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U

udV usV ubV

cdV csV cbV

tdV tsV tbV

 D(s) leptonic decays

 D(s) hadronic decays

2. Strong phase difference in D0 decays: 

Constrain g/f3 measurement in B decays

1. D0D0 mixing parameters and CPV

粲物理实验主要目标

 Absolute BFs of Lc
+ decays

No absolute BF measurements of Lc
+ using near 

threshold data before BESIII

1. fD(s)+, fK(p)
+(0): better calibrate LQCD

2. |Vcs(d)|: better test on CKM matrix unitarity

Leptonic and hadronic decays of charmed hadrons (D0, D+, Ds
+ and 

Lc
+) provide ideal test-beds to explore weak and strong effects

3. LFU test and search of rare SL decaysNP

3. SU(3) symmetry and break effect
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 (Semi-)leptonic D(s) decays

 Summary

 𝚲𝐜
+ decays

 Hadronic D(s) decays

 Charm samples at BESIII

主要内容
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近十年来的粲物理实验

4.6   GeV 0.567 fb-1

D0(+)

Ds
+

Lc
+

Taking from Longke Li’s talk at joint workshop of BESIII/Belle/LHCb at Nankai



Beam energy: 1.0-2.3 GeV

Optimum energy: 1.89 GeV

Designed luminosity: 1.00×1033     cm-2s-1

Data taken from: 2009

Achieved luminosity: 1.00×1033    cm-2s-1
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BEPCII加速器
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BESIII探测器

2015年ETOF升级改造后，
分辨好于70 ps
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 D0(+) samples at y(3770)

 Ds
+/Ds

+/Lc
+ samples

BESIII D0(+), Ds
+和Lc

+ 样本
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2011/2016/2014

3.773 GeV
使用分支比大，背
景低的强子道重建
出一个粲强子，称
为单标记粲强子

在其反冲侧寻
找信号衰变信
号，称为双标
记事例

联合单、双标记粲强子，测定绝
对分支比，研究动力学机制
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D(s)轻子和半轻衰变

 l+v

 P(赝标介子)l+v

 V(矢量介子)l+v

 S(标量介子)l+v

 Rare SL decays

 Some selected topics
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 改进的fD(s)+, f+
DK(p)(q2)能够在更高精度上检验格点QCD的计算

 格点QCD计算精度的改善为精密测量|Vcs(d)|创造了条件

在理论上，粲介子(半)轻子衰变中的强、弱作用能够被简单分离，分
别用衰变常数(形状因子)、夸克混合矩阵元|Vcs(d)|的函数

D(s)轻子和半轻衰变
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22.3 pb-1 at 4.03 GeV

PRL74(1995)4599

First absolute 
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BESI/II上D(s)
+
l+v的寻找
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PRD89(2014)051104R

40921

2.93 fb-1 data@ 3.773 GeV

fD+(203.25.31.8) MeV

|Vcd|0.22100.00580.0047

150 m+v+t+v

KLp

PRD78(2008)052003

fD+=205.87.52.5 MeV

818 pb-1 at y(3770) 

(20042008)

BD+mn(3.820.320.09)×10-4 BD+mn(3.710.190.06)×10-4

BESIIICLEO

20 fb-1 数据能够将fD+

统计误差降至1%

D+
l+v最新实验进展

BESIII获得世界上单次测
量精度最高的fD+和|Vcd|
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B[D+
tn](1.200.24stat.)×10-3

SM prediction: 2.66

BESIII: 3.210.64

BESIII上D+
t+v的寻找

4s
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 Babar, 521 fb-1 at 

10.58 GeV [1023 l+v]

 Belle, 913 fb-1 at 

10.58 GeV [2698 l+v]

fDs+=255.54.25.1 MeV

PRD82(2010)091103

fDs+=258.66.47.5 MeV

JHEP1309(2013)129

PRD79(2009)052001

 Ds*
+Ds

-, 600 pb-1

@ 4.17 GeV [697 l+v]

PRD79(2009)052002

PRD80(2009)112004

fDs+=263.38.21.9 MeV

fDs+=252.211.15.2 MeV

fDs+=257.813.35.2 MeV

已有Ds
+
l+v实验测量

In the past 30 years, Ds
+
l+v has been studied by WA75, CLEOII, E653, BESI, 

L3, OPAL, ALPHA, CLEO-c, BELLE, Babar 
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Experiments Femilab Lattice+MILC (2014) HPQCD (2012)

