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BESIII and BEPCII
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Design luminosity: 1033 cm-2 s -1

Achieved: 8*1032 cm-2s--1

Upgrade of BEPC (first collisions July 2008)
Beam energy 1 -2.3 GeV
Optimum energy 1.89 GeV
Single beam current 0.91 A
Crossing angle: ±11 mrad

93% 4p



Selected              results on :

Charmed mesons:

Leptonic Decays
Decay constants fD(s)

+ and CKM matrix elements |𝑉𝑐𝑑(𝑠)| 

Semi-leptonic decays 
Form factors and CKM matrix elements |𝑉𝑐𝑑(𝑠)|

Hadronic decays 
GGSZ strong-phase measurements for𝐷0 → 𝐾0𝜋+𝜋−

Charmed baryons
Absolute branching fraction of 12 hadronic modes

Too many BESIII results! 3
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Branching fraction of 𝐷+→𝜔(𝜙)𝑒+𝜐𝑒 and form factors (to be submitted soon)
Branching fraction of 𝐷+ →𝐾𝐿 𝑒

+𝜐𝑒 and form factor (to be submitted soon)
Amplitude analysis of 𝐷+ →𝐾𝑠

0𝜋+𝜋+ and partial Branching fractions
(Phys. Rev. D 89, 052001 (2014))
𝐷0→γγ and 𝐷0 → 𝜋0 𝜋0 (Phys. Rev. D 91, 112015 (2015))
Strong phase difference in 𝐷0 →𝐾−𝜋+ (Phys. Lett. B 734, 227(2014))

ycp in 𝐷0𝐷0oscillation (Phys. Lett. B 744, 339 (2015))
Branching fraction of 𝐷*0  decay (Phys. Rev. D 91, 031101(R) (2015))
Branching fractions of 𝐷 𝑠

+→η’X and 𝐷 𝑠
+ →η’ ρ+ in e+e- → 𝐷 𝑠

+ 𝐷 𝑠
-

(arXiv:1506.08952[hep-ex], submitted to PLB)

Further results



Purely leptonic D decays

Opportunity for precision measurements of 
 Psuedoscalar decay constants fD(s)

+

 CKM matrix elements |𝑉𝑐𝑑(𝑠)| 
This allows to:
• validate LQCD calculations 
• Recent LQCD calculations of fD provide a good chance to precisely measure the CKM 

matrix elements |Vcd|, important for unitarity test 
of CKM matrix and search for NP beyond the SM. 

• estimate fB
+ (fD

+ /fB
+  calculated by LQCD with better precision)

SM PREDICTION
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Measurement of ℬ (𝐃+ → 𝛍+𝛎𝛍), 𝑓 𝐷+ and |𝑉𝑐𝑑| 
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𝑁𝐷𝑡𝑎𝑔 = (170.31 ± 0.34) ∙ 104

ℬ(𝐃+ → 𝛍+𝛎𝛍)= (3.71±0.19±0.06)×10-4

Using GF, tD+, mD+, mm+ from PDG and 

|Vcd|=0.22520 ±0.00065 from CKM-Fitter 

𝑓𝐷+ = 203.2 ± 5.3 ± 1.8 MeV 

Using GF ,tD+, mD+, mm+ from PDG and LQCD

calc. for 𝑓 𝐷+ =207±4 MeV[PRL100(2008)062002] 

PRD89(2014)051104R 

𝑉𝑐𝑑= 0.2210 ± 0.0058 ± 0.0047 

D- is reconstructed by 9 hadr.decay modes, m+

found in the remaining tracks. 

Signal from M2
miss

𝑴𝑩𝑪 ≡ 𝑬𝒃𝒆𝒂𝒎
𝟐 /𝒄𝟒 − | 𝒑𝑫|

𝟐/𝒄𝟐
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𝑒+𝑒− → 𝜓(3770) → 𝐷 𝐷

Bkg ≈10%

Consistent with BESI, BESII, CLEO-c with the best precision

2.92 fb-1

c.c. implied

For selec. single muon cand.



Comparison for 𝑓 𝐷+ andℬ(𝐃+→ 𝛍+𝛎𝛍)

𝑓 𝐷+ℬ((𝐃+→ 𝛍+𝛎𝛍)[%]

Best precision in the world!
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The experimentally measured and

the experimentally expected 𝑓 𝐷+

differ by about 2𝝈

Precisions of LQCD calc. fD+

reach 0.5% challenging 

the experiments.



