝜦𝒄

− cross section PRL120(2018)132001

PRL115(2015)221805

PRL116(2016)052001

vec

++ L→L

Very productive for data taken in 35 days!

Based on 0.57 fb-1@4.6 GeV:
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Impact on the world data of 𝜦𝒄
+

Much improved precision and new 
decay modes

PDG2014 PDG2020

PDG2020

For example

44



Study of 𝜦𝒄
+ → 𝜦𝒆+𝝂𝒆 dynamics

45

arXiv:2207.14149

𝐁[𝜦𝒄
+ → 𝜦𝒆+𝝂𝒆] = (𝟑.𝟓𝟔 ± 𝟎.𝟏𝟏 ± 𝟎.𝟎𝟕)%

V𝑐𝑠 = 0.936 ± 0.017 ± 0.025LQCD
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Observation of 𝜦𝒄
+ → 𝒑𝑲−𝒆+𝝂𝒆

3.3s

B[𝛬𝑐
+ → 𝑝𝐾−𝑒+𝜈𝑒] = (8.2 ± 1.5 ± 0.6) × 10−4 B[𝛬𝑐

+ → 𝛬(1520)𝑒+𝜈𝑒] = (0.99 ± 0.51 ± 0.10) × 10−3

Larger data set helps to 
determine form factors 
in these decays

33.56.3 (8.2s) 11.54.7

arXiv:2207.11483

Ref. [7]: PRD93(2016)014021

Ref. [8]: PRD93(2016)014021

Ref. [9]: PRD95((2017)053005; 95(2017)099901E

Ref. [11]: PRD105(2022)L051505

Ref. [12]: PRD105(2022)054511

Evidence of 𝜦𝒄
+ → 𝜦(𝟏𝟓𝟐𝟎)𝒆+𝝂𝒆&𝜦𝒄

+ → 𝜦(𝟏𝟒𝟎𝟓)𝒆+𝝂𝒆

B[𝛬𝑐
+ → 𝛬(1405)𝑒+𝜈𝑒] = (1.69 ± 0.70 ± 0.16) × 10−3

8.44.3 

14.86.7
4.0s

V𝑐𝑠 = 1.3 ± 0.3 ± 0.1LQCD
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Search for 𝜦𝒄
+ → 𝚲𝝅+𝝅−𝒆+𝝂𝒆 and 𝒑𝑲𝑺

𝟎𝝅−𝒆+𝝂𝒆

(GeV)
miss

U
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E
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S
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S
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S
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+c.c.h0

S
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 = 12.705%e
 = 3.225bkgN

FO M  = 0.039
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+c.c.+p-p+p0S

+c.c.0p+p0S

 bkgcLother 

 bkgcLnon-

 = 9.132%e
 = 11.200bkgN

FO M  = 0.019

𝜦𝒄
+ → 𝒑𝑲𝑺

𝟎𝝅−𝒆+𝝂𝒆𝜦𝒄
+ → 𝚲𝝅+𝝅−𝒆+𝝂𝒆

)en+e-p+pL®+cL(B

0 0.001 0.002 0.003

m
a

x
/L i

L

0

0.5

1

-410´4.4B (90% C .L.)<

)en+e-p0
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0 0.0005 0.001 0.0015 0.002

m
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x
/L i

L

0

0.5

1

-410´3.8B (90% C .L.)<

ℬ(Λ𝑐
+ → Λ𝜋+𝜋−𝑒+𝜈𝑒)<4.4 × 10−4

ℬ Λ𝑐
+ → 𝑝𝐾𝑆

0𝜋−𝑒+𝜈𝑒 < 3.8 × 10−4

No significant signal is 
found and the upper limits 
on the BFs of these two 
decays are set at 90% CL:



Studies of 𝜦𝒄
+ → 𝒑𝒉 (𝒉= 𝝅𝟎, 𝞰, 𝝎) at Belle and LHCb

48

B 𝛬𝑐
+ → 𝑝𝞰

𝐵 𝛬𝑐
+ → 𝑝𝐾−𝜋+

= 2.258 ± 0.077 ± 0.122 %

B 𝛬𝑐
+ → 𝑝𝞰 = 1.42 ± 0.05 ± 0.11 × 10−3

B 𝛬𝑐
+ → 𝑝𝜋0

𝐵 𝛬𝑐
+ → 𝑝𝐾−𝜋+

< 1.275 × 10−3

B 𝛬𝑐
+ → 𝑝𝜋0 < 8.0 × 10−5

agree with BESIII 2017 results, but with 
much better precision or sensitivity

@90% CL

PRD103(2022)072004 PRD104(2021)072008

B 𝛬𝑐
+ → 𝑝𝝎

𝐵 𝛬𝑐
+ → 𝑝𝐾−𝜋+

= 1.32 ± 0.12 ± 0.10 %

B 𝛬𝑐
+ → 𝑝𝝎 = 8.27 ± 0.75 ± 0.62 ± 0.42 × 10−4

Help to improve the theoretical calculations based on SU(3) 
flavor symmetry or QCD dynamics model predictions

PRD97(2018)091101

B 𝛬𝑐
+ → 𝑝𝟂 𝐵[𝟂 → 𝞵+𝞵−]

𝐵 𝛬𝑐
+ → 𝑝𝟇 𝐵[𝟇 → 𝞵+𝞵−]

