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Outline

 𝑫𝑫 semileptonic decays (data@ψ(3770))
– Branching fraction of  𝐷𝐷+ → 𝐾𝐾−𝜋𝜋 +𝑒𝑒+𝜐𝜐𝑒𝑒 and form factors 
– Branching fraction of  𝐷𝐷+ → 𝜔𝜔(𝜙𝜙)𝑒𝑒+𝜐𝜐𝑒𝑒 and form factors
– Branching fraction of  𝐷𝐷+ → 𝐾𝐾𝐿𝐿𝑒𝑒+𝜐𝜐𝑒𝑒 and form factor

 𝚲𝚲𝐜𝐜+ hadronic and semileptonic decays (data@4600)
– Branching fractions of  12 hadronic modes
– Branching fraction of  𝛬𝛬𝑐𝑐+ → 𝛬𝛬𝑒𝑒+𝜐𝜐𝑒𝑒
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charge conjugated modes are implied in this talk.



BESIII detector

Linac

2004: started BEPCII upgrade,
BESIII construction

2008: test run
2009 - now: BESIII physics run   

IHEP，Beijing

Beam energy: 1.0 – 2.3 GeV
Energy spread: 5.16×10-4

Lpeak: 0.85x1033/cm2s

Beijing Electron Positron Collider (BEPC)
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μCounter
8- 9 layers RPC

δRΦ=1.4 cm~1.7 cm

Time Of Flight (TOF)
σT :  90 ps Barrel

110 ps endcap

Drift Chamber (MDC)
σP/P (0/0) = 0.5%(1GeV）
σdE/dx (0/0) = 6%

EMC： σE/√E(0/0) = 2.5 % (1 GeV)
(CsI)       σz,φ(cm) = 0.5 - 0.7 cm/√E

Super-conducting 
magnet (1.0 tesla)  

The BESIII Detector NIM A614, 345 (2010)
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 Typically, two ways to obtain the D/Λc yields:
1. Single Tag (ST) : Find only one D/Λc.
2. Double Tag (DT):   Find both of them.

 Tags are selected based on two variables:

Δ𝐸𝐸 = 𝐸𝐸𝐷𝐷/Λ𝑐𝑐
− 𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏,  𝑚𝑚𝐵𝐵𝐵𝐵 = 𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏2 − | �𝑝⃗𝑝𝐷𝐷/Λ𝑐𝑐

2
.

 For semileptonic decays,  to identify a missing neutrino,
we adopt a kinematic variable: 𝑈𝑈𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑐𝑐 𝑝⃗𝑝𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ,

𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 and 𝑝⃗𝑝𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 are missing energy and momentum carried by the neutrino, respectively.

e+e- annihilation samples in this talk
 At Ecm = 3.773GeV.  Accumulated luminosity = 2920 pb-1.

and             are produced in pair at mass threshold.

 At Ecm = 4.6GeV,  Accumulated luminosity = 567 pb-1 . 
are produced in pair at mass threshold.c c

+ −Λ Λ

D D+ −00D D

Analysis technique
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• Measure the branching fractions of 𝐷𝐷+ → 𝐾𝐾−𝜋𝜋+𝑒𝑒+𝜐𝜐𝑒𝑒 and 𝐷𝐷+ → �𝐾𝐾∗0(892)𝑒𝑒+𝜐𝜐𝑒𝑒.
• Measure the fractions and properties of different 𝐾𝐾𝐾𝐾 (non-)resonant amplitudes.
• Measure 𝑞𝑞2 dependent transition form factors in 𝐷𝐷+ → �𝐾𝐾∗0(892)𝑒𝑒+𝜐𝜐𝑒𝑒 (𝑞𝑞2 is the invariant mass of  𝑒𝑒+𝜐𝜐𝑒𝑒) .