Averaged Expected D Expected D

fD+(MeV) 203.94.7 212.60.4+1.0
-1.2 1.8s 208.33.4 0.8s

fDs+(MeV) 256.94.4 249.00.3+1.1
-1.5 1.7s 246.03.6 1.4s

fD+:fDs+ 1.2600.036 1.17120.0010+0.0029
-0.0032 2.5s 1.1870.013 1.9s

 实验精度远小于理论精度(fD+, fDs+, fD+:fDs达0.5%,0.5%,0.3%)

 实验与理论预期fD+, fDs+, fD+:fDs+偏离约2s

 期待实验上更精确的结果

fD+, fDs+和fD+:fDs+比较(2014)



N[Ds
+
m+v]=1135.033.1
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3.19 fb-1 data@4.178 GeV

Use m counter to 

suppress background

fDs+(241.016.36.6) MeV fDs|Vcs|=242.53.53.7 MeV

0.48 fb-1 data@4.01 GeV

BESIII fDs+精度达2%，
联合t+v研究，能够降
至1.5%水平

PRD94(2016)072004

BESIII D+
l+v研究进展

BESIII获得世界上单次测
量精度最高的fDs+和|Vcs|
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In the past 30 years, studies of DK(p)l+v were made by MARKIII, E691, 

CLEO, CLEOII, BESII, FOCUS, BELLE, Babar and CLEO-c

 2004-2009, CLEO-c, 818 pb-1 at y’’

 Babar, 347.2 fb-1 at 10.58 GeV

PRD80(2009)032005

PRD76(2007)052005

 BELLE, 282 fb-1 at 10.58 GeV

PRL97(2006)061804

 Babar, 75 fb-1 at 10.58 GeV

Before 2010, the LQCD calculated 

f+
DK(p)(0) precision is at 10% level, 

thus limiting |Vcs(d)| measurement

PRD91(2015)052022

D0
K-e+v 

D0
pe+v 

已有DK(p)l+v实验测量



Taking from Aida X. EI-Khadra’s talk at Beauty2014

9

格点QCD计算取得重要进展
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BESIII, PRD92(2015)072012

D0
Ken D0

pen

BESIII更好检验了LQCD计算的fDK(p)
+(q2)
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BESIII, PRD96(2017)012002

形状因子fDK(p)
+(0)的比较

BESIII获得世界上单次测
量精度最高的形状因子
fDK(p)

+(0)，精度好于1%
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 半轻方法

 纯轻方法 fD(s)+|Vcd(s)| |Vcd(s)|

|Vcs(d)|fDK(p)
+(0)|Vcs(d)|

半轻方法受f+
DK(p)(0)格点计算精度限制 [2.4(4.4)%]

|Vcd| 

Taken from 

PDG, and the 

SL method 

suffers about 

2.4% error 

from LQCD

BESIII获得最高精度的|Vcs(d)|
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BESIII Ds
+
m+v对|Vcs|贡献的权重为28%BESIII |Vcd|权重>50%

各实验测量对|Vcs(d)|的权重

BESIII Ds
+
t+v研究完成后，对|Vcs|

贡献的权重有望达到50%左右
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K0pp

K0pp0

p0pp

p0pp0

227663 D0
p-m+v

134042 D+
p0m+v
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Evidence of LFV at 4s in

Evidence of LFV at 2.6s in FCNC 

decays B+
K+m+m-/K+e+e-

LHCb, PRL113(2014)151601

BESIII对D0(+)
pl+v轻子味道破坏的检验

在1.5s范围内和理论预期一致
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改进了D+
K*0e+v形状因子测量

PRD94(2016)032001

Model independent S-wave 

phase measurement

PRD92(2015)071101(RC)

rV=V(0)/A1(0)=1.240.090.06

r2=A2(0)/A1(0)=1.060.150.05

D+
we+vD+

K-pe+v

半轻衰变D+
Ve+v振幅分析研究

首次测出了D+

we+v形状因子
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 Explore the nontrivial internal structure of light hadron mesons, 

traditional qq states, tetra quark system.

 Improve understanding of 

classification of light scalar 

mesons

R=1(3) if traditional qq

(tetra quark) system 

 With chiral unitarity approach in the coupled channels, BF is predicted to 

be order of 5(6)105 for D0(+) decays

D+
Se+v型半轻衰变的首次观测
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Tree level amplitudes

Various theory models 
predict BFs in 10-6–10-4

B[D+
gen]|Eg>10 MeV<3.0×10-4

@90%C.L.

PRD 95(2017)071102(RC)

D+ D0

B[D+
D0en] <1×10-4 @90%C.L.

