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D-Dbar mixing, D0→Kπ strong phase 
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The BEPCII Collider

Beam energy:  1.0 - 2.3 GeV

Peak Luminosity: 

Design: 1×1033  cm-2s-1

Achieved: 0.85  1033 cm-2s-1

Optimum energy: 1.89 GeV

Energy spread:  5.16 ×10-4

Circumference: 237 m

Beam energy measurement: Using Compton backscattering 

technique.    Accuracy up to 510–5

In 2015, BEPCII made successful test with top-up mode!
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Energies of the BEPCII Collider

2 ~ 4.6 GeV
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BESIII data samples above 4GeV

Machine luminosity is optimal near ’’ peak  

• 4100~4400 MeV: 0.5/fb coarse scan

• 3850~4590 MeV: 0.5/fb fine scan

• In 2015, we finished energy scan at 2000~3000 MeV

• In 2016, we will take 3/fb Ds data about 4170 MeV

(about 5 times of CLEO-c data)
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The BESIII Detector
Magnet:  1 T   Super conducting

MDC:  small cell & He gas
xy=130 m

sp/p = 0.5% @1GeV
dE/dx=6% 

TOF:

T =  90 ps   Barrel

110 ps  Endcap

Muon ID: 8~9 layer RPC
RΦ=1.4 cm~1.7 cm

EMCAL:   CsI crystal
E/E  = 2.5% @1 GeV

φ,z = 0.5~0.7 cm/E
Trigger: Tracks & Showers

Pipelined; Latency = 6.4 s

Data Acquisition:

Event rate = 3 kHz

Throughput ~ 50 MB/s

The new BESIII detector is hermetic for neutral and charged particle 

with excellent resolution, PID, and large coverage. 

NIM A614, 345 (2010) 
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Charm Physics

Threshold production at 3.773, 4.03, 4.17 GeV, 4.6GeV

Double Tag techniques: (partial-)reconstruct both D 
mesons

Charm events at threshold are very clean

*, ,s s s se e DD D D D D  

Ratio of signal to 
background is optimum

Lots of systematic 
uncertainties cancellation 
while applying double tag 
method
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Why they are important?
D leptonic and semi-leptonic decays are ideal window to probe for 

weak and strong effects

 Precision measurements of decay constants fD+, fDs+, form 

factors f+
DK(p)(q2) of semi-leptonic decays of D mesons will 

calibrate LQCD calculations at higher accuracy.  Once they pass 

experimental tests, the precise LQCD calculations of fD/fB, fDs/fBs

and form factors will be helpful for measurement in B decay

 Recent LQCD calculations on fD(s)+[0.5(0.5)%], f+
DK(p)(0) 

[1.7(4.4)%] provide good chance to precisely measure the CKM 

matrix element |Vcs(d)|, which are important for the unitarity test of 

the CKM matrix and search for NP beyond the SM
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D+ Leptonic Decays

 Decay constants fD(s)+ with input |Vcd(s)|
CKMfitter

 CKM matrix element |Vcd(s)| with input fLQCD
D(s)+

In the SM:

Bridge to precisely measure
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Measurement of B[D+
+v],  fD+ and |Vcd|

B[D+
n]=(3.710.190.06)×10-4

fD+=(203.25.31.8) MeV |Vcd|=0.22100.00580.0047

Input tD+, mD+, m+ on PDG 

and |Vcd| of CKM-Fitter

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

LQCD calculated fD+=2074 

MeV[PRL100(2008)062002]

PRD89(2014)051104R

40921 signals

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

4

D
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Comparisons of B[D+
+v] and fD+

B[D+
n] fD+ [MeV]
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D Semi-leptonic Decays

Differential rates:

Bridge to precisely measure:

 Form factors fDK(p)
+(q

2) with input |Vcd(s)|
CKMfitter

 CKM matrix element |Vcs(d)| with input fLQCD,DK(p)
+(0)

− Single pole form − Modified pole model

− ISGW2 model − Series expansion model
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4

