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Overview 
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• BESIII experiment 
• Leptonic decays 

• 𝐷+ → 𝜇𝜈 
• Semi-leptonic decays 

• 𝐷0 → 𝐾(𝜋)−𝑒+𝜈  

• Measurement of YCP in D0D0 oscillation 
• Hadronic decays 

• GGSZ strong-phase measurements for D0 → 𝐾0𝜋+𝜋− 
• More upcoming BESIII measurements 
• Summary 
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BEPCII and BESIII 

Taking Physics Data since 2009 D
at

as
et

s 
𝟎. 𝟓 ×  𝟏𝟎𝟗Decays 

𝟏. 𝟐 × 𝟏𝟎𝟗Decays 

Electron Positron Collider 
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BESIII Detector 

Super-conducting  
magnet (1.0 tesla) 

μ Counter 
8- 9 layers RPC 

    Drift Chamber (MDC) 
  𝜎𝑃 𝑃 = 0.5% @1 GeV 
  𝜎𝑑𝐸/𝑑𝑥 = 6%   

Time Of Flight (TOF) 
    𝜎𝑇 : 90 ps Barrel 
          110 ps endcap 

EMC： 
𝜎𝐸/𝐸  = 2.5%@1GeV 
𝜎𝑍  = 0.6cm 

M. Ablikim et al., (BESIII Collaboration),  
Nucl. Instrum. Meth. A 614, 345 (2010). 

2 m 



                               Collaboration 
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ψ(3770) Dataset 
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2.9 𝑓𝑏−1 is the largest set of at this type in the world by 3.6 times. 

ψ(3770) excited 𝑐𝑐  state which decays primarily into a 𝐷𝐷  pair. 

ψ(3770)  

𝐷 

𝐷 

𝑙 = 1 𝛾∗ 

𝑒− 

𝑒+ 

The ability to fully reconstruct most events allows us to determine the presence of 
particles that don’t interact in our detector(𝜈, 𝐾𝐿). 
  
𝐷𝐷  pair created in a quantum-correlated state, unique compared to generic D decays. 



Single D Tagging 
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Single Tagging 

Reconstruct particles from a single D decay. 

Δ𝐸 =  𝐸𝐷 𝑅𝑒𝑐 − 𝐸𝐵𝑒𝑎𝑚 𝑀𝑏𝑐 = 𝐸𝑏𝑒𝑎𝑚
2 − |𝑃 𝐷 𝑅𝑒𝑐|

2 



Double D Tagging 
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Double Tagging reconstructs both D’s 

Reconstructing both D’s significantly removes background , 

however it is at the cost of statistics. 

Ability to reconstruct particles that don’t decay in our detector (𝐾𝐿
0, 𝜐) 



Leptonic decays 

SM prediction:    
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Allows us to explore precision measurements of : 
• Decay constants 𝑓𝐷(𝑠)

+  using input from |𝑉𝑐𝑑 𝑠 |
CKMfitter 

• CKM matrix elements |𝑉𝑐𝑑 𝑠 | using input from 𝑓𝐿𝑄𝐶𝐷
𝐷(𝑠)
+  



Measurement of ℬ 𝐷+ → 𝜇+𝜐𝜇 , 𝑓𝐷+  and 𝑉𝑐𝑑  
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B[D+
m+n]=(3.710.190.06)×10-4 

𝑓𝐷+ = 203.2 ± 5.3 ± 1.8  MeV 𝑉𝑐𝑑 = 0.2210 ± 0.0058 ± 0.0047
 

Input tD+, mD+, mm+ on PDG 

and |Vcd|=0.22520 0.00065 

from CKM-Fitter 

Input tD+, mD+, mm+ on PDG and 

LQCD calculated fD+=2074 

MeV[PRL100(2008)062002] 

PRD89(2014)051104R 

2.92 fb-1 data@ 3.773 GeV e+e-
y(3770)D+D- 

4

D
10)34.031.170(N -

tag

=

𝑀𝐵𝐶[GeV c
2 ] = 𝐸𝑏𝑒𝑎𝑚

2 − |𝑃 𝐷 𝑅𝑒𝑐|
2 𝑀𝑚𝑖𝑠𝑠

2 Ge𝑉2 c4 = 𝐸𝑚𝑖𝑠𝑠
2 − 𝑝 𝑚𝑖𝑠𝑠

2 



Comparison of ℬ 𝐷+ → 𝜇+𝜐𝜇  and  𝑓𝐷+   
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ℬ 𝐷+ → 𝜇+𝜐𝜇  𝑓𝐷+ [MeV] 