PRD 96(2017)092002

D介子稀有半轻衰变的寻找
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 D0D0 mixing parameters

 Strong phase difference

 SU(3) symmetry and break effect

D(s)强子衰变
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D0D0混合和CP破坏
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3.9s

3.2s

 Babar, 384 fb-1@10.58 GeV  BELLE, 540 fb-1@10.58 GeV

PRL98(2007)211802 PRL98(2007)211803

D0D0混合的迹象
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 LHCb, 3 fb-1 pp at 7/8 TeV

PRL110(2013)101802 (1fb-1)

 CDFII, 9.6 fb-1 pp at 1.96 TeV

PRL111(2013)231802

6.1s

PRL111(2013)251801

>10s

 Belle, 976 fb-1 at 10.58 GeV

PRL112(2014)111801

5.1s

PRL100(2008)121802(1.5 fb-1)

D0D0混合的确认
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混合参数:x,y

间接CPV参数:|q/p|,f

RD

直接CPV参数:AD,AK,Ap

强相差参数:dKp, dKpp0

D0D0混合和CP破坏参数



yCP=(-2.01.30.7)%

31

 BESIII, 3 fb-1 at 3.773 GeV

PLB744(2015)339

BESIII测得D0D0混合参数yCP
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cosdKp=1.020.110.060.01

PLB734(2014)227

目前最精确结果

dKp is related to mixing 
parameters x and y from x’ 
and y’

AKp
CP=(12.71.30.7)×10-2

BESIII测得D0D0混合参数dKp



33D0D0 mixing is observed, no direct CPV is found

D0D0混合和CP破坏主要参数平均



 Quantum correlated D0D0 decays in y(3770)

 Interference  strong phase parameters  Constrain 

g/f3, which is important for CKM UT

 CP asymmetry in mixing and decays

34

Direct measurement

g is the worst measured angle, 

mostly due to systematic error 

Significant deviation from UT will 

imply NP beyond SM

D0衰变强相差: 约束g/f3的理想桥梁
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BESIII preliminary
CLEO, PRD82, 112006

D0
KSpp衰变强相差研究
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taken from Liming Zhang’s talk at FPCPV2016

More 15 fb-1 y(3770) data@BESIII will avoid 

syst. limitation for g/f3 measurement

y(3770)

D0衰变强相差对g/f3的约束及前景
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SU(3)对称性及破坏效应
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两体D衰变分支比的理论计算
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D+
hp+ D0

hp0

5.4s

4.1s

Benefit the understanding 

of SU(3) symmetry breaking 

and CP violation, improve 

theory calculation

PRL116(2016)082001

Studies of singly cabibbo-

suppressed decays is limited 

by data set and background

Double tag method

DVP衰变wp的首次确认
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BESIII preliminary 

D0(+)
PP分支比的改进测量
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Ds
+介子纯湮灭衰变和重子衰变的确认

BESIII 
preliminary

BESIII 
preliminary

首次确认纯湮灭衰变𝐃𝐬
+
wp

并首次测定𝐃𝐬
+
wK

首次确认重子衰变𝐃𝐬
+
p 𝐧
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Help to determine the absolute BF, strong 

phase, benefit g/f3

Previous analyses only from 

MarkIII and E691

PRD89(2014)052001

PRD89(2014)052001

多体D衰变振幅分析:VP/VV/SP/…两体衰变

D+
KSpp0 D0

K-ppp
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粲重子Lc
+衰变



Systematic studies of Lc
+, search for new decays, absolute BF 

measurements are important to explore Lc
+ decay mechanisms 44

 Lc
+ was observed in 1979

 Only about 60% decays are known

 All decays of Lc
+ were measured with 

high energy data and relative to pKp, 

which suffers an error of 25%. No 

absolute measurement using threshold 

Lc
+ data

2014年前粲重子研究
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BESIII, PRL116(2016)052001

Much better 

precision

DT: ~1000

BELLE, PRL113(2014)042002

ST: ~15000

B[Lc
+
pKp](6.840.240.21

0.27)%

Lc
+
强子衰变绝对分支比的改进测量
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Calibrate theoretical calculations: 

(1.4-9.2)%

B[Lc
+
Lm+nm]=(3.490.460.26)%

B[Lc
+
Le+n]=(3.630.380.20)%

G[Lc
+
Lm+nm]/G[Lc

+
Le+ne] 0.96±0.16±0.04

BESIII, PLB767 (2017)42

BESIII,PRL115(2015)221805

促进LQCD对形状因子的计算

3 fb-1 data help to explore FF studies

首次测定半轻衰变Lc
+
Ll+v的绝对分支比
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Lc
+
pK-p+ Lc