D
10)37.033.279(0

tag

=N

Measurement of B[D0
K(p)e+v]

e+e
(3770)D0D0

278707270 = veKD
N

8762970 = veD
N

p

)%033.0014.0505.3(0 = veKD
B

)%0026.00041.02950.0(0 = veD
B

p

D0
K+pp

D0
K+pp0

D0
K+ppp

D0
K+pppp0

D0
K+pp0p0

Umiss=Emiss-pmiss
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Comparison of B[D0
K(p)e+v]

B[D0
Ken] B[D0

pen]
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Extracted Parameters of Form Factors

D0
K-e+v D0

p-e+v

Simple Pole
fK

+(0)|Vcs| 0.72090.00220.0033 fp
+(0)|Vcd| 0.14750.00140.0005

Mpole 1.92070.01030.0069 Mpole 1.91140.01180.0038

Mod. Pole
fK

+(0)|Vcs| 0.71630.00240.0034 fp
+(0)|Vcd| 0.14370.00170.0008

a 0.30880.01950.0129 a 0.27940.03450.0113

ISGW2
fK

+(0)|Vcs| 0.71390.00230.0034 fp
+(0)|Vcd| 0.14150.00160.0006

rISGW2 1.60000.01410.0091 rISGW2 2.06880.03940.0124

Series.2.Par
fK

+(0)|Vcs| 0.71720.00250.0035 fp
+(0)|Vcd| 0.14350.00180.0009

r1 -2.22780.08640.0575 r1 -2.03650.08070.0260

Series.3.Par

fK
+(0)|Vcs| 0.71960.00350.0041 fp

+(0)|Vcd| 0.14200.00240.0010

r1 -2.33310.15870.0804 r1 -1.84340.22120.0690

r2 3.42233.90902.4092 r2 -1.38711.46150.4677

D0
p-e+vD0

K-e+v
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Experimental data calibrate LQCD calculation

Solid lines represent 

LQCD fits to the BK 

model,  PLB478 

(2000)417

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

Fermilib Lattice and MILC, PRD80 (2009) 034026

D0
p-e+vD0

K-e+v

Measurement of f+
K(p)(q2)
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Measurement of f+
K(p)(0)

f+
K(0) f+

p(0)

fDK(p)
+(0)|Vcs(d)| fDK(p)

+(0)
Input |Vcs(d)| of CKM-Fitter
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|Vcd| 

Input fDK(p)
+(0) of LQCD

 Method 2

 Method 1

Input tD+, mD+, m+ on PDG 

and LQCD calculated fD(s)+B[D(s)
+
ln] |Vcd(s)|

|Vcs(d)|fDK(p)
+(0)|Vcs(d)|

Measurement of |Vcs(d)|

|Vcs| 

Method 2 suffers larger theoretical uncertainty in f+
DK(p)(0) [1.7(4.4)%]
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Study of D+
KLe+v

fK
+(0)|Vcs| =0.7280.0060.011

r1=a1/a0=-1.910.330.24

ACP
D+KLe+v=(-0.590.60  1.50)%

B(D+
KLe+v) =(4.4820.0270.103)%

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

KL is probed by interactions with EMC 

and thus gets position information 

 we infer 𝑲𝑳 four-momentum from its 

position information and the constraint 

𝑼𝒎𝒊𝒔𝒔 → 𝟎

First measurements 

It is expected that 𝑲𝟎 −  𝑲𝟎mixing can give 

rise to a clean signal of CP violation with 

magnitude of -3.310-3 level in semileptonic

decay 𝑫+ → 𝑲𝑺(𝑳)𝒆
+𝝂 𝒆

In total 6 tag modes are used.

𝑫− → 𝑲𝑳𝒆
+𝝂 𝒆
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Study of D+
Kpe+v

 Measured parameters of K*(892)

 Comparison of data and fit with 

S+P in D+
K-p+e+v

Form factors of D+
K*(892)e+v by SPD model 

Model independent S-wave phase measurement
 Fractions with >5 significance

MV/A is expected to MD*(1-/+)
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Study of D+
Kpe+v

Model independent measurement of form factors in D+
K*0(892)e+v
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Study of D+
we+v and search for D+

fe+v 

rV=V(0)/A1(0)=1.240.090.06

r2=A2(0)/A1(0)=1.060.150.05

B[D+
we+v]=(1.630.110.08)10-3 B[D+

fe+v]<1.310-5 at 90% C.L.