= 0.23 ± 0.08 ± 0.03

B 𝛬𝑐
+ → 𝑝𝟂 = (9.4 ± 3.2 ± 1.0 ± 2.0)× 10−4

𝜦𝒄
+ → 𝒑𝞰

𝜦𝒄
+ → 𝒑𝟂 𝜦𝒄

+ → 𝒑𝟂

𝜦𝒄
+ → 𝒑𝝅𝟎



Measurements of 𝜦𝒄
+ → 𝒑h’ at Belle and BESIII
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arXiv:2207.14461

JHEP03(2022)090

𝑩 𝜦𝒄
+ → 𝒑h’

𝑩 𝜦𝒄
+ → 𝒑𝑲−𝝅+

= 𝟏𝟏.𝟑𝟐 ± 𝟎.𝟏𝟏 ± 𝟎.𝟐𝟔 × 𝟏𝟎−𝟑

𝑩 𝜦𝒄
+ → 𝒑h’ = 𝟒.𝟕𝟑 ± 𝟎.𝟖𝟐 ± 𝟎.𝟒𝟔 ± 𝟎.𝟐𝟒𝐏𝐃𝐆 × 𝟏𝟎−𝟒

Ref. [17]: PLB790(2019)225

Ref. [19]: JHEP03(2022)090

Ref. [41]: PRD55(1997)7067

Ref. [42]: PRD49(1994)3417

(10−4)



Study of 𝜦𝒄
+ → 𝜦𝑲+
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arXiv:2208.04001

𝑩 Λc
+→𝜦𝐾+

𝑩 Λc
+→𝜦𝜋+ = (4.78 ± 0.34 ± 0.20)%

𝑩 Λc
+ → 𝜦𝐾+ = (6.21 ± 0.44 ± 0.26 ± 0.34) × 10−4 implies that the SU(3) flavor-symmetry breaking in 

charmed baryon system is more significant than 
charmed mesons

Comparing to 
𝐵 𝛬𝑐

+ → 𝑝𝐾+𝜋− DCS

𝐵 𝛬𝑐
+ → 𝑝𝐾−𝜋+

= 0.82 ± 0.12 tan4qC

indicates that the Singly Cabibbo suppressed 𝛬𝑐
+

decays have more prominent non-factorizable effect  

Comparing to 
𝐵 𝐷0 → 𝐾+𝜋− DCS

𝐵 𝐷0 → 𝐾−𝜋+ = 1.24 ± 0.05 tan4qC

𝐵 𝐷+ → 𝐾+𝜋+𝜋− 𝐷𝐶𝑆𝐵 𝐷𝑠
+ → 𝐾+𝐾+𝜋− 𝐷𝐶𝑆

𝐵 𝐷+ → 𝐾−𝜋+𝜋+ 𝐵 𝐷𝑠
+ → 𝐾+𝐾−𝜋+

= 1.25 ± 0.08 tan4qC

𝑩 Λc
+→𝜦𝐾+

𝑩 Λc
+→𝜦𝜋+

Belle= (7.4 ± 1.0 ± 1.2)%

𝑩 Λc
+→𝜦𝐾+

𝑩 Λc
+→𝜦𝜋+

BaBar= (4.4 ± 0.4 ± 0.3)%

helps to clarify the tension between Belle 
and BaBar results:

PLB524(2002)33

PRD75(2007)052002
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Studies of 𝚲𝐜
+ → 𝜮𝟎𝑲+ and 𝚲𝐜

+ → 𝜮+𝑲𝒔
𝟎

B Λc
+ → 𝛴0𝐾+ = (4.7 ± 0.9 ± 0.1 ± 0.3) × 10−4

B 𝛬𝑐
+ → 𝛴+𝐾𝑠

0 = (4.8 ± 1.4 ± 0.02 ± 0.03) × 10−4

B Λc
+ → 𝛴0𝐾+ /B 𝛬𝑐

+ → 𝛴+𝐾𝑠
0 = 0.98 ± 0.36

43.49.2 43.613.2

arXiv:2207.10906 First measurement

𝑩 Λc
+→𝛴0𝐾+

𝑩 Λc
+→𝛴0𝜋+ = (3.61 ± 0.73 ± 0.05)%

𝑩 𝛬𝑐
+ → 𝛴+𝐾𝑠

0

𝑩 𝛬𝑐
+ → 𝛴+𝜋+𝜋−

= (1.06 ± 0.31 ± 0.04)%0.05)%



Mesurements of 𝜦𝒄
+ → 𝞢+𝒉 (𝒉= 𝝅𝟎, 𝞰, 𝞰′) at Belle
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arXiv:2208.10825 𝑩 𝜦𝒄
+ → 𝞢+h