+
pp-p+

These help to distinguish predictions from different theoretical 

models and understand contributions from factorizable effects

BESIII,PRL117(2016)232002 Lc
+
pK-K+

改进测定Lc
+
pK+K-/pp+p-绝对分支比
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B[Lc
+
nKSp+]=(1.820.230.11)%

G[Lc
+
nK0p+]/G[Lc

+
pK-p+]=0.620.09

G[Lc
+
nK0p+]/G[Lc

+
pK0p+]=0.970.16

Help to understand SU(3) and isospin

symmetry and determine strong phase 

Cai-Dian Lv et al, PRD93(2016)056008

First measurement of BF of Lc
+ decay 

containing neutron

BESIII,PRL118(2017)112001

首次观测到含中子衰变Lc
+
nKSp+



Lc

Sp+p+ Lc


Sp+p+p0 

Nobs=161.3±15.2 Nobs=88.1±13.9

Preliminary results :

B[Lc
+
Spp]   =(1.810.170.09)%

B[Lc
+
Sppp0]=(2.110.330.14)%   [First observation]

The previous one is consistent with and more precise than the PDG 

value of [Lc
+
Spp ]=(2.3±0.4)%. 

BESIII, PLB772(2017)388

46

首次测定Lc
+
Sppp0
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BESIII, PRD95(2017)111102(RC)

B[Lc
+
ph](1.240.280.10)×10-3

4.2s

B[Lc
+
pp0]<2.7104 90%CL

首次测定Lc
+
ph并寻找Lc

+
pp0
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国际粲重子𝚲𝐜
+衰变实验研究的里

程碑：BESIII开辟使用近阈数据绝
对测量𝚲𝐜

+衰变的新领域

一个月左右数据已发表7篇物理
文章，其中4篇PRL

更高能量4.65 GeV，更大近阈𝚲𝐜
+样本，

进一步系统研究Lc
+，寻找40%未知衰

变(半轻、含中子和光子衰变)…

Larger threshold 𝚲𝐜
+ data at BESIII

与PDG14比，𝚲𝐜
+衰变测量精度普遍改

进3-5倍。但与粲介子的测量精度(1-
2%)水平比，统计误差仍是制约因素
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BELLE, PRL117(2016)011801

9.4s

B[Lc
+
pKp]/B[Lc

+
pKp]~tan4qc

sinqc~0.2250.001

B[Lc
+
pKp]/B[Lc

+
pKp]

~(2.350.270.21)%

Observation of DCS decay of Lc
+
pK+p-
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BELLE, PRD96(2016)051102(RC)
Inspired by the observation of two 

hidden-charm pentaquark states 

Pc
+(4380) and Pc+(4450) in J/yp

invariant mass spectrum at LCHb

Search for hidden-stangeness

pentaquark states in fp invariant 

mass spectrum

@90%C.L.

Search for penta-quark in Lc
+
pK+K-p0
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LHCb, 1711.01157[hep-ex] 1 fb-1 data @ 7 TeV

Measurements of Lc
+
pK+K-/pp+p-/pK+p-
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 D0(+)研究取得一些重要物理成果

--D+衰变常数fD+

--形状因子fDK(p)
+(q

2)

--CKM矩阵元|Vcs(d)|

--D0D0混合参数yCP, dKp

--D0
KSpp强相差初步结果

 2016年，在4.178 GeV采集了3.2 fb-1 Ds
+数据。已取得Ds

+衰变
常数fDs+、CKM矩阵元|Vcs|等初步结果

精密检验格点QCD计算
和CKM矩阵幺正性、探讨
D0D0混合、约束g/f3测量

BESIII粲物理研究总结

 Lc
+衰变的系统研究结束了其发现近40年来无近阈数据绝对测量

的历史

 更多物理结果将在未来12年完成
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谢谢!