D+
we+v D+

fe+v

For the first time, form factors are extracted
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QC inputs for Charm Physics

Precision CKM test Charm Mixing & CP violation
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Strong Phase δKπ

PLB 734, 227 (2014）

(BESIII: 2.92 fb-1 )
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Strong Phase δKπ 

Single Tags

Double Tags

BESIII results:

PLB 734, 227 (2014)

(BESIII: 2.92 fb-1 )
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δKπ in D → Kπ
PLB 734, 227 (2014)

(BESIII: 2.92 fb-1 )

BESIII results:

๏ The third error is due to the input parameters

๏ The statistical errors dominant the precision

๏ World best precision

๏ In 20 /fb BESIII data, precision of cosK will reach ~0.04

CLEO-c results [Phys. Rev. D 86 (2012) 112001]
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CP Tag

Flavor Tag

yCP measurement
(BESIII: 2.92 fb-1 )

We measure the y
CP 
using CP-tagged 

semi-leptonic D decays, which 
allows to access CP asymmetry in 
mixing and decays.

PLB 744, 339 (2015)
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yCP measurement PLB 744, 339 (2015)

Single Tags Double Tags
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BESIII data taken

PRL101 (2008) 172001

BELLE

In 2014, BESIII took data above Λc pair threshold and run 

machine at 4.6GeV with excellent performance!

This is a marvelous achievement of BES!

Energy(GeV) lum.(1/pb)

4.575 ~48

4.580 ~8.5

4.590 ~8.1

4.600 ~567

available data set at BESIII

First time to systematically study charmed baryon at threshold!

全国第十三届重味物理和CP破坏研讨会, 兰州大学, 2015 29



Λc
+ decay rates

 absolute BF’s has large 

uncertainties

 semi-leptonic decay modes 

have not been fully explored; 

The only measured 

BF(Λc → Λl+νl) has large 

uncertainties

of δB/B~16%

 no neutron modes have 

been measured

More reliable to be treated in HQET than 

mesons as it consists of a heavy quark 

and a spin and isospin zero light diquark
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Absolute BF’s of Λc
+ hadronic decays

• Absolute branching fractions (BF) of Λc
+ decays are still not 

well determined since its discovery 30 years ago
– BFs of all the decay modes (~85%) are measured relative to Λ𝑐

+→ 𝑝𝐾−𝜋+

– Charm counting  test SM

– However, no completely model-independent measurements of the absolute 
BF of Λ𝑐

+ → 𝑝𝐾−𝜋+ (from Argus and CLEO very old results)
uncertainties of BFs of 𝛬𝑐

+ decays are 25%~40% in PDG2014

• Until Belle’s first “model-independent” measurement:
𝐵 Λ𝑐

+→ 𝑝𝐾−𝜋+ = (6.84 ± 0.24−0.27
+0.21)%

precision reaches to 4.7%

• However, measurement using the threshold pair-productions 
via e+e- annihilations is unique: 
the most simple and straightforward

[PRL113(2014)042002]
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PDG2014
after adopting Belle’s

Total BF overflow?
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Measurements of  hadronic BFs

• Produced in the pair production 𝑒+𝑒− → 𝛬𝑐
+𝛬𝑐

− at 

4.6GeV ; 

• kinematics does not allow additional particle produced 

along with  the 𝛬𝑐
+𝛬𝑐

− pair

• fully reconstruct the pairs and take their yield ratios to 

measure the BFs: 
ratio of single tags (ST) and double tags (DT) 

• 567/pb data consists of more than 100K  𝛬𝑐
+𝛬𝑐

− pairs

• sensitivity of BF reaches to the level of 0.1%

• 12 hadronic modes are being measured at the same 

time based on a global fit [Chinese Phys. C37(2013)106201]

charge conjugate modes are implied in the following slides.
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Detection of  Λ𝑐 pairs 

12 modes 
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Λ𝑐
± yields in data

Very clean backgrounds

Single tags Double tags
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Hadronic branching fraction results

• a least square global fitter: simultaneous fit to the all tag modes 

while constraining the total Λ𝑐 pair number, taking into account the 

correlations Chinese Phys. C 37 , 106201 (2013)

only stat. errors

BESIII prel.