Semi-leptonic decays: 𝐷0 → 𝐾 𝜋 −𝑒+𝜐𝑒  

Differential Rates:    
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Allows us to explore precision measurements of : 

• Form factors 𝑓+
𝐷→𝐾 𝜋 −(𝑞2) using input from |𝑉𝑐𝑠 𝑑 |

CKMfitter 
 
 
 
 
 
 
• CKM matrix elements |𝑉𝑐𝑠 𝑑 | using input from 𝑓𝐿𝑄𝐶𝐷

𝐷0
 

− Single pole form − Modified pole model 

− ISGW2 model − Series expansion model 

𝑓+ 𝑞
2 =

𝑓+(0)

1 −
𝑞2

𝑀𝑝𝑜𝑙𝑒
2

 𝑓+ 𝑞
2 =

𝑓+(0)

1 −
𝑞2

𝑀𝑝𝑜𝑙𝑒
2 1 − 𝛼

𝑞2

𝑀𝑝𝑜𝑙𝑒
2

 

𝑓+ 𝑞
2 = 𝑓+ 𝑞𝑚𝑎𝑥

2 1 +
𝑟𝐼𝑆𝐺𝑊2
2

12
𝑞𝑚𝑎𝑥
2 − 𝑞2

−2

 𝑓+ 𝑡 =
1

𝑃 𝑡 Φ 𝑡, 𝑡0
𝑎0 𝑡0 1 + 𝑟𝑘 𝑡0 𝑧 𝑡, 𝑡0

𝑘

∞

𝑘=1

 

𝑑Γ 𝐷 → 𝐾 𝜋 𝑒𝜈

𝑑𝑞2
=
𝐺𝐹
2 𝑉𝑐𝑠(𝑑)

2

24𝜋3
𝑝3 𝑓+ 𝑞

2 2 



Measurement of ℬ 𝐷0 → 𝐾 𝜋 −𝑒+𝜐𝑒  

5/24/2015 Daniel Ambrose, University of Minnesota 13 

4

D
10)37.033.279(0

tag

=N

e+e-
y(3770)D0D0 

278707270 =+- veKD
N

8762970 =+- veD
N



)%033.0014.0505.3(0 =+- veKD
B

)%0026.00041.02950.0(0 =+- veD
B



Umiss=Emiss-Pmiss 



Comparison of ℬ 𝐷0 → 𝐾 𝜋 −𝑒+𝜐𝑒   
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ℬ 𝐷0 → 𝐾−𝑒+𝜐𝑒  ℬ 𝐷0 → 𝜋−𝑒+𝜐𝑒  



Extracted Parameters of Form Factors  
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D0
K-e+v D0

-e+v 

Simple Pole 
fK

+(0)|Vcs|  0.72090.00220.0033 f
+(0)|Vcd|  0.14750.00140.0005 

Mpole  1.92070.01030.0069 Mpole  1.91140.01180.0038 

Mod. Pole 
fK

+(0)|Vcs|  0.71630.00240.0034 f
+(0)|Vcd|  0.14370.00170.0008 

a  0.30880.01950.0129 a  0.27940.03450.0113 

ISGW2 
fK

+(0)|Vcs|  0.71390.00230.0034 f
+(0)|Vcd|  0.14150.00160.0006 

rISGW2  1.60000.01410.0091 rISGW2  2.06880.03940.0124 

Series.2.Par 
fK

+(0)|Vcs|  0.71720.00250.0035 f
+(0)|Vcd|  0.14350.00180.0009 

r1 -2.22780.08640.0575 r1 -2.03650.08070.0260 

Series.3.Par 

fK
+(0)|Vcs|  0.71960.00350.0041 f

+(0)|Vcd|  0.14200.00240.0010 

r1 -2.33310.15870.0804 r1 -1.84340.22120.0690 

r2  3.42233.90902.4092 r2 -1.38711.46150.4677 



Experimental data calibrate LQCD calculation 

Solid lines represent 

LQCD fits to the 

BK model,  PLB478 

(2000)417 

Fermilab Lattice, MILC and HPQCD, PRL94 (2005) 011601 

Fermilab Lattice and MILC, PRD80 (2009) 034026 

D0
-e+v D0

K-e+v 
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Measurement of 𝑓+
𝐾 𝜋 (𝑞2) 



