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Quark mass eigenstates are not their weak eigenstates: Quark-
mixing described by unitary CKM matrix in the Standard 
Model (SM). The CKM matrix elements are fundamental 
parameters of the SM. 
 

The magnitude of Vcd and Vcs can be extracted from semileptonic and 
leptonic D and Ds decays, using theoretical knowledge of the form 
factors. 

CKM matrix and D decays 

VCKM 
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Unitarity Triangle 

γ/φ3 in the unitarity triangle can be directly measured through the 
interference of                                                        , in which strong 
phase difference between D0 and       can be determined from D decays 

B− →D0 (D0 )K − → same final states

B

The unitarity of the CKM matrix can be represented by a 
triangle in a complex plane. 
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D0
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Beijing Electron Positron Collider II (BEPCII) 

BESIII 
Beijing Spectrometer III, general-
purpose detector for BEPCII. 

Linac 
The injector, a 202 m-long electron position 
linear accelerator that can accelerate the 
electrons and positrons to 1.3 GeV. 

Two storage rings 
with a circumference of 237.5 m 
(one for electrons and one for 
positrons) 

Beam energy:  
     1-2.3 GeV 
Luminosity:  
     1×1033  cm-2s-1 



The BESIII Detector�

Beryllium 
beam pipe 

    

Magnet yoke  

  CsI(Tl) calorimeter, 2.5 %@ 1 GeV 

Resistive Plate Counters  
(RPC) Muon Counter 

A total weight of 
730t, ~40,000 
readout channels, 
data rate 6,000Hz 
~50Mb/s �
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Helium-based main 
drift chamber (MDC),
120 µm 

Time-Of-Flight 
counters (TOF) for 
particle identification, 
90ps 

Superconducting solenoidal magnet (SC), 1T 



Samples of Charm decays �

Generate ψ’’ and D pairs at rest. Beam energy can be used to constrain 
kinematics of D decay final states, providing clean singlely/doublely 
tagged D samples to study (semi-)leptonic decays and hadron decays. 
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D leptonic and semileptonic decays �

•  In CKM measurements, the uncertainty is dominated by the uncertainty from fB(S) and             
f+

Bàπ(q2) of B meson calculated in LQCD. 
•  Precision measurement of (semi-)leptonic D decay rate can be used to validate fD(S)+ and               

f+
DàK(π)(q2) calculated in LQCD, and then improve LQCD calculation of fB(S) and f+

Bàπ(q2) 
for B meson. 

•  Recent improved LQCD calculation on fD(S)+(0.5%) and f+
DàK(π)(q2) (1.7%, 4.4%) provide 

good chance to constrain the CKM matrix element |Vcs(d)|, test the unitarity of CKM and 
search for NP. 

D leptonic and semi-lepton decay are ideal window to probe for weak and strong effects 
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Measurement of B[D+àµ+ν], fD+ and |Vcd| �
PRD 89, 051104 (2014) 
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M2
miss (GeV2/c4) 

(2.9fb-1) 

ψ’’ 



Comparisons of B[D+àµ+ν] and fD+ �

B[D+àµ+ν] fD+ �

•  BESIII achieves the best experimental precision 
•  Some tension between experiment results and LQCD calculations 9 



Comparisons of  fD+, fDs+ and fD+:fDs+�
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The plots taken from Gang’s talk at CMK2014 � •  Precision of the LQCD 

calculation of fD+, fDS+, fD+:fDS+  

reach ∼0.5% 

 

•  The experiments have worse 

precision 

 

•  The experimental measured 

and the LQCD calculation 

different by ∼2σ  for fD+:fDS+  

•  Need to improve experimental 

measurements with larger data 

samples �



Measurement of B[D+àK(π)eν] �
PRD 92, 072012 (2015) 
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ψ’’ 

D0àK-e+ν

D0àπ-e+ν

M2
miss (GeV2/c4) 



Fit yields vs. q2 with different 
FF parameterization 

D0àK+e-ν 

D0àπ+e-ν 

D0àK+e-ν 

D0àπ+e-ν 

D0àK+e-ν 

D0àπ+e-ν 

Projection on FF with 
|Vcd(s)| from CKMfiter 

Comparisons of measured 
FF with LQCD predictions 

Measurement of f+
K(π)(q2) �
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Comparisons of FF�

BESIII experiment achieved most precise measurement 
The experimental accuracy is better than that of theoretical predictions 13 



Extraction of |Vcd| and |Vcs| �
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K-e+ν



Fits to ΔΓ(D+àK0e+v) � Fits to ΔΓ(D+àπ0e+v ) �

Projections to f+
K(q2) � Projections to f+

π(q2) �

Fits to dΓ[D+àK0(π0)e+v] 
BESIII Preliminary 
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Comparisons of f+
K(π)(0) 

D+àK0e+v D+àπ0e+v BESIII Preliminary BESIII Preliminary 



Current Status of the Measurement of  
the CKM Unitarity 
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Directly Measuring γ/φ3 Through B-àD0(D0)K-    
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Status of Direct Measurement of γ/φ3 
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Strong phase from: 
CLEO-c, PRD 82 
112006 (2010) 



γ/φ3 Fit Through GGSZ Method 
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Constraining ci and si 
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Ks
0π+π- Dalitz Plots vs. CP Modes 



Reduce to 2.2  

Comparison to Model/Previous Measurement 

Estimate from Toy MC 
suggests BESIII 
achieves 55% of 
CLEO-c [PRD, 82 
112006 (2010)] 
uncertainty  
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γ/φ3 =  



Summary 

•  With 2.93 fb-1 data taken at 3.773 GeV BESIII has 
measured 
– Precise D decay constant and form factors in 

(semi-)leptonic D decays 
– Accurate CKM element |Vcs(d)|, and D strong phase 

parameters for γ/φ3 determination 
•  3 fb-1 data at 4.18 GeV is being taken in 2016, will 

perform CKM measurements with Ds decays. 
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Thank you! 



Backup 
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Equation for Ks
0π+π- Dalitz Plots vs. CP Modes 
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Equation for Ks
0π+π- vs. Ks

0π+π-
 



Binning of Dalitz Plot 
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BESIII use 
this binning 
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Likelihood of the Fit for ci and si 
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Ks
0π+π- vs. Ks

0π+π-
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Impact on γ/φ3 


