
Charm Physics  at

Peirong Li(李培荣)

on behalf of BESIII collaboration

University of Chinese Academy of Sciences



Outline

 Summary

 Introduction

 D hadronic decays

 D decays 

 D semi-leptonic decays

 Lc
+ decays 

 Lc
+ hadronic decays

 Lc
+ semi-leptonic decays

Beauty2016, Marseille, France 2



Beijing Electron Positron Collider (BEPCII)

2004: start BEPCII upgrade

2008: test run of BEPCII 

2009-now: BESIII data taking 

Achieved the design 

Luminosity in 2016: 

Lpeak=1.0×1033 cm-2s-1
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The BESIII Detector @ BEPCII
Excellent tracking:

𝝳p/p=0.5%@1GeV 

dE/dx=6%

Shower reconstruction:

𝝳E/E=2.5%@1GeV 

Time resolution:

90ps@BTOF

110ps@ETOF

NIM A614, 345 (2010) 

The new BESIII detector is hermetic for neutral and charged particle with 

excellent resolution, PID, and large coverage. 
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Data samples in this talk

 0.57 fb-1 data@4.599 GeV for Lc
+Lc

- production;

 2.93 fb-1 data@3.773 GeV for D0D0, D+D- production; 

 0.48 fb-1 data@4.009 GeV for Ds
+Ds

- production;
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Analysis Technique
ST: Find only one D/Ʌc

DT: Find both of them

Example:

The advantage of data at threshold:

 Charmed hadrons can be fully reconstructed by hadronic decays with large 

Branching Fractions(BF). 

 Double Tag technique make one can access to absolute BFs and dynamics in the 

other side decays with clean background.

 Most systematic uncertainty in tag side are cancelled out.

e-e+

K+

D0

D0

p-

ST

DT
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Absolute BF for 𝚲𝒄
+
Le+ne

 Important for test and calibrate the LQCD calculations

 First absolute measurement

PRL115, 221805 (2015)
14415±159 events with 11 ST modes

104±11 DT 

 Useful for determining CKM matrix elements

 Test the theoretical predications (ranges from 1.4% to 9.2%)

B[Lc
+
Le+v]=(3.630.380.20)%
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Backgrounds are well controlled



Absolute BFs of Λ𝑐
+ hadronic decays

 Measurement using the threshold pair-productions via e+e-

annihilations is unique: 

 the most simple and straightforward 

 kinematics do not allow additional particle produced along with the 𝛬𝑐
+𝛬𝑐

− pair 
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PRL116, 052001 (2016)
 A global least-square fitter is utilized 

to improve the measured precision for 

12 Lc
+ hadronic decay channels.

 BESIII BF for Lc
+
pK-p+ is smaller.

 Improved absolute BF of pK-p+ 

together with BELLE’s result are key 

to calibrate other decays.

 The precision of absolute BFs of 12 modes are improved significantly.



The most precise form factor measurement to calibrate the LQCD

e+e-
y(3770)D0D0 PRD92,072012(2015)

D0
K+p-p- D0

K+p-p0

D0
K+p-p-p+

D0
K+p-p-p+p0

D0
K+p-p0p0

4

D
10)37.033.279(0

tag

N

)%033.0014.0505.3(0 +- veKD
B

)%0026.00041.02950.0(0 +- veD
B

p

Measurement of B[D0
K(p)-e+v] and f+

K(p)(0)
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f+
K(0)

f+
p(0)

fDK(p)
+(0)|Vcs(d)|

fDK(p)
+(0)

Input |Vcs(d)| of CKM-Fitter



fK
+(0)|Vcs| =0.7280.0060.011B(D+

KLe+v) =(4.4820.0270.103)%

Simultaneous fit to observed numbers of DT candidates

 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

The first measurement of the BR for D+
KLe+ne

[PRD92, 112008(2015)]

Analysis of D+
KLe+v
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Analysis of D+
K-p+e+v

Projections of data and fitted MC distributions

B(D+
K-p+e+ve) =(3.710.030.08)%

MKp distribution

background level: 0.7% 

B(D+
K-p+e+ve) [0.8,1] =(3.330.030.07)%

 Parameters of K*0(892) Fitted fractions of the component 

arXiv:1512.08627
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 Fit Results of B



PRD92, 071101R(2015) 

Study of D+
we+v and search for D+

fe+v

D+
we+v D+

fe+v

U distribution U distribution

Red dots: data;

Arrows: signal region.