𝑩 𝜦𝒄
+ → 𝞢+𝝅𝟎

= 𝟎.𝟐𝟓 ± 𝟎.𝟎𝟑 ± 𝟎.𝟎𝟏

𝑩 𝜦𝒄
+ → 𝞢+h = 𝟑.𝟏𝟒 ± 𝟎.𝟑𝟓 ± 𝟎.𝟏𝟏 ± 𝟎.𝟐𝟓𝐏𝐃𝐆 × 𝟏𝟎−𝟒

𝑩 𝜦𝒄
+ → 𝞢+h‘

𝑩 𝜦𝒄
+ → 𝞢+𝝅𝟎

= 𝟎.𝟑𝟑 ± 𝟎.𝟎𝟔 ± 𝟎.𝟎𝟐

𝑩 𝜦𝒄
+ → 𝞢+h’ = 𝟒.𝟏𝟖 ± 𝟎.𝟕𝟓 ± 𝟎.𝟐𝟏 ± 𝟎.𝟑𝟑𝐏𝐃𝐆 × 𝟏𝟎−𝟒

𝝰[𝞢+𝝅𝟎]= −𝟎.𝟒𝟖 ± 𝟎.𝟎𝟐 ± 𝟎.𝟎𝟐 𝝰[𝞢+h]= −𝟎.𝟗𝟗 ± 𝟎.𝟎𝟑 ± 𝟎.𝟎𝟓 𝝰[𝞢+h‘]= −𝟎.𝟒𝟔 ± 𝟎.𝟎𝟔 ± 𝟎.𝟎𝟑

Decay 
parameters:

BFs:



Observation of 𝜦𝒄
+ →np+
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PRL128(2022)142001

helps to test various theoretical 
calculations based on quark SU(3)-
flavor symmetry

3.9 fb-1

𝑩 𝜦𝒄
+ → np+

𝑩 𝜦𝒄
+ → 𝒑𝝅𝟎

> 𝟕.𝟐 @90% CL

BF
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Observation of 𝚲𝐜
+ → 𝒏𝝅+𝝅𝟎, 𝒏𝝅+𝝅−𝝅+ and 𝒏𝑲−𝝅+𝝅+

Decay mode Yields BF(%) PDG value(%)

Λc
+ → 𝑛𝜋+𝜋0 150.9 ± 21.4 0.64 ± 0.09stat ± 0.02syst -

Λc
+ → 𝑛𝜋+𝜋−𝜋+ 120.6 ± 17.9 0.45 ± 0.07stat ± 0.03syst -

Λc
+ → 𝑛𝐾−𝜋+𝜋+ 805.8 ± 33.1 1.90 ± 0.08stat ± 0.09syst -

𝚲𝐜
+ → 𝒏𝝅+𝝅𝟎 𝚲𝐜

+ → 𝒏𝝅+𝝅−𝝅+
𝚲𝐜

+ → 𝒏𝑲−𝝅+𝝅+

𝑅1 =
ℬ(Λ𝑐

+ → 𝑛𝜋+𝜋0)

ℬ(Λ𝑐
+ → 𝑛𝜋+)

= 9.7 ± 2.2 𝑅2 =
ℬ(Λ𝑐

+ → 𝑛𝜋+𝜋−𝜋+)

ℬ(Λ𝑐
+ → 𝑛𝐾−𝜋+𝜋+)

= 0.24 ± 0.04 𝑅3 =
ℬ(Λ𝑐

+ → 𝑝𝜋−𝜋+)

ℬ(Λ𝑐
+ → 𝑛𝜋+𝜋0)

= 0.72 ± 0.13

7.9𝜎

7.8𝜎 > 10𝜎

PRL128 (2022) 142001

PDG

No theoretical calculation for 
the BFs of 𝚲𝐜

+ → 𝒏𝝅+𝝅𝟎, Λc
+ →

𝒏𝝅+𝝅−𝝅+ and 𝚲𝐜
+ → 𝒏𝑲−𝝅+𝝅+

were reported. These results 
may offer some inputs for 
theoretical research



Studies of 𝜦𝒄
+ → 𝜮+𝑲+𝝅−, 𝜮+𝑲+𝑲− and 𝜮+𝑲+𝝅− 𝝅𝟎

55

𝑩(𝚲𝒄
+→𝚺+𝑲+𝑲−)

𝑩(𝚲𝒄
+→𝚺+𝝅+𝝅−)

=(7.33±0.80)%

𝑩(𝚲𝒄
+→𝚺+𝝓)

𝑩(𝚲𝒄
+→𝚺+𝝅+𝝅−)

=(9.2±1.8)%

𝑩(𝚲𝒄
+→𝚺+K+K−(non−𝝓))

𝑩(𝚲𝒄
+→𝚺+𝝅+𝝅−)

=(4.38±0.79)%

𝐵(Λ𝑐
+ → Σ+𝐾+𝜋−𝜋0) < 0.11%

𝑩(𝚲𝒄
+ → 𝚺+𝑲+𝝅−)

𝑩(𝚲𝒄
+ → 𝚺+𝝅+𝝅−)

= 𝟒. 𝟓𝟏 ± 𝟎. 𝟓𝟐 %

Study of 𝜦𝒄
+ → 𝜮+𝑲+𝑲−

𝜦𝒄
+ → 𝜮+𝑲+𝝅−

Search for 𝜦𝒄
+ → 𝜮+𝑲+𝝅− 𝝅𝟎

Statistical uncertainty only

Statistical uncertainty only

@90% CL
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Study of 𝜦𝒄
+ → 𝒑𝑲−𝝅+ at Belle

Observation of a threshold cusp at the 
Lh threshold in the 𝑝𝐾− mass spectrum

arXiv:2209.00050

The best fit is obtained with a coherent sum of 
a Flatt´e function and a constant background 
amplitude with the c2/n.d.f = 257/243 (p=0.25), 
while the fits with Breit-Wigner functions are 
unfavored by more than 7s

1.5 M

Breit-Wigner Breit-wigner with a 
complex constant added
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arXiv:2208.03262