 𝑩 𝒑𝑲−𝝅+ : BESIII 

precision comparable with 

Belle’s result

 BESIII rate 𝑩 𝒑𝑲−𝝅+ is 

smaller 

 Improved precisions of the 

other 11 modes significantly
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BF of Lc

Le+ne

scaling to (2.9±0.5)%, when taking the BELLE’s B(𝒑𝑲−𝝅+)
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preliminary

signal region

sidebandssidebands

Candidate events for Lc

Le+ne

567/pb @ 4.6 GeV11 ST modes are used, except Σ+𝜔

 𝚲

𝒆−𝝂

clean L peak

ST

SL mode
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Candidate Events for Lc

Le+ne

Umiss (GeV)

E
v

en
ts

 /
0

.0
1

0
  
(G

eV
)

BESIII 
preliminary

BESIII Prel. :    ( ) (3.63 0.38 0.??)%c eB e n L  L =  

 Fitting function: 

signals: Gaussian with two power law tails

backgrounds: 1st order polynomial 

109.4 ± 10.9

subtraction of backgrounds:

•non-ST events: negligible

•L sidebands: 1.4±0.8

•Lμ+n  Lπ+π0  Lπ+ =4.5±0.5

 signal yields: 103.5 ± 10.9

• Statistics limited measurement.

 systematic error smaller than statistical

• Best precision to date: twofold improvement

scaled PDG 

(2.9±0.5)%
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What is more potentials at BESIII

• Is 4.6GeV the BEPCII’s ultimate?

• How about to go to the XS peak @4635MeV
 Belle’s ISR data has large uncertainties of ~25% 

 reduce uncertainties of the XS line shapes

PRL101 (2008) 172001

BELLE

• Prospects of increased threshold data set

(naively say x10 statistics)
 the intermediate structures in three-body 

decays via dedicated PWA analysis 

 more SL modes: 𝑛𝑙𝜐, Λ∗𝑙𝜐, Σ𝑋𝑙𝜐…

 decay asymmetry parameters in Λ𝑐
+ hadronic

weak decays, such as Λ𝑐
+→ 𝐵𝑃 and Λ𝑐

+→
𝐵𝑉

 searching for 𝛬𝑐
+ low rate decays and rare 

decays, such as weak radiative decay Λ𝑐
+→

𝛾𝛴+, FCNC Λ𝑐
+→ 𝑝𝑙+𝑙−, LNV

 the spin-parity of 𝛬𝑐
−

PRL101 (2008) 172001

BELLE

全国第十三届重味物理和CP破坏研讨会, 兰州大学, 2015 40



全国第十三届重味物理和CP破坏研讨会, 兰州大学, 2015 41

Other released results
- 1st observation of SCSD: D➝ωπ

- D Rare/Fobidden Decays at BESIII

B(D0→γγ)<3.8×10−6 compatible with BaBar result [PRD91 (2015) 11, 112015]  

- Ds➝η’X and Ds+➝η’ρ+ [arXiv:1506.08952]
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Summary

 BESIII produces many fresh results on charm hadron 

decays 

 BEPCII/BESIII will accumulate more data set @4.17 

and 4.6GeV

 More precision measurement and search studies

 BESIII also opens a new door for the charmed baryon 

Λc
+

 low backgrounds and high detection efficiency

 Study tunes!



Thank you!