Study of  𝑫𝑫+ → 𝑲𝑲−𝝅𝝅 +𝒆𝒆+𝝊𝝊𝒆𝒆
Purposes:

Tagged 𝐷𝐷−decays(Six modes):
𝑁𝑁𝐷𝐷−
𝑡𝑡𝑡𝑡𝑡𝑡 = (1.513+0.002)X10-6

Signal side 𝐷𝐷+ → 𝐾𝐾−𝜋𝜋+𝑒𝑒+𝜐𝜐𝑒𝑒 decays:
𝑁𝑁𝐷𝐷+
obs = 18262  (16181 in 𝐾𝐾∗ region)

background level
is about 0.7%
(0.4% in 𝐾𝐾∗ region)

Branching fractions results (preliminary):
𝓑𝓑 D+ → K−π+e+νe = 3.71 ± 0.03 ± 0.09 %
𝓑𝓑 D+ → K−π+e+νe [0.8,1] = 3.33 ± 0.03 ± 0.08 %

preliminary

preliminary
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Amplitude Analysis of 𝑫𝑫+ → 𝑲𝑲−𝝅𝝅 +𝒆𝒆+𝝊𝝊𝒆𝒆
The differential decay width of the D+ → K−π+e+νe
decay can be described using:

• - 𝐾𝐾𝐾𝐾 mass square
• 𝑞𝑞2 - 𝑒𝑒+𝜈𝜈𝑒𝑒 mass square
• 𝜃𝜃𝐾𝐾 ,𝜃𝜃𝑒𝑒 ,𝜒𝜒 angles

Fit Results (preliminary)
Non-resonant S-wave amplitude: Phase 𝛿𝛿𝑆𝑆 is parameterized as that 
defined in LASS scattering experiment  [Nucl. Phys. B296, 493 (1988)]

 Fitted fractions of the components:
𝑓𝑓 D+ → (K−π+ 𝐾𝐾∗0(892) e+νe) = (93.93 ± 0.22 ± 0.18)%
𝑓𝑓 D+ → (K−π+ 𝑆𝑆−𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 e+νe) = 6.05 ± 0.22 ± 0.18 %

 Parameters of �𝑲𝑲∗𝟎𝟎 𝟖𝟖𝟖𝟖𝟖𝟖 :
𝑚𝑚𝐾𝐾∗0(892) = 894.60 ± 0.25 ± 0.08 MeV/𝑐𝑐2

Γ𝐾𝐾∗0(892) = 46.42 ± 0.56 ± 0.15 MeV/𝑐𝑐2

 Form factors of 𝐷𝐷+ → �𝐾𝐾∗0(892)𝑒𝑒+𝜐𝜐𝑒𝑒
by SPD model:  𝑉𝑉 𝑞𝑞2 = V 0

1−𝑞𝑞2/𝑚𝑚𝑉𝑉
2 ,   𝐴𝐴1,2 𝑞𝑞2 = A1,2 0

1−𝑞𝑞2/𝑚𝑚𝐴𝐴
2

𝑚𝑚𝑉𝑉 = (1.81−0.17
+0.25±0.02) GeV/𝑐𝑐2 (first measurement)

𝑚𝑚𝐴𝐴 = (2.61−0.17
+0.22±0.03) GeV/𝑐𝑐2

𝐴𝐴1 0 = 0.573 ± 0.011 ± 0.020
𝑟𝑟𝑉𝑉 = 𝑉𝑉(0)/𝐴𝐴1 (0) = 1.411 ± 0.058 ± 0.007
𝑟𝑟2 = 𝐴𝐴2(0)/𝐴𝐴1 (0) = 0.788 ± 0.042 ± 0.008 Projections of data and fitted MC distribution 

Phys. Rev. 137, B438 (1965)
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Blue dots: 
BESIII Model-independent measurement
with S+ �𝐾𝐾∗0 892

Red and dotted lines: 
Predicted by BESIII amplitude analysis                        
based on LASS parameterization

Nucl. Phys. B296, 493 (1988)

Green dots: 
BABAR Model-independent measurement      
with S+�𝐾𝐾∗0 892 + �𝐾𝐾∗0(1410)

Phys. Rev. D 83, 072001 (2011)

We fit the phase in different 𝑚𝑚𝐾𝐾𝐾𝐾 intervals, assuming 𝛿𝛿𝑆𝑆 remains constant 
within each interval.