Amplitude analysis of 𝜦𝒄
+ → 𝒑𝑲−𝝅+ at LHCb

0.4M

Measured polarization components

Complete description of this decay

A large sensitivity to the polarization shows the 
𝛬𝑐

+ → 𝑝𝐾−𝜋+ decay to be the best probe for 𝛬𝑐
+

polarization

Observation of new state, identified as 𝜦(2000),
with spin of ½-, and mass and width

𝑴 = 𝟏𝟗𝟖𝟖 ± 𝟐 ± 𝟐𝟏 𝐌𝐞𝐕

𝜞 = 𝟏𝟕𝟗 ± 𝟒 ± 𝟏𝟔 𝐌𝐞𝐕
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Amplitude analysis of 𝜦𝒄
+ → 𝚲𝝅+𝝅𝟎

Amplitude analysis help to explore 
Λ𝑐

+ → 𝐵∗𝑉 and Λ𝑐
+ → 𝐵∗𝑀

Theoretical calculations of BFs and
decay asymmetry parameters:

Ref. [13]: PRD 101 (2020) 053002

Ref. [14,15]: PRD 46 (1992) 1042; 55 (1997) 1697

Ref. [16]: EPJC 80 (2020) 1067

Ref. [17]: PRD 99 (2019) 114022
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Studies of 𝞝𝒄
𝟎 → 𝞝−𝒍+𝝂𝒍 and 𝞝𝒄

𝟎 → 𝞝−𝝅+ at Belle

𝞝𝒄
𝟎 → 𝞝−𝝅+

𝐁 𝞝𝒄
𝟎 → 𝞝−𝒆+𝝂𝒆 = 𝟏.𝟑𝟏 ± 𝟎.𝟎𝟒 ± 𝟎.𝟎𝟕 ± 𝟎.𝟑𝟖PDG × 𝟏𝟎−𝟑

𝐁 𝞝𝒄
𝟎 → 𝞝−𝝻+𝝂𝝻 = 𝟏.𝟐𝟕 ± 𝟎.𝟎𝟔 ± 𝟎.𝟏𝟎 ± 𝟎.𝟑𝟕PDG × 𝟏𝟎−𝟑

𝐁 𝞝𝒄
𝟎 → 𝞝−𝞵+𝝂𝞵

𝐁 𝞝𝒄
𝟎 → 𝞝−𝒆+𝝂𝒆

= 𝟏.𝟎𝟑 ± 𝟎.𝟎𝟓 ± 𝟎.𝟎𝟕

Decay parameter of 𝞝𝒄
𝟎 → 𝞝−𝝅+:

𝝰= 𝟎. 𝟔𝟑 ± 𝟎. 𝟎𝟑 ± 𝟎. 𝟎𝟏

Asymmetry of decay parameters:

PRL127(2021)121803𝞝𝒄
𝟎 → 𝞝−𝒍+𝝂𝒍

consistent with prediction based on LFU, 0.9620.004, within errors

CPC46(2022)011002
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Measurements of 𝞝𝒄
𝟎 → 𝜦𝒄

+𝝅− at LHCb and Belle

𝐁 𝝣𝐜
𝟎 → 𝜦𝒄

+𝝅− = 𝟎.𝟓𝟒 ± 𝟎.𝟎𝟓 ± 𝟎.𝟎𝟓 ± 𝟎.𝟏𝟐𝐏𝐃𝐆 %

𝐁 𝞝𝒄
𝟎 → 𝜦𝒄

+𝝅−

𝐁 𝞝𝒄
𝟎 → 𝞝−𝝅+

= 𝟎.𝟑𝟖 ± 𝟎.𝟎𝟒 ± 𝟎.𝟎𝟒

arXiv:2206.08527

1𝟒𝟔𝟕 ± 𝟏𝟑𝟒

𝐁 𝝣𝐜
𝟎 → 𝜦𝒄

+𝝅− = 𝟎.𝟓𝟓 ± 𝟎. 𝟎𝟐 ± 𝟎.𝟏𝟖 %

𝐁 𝝣𝐜
+ → 𝒑𝑲−𝝅+ = 𝟏.𝟏𝟑𝟓 ± 𝟎.𝟎𝟎𝟐 ± 𝟎. 𝟑𝟖𝟕 %

PRD102(2020)071101R

First measurement of BF of 𝝣𝐜
𝟎 → 𝜦𝒄

+𝝅−

Important to test various theoretical calculations
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Measurements of 𝞝𝒄
𝟎 → 𝜦𝑲𝒔

