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Current status of BEPCII

 A record  Lpeak = 8.5x1032 cm-2s-1 @ 3.773 GeV reached in Nov. 20, 2014

 Weekly record luminosity: 169 pb-1, Average of daily lumi：>17 pb-1

 500 pb-1 data collected @4.6 GeV : the limit of BEPCII energy region

 Bunch crossing time: 8ns  6ns

BEPCII: A double ring e+e- collider
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Data samples available
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 20 points for R &QCD Scan: 500 pb-1 finished in May 1st, 2015

 Currently: at Y(2175) resonance, plan: 100 pb-1



CLEO-c: 818 pb-1 @ (3770)

BESIII: 2.9 fb-1 (~3.5 x CLEO-c data) @(3770)

BESIII: 0.5 fb-1 @ (4040)

In 2015-2016 run period: 3 fb-1 @4.17 GeV
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Data samples @ charm threshold



Data taking plan

Approved plan for 2015/2016 run period

4170 data taking   3 fb-1,   5 months

Data taking at around c1 mass     25 days 

e+e-  c1, Collins fragmentation function 

2-3 points, 3.5136 (3 MeV below, 20 pb-1)                       

3.5106 (180 pb-1) 

3.5100 (0.5 MeV below) or c1

mass for 180 pb-1

Psi’ scan          500 pb-1 25 days
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Final goal for data set at threshold:  ~20 fb-1



BESIII detector upgrade

 Inner Drift Chamber appeared aging 

effect

 Cathode aging  Malter discharge

Adding ~2000ppm water vapor into the gases

 Anode aging  gain drop 14% - 26%

 Short-term upgrade plan: a new inner drift 

chamber

 Long-term upgrade plan: a 3-layer CGEMs 

inner tracker

 Endcap TOF (ETOF: scintillator + PMT)

 To improve PID

 Upgrade with MRPC

Less affected by scattering

Tracking  with more readout pads

Total resolution: ~140ps  <80ps
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Upgrade for inner tracking detector

 New inner drift chamber

 Chamber wiring finished in January, 2015  

 Ready for installation
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 CGEM inner tracker

 Proposed by the Italy group;

 3-Layer CGEM foils (KLOE2-like)；

 The design is coming to a conclusion;

 construction of the layer 2 has started;

 beam test of the prototype is ongoing;

 software: progress in simulation and 

reconstruction.



Endcap TOF upgrade

 Two MRPCs has been installed. 

 Testing with real data

 A VERY preliminary calibration  time resolution ~70 ps

 The production of the whole ETOF system: finished

 Performance and stability test is carrying 

 on~4 months cosmic-ray test

 Simulation: new GDML and Digitization is developed. 
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Physics at tau-charm Energy Region
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Charm facilities

Hadron colliders (huge cross-section, energy 

boost)

Tevetron (CDF, D0)

LHC (LHCb, CMS, ATLAS)

e+e- Colliders (more kinematic constrains, 

clean environment, ~100% trigger efficiency)

B-factories (Belle, BaBar)

Threshold production (CLEOc, BESIII)
Can not compete in statistics with Hadron colliders & B-

factories！！！

Quantum Correlations (QC) and CP-tagging are unique

Only D meson pairs, no extra CM Energy for pions

Systematic uncertainties cancellations while applying 
double tag technique



Physics at Charm threshold

Decay constants & form factors for 

Charm meson

Quantum correlations at (3770)

CPV measurements

Strong phase measurements

Rare decays

Charm baryons

D0-D0 mixing & CPV @(4040)
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Many new BESIII results have been released!

Selected results will be shown!
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Double Tag (DT) techniques

 100% of beam energy converted to D pair (Clean 
environment, kinematic constrains  Recon.  )

 D generated in pair  absolute Branching fractions

 At (3770) charm production is 𝑫𝟎 𝑫𝟎 and 𝑫+𝑫−

 Fully reconstruct about 15% of D decays
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 Double tag techniques: Hadronic tag on one side, on the 
other side for leptonic/semileptonic studies.  Neutrino is 
reconstructed from missing energy and momentum 
(Double tag efficiency is high.)



fD(s)+: Leptonic decays
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Extract decay constant fD(s) incorporates the 
strong interaction effects (wave function at the 
origin)

Multiple tests with charm: fD, fDs and fD/fDs

To validate Lattice QCD calculation of fB(s) and 
provide constrain of CKM-unitarity

Sensitive to New Physics (Charged Higgs 
contribution, …)
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fD+ Results (D+  +)

N(D+  +) = 409.0  21.2  2.3

B(D+  +) = (3.71  0.19  0.06) x 10-4

fD+ = (203.2  5.3  1.8)   |Vcd| of CKM-Fitter Input

|Vcd| = 0.221  0.006  0.005 

 LQCD calculated fD = 207±4 MeV[PRL100(2008)062002]
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Phy. Rev. D89, 051104

 2.92fb-1 @3.773 GeV

 Muon counter information 

applied 

 Kinematic variable: M2
miss

 451 D   candidates 

observed

 Low background

   
M
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The error is still dominated by statistics! More data is needed.



fD(s)+ Comparison
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BESIII:  2.7% with 2.92fb-1