 No significant excess of 

D+
fe+v is observed

 Better precision of BFs

 Amplitude analysis of  

D+
we+v is performed 

for the first time

Results of form factor ratios: 
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Observation/Evidence for SCS decay D+(0)
wp +(0)

Suppress background via DT method
D+
hp+ D0

hp0

5.5s

4.1s

 Dwp were studied at 

CLEO-c with ST method, 

but only set BF upper limits

 Improve understanding of 

SU(3) flavor symmetry 

breaking effects in D decays 

and benefitting theoretical 

prediction of CP violation in D 

decays

 Predications of B[Dwp] at 

1.0 ×10-4 level.

Summary of BFs measurements

PRL116, 082001 (2016)
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Other Results
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Observation of Lc
+
nKS

0p+ [arXiv:1601.04241]



Summary

 With 2.92fb-1 data taken at 3.773GeV, BESIII released many 

new results.

 BEPCII/BESIII accumulated 567pb-1 data set @4.6GeV

 Open a door to study the lowest charmed baryon state Λ𝑐
+

low backgrounds and high detection efficiency

 Several physic potentials has been and is being explored

 absolute BFs of hadronic decays model-independently

Λc semi-leptonic decays

 BESIII is taking data at 4.18GeV to study the Ds
+decays

 More fruitful results will come out!

Thanks
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Backup slides



after adopting Belle’s
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Basic global fit logical

The efficiencies-corrected yields, denoted by 

Based on the lease square principle, The χ2 can be 

constructed as

[Chinese Phys. C37(2013)106201]
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Precision measurement of charm decays provide rich information 

to probe for strong and weak effects 

 LQCD calibration: precise decay constant fD(s)+, form factors 

fDK(p)(q
2) and others

 New physics BSM: evidence of rare decay/CP violation, or 

significant deviation of CKM untarity/LQCD calculation

 Unitarity test of CKM matrix: direct access quark mixing 

matrix element |Vcs(d)| or strong phase constrained g/f3

 Important inputs for beauty physics: Significantly improved 

decay rates or dynamics

motivation
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 Improved fD(s)+, f+
DK(p)(q2) of D semi-leptonic decays calibrate LQCD 

calculations at higher accuracy.  Once they pass experimental test, the 

precise LQCD calculations of fD/fB, fDs/fBs and form factor ratios are 

helpful for measurements in B decays

 Recent LQCD calculations on fD(s)+[0.5(0.5)%], f+
DK(p)(0) [1.7(4.4)%]

provide good chance to precisely measure |Vcs(d)|

Bridge to extract D(s)
+ decay constant(s) fD(s)+, form factors f+

DK(p)(q2)

and quark mixing matrix elements |Vcs(d)|

D leptonic and semi-leptonic decays
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Ds
+
 h’X and h’r+

About 15.6 K ST Ds
- events by 

using 9 ST modes

Consistent with CLEO measurements B[Ds
+
h’X]=(11.7±1.8)%   [PRD79 112008(2009)]

N[Ds
+
 h’X]=68±14

N[Ds
+
 h’r+]=210±50

PLB750 466(2015)

B[Ds
+
 h’X]=(8.8±1.8±0.5)%

B[Ds
+
 h’r+]=(5.8±1.4±0.4)%

Resolve the disagreement between theoretical predication and CLEO-c’s previous 

measurement.  B[Ds
+
h’r+]=(12.5±2.2)%   [PRD58 052002(1998)]

Bexp[Ds
+
 h’r+]=(3.0±0.5)% [PRD84 074019(2011)]
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First observation of LC
+ decays to final states involving the neutron. 

Observation of Lc
+
nKS

0p+

22

BESIII preliminary

The missing neutron is detected by: 
Fit to M2

miss and Mp+p spectra in (a,b) Lc
-

signal region and (a’,b’) Lc
- sideband 

region simultaneously.

B[Lc
+
nKS

0p+]=(1.820.230.11)%

83±11 net signal events

BESIII preliminary

BESIII Preliminary results: 
The relative BF of neutron-involved mode 

to proton-involved mode is essential to test 

the isospin symmetry for Lc
+ decays.

[arXiv:1601.04241] 