D-meson semi-leptonic decays
Focus on 𝐃𝟎→ 𝑲−( 𝝅−) 𝒆+𝛎𝒆

For the differential rate:

Opportunity for precision measurements of :

 Form factor  𝑓+
𝐃→𝑲−( 𝝅−)

𝑞2 using |𝑉𝑐(s)𝑑| from the unitarity of CKM matrix

 CKM matrix elements |𝑉𝑐(s)𝑑| 

using input from 𝑓𝐷0

𝐿𝑄𝐶𝐷

This allows to:
• estabilish LQCD reliability

for  𝑓+𝐁→𝝅 0 calculation

− Modified pole model(BK)

Mpole 

X=1 in this case

Form factor Parametrization

|𝑓+
𝐃→𝑲−( 𝝅−)

𝑞2 |2 |𝑉𝑐(s)𝑑|2 directly measured from differential decay rate

Variation with q2  (=(PD-PP)2) depends on decay dynamics



Measurement of ℬ ( 𝐃𝟎→ 𝑲−( 𝝅−) 𝒆+𝛎𝒆) 
5/

𝑒+𝑒− → 𝜓(3770) → 𝐷0𝐷0

Umiss=Emiss-c|  𝑝𝑚𝑖𝑠𝑠|

𝑁 𝐃𝟎→𝝅−𝒆+𝜐 = 627 ± 87

𝑁 𝐃𝟎→𝑲−𝒆+𝜐 = 70727 ± 278

ℬ( 𝐃𝟎→ 𝝅− 𝒆+𝛎𝒆) = (𝟎. 𝟐𝟗𝟓𝟎 ± 0.041 ± 0.0026)%

ℬ 𝐃𝟎→ 𝑲− 𝒆+𝛎𝒆 = (𝟑. 𝟓𝟎𝟓 ± 0.014 ± 0.033)%

Fitted to extract signal

Single Tag 𝐃𝟎 (5 hadr. Modes, Knp) + 2 opposite charged part.
+PID
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2.92 fb-1

c.c. implied

K
n
p



Comparison for ℬ ( 𝐃𝟎→ 𝑲−( 𝝅−) 𝒆+𝛎𝒆) 
5/

ℬ( 𝐃𝟎→ 𝝅− 𝒆+𝛎𝒆)ℬ 𝐃𝟎→ 𝑲− 𝒆+𝛎𝒆
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D0
K-e+v D0

p-e+v

S. 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

M. Pole

(BK)

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

S.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

S.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

d Fit results to DG/q2( 𝐃𝟎→ 𝑲−( 𝝅−) 𝒆+𝛎𝒆) 
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D0
p-e+vD0

K-e+v

For BK a is expected to be 1.75 and 1.34, respectively
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Projections on Form Factors f+
K(p )(q2)

D0
p-e+v

D0
K-e+v
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For LQCD calc,

With BK param

PLB478 (2000)417

D0
p-e+v

D0
K-e+v

Experimental data to calibrate 

LQCD calculation

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

Fermilib Lattice and MILC, PRD80 (2009) 034026 
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With |Vcs(d)| from CKM-Fitter as input and  2 parameters series exp. fit results:

f+
K(0)== 0.7368± 0.0026 ± 0.0036

f+
p(0)= 0.6372 ± 0.0080 ± 0.0044

Form Factors f+
K(p )(0)

to be submitted soon
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|𝑉𝑐𝑑(s)| determination by BESIII 

|𝑉𝑐s| |𝑉𝑐d| 

BESIII used 𝐃+ → 𝛍+𝛎𝛍 to extract |Vcd | for the first time. Accuracy better than the PDG2014 

average from 𝜐  𝜐 interactions.

Method 2 suffers the larger uncertainties in LQCD calc. of form factors (4.4% for p) 
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𝐷0→𝐾𝑆0𝜋+𝜋− Strong-Phase Parameters 

Strong-Phase difference between 𝐷0 and 𝐷0 → 𝐾0𝜋+𝜋−

BESIII can help reducing the systematic/model uncertainty of the 
measurement of CKM UT angle 𝛾 in B− →D0K−decay (by GGSZ method , Phys. 

Rev.D68, 054018 (2003)) providing more information on the D0 decay.

𝛾 is determined 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). 