谢谢！
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Comparisons of fD+, fDs+ and fD+:fDs+

Taken from Gang Rong’s talk at CKM2014

Experiments Femilab Lattice+MILC (2014) HPQCD (2012)

Averaged Expected  Expected 

fD+(MeV) 203.94.7 212.60.4+1.0
-1.2 1.8 208.33.4 0.8

fDs+(MeV) 256.94.4 249.00.3+1.1
-1.5 1.7 246.03.6 1.4

fD+:fDs+ 1.2600.036 1.17120.0010+0.0029
-0.0032 2.5 1.1870.013 1.9

 Precisions of the 

LQCD calculations of  

fD+, fDs+, fD+:fDs reach 

0.5%, 0.5% and 0.3%, 

which are 

challenging the 

experiments

 The experimentally 

measured and the 

theoretical expected 

fD+, fDs+, fD+:fDs+ differ 

by about 2

 Improving 

measurement with 

larger data sample is 

expected at BESIII!
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Estimation of Backgrounds in the Double Tag

Composition of double-tag D candidates

By using MC-truth information of the 𝑲𝑳 efficiency corrected 𝑫 𝑫 MC samples, the 

double-tag 𝑫 candidates can be divided into the following categories:

 Signal: tag-side matched and signal-side matched signal events

 Background: 

 Bkg I: 𝑫 𝑫 decays of which hadronic tag 𝑫 is mis-

reconstructed and non-𝑫 𝑫 processes. Its proportion varies 

from 1% to 12% according to the specific hadronic tag 

mode

 Bkg II:  (∼10%) 𝑫+ → 𝑲𝑳𝒆
+𝝂 𝒆 events of which 𝑲𝑳 shower 

is mis-reconstructed.

 Bkg III: 𝑫+ → 𝑿𝒆𝝊𝒆 non-signal events (∼24%), which are 

from 𝑫+ →  𝑲∗ 𝟖𝟗𝟐 𝟎𝒆+𝝊𝒆 (41.9%), 𝑫+ → 𝑲𝑺𝒆
+𝝊𝒆

(41.2%), 𝑫+ → 𝝅𝟎𝒆+𝝊𝒆 (10.2%), 𝑫+ → 𝜼𝒆+𝝊𝒆(6.0%) and 

𝑫+ → 𝝎𝒆+𝝊𝒆 (0.7%)

 Bkg IV: 𝑫+ → 𝑿𝝁𝝊𝝁 events (∼3%), consist of 𝑫+ →

𝑲𝑳𝝁
+𝝊𝝁 (65.2%), 𝑫+ →  𝑲∗ 𝟖𝟗𝟐 𝟎𝝁+𝝊𝝁 (23.3%) and 

𝑫+ → 𝑲𝑺𝝁
+𝝊𝝁 (11.5%)

 Bkg V: Non-leptonic D decay events (∼3%), which are 

from 𝑫+ →  𝑲𝟎𝝅+𝝅𝟎(78%) and 𝑫+ →  𝑲𝟎𝑲∗(𝟖𝟗𝟐)+ (22%)

In the determination of 𝑩(𝑫+ → 𝑲𝑳𝒆
+𝝂 𝒆), the peaking backgrounds consist of Bkg II∼Bkg V. 

This estimation brings in 1.6% systematic uncertainty.全国第十三届重味物理和CP破坏研讨会, 
兰州大学, 2015
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Simultaneous Fit to Event Density 𝑰(𝒒𝟐)

𝒇+
𝑲 𝟎 𝑽𝒄𝒔 = 𝟎. 𝟕𝟐𝟖 ± 𝟎. 𝟎𝟎𝟔 ± 𝟎. 𝟎𝟏𝟏 𝒓𝟏 ≡  𝒂𝟏 𝒂𝟎 = 𝟏. 𝟗𝟏 ± 𝟎. 𝟑𝟑 ± 𝟎. 𝟐𝟒

2-par. series Form Factor is used

( )
( ) ( )

( ) ( )2 2

0 02 2
00

1
,

,

k

k

k

f q a t z q t
P q q tf





=

 =
 Series Expansion 
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