Model-Independent Measurement of S-wave Phase

Model-independent measurements of BESIII are consistent with the 
results from BESIII amplitude analysis within 1𝜎𝜎.

preliminary
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Red dots    : BESIII model-independent measurement
Black dots : CLEO model-independent measurement
Blue Line  : BESIII result from amplitude analysis,                   

which is  based on SPD model.

Model-Independent Measurement of Form Factors

• Events located in the 𝐾𝐾∗0(892) window 
[0.8,1] GeV/c2, are used to measure the 
form factors by a Projective Weighting 
Technique. [Phys. Rev. D 81, 112001 (2010)]

• Signal is assumed to be composed of 
𝐾𝐾∗0(892) and a non-resonant S-wave.

• 𝐷𝐷+ → �𝐾𝐾∗0(892)𝑒𝑒+𝜐𝜐𝑒𝑒 decay can be 
described in terms of 3 helicity basis 
form factors: 

P-wave related: 𝐻𝐻±,0 𝑞𝑞2
S-wave related: ℎ0 𝑞𝑞2 Normalization (see plot (c)):

𝑞𝑞2 𝐻𝐻0 𝑞𝑞2 2 → 1 as 𝑞𝑞2 → 0

(a) (b)

(c) (d)

(e)

The model-independent measurements are 
generally consistent with CLEO’s results. 
And they are also consistent with the 
predicted trend based on the SPD model 
from BESIII amplitude analysis.
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𝑈𝑈𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚/GeV

𝐷𝐷+ → 𝜙𝜙𝑒𝑒+𝜐𝜐𝑒𝑒𝐷𝐷+ → 𝜔𝜔𝑒𝑒+𝜐𝜐𝑒𝑒

Red dots: data,
Black line: fit result,
Blue area: total background, 
Green area: peaking background.

Red dots: data, 
Black histogram: signal MC simulation,
Arrows: signal region.

𝑈𝑈𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚/GeV

preliminarypreliminary

(preliminary)
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Study of 𝑫𝑫+ → 𝝎𝝎(𝝓𝝓)𝒆𝒆+𝝊𝝊𝒆𝒆
Current status:

Form factors in 𝐷𝐷+ → 𝜔𝜔𝑒𝑒+𝜐𝜐𝑒𝑒 have never been measured before.
No significant excess of 𝐷𝐷+ → 𝜙𝜙𝑒𝑒+𝜐𝜐𝑒𝑒 is observed.

𝑼𝑼𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎distributions:

Branching fractions are compared with the world average value.
[PDG, Chin. Phys. C, 527 38, 090001 (2014)]

Signal yiels =
491 ± 32



Form Factors in 𝑫𝑫+ → 𝝎𝝎𝒆𝒆+𝝊𝝊𝒆𝒆

Form factors in 𝐷𝐷+ → 𝜔𝜔𝑒𝑒+𝜐𝜐𝑒𝑒 decay can be parameterized similarly 
as those in the 𝐷𝐷+ → 𝐾𝐾−𝜋𝜋+𝑒𝑒+𝜐𝜐𝑒𝑒 decay. 