𝟎, 𝜮𝟎𝑲𝒔
𝟎 and 𝜮+𝑲−at Belle

PRD105(2022)L011102

𝑩 𝞝𝒄
𝟎 → 𝜦𝑲𝒔

𝟎

𝑩 𝞝𝒄
𝟎 → 𝞝−𝝅+

= 𝟐𝟐.𝟗 ± 𝟎.𝟖 ± 𝟏.𝟐 % 𝑩 𝞝𝒄
𝟎 → 𝜮𝟎𝑲𝒔

𝟎

𝑩 𝞝𝒄
𝟎 → 𝞝−𝝅+

= 𝟑.𝟖 ± 𝟎.𝟔 ± 𝟎.𝟒 %
𝑩 𝞝𝒄

𝟎 → 𝜮+𝑲−

𝑩 𝞝𝒄
𝟎 → 𝞝−𝝅+

= 𝟏𝟐.𝟑 ± 𝟎.𝟕 ± 𝟏.𝟎 %

Theoretical calculations

𝐁 𝞝𝒄
𝟎 → 𝜦𝑲𝒔

𝟎 = 𝟑.𝟐𝟕 ± 𝟎.𝟏𝟏 ± 𝟎.𝟏𝟕 ± 𝟎.𝟕𝟑PDG × 𝟏𝟎−𝟑 𝐁 𝞝𝒄
𝟎 → 𝜮𝟎𝑲𝒔

𝟎 = 𝟎.𝟓𝟒 ± 𝟎.𝟎𝟗 ± 𝟎.𝟎𝟔 ± 𝟎.𝟏𝟐PDG × 𝟏𝟎−𝟑 𝐁 𝞝𝒄
𝟎 → 𝜮+𝑲− = 𝟏.𝟕𝟔 ± 𝟎.𝟏𝟎 ± 𝟎.𝟏𝟒 ± 𝟎.𝟑𝟗PDG × 𝟏𝟎−𝟑



JHEP06(2021)160

Studies of 𝞝𝒄
𝟎 → 𝞚ഥ𝑲∗𝟎, 𝞢𝟎 ഥ𝑲∗𝟎 and 𝞢+𝑲∗− at Belle

BFs:

Decay parameters:

62

Theoretical calculations on branching fractions:

Theoretical calculations on decay parameters:
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Measurement of 𝞝𝒄
𝟎 → 𝞝𝟎𝑲+𝑲− at Belle

PRD103(2021)112002

𝐁 𝞝𝒄
𝟎 → 𝞝𝟎𝑲+𝑲−

𝐁 𝞝𝒄
𝟎 → 𝞝−𝝅+

= 𝟑.𝟗 ± 𝟎.𝟒 ± 𝟎.𝟐 %
𝑩 𝞝𝒄

𝟎 → 𝞝𝟎𝟇(→ 𝑲+𝑲−)

𝑩 𝞝𝒄
𝟎 → 𝞝−𝝅+

= 𝟑.𝟔 ± 𝟎.𝟒 ± 𝟎.𝟐 %

non-
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arXiv:2206.12517

Search for 𝜦𝒄
+ → 𝞢+γ and 𝞝𝒄

𝟎 → 𝞝𝟎γ at Belle

𝐁 𝞝𝒄
𝟎 → 𝞝𝟎γ

𝐁 𝞝𝒄
𝟎 → 𝞝−𝝅+

< 𝟏.𝟐%

𝐁 𝜦𝒄
+ → 𝞢+γ

𝐁 𝜦𝒄
+ → 𝒑𝑲−𝝅+

< 𝟒. 𝟎 × 𝟏𝟎−𝟑

𝐁 𝜦𝒄
+ → 𝞢+γ < 𝟐. 𝟔 × 𝟏𝟎−𝟒

𝐁 𝞝𝒄
𝟎 → 𝞝𝟎γ < 𝟏. 𝟖 × 𝟏𝟎−𝟒

2.2s

𝐁 𝜦𝒄
+ → 𝞢+γ

𝐁 𝜦𝒄
+ → 𝒑𝑲−𝝅+

= (𝟐.𝟐𝟑 ± 𝟎.𝟕𝟐 ± 𝟎.𝟔𝟑) × 𝟏𝟎−𝟑

@90% CL

@90% CL

𝜦𝒄
+ → 𝞢+γ 𝞝𝒄

𝟎 → 𝞝𝟎γ
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Observation of new 𝝣𝒄
𝟎 baryons at LHCb

PRL124(2020)222001 𝞝𝒄
𝟎 → 𝜦𝒄

+𝑲−

Observation of three new 𝝣𝒄
𝟎 baryons 

Mass difference to 𝛬𝑐
+
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Study of 𝞨𝒄
𝟎 → 𝞨−𝒍+𝝂𝒍 at Belle

PRD105(2022)L091001

𝐁 𝞨𝒄
𝟎 → 𝞨−𝝻+𝝂𝝻

𝐁 𝞨𝒄
𝟎 → 𝞨−𝒆+𝝂𝒆

= 𝟏.𝟎𝟐 ± 𝟎.𝟏𝟎 ± 𝟎.𝟎𝟐

𝐁 𝞨𝒄
𝟎 → 𝞨−𝒆+𝝂𝒆

𝐁 𝞨𝒄
𝟎 → 𝞨−𝜋+

= 𝟏.𝟗𝟖 ± 𝟎.𝟏𝟑 ± 𝟎.𝟎𝟖
𝐁 𝞨𝒄

𝟎 → 𝞨−𝝻+𝝂𝝻

𝐁 𝞨𝒄
𝟎 → 𝞨−𝜋+

= 𝟏.𝟗𝟒 ± 𝟎.𝟏𝟖 ± 𝟎.𝟏𝟎

consistent with prediction based on LFU, 1.020.10, within errors

EPJC82(2022)11
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Evidence for 𝞨𝒄
𝟎 → 𝝅+𝞨(𝟐𝟎𝟏𝟐)− → 𝝅+(𝑲𝞝)−at Belle