Improved Form Factor at q=0 
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f+
K(0) f+

(0) 

Input |Vcs(d)| from CKM-Fitter 



Improved |Vcs(d)| at BESIII  

5/24/2015 Daniel Ambrose, University of Minnesota 18 

|Vcd|  

Input fDK()
+(0) of LQCD 

 Method 2 

 Method 1 

Input tD+, mD+, mm+ on PDG and 

LQCD calculated fD(s)+ 
B[D(s)

+
l+n] |Vcd(s)|

 

|Vcs(d)|
 fDK()

+(0)|Vcs(d)|
 

 

|Vcs|  



Definition of YCP in D0D0 oscillation 
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Oscillations in D0D0 system are characterized by two mixing parameters 
𝑥 = ∆𝑚/Γ  
𝑦 = ∆Γ/2Γ 

Where ∆𝑚 and ∆Γ are the mass and width differences between the two mass eigenstates 

|𝐷1,2 = 𝑝|𝐷
0 ± 𝑞|𝐷0  

𝜙 = arg ( 𝑝 𝑞)  
The D meson’s CP eigenstates can be written as 

|𝐷𝐶𝑃± =
|𝐷0 ± |𝐷0 

2
 

Allowing for small indirect CPV, the y parameter of the CP eigenstates becomes 

𝑦𝑐𝑝 =
1

2
𝑦 cos𝜙

𝑞

𝑝
+
𝑝

𝑞
− 𝑥 sin𝜙

𝑞

𝑝
−
𝑝

𝑞
 

 
In absence of CPV : 

• 𝑦𝑐𝑝 = 𝑦 

•
𝑞

𝑝
= 1 

• 𝜙 = 0 
 



Using Semi-leptonic decays to measure YCP  
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ψ(3770)  

𝐷0 

𝐷0  

𝑙 = 1 𝛾∗ 

𝑒− 

𝑒+ 

If 𝐷0 in CP eigenstate, 

𝐷0  must be in opposite 
CP eigenstate 

Total decay width of CP eigenstates:  
Γ𝐶𝑃± = Γ 1 ∓ 𝑦𝐶𝑃  

Semi-leptonic (𝐷 → 𝑙) decay width is only sensitive to flavor content 
Therefore, Semi-leptonic decay from a CP eigenstate   

ℬ𝐷𝐶𝑃±→𝑙 ≈ ℬ𝐷→𝑙 1 ∓ 𝑦𝐶𝑃  

∴  𝑦𝐶𝑃 ≈
1

4

ℬ𝐷𝐶𝑃−→𝑙

ℬ𝐷𝐶𝑃+→𝑙
−
ℬ𝐷𝐶𝑃+→𝑙

ℬ𝐷𝐶𝑃−→𝑙
 

This can be obtained through Single and double tag yields and efficiencies 

ℬ𝐷𝐶𝑃∓→𝑙 =
𝑁𝐶𝑃±;𝑙
𝑁𝐶𝑃±
∙
𝜀𝐶𝑃±
𝜀𝐶𝑃±;𝑙

 



YCP Results 
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*Edited to compare with BESIII result 

**BESIII not included in world average  

* 

** 

BESIII 2015 −2.0 ± 1.3 ± 0.7 % 

Result: 
𝑦𝑐𝑝 = (−2.0 ± 1.3 stat ± 0.7 sys )% 

Phys.Lett.B 744(2015) 339-346 

ℬ𝐷𝐶𝑃∓→𝑙 =
𝑁𝐶𝑃±;𝑙
𝑁𝐶𝑃±
∙
𝜀𝐶𝑃±
𝜀𝐶𝑃±;𝑙

 

Branching ratios of 𝐾𝑒𝜐 and 𝐾𝜇𝜐 
are combined to get ℬ𝐷𝐶𝑃∓→𝑙 

 
 
Results are combined from 
different CP modes into a global 
fit using standard weighted least-
square method. 



𝐷0 → 𝐾𝑆
0𝜋+𝜋− Strong-Phase Parameters 
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This measurement is important for reducing the 
systematic/model uncertainty of the 
measurement of the CKM UT angle 𝛾 done at the 
B factories using the GGSZ method. 