We investigate the decay suggested by GGSZ method:

• f(D) are 3-body, self-conjugate modes ( in our case 𝐾0𝜋+𝜋−)
• Dalitz plot with binning regions with similar δD

• Binning choice to optimize precision 
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the strong phase parameters can be 
determined through yields and 
efficiencies of ST and DT modes 

Distribution sensitive to variables: 
𝑇𝑖 : Bin yield measured @B factories
𝑟𝐵 : color suppression ~ 0.1 
𝛿𝐵 : strong phase of B decay
𝑐𝑖,𝑠𝑖 : weighted average of cosΔ𝛿𝐷 and sinΔ𝛿𝐷

(Δ𝛿𝐷 - difference between phase of 𝐷0 and 𝐷0)

𝑐𝑖 and 𝑠𝑖 can be found through 𝐾0𝜋+𝜋− Analysis 

Binned decay rate:

Squared binned Dalitz plot
with mirrored binning

Strong-Phase parameters in 𝐷0 and 𝐷0 → 𝐾0𝜋+𝜋−

measured 
@B factories

BaBar optimal
Binning scheme 2008
Kinematic region split 
in 8 bins optimized 
for highest sensitivity 
to γ
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𝐾𝑆
0𝜋+𝜋− vs CP tags 

preliminary

2916 pb-1 @ψ(3770)

CP+

CP-
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Strong-phase parameters results 

 Results consistent with CLEO-C, 
better statistical uncertainties

 Reduction of contribution to
uncertainty of  g meas.  of 40%

 Improved statistics (B factories, 
LHCb) could place uncertainty from 
the 𝑐𝑖 𝑠𝑖 contribution at ~1% 
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Measurement of hadronic absolute Branching Fractions of LC

Single Tag (ST) Λ𝐶
±→𝑖

Reconstruct candidate particles

for Λ𝐶
± decay.

Double Tag (DT) Λ𝐶
+→𝑖, Λ𝐶

−→𝑗
Recon. both decays

Most of branching fractions (BF) are measured relative 
to 𝛬𝐶

+→p𝐾−𝜋+(Model assumption in determ.). Uncertainties 

of BFs are 25%~40% in PDG2014 
Until BELLE’s first “model-independent” measurement 
last year: 

in PDG (5.0 ± 1.3)% 
precision reaches to 4.7%

c.c. implied

567 pb-1 Worlds first and only dataset at 𝛬𝐶
-𝛬𝐶

+

threshold Data have low background 
and high detection efficiency .

Creation of Λ𝐶
+Λ𝐶

− pairs (about 100K) allows for 
a model independent double-tagging.

Absolute BFs of 12 Cabibbo-favored hadronic
modes are measured 

[PRL113(2014)042002] 
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Measurement of hadronic absolute BF’s of LC

Single Tag (ST) Λ𝐶
±→𝑖

Reconstruct candidate 

particles for Λ𝐶
± decay(12 m).

Double Tag (DT) Λ𝐶
+→𝑖, Λ𝐶

−→𝑗
Recon. both decays

12 modes. 1/3 total

Total yields of DT mode 
j over the 12 ST modes 
i provides absolute 
measurement  of Bj

ST sum:~15K
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Significant statistical improvement in current PDG measurements

BFs of 12 Λ𝐶 decay hadronic modes are measured with 
model independent  method through DT tagging at threshold.
Least square Global fit (Chinese Phys. C 37 , 106201 (2013)) is used to constrain 
the 12 BF simultaneously, taking into account the correlations, to improve 
precision.

Measurement of absolute Branching Fractions of LC

ONLY STAT ERRORS
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Summary & outlook

Many interesting results reported from BESIII!

Many others have been achieved.

Many more are coming !!!!

BESIII will take 3 fb-1 data at 4.17GeV in 2016 
to study the 𝐷𝑆

+ decays.
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spares
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Be beam
pipe

MDC, 120 mm
sp/p=0.5% @1 GeV/c 

TOF,
90ps barrel

MUC-
RPC based

CsI(Tl) calorimeter, 

sE/E=2.5 %@ 1 GeV

SC magnet, 1T



D-tagging

DD pairs are produced most of the time @3770 MeV
D-tagging is useful to select the events

Single Tag: Tag modes are reconstructed requiring a
certain window for the ΔE variable and MBC is fitted to obtain TAG yelds
Double Tag: MBC or other variables are used to obtain DT yealds

ΔE ≡ ED − Ebeam 𝑀𝐵𝐶 ≡ 𝐸𝑏𝑒𝑎𝑚
2 /𝑐4 − | 𝑝𝐷|2/𝑐2
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27From Albayrak, CHARM2015
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