PRD104(2021)052005
4.2s

𝑩 𝞨𝒄
𝟎 → 𝝅+𝞨(𝟐𝟎𝟏𝟐)− 𝑩 𝞨(𝟐𝟎𝟏𝟐)− → ഥ𝑲𝟎𝞝−

𝑩 𝞨𝒄
𝟎 → 𝝅+ഥ𝑲𝟎𝞝−

= 𝟓.𝟓 ± 𝟐.𝟖 ± 𝟎.𝟕 %

𝑩 𝞨𝒄
𝟎 → 𝝅+𝞨(𝟐𝟎𝟏𝟐)− 𝑩 𝞨(𝟐𝟎𝟏𝟐)− → 𝑲−𝞝𝟎

𝑩 𝞨𝒄
𝟎 → 𝝅+𝑲−𝞝𝟎

= 𝟗.𝟔 ± 𝟑.𝟐 ± 𝟏.𝟖 %

𝑩 𝞨𝒄
𝟎 → 𝝅+𝞨(𝟐𝟎𝟏𝟐)− 𝑩 𝞨(𝟐𝟎𝟏𝟐)− → (𝑲𝞝)−

𝑩 𝞨𝒄
𝟎 → 𝝅+𝞨−

= 𝟐𝟐.𝟎 ± 𝟓.𝟗 ± 𝟑.𝟓 %
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Observation of doubly charmed baryon 𝝣𝒄𝒄
++ at LHCb

PRL119(2017)112001

Mass difference to 𝛬𝑐
+: 

Mass: 

isospin partner to the 𝝣𝒄𝒄
++ state reported previously by the SELEX Collaboration?

𝝣𝒄𝒄
++ → 𝜦𝒄

+𝑲−𝝅+𝝅+
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More studies of 𝝣𝒄𝒄
++/𝝣𝒄𝒄

+ decays at LHCb

JHEP10(2019)124

𝝣𝒄𝒄
++ → 𝑫+𝒑𝑲−𝝅+

𝑩 𝞝𝒄𝒄
++ → 𝑫+𝒑𝑲−𝝅+

𝑩 𝞝𝒄𝒄
++ → 𝜦𝒄

+𝑲−𝝅+𝝅+
< 𝟏.𝟕%

@90% CL

𝝣𝒄𝒄
+ → 𝝣𝒄

+𝝅+𝝅−

JHEP12(2021)107

𝝣𝒄𝒄
++ → 𝝣𝒄

′+𝝅+

JHEP05(2022)038

𝑩 𝞝𝒄𝒄
++ → 𝝣𝒄

′+𝝅+

𝑩 𝞝𝒄𝒄
++ → 𝝣𝒄

+𝝅+
= 𝟏. 𝟒𝟏 ± 𝟎.𝟏𝟕 ± 𝟎. 𝟏𝟎



Future
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2022-2024: 20 
fb-1@y(3770)



Summary and prospects
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◼ In recent years, many important results of charm decays were reported 
by BESIII, Belle, and LHCb.

◼ In the near future, more fruitful results are expected:

➢ Precision of 𝑓𝐷+ , 𝑓𝐷𝑠
+, |V𝑐𝑠|, |𝑉𝑐𝑑|, 𝑓+

𝐷→𝐾 0 and 𝑓+
𝐷→𝜋(0) reaches (0.5-1.0)% level; 

➢ Intensive LFU tests with (semi-)leptonic decays → the expected best precision is better 
than 1% for m−e and 3% for −m;

➢ Improved measurements of strong phase differences of neutral 𝐷 decay → constrain the g
measurement to about 0.5° level;

➢ Precision of the absolute BFs of the golden decays 𝐷0 → 𝐾−𝜋+, 𝐷0 → 𝐾−𝜋+𝜋+𝜋−, 𝐷+

→ 𝐾−𝜋+𝜋+, 𝐷𝑠
+ → 𝐾+𝐾−𝜋+, and 𝛬𝑐

+ → 𝑝𝐾−𝜋+ reaches better than 1.0% level;

➢ Intensive measurements of more missing decay modes of known charmed hadrons;

➢ Observations of more excited charmed hadron states?



Thank you!
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Backup slides
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DCS 𝑫 decay at LHCb
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JHEP03(2019)176

𝐁 𝑫+ → 𝑲+𝑲+𝑲− = 𝟓.𝟖𝟕 ± 𝟎.𝟎𝟐 ± 𝟎.𝟎𝟒 ± 𝟎.𝟏𝟖 𝐏𝐃𝐆 × 𝟏𝟎−𝟓

𝐁 𝑫+ → 𝝅−𝝅+𝑲+ = 𝟒.𝟕𝟎 ± 𝟎.𝟎𝟏 ± 𝟎.𝟎𝟐 ± 𝟎.𝟏𝟓𝐏𝐃𝐆 × 𝟏𝟎−𝟓

𝐁 𝑫𝒔
+ → 𝝅−𝑲+𝑲+ 𝐃𝐂𝐒 = 𝟏.𝟐𝟗𝟑 ± 𝟎.𝟎𝟏𝟑 ± 𝟎.𝟎𝟏𝟒 ± 𝟎.𝟎𝟒𝟎𝐏𝐃𝐆 × 𝟏𝟎−𝟒

𝐁 𝑫+ → 𝑲−𝑲+𝝅+ = 𝟗.𝟐𝟑𝟑 ± 𝟎.𝟎𝟎𝟐 ± 𝟎.𝟎𝟔𝟏 ± 𝟎.𝟐𝟖𝟖𝐏𝐃𝐆 × 𝟏𝟎−𝟓

with significantly improved precision
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PRD96(2017)051102R