Measuring the Dalitz binned 
strong-phase difference between 

D0  and D0 → 𝐾𝑆
0𝜋+𝜋− 



CKM UT angle 𝛾 measurement 
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Determine 𝛾 through the measurement of  
the interference between b →c and b →u transitions  

when 𝐷0 and 𝐷0 both decay to the same final state f(D). 

B- 

𝐷0 K- 

𝐷 0 K- 

f(D)K- 

B- → 𝐷0 K- B- → 𝐷 0 K- 



GGSZ method of measuring 𝛾 
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Γ(𝐵± → 𝐷 𝐾𝑠𝜋
+𝜋− 𝐾±)𝑖 = 𝑇𝑖 + 𝑟𝐵

2𝑇−𝑖 + 2𝑟𝐵 𝑇𝑖𝑇−𝑖 cos 𝛿𝐵 ± 𝛾 − Δ𝛿𝐷  

                                                           = 𝑇𝑖 + 𝑟𝐵
2𝑇−𝑖 + 2𝑟𝐵 𝑇𝑖𝑇−𝑖 𝑐𝑖cos 𝛿𝐵 ± 𝛾 +𝑠𝑖sin 𝛿𝐵 ± 𝛾  

                                                  

Binned decay rate: 

Distribution sensitive to variables: 
𝑇𝑖   : Bin yield measured in flavor decays 
𝑟𝐵  : color suppression factor ~ 0.1 
𝛿𝐵 : strong phase of B decay 
𝑐𝑖 , 𝑠𝑖   : weighted average of cos Δ𝛿𝐷   
           and sin Δ𝛿𝐷  respectively where Δ𝛿𝐷  
           is the difference between phase of  

           𝐷0 and 𝐷0  
 
𝑇𝑖  , 𝑟𝐵, 𝛿𝐵  are measured at B-Factories 
 
𝑐𝑖  and 𝑠𝑖  can be found through Ksπ

+π-  Analysis 

Mirrored binning over x=y makes it so 𝑐𝑖 = 𝑐−𝑖 and 𝑠𝑖 = −𝑠−𝑖  
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Calculation of strong phase parameters 

It can be shown that the strong phase parameters can be determined through 
yields and efficiencies of ST and DT modes. 
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𝐾𝑆
0𝜋+𝜋− vs CP tags 

Y Projection: K0
sπ

- Y Projection: K0
sπ

- 

 π+π- Mass2 X Projection: K0
sπ

+ X Projection: K0
sπ

+  π+π- Mass2 

CP Even Tags CP Odd Tags 

BESIII 
Preliminary  



Strong-phase parameters results 
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Reduction in the 𝑐𝑖  𝑠𝑖  contribution 
to the uncertainty in 𝛾 of ~40%  
Improved statistics from B factories 
could place uncertainty from the 
𝑐𝑖  𝑠𝑖  contribution at ~1% 
 



More Upcoming Analysis 
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Leptonic: 
• Ds

+ → 𝑙+𝜈 analysis 
Semi-leptonic: 
• 𝐷+ → 𝐾𝐿𝑒

+𝜈 

• 𝐷+ → (𝜔,𝜙)𝑒+𝜈 
• 𝐷+ → 𝐾−𝜋+𝑒+𝜈 
Hadronic: 
• Dalitz analysis KsKK 

• 𝐷𝑆
+ → 𝜂′𝑋 and 𝐷𝑆

+ → 𝜂′𝜌+ 
• σ(e+e+ → DD ) at Ecm = 3.773 GeV  
• σ(e+e+ → DD ) Line shape near Ecm = 3.773 GeV  
 



Summary 
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Through the leptonic decay of 𝐷+ → 𝜇+𝜐𝜇 and the semi-leptonic decay 

𝐷0 → 𝐾(𝜋)−𝑒+𝜐𝑒, we have obtained improved measurements of decay 
constant 𝑓

𝐷+
  and form factors f+

DK(π)(q2) , which are important to test and 

calibrate LQCD calculations accurately. 
 
Leptonic and semi-leptonic decays improved measurements of CKM matrix 
elements, which are important for unitarity test of the CKM matrix. 
 
Measurement of 𝑦

𝐶𝑃
, the mixing parameter in D0D0 oscillation, is a competitive 

measurement which takes advantage of the quantum correlation of the 
ψ(3770) dataset. 
 