57fK
+(0)|Vcs| =0.7280.0060.011 r1=a1/a0=-1.910.330.24

ACP
D+KLe+v=(-0.590.60  1.50)%

B(D+
KLe+v) =(4.4820.0270.103)%

Simultaneous fit to event density I(q2) with 2-par. series Form Factor

 Regardless of long flight distance, KL

interact with EMC and deposit part of 

energy, thus giving position information 

After reconstructing all other particles, 

KL can be inferred with position 

information and constraint Umiss0

D+
KLe+v is 

measured for 

the first time

PRD92(2015)112008

With 6 dominant 

D single tag

Analysis of D+
KLe+v
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5013±78

Taking tD+, tD0, B[D0
K-e+v] and 

B[D+
K0e+v] from the PDG as input

Agrees with isospin conservation within 1.2s

CPC40(2016)113001

025.0969.0
][

][
0

0


G

G




veKD

veKD

With 6 dominant D single tag

Absolute BF for D+
K0e+v via K0

p0p0
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Simultaneous fits

K0
p0p0

K0
pp

16516±130

4198±33

Taking B[D0
K-m+v] 

and B[D+
K0e+v] 

from the PDG as input

Support isospin conservation in 

these two decays within errors

Consistent with theory 

prediction 0.97 within error

EPJC76(2016)369

044.0963.0
][

][
0

0


G

G




vKD

vKD

m

m

033.0988.0
][

][
0

0


G

G




veKD

vKD m

With 6 dominant D single tag

Improved BF for D+
K0m+v
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482 pb-1 data@4.009 GeV, PRD94(2016)112003

 Benefit the understanding of the source of difference of inclusive decay 

rates of D0(+) and Ds
+

 Complementary information to understand hh’ mixing

CLEOII 95 CLEOc09 CLEOc15

Measurements of BFs of Ds
+
 h(’)e+v



Ds
+
K0e+ne Ds

+
K*0e+ne

Nobs=117.213.9 Nobs=155.017.2

BESIII 
preliminary

BESIII 
preliminary

B[Ds
+
K0e+ne ]  =(3.250.38stat0.14syst)10-3 B[Ds

+
K*0e+ne ]=(2.380.26stat0.12syst)10-3

(3.90.9)10-3 [PDG17] (1.80.4)10-3 [PDG17]

Fit background 
via inclusive MC

61

Data MDs

sideband

Four dimensional un-binned likelihood 

fit is performed. K* paramters are fixed

rV=1.670.340.16

r2=0.770.280.07 
Taking |VCKMfitter

cd| as input

3.2 fb-1 data@4.178 GeV

Studies of Ds
+
K(*)0e+v at 4.178 GeV



62

70629

Agrees with PDG2015 value (3511)%,

stat. only

Help to explore the source of missing 

decays and search for new decay. Better 

input for charm baryon and B physics

Lc
+
pKS

0 Lc
+
pK-p+

Inclusive decay Lc
+
LX
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 Two dimensional fits to MBC(tag) versus MBC(signal)

 Projections of DT evens on the MBC(sig) vs. Kπ (for example)

Branching fractions and asymmetries

 yCP ((KSπ0, KLπ0) vs. Keν) = 

(0.98±2.43)%

BESIII preliminary 

Statistical only

BESIII preliminary 

Absolute BFs and yCP of D0
KS/Lp

0(p0)
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The first and second uncertainties are statistical and systematic

BESIII preliminary

Absolute BFs and ACP of D+
KS/LK

+(π0)



65

Comprehensive or improved measurements 

of 3-body decays benefit the understanding 

of the interplay between weak and strong 

interactions in multibody decays, where 

theory is poor than 2-body decays 

PLB765(2017)231

BF of D0
KSKS will be helpful to 

explore the SU(3) symmetry breaking 

in D decays 

BFs of D+
2KSK(p)+ and D0

2(3)KS
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~15.6 K ST 

N[Ds
+
 h’X]=68±14

N[Ds
+
 h’r+]=210±50

B[Ds
+
 h’X]=(8.8±1.8±0.5)%

B[Ds
+
 h’r+]=(5.8±1.4±0.4)%

BPDG14
SUM[Ds

+
 h’X]=(18.6±2.3)%

BCLEO[Ds
+
 h’r+]=(12.5±2.2)%

是理论预期(3.0±0.5)%的4倍

BMSR[Ds
+
 h’X]=(11.7±1.8)%

PLB 750(2015)466

PRD79(2009)112008

PRD58(1998)052002

与CLEOPRD88(2013)032009一致

新实验结果解决了实验和理论不一致的矛盾

F.S.Yu PRD84(2011)074019

Ds
+
 h’X and h’r+
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Status of rare D0 decays
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So far, no rare D decay is found 

Status of rare D(s)
+ decays
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PRD 91(2015)112015

Search for FCNC 
decay  D0

gg 
using DT method

BD0gg<3.810-6

Consistent with Babar result

ST method

FCNC 
decay

LNV 
decay

In SM, the BFs of charm rare decay are expected to be less than 10-6

Search for rare D decays