Measurements of 𝜦𝒄
+ → 𝒑𝒉−𝒉+𝝅𝟎 at Belle

@90% CL



Measurement of the decays 𝜦𝒄
+ → 𝜮𝝅𝝅 at Belle

76

PRD98(2018)112006



• DCS decays of D/Ds were observed by Babar, 
Belle and LHCb

• The ratios of DCS decays to corresponding CF 
decays are important in constraining theoretical 
models in the study of flavor-SU(3) symmetry

• Belle reported the first observation of the DCS 
decay 𝜦𝒄

+ → 𝒑𝑲−𝝅+

Belle 980 fb-1 9.4 s

PRL117(2016)011801

Observation of DCS decay 𝜦𝒄
+ → 𝒑𝑲+𝝅− at Belle

𝐁 𝜦𝒄
+ → 𝒑𝑲+𝝅−

𝐁 𝜦𝒄
+ → 𝒑𝑲−𝝅+

= 𝟐. 𝟑𝟓 ± 𝟎. 𝟐𝟕 ± 𝟎. 𝟐𝟏 × 𝟏𝟎−𝟑
𝐁𝐃𝐂𝐒/𝐁𝐂𝐅 = (0.820.12)tan4qC
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Lower than that from Belle at 2s level

JHEP03(2018)043

Studies of 𝜦𝒄
+ → 𝒑𝒉+𝒉− at LHCb
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𝐁 𝜦𝒄
+ → 𝒑𝑲+𝝅− 𝐃𝐂𝐒

𝐁 𝜦𝒄
+ → 𝒑𝑲−𝝅+

= 𝟏. 𝟔𝟓 ± 𝟎.𝟏𝟓 ± 𝟎.𝟎𝟓 × 𝟏𝟎−𝟑

𝐁 𝜦𝒄
+ → 𝒑𝝅+𝝅−

𝐁 𝜦𝒄
+ → 𝒑𝑲−𝝅+

= 𝟕.𝟒𝟒 ± 𝟎.𝟎𝟖 ± 𝟎.𝟏𝟖 %

𝐁 𝜦𝒄
+ → 𝒑𝑲+𝑲−

𝐁 𝜦𝒄
+ → 𝒑𝑲−𝝅+

= 𝟏. 𝟕𝟎 ± 𝟎.𝟎𝟑 ± 𝟎.𝟎𝟑 %

𝑩 𝜦𝒄
+ → 𝒑𝝅+𝝅− = 𝟒.𝟕𝟐 ± 𝟎.𝟎𝟓 ± 𝟎.𝟏𝟏 ± 𝟎.𝟐𝟓𝐏𝐃𝐆 × 𝟏𝟎−𝟑

𝑩 𝜦𝒄
+ → 𝒑𝑲+𝑲− = 𝟏. 𝟎𝟖 ± 𝟎.𝟎𝟐 ± 𝟎.𝟎𝟐 ± 𝟎.𝟎𝟔𝐏𝐃𝐆 × 𝟏𝟎−𝟑

𝑩 𝜦𝒄
+ → 𝒑𝑲+𝝅− = 𝟏.𝟎𝟒 ± 𝟎.𝟎𝟗 ± 𝟎.𝟎𝟑 ± 𝟎.𝟎𝟓𝐏𝐃𝐆 × 𝟏𝟎−𝟒

Combining the PDG value 
of B 𝛬𝑐

+ → 𝑝𝐾−𝜋+ gives: 
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Study of 𝜦𝒄
+ → 𝚲𝝅+𝞰 and 𝜦𝒄

+ → 𝞢𝟎𝝅+𝞰 at Belle
PRD103(2021)052005



◼𝑫𝒔
+ → p𝟎𝒆+𝝂𝒆

◼𝑫𝒔
+ → 𝒇𝟎𝒆+𝝂𝒆

◼𝑫𝟎(+) → ഥ𝑲𝒆+𝝂𝒆

◼𝑫𝒔
+ → 𝑣𝑒𝑒𝑋

◼𝑫𝒔
+ → 𝒂𝟎(𝟗𝟖𝟎)𝟎𝒆+𝒗

◼𝑫𝟎 → 𝒃𝟏(𝟏𝟐𝟑𝟓)−𝒆+𝒗

◼𝑫𝒔
+ → 𝒑ഥ𝒑𝒆+𝝂𝒆

◼𝑫𝒔
+ → 𝜸𝒆+𝝂𝒆

◼𝑫𝒔
+ → 𝜼(′)𝝁+𝒗 𝐚𝐧𝐝 𝝁+𝒗

◼𝑫+ → 𝜸𝒆+𝝂𝒆

◼𝑫+ → 𝑫𝟎𝒆+𝝂𝒆

◼𝑫+ → ഥ𝑲𝟎𝒆+𝝂𝒆 via ഥ𝑲𝟎 → p𝟎p𝟎

◼𝑫𝒔
+ → 𝒍+𝝂𝒍 @ 4.009 GeV

◼𝑫𝒔
+ → h(′)𝒆+𝝂𝒆 @ 4.009 GeV

arXiv:2206.13870

PRD105(2022)L031101

PRD104(2021)052008

PRD104(2021)012003

PRD104(2021)092004

PRD101(2020)112005

PRD100(2019)112008

PRD99(2019)072002

PRD97(2018)012006

PRD95(2017)071102

PRD96(2016)092002

CPC40(2016)113001

PRD94(2016)072004

PRD94(2016)112003

Other semileptonic 𝑫 decays at BESIII
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◼𝑫𝒔
+ → 𝑲+p+p−p𝟎