Measurement of parameters of the strong-phase difference between D0  and 

D0 → 𝐾𝑆
0𝜋+𝜋−, which are important for reducing systematics in CKM UT angle 𝛾 

measurements.  
 
Many more BESIII analysis are on their way and we look forward to sharing our 
results.  
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𝐾𝑆
0𝜋+𝜋− Calculation of 𝑐𝑖, 𝑠𝑖  

For CP tag vs 𝐾𝑆
0𝜋+𝜋−, we are able to find 𝑐𝑖 

From the Double Dalitz modes, we are able to find 𝑐𝑖, 𝑠𝑖  

𝑀𝑖
± =  
𝑆±
2𝑆𝑓
𝐾𝑖 ± 2𝑐𝑖 𝐾𝑖𝐾−𝑖 + 𝐾−𝑖  

𝑀𝑖
+ 𝑀𝑖
−  yields in each bin of Dalitz plot for CP even(odd) modes. 

𝑆+ 𝑆−   number of single tags for CP even(odd) modes. 
𝑆𝑓 number of single tags for flavor modes. 

𝐾𝑖 𝐾−𝑖 ,  yields in each bin of Dalitz plot in flavor modes. 
 

𝑀𝑖,𝑗 =
𝑁𝐷,𝐷 

2𝑆𝑓
2 𝐾𝑖𝐾−𝑗 + 𝐾−𝑖𝐾𝑗 − 2 𝐾𝑖𝐾−𝑗𝐾−𝑖𝐾𝑗 𝑐𝑖𝑐𝑗 + 𝑠𝑖𝑠𝑗  

𝑀𝑖,𝑗  yields in bin i of first Dalitz plot  and bin j of second Dalitz plot. 

𝑆𝑓   number of single tags for flavor modes. 

𝑁𝐷,𝐷  total number of 𝐷0 𝐷0  events. 

𝐾𝑖 𝐾−𝑖 ,  yields in each bin of Dalitz plot in flavor modes. 
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𝐾𝐿
0𝜋+𝜋− Calculation of 𝑐𝑖, 𝑐′𝑖, 𝑠𝑖, 𝑠′𝑖  

For CP tag vs 𝐾𝐿
0𝜋+𝜋−, we are able to find 𝑐′𝑖 

From the Double Dalitz modes, we are able to find 𝑐𝑖, 𝑐′𝑖, 𝑠𝑖, 𝑠′𝑖  

ith 
bin for 𝐾𝑆

0𝜋+𝜋− 
jth 

bin for 𝐾𝐿
0𝜋+𝜋− 

’ indicates 
numbers from 
KLπ

+π- decays  

𝑀′𝑖
±
=  
𝑆±
2𝑆𝑓
𝐾𝑖
′ ∓ 2𝑐′𝑖 𝐾𝑖

′𝐾−𝑖
′ + 𝐾−𝑖

′  

𝑀′𝑖
+ 𝑀′𝑖

−  yields in each bin of Dalitz plot for CP even(odd) modes. 
𝑆+ 𝑆−   number of single tags for CP even(odd) modes. 
𝑆𝑓 number of single tags for flavor modes. 

𝐾′𝑖 𝐾′𝑖 ,  yields in each bin of Dalitz plot in flavor modes. 
 

𝑀′𝑖,𝑗 =
𝑁𝐷,𝐷 

2𝑆𝑓
2 𝐾𝑖𝐾′−𝑗 + 𝐾−𝑖𝐾′𝑗 + 2 𝐾𝑖𝐾′−𝑗𝐾−𝑖𝐾′𝑗 𝑐𝑖𝑐′𝑗 + 𝑠𝑖𝑠′𝑗  

𝑀𝑖,𝑗  yields in bin i of  𝐾𝑆
0𝜋+𝜋− Dalitz plot and bin j of  𝐾𝐿

0𝜋+𝜋− Dalitz plot. 

𝑆𝑓  number of single tags for flavor modes. 

𝑁𝐷,𝐷  total number of 𝐷0 𝐷0  events. 

𝐾𝑖 𝐾−𝑖 ,  yields in each bin of 𝐾𝑆
0𝜋+𝜋− Dalitz plot in flavor modes. 

𝐾′𝑗 𝐾′−𝑗 ,  yields in each bin of 𝐾𝐿
0𝜋+𝜋− Dalitz plot in flavor modes. 