Results of form factor parameters (preliminary):
𝑟𝑟𝑉𝑉 = 𝑉𝑉(0)/𝐴𝐴1 (0) = 1.24 ± 0.09 ± 0.06
𝑟𝑟2 = 𝐴𝐴2(0)/𝐴𝐴1 (0) = 1.06 ± 0.15 ± 0.05

Red dots:  data
Black Histogram: fit results
Blue area:  Background 
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Branching fractions:
• Branching fractions are calculated separately  

for each charm and tag mode using:

• CP asymmetry is determined using:

Results (preliminary)：
𝓑𝓑(𝑫𝑫+→ 𝑲𝑲𝑳𝑳𝒆𝒆+𝝂𝝂 𝒆𝒆) = 𝟒𝟒.𝟒𝟒𝟒𝟒𝟒𝟒 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 ± 𝟎𝟎.𝟏𝟏𝟏𝟏𝟏𝟏 %

𝑨𝑨𝑪𝑪𝑪𝑪
𝑫𝑫+→𝑲𝑲𝑳𝑳𝒆𝒆+𝝂𝝂 𝒆𝒆 = −𝟎𝟎.𝟓𝟓𝟓𝟓 ± 𝟎𝟎.𝟔𝟔𝟔𝟔 ± 𝟏𝟏.𝟓𝟓𝟓𝟓 %

Study of 𝑫𝑫+ → 𝑲𝑲𝑳𝑳𝒆𝒆+𝝊𝝊𝒆𝒆
Experimental study of 𝐷𝐷+ → 𝐾𝐾𝐿𝐿𝑒𝑒+𝜈𝜈 𝑒𝑒 is important to test 

• the theoretical calculation of 𝐴𝐴𝐶𝐶𝐶𝐶
𝐷𝐷+→𝐾𝐾𝐿𝐿𝑒𝑒+𝜈𝜈 𝑒𝑒,

• the LQCD calculation on 𝑓𝑓+𝐾𝐾(0) ,
• and the unitarity of the CKM matrix.

We study the 𝑫𝑫+ → 𝑲𝑲𝑳𝑳𝒆𝒆+𝝊𝝊𝒆𝒆 decays for the first time.
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𝒇𝒇+𝑲𝑲 𝟎𝟎 𝑽𝑽𝒄𝒄𝒄𝒄 = 𝟎𝟎.𝟕𝟕𝟕𝟕𝟕𝟕 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 , 𝒓𝒓𝟏𝟏 ≡ ⁄𝒂𝒂𝟏𝟏 𝒂𝒂𝟎𝟎 = −𝟏𝟏.𝟗𝟗𝟗𝟗 ± 𝟎𝟎.𝟑𝟑𝟑𝟑 ± 𝟎𝟎.𝟐𝟐𝟐𝟐

Signal shape of 𝑞𝑞2 distribution can be described using

2-par. Series Expansion is used for form factor 𝑓𝑓+(𝑞𝑞2): 
[Becher and Hill, Phys. Lett. B 633, 61 (2006)

Simultaneous fit to 𝑞𝑞2 distributions of observed DT candidates:
( ) ( ) ( ) ( ) ( )2 2

0 02 2
00

1 ,
,

k

k
k

f q a t z q t
P q q tφ

∞

+
=

 =  ∑

Form Factor in 𝑫𝑫+ → 𝑲𝑲𝑳𝑳𝒆𝒆+𝝊𝝊𝒆𝒆
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ST Λ𝑐𝑐± yields in data

ST sum:~15K

Measurements of 𝜦𝜦𝒄𝒄± Hadronic Branching Fractions 
Absolute branching fractions of Λ𝑐𝑐+ decays are still not well determined. 

Belle measurement:  𝓑𝓑 Λ𝑐𝑐+→ 𝑝𝑝𝐾𝐾−𝜋𝜋+ = (6.84 ± 0.24−0.27
+0.21)%. PRL 113(2014) 042002

Measurement using the threshold pair-productions via e+e− annihilation is 
unique:  the most simple and straightforward.
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preliminary



DT yields in data

preliminary
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Where, 𝑁𝑁𝑖𝑖+𝑗𝑗−DT is the DT yield
with Λ𝑐𝑐+→ i and Λ𝑐𝑐−→j.