◼𝑫𝒔
+ → 𝑲+p+p−

◼𝑫𝒔
+ → 𝑲+𝑲−p+p+p−

◼𝑫𝒔
+ →  hp+p+p−

◼𝑫𝒔
+ → 𝑲𝑺

𝟎𝑲𝑺
𝟎p+

◼𝑫𝒔
+ → p+p𝟎p𝟎

◼𝑫𝒔
+ → p+p+p−

◼𝑫𝒔
+ →  hp+p+p−

◼𝑫+ → 𝑲𝑺
𝟎𝑲+p𝟎

◼𝑫𝒔
+ → 𝑲𝑺

𝟎p+p𝟎

◼𝑫𝒔
+ → 𝑲+𝑲−p+p𝟎

◼𝑫𝒔
+ → 𝑲𝑺

𝟎𝑲−p+p+

◼𝑫𝒔
+ → 𝑲+𝑲−p+

◼𝑫𝟎 → 𝑲𝑺
𝟎𝑲+𝑲−

◼𝑫+ → 𝑲𝑺
𝟎p+p+p−

◼𝑫𝟎 → 𝑲−p+p𝟎p𝟎

◼𝑫𝟎 → 𝑲−p+p+p−

◼𝑫+ → 𝑲𝑺
𝟎p+p𝟎

arXiv:2205.13759

arXiv:2205.08844, accepted by JHEP

JHEP07(2022)051

JHEP04(2022)058

PRD105(2022)L051103

JHEP01(2022)052

arXiv:2108.10050, under PRD review

PRD104(2021)L071101

PRD104(2021)012006

JHEP06(2021)181

PRD104(2021)032011

PRD103(2021)092006

PRD104(2021)012016

arXiv:2006.02800

PRD100(2019)072008

PRD99(2019)092008

PRD95(2017)072010

PRD89(2014)052001

Amplitude analyses of other hadronic 𝑫 decays at BESIII
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Strong phase parameters of neutral 𝑫 decays

PLB744(2015)339

cosdKp=1.020.110.060.01

The most precise result to date

AKp
CP=(12.71.30.7)%

PLB734(2014)227
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JHEP08(2020)146PRD97(2018)072004

Branching fractions of 𝑫 → PP
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Absolute BFs of hadronic 𝑫 decays
PRL124(2020)241803 arXiv:2206.13864

Most of them are measured for the first time
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Absolute BFs of other hadronic 𝑫 decays at BESIII
◼BFs of 𝑫𝟎(+) → K3pi and K4pi

◼DCS decays 𝑫𝟎 → 𝑲−p+p𝟎 and 𝑲−p+p𝟎p𝟎

◼𝑫𝟎(+) → 𝑲𝑳 (w, , h, h’)
◼𝑫𝟎(+) → 𝑲pw

◼DCS decays 𝑫+ → 𝑲+p𝟎p𝟎 and 𝑲+p𝟎h

◼DCS decay 𝑫+ → 𝑲+p+p−p𝟎 via SL method
◼𝑫𝟎(+) → 𝑲𝑲pp

◼𝑫𝟎(+) → wpp

◼𝑫+ → hhp+

◼𝑫𝟎(+) →X
◼Two-body 𝑫𝟎(+) →P decays

◼𝑫𝒔
+ → w𝑲+ and wp+

◼𝑫𝒔
+ → 𝑲𝑺/𝑳

𝟎 𝑲+

◼𝑫𝒔
+ →pഥ𝐧

◼𝑫+ → 𝑲𝑺/𝑳
𝟎 𝑲+(p𝟎)

◼𝑫𝟎(+) → ഥ𝑲ph’
◼𝑫𝟎 → wh

◼𝑫𝟎 →3p𝟎, 2p𝟎h, 2hp𝟎

◼𝑫𝟎(+) → 𝑲𝑺
𝟎𝑿

◼𝑫𝒔
+ → h’X and h’ r+@4.009 GeV

arXiv:2205.14031, accepted by PRD
PRD105(2022)112001
PRD105(2022)092010
PRD105(2022)032009
arXiv:2110.10999, submitted to JHEP
PRD104(2021)072005
PRD102(2020)052006
PRD102(2020)052003
PRD101(2020)052009
PRD100(2019)072006
PLB798(2019)135017
PRD99(2019)091101
PRD99(2019)032002
PRD99(2019)031101
PRD99(2019)112005
PRD98(2018)092009
PRD97(2018)052005
PLB781(2018)781
PLB765(2017)231
PLB750(2016)466 85



Rare 𝑫 decays at BESIII

◼𝑫𝟎 → p𝟎𝝂𝝂
◼𝑫𝟎 → pe
◼𝑫+ → Λe+、Σe+

◼𝑫𝟎 → hhe+e+

◼𝑫+ → h+h0e+e-

◼𝑫𝟎 → γγ

PRD105(2022)L071102

PRD105(2022)032006

PRD101(2020)031102

PRD99(2019)112002

PRD97(2018)072015

PRD91(2015)112015
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