Hadronic branching fraction results (preliminary)

We perform a simultaneous fit to all tag modes while constraining the 
total Λ𝑐𝑐+ pair number, taking into account the correlations.

stat. errors only

 𝓑𝓑 𝒑𝒑𝑲𝑲−𝝅𝝅+ : BESIII 
precision comparable with 
Belle’s result

 BESIII rate 𝓑𝓑 𝒑𝒑𝑲𝑲−𝝅𝝅+ is 
smaller 

 Improved precisions of the 
other 11 modes significantly
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Umiss (GeV)

E
ve

nt
s /

0.
01

0 
 (G

eV
)

Result (preliminary) :                         (3.63 0.38 0.??)%= ± ±

109.4 ± 10.9

subtraction of backgrounds:

• non-ST events: negligible

• Λ sidebands: 1.4±0.8

• Λμ+ν + Λπ+π0 + Λπ+ = 4.5±0.5
 signal yields: 103.5 ± 10.9

• Statistics limited measurement.
 systematic error smaller than statistical error

• Best precision to date: twofold improvement

scaled PDG 
(2.9±0.5)%

Measurement of the Branching Fraction for 𝚲𝚲𝐜𝐜+ → 𝚲𝚲𝒆𝒆+𝝊𝝊𝒆𝒆
Measuring 𝚲𝚲𝐜𝐜+ → 𝚲𝚲𝒆𝒆+𝝊𝝊𝒆𝒆will provide experimental information for

• testing the theoretical predication for 𝓑𝓑(Λ𝑐𝑐+ → Λ𝑒𝑒+𝜐𝜐𝑒𝑒),
• and calibrating the LQCD calculations.

We perform the first absolute measurement of 𝓑𝓑(𝚲𝚲𝐜𝐜+ → 𝚲𝚲𝒆𝒆+𝝊𝝊𝒆𝒆).
11 ST modes are used, except Σ+𝜔𝜔

𝓑𝓑(Λ𝑐𝑐+ → Λ𝑒𝑒+𝜐𝜐𝑒𝑒)

preliminary
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Other Results

 𝐷𝐷+ → 𝜇𝜇+𝜐𝜐𝜇𝜇 (Phys. Rev. D 89, 051104(R) (2014))

 𝐷𝐷+ → 𝐾𝐾𝑠𝑠0 𝜋𝜋+𝜋𝜋0 (Phys. Rev. D 89, 052001 (2014))
 𝐷𝐷0 → 𝐾𝐾−𝑒𝑒+𝜐𝜐𝑒𝑒 and 𝐷𝐷0 → 𝜋𝜋−𝑒𝑒+𝜐𝜐𝑒𝑒 (to be submitted soon)
 𝐷𝐷0 → γγ and 𝐷𝐷0 → 𝜋𝜋0𝜋𝜋0 (Phys. Rev. D 91, 112015 (2015))
 Strong phase difference in 𝐷𝐷0 → 𝐾𝐾−𝜋𝜋+ (Phys. Lett. B 734, 227(2014))
 ycp in               oscillation  (Phys. Lett. B 744, 339 (2015))
 BF of 𝐷𝐷∗0 decay (Phys. Rev. D 91, 031101(R) (2015))
 BF(𝐷𝐷𝑠𝑠+ →η’X ) and BF(𝐷𝐷𝑠𝑠+ →η’ ρ+)  (arXiv:1506.08952 [hep-ex])

00D D−
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Summary
1. BESIII released many new results with the world largest 

D meson sample at ψ(3770).

2. BESIII started study of 𝛬𝛬𝑐𝑐+ decays using the world largest  
data at 𝛬𝛬𝑐𝑐+-pair threshold (4.6GeV).

3. BESIII will take 3 fb-1 data at 4.17GeV in 2016 to study 
the 𝐷𝐷𝑆𝑆+ decays.

4. Many new exciting results are on their way ! 

Thank you !
19
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