BESIII final:  1.5% with 10 fb-1

CLEO-c:  2.5% with 0.68fb-1

BESIII final:  1.25% with 5 fb-1



Form Factors: Semileptonic decays
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D(s)  P l  (Theoretically clean)

Measure |Vcx| x FF

Charm physics:
CKM-unitarity  | Vcx|, extract FF, test LQCD 

Input LQCD FF to test CKM-unitarity

B physics: Validate LQCD for form factor, extract  
|Vub| to test CKM-unitarity

Example: B l   |Vub| = 3.920.090.45(Theory) rely 
on LQCD Form Factor calculations (provide perfect 
calibration)

dG D ® K p( )en( )
dq2

=
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2 V
cs d( )
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3
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Form Factors fit results (D0  K/ e+ )
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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

D0
Ke D0

e 

D
ec

a
y

 ra
te

2.92fb-1 @3.773 GeV



Comparison of Form Factors
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Gang Rong

CKM2014

BESIII: the most precise measurements

The error of f+
D is still dominated by statistics.



CKM matrix elements |Vcd(s)|

BESIII: the most precise measurements
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Gang Rong

CKM2014
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Reaches for rare charm decays?
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Rare decays (D0  )
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Signal region

Dotted Hist: D0
 π0π0

BESIII has much smaller background than that at 
B factory, peaking background from D0

π0π0 is 
under control. 

A. Zupanc I R are C harm  D ecays 11/09/14

• Use a D* tag"

• Normalisation to"

• Measure main background as well"

•     veto   reject all γ’s that can be used for a good 
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D 0 ! γγ
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Main experimental actors 

BES-III 

Eff < 0.5% 

Eff < 0.5% 

Eff ~5-10% 

Eff ~10-30% 

BaBar "

PRD85,091107(2012)

470fb− 1@⌥(4S)

D 0 ! K 0
S ⇡

0

D 0 ! ⇡ 0⇡ 0
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D 0 → π0π0 is 26010 ± 304 events. For D 0 → K 0
S π

0

(m ass distribution not show n) the signalyield is 207538
±1143 events. A djusting E q. 3 for the D 0 → π0π0 case
w e convert this yield to a branching fraction and find
B (D 0 → π0π0) = (8.4±0.1±0.3)×10− 4. T he first error
denotes the statistical uncertainty and the second error
reflects the uncertaintiesin the reference m ode branching
fraction.
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F IG . 2. T he π0π0 m ass distribution for D 0 → π0π0 candi-
dates in data (data points). T he curves show the result ofthe
unbinned m axim um likelihood fit to the m easured m ass dis-
tribution. T he solid blue curve corresponds to the full P D F
including the signaland the dashed red curve corresponds to
the com binatoric background com ponent. T he χ 2 value is de-
term ined from binned data and isprovided asa goodness-of-fit
m easure. T he pulldistribution show s differences betw een the
data and the solid blue curve w ith values and errors norm al-
ized.

V I. S Y S T E M A T IC U N C E R T A IN T IE S

Several system atic uncertainties cancel partially or
com pletely w hen the branching fraction ism easured w ith
respect to the D 0 → K 0

S π
0 reference m ode. T he uncer-

tainty in tracking efficiency and vertexing 1.39% . T he
uncertainty due to photon reconstruction efficiency in the
ratio ofthe signalm ode branching fraction to the refer-
ence m ode branching fraction is 3.0% and 0.6% for the
D 0 → π0π0 and D 0 → γγ analyses,respectively.
In order to account for the uncertainty arising from

fixed P D F shapes, the param eters determ ined from the
M onte C arlo sim ulation,are varied by random am ounts
sam pled from the covariance m atrix retaining correla-
tions am ong param eters. T he values ofthese param eters
are fixed and the resulting P D F is fitto data allow ing the

yield to float, the 1σ w idth of the obtained signalyield
distribution istaken asthe system atic uncertainty. In the
D 0 → π0π0 analysis,fixing the signaland com binatoric
background shapesresultsin 0.20% and 0.80% system atic
uncertainties,respectively. Fixing the D 0 → K 0

S π
0 signal

and background shapes for the reference m ode results in
0.17% and 0.63% system atic uncertainties,respectively.
P otential differences in π0 veto efficiencies betw een

data and the M onte C arlo sim ulation are estim ated using
a sam ple ofcandidates for the physically forbidden decay
D 0 → K 0

S γ. T he difference in the ratios of num bers of
candidates before and after the veto betw een data and
the M onte C arlo sim ulation is taken as the system atic
uncertainty. W e m easure the difference as a function of
the num ber ofphotons in the event and as a function of
the photon energy. In allcases,the variations are found
to be less than or equalto 1.8% .
In order to account for im perfect m odeling of D ∗+

hadronization,a 4% correction is applied to the M C for
norm alized m om enta, x = p(D ∗+ )/pm ax(D

∗+ ), w ithin
the region x = 0.575 to x = 0.7 to m atch cross-
section m easurem ents m ade by the C LE O collabora-
tion [20]. W e calculate the ratios of signal efficien-
cies (εD 0→γ γ /εD 0→K 0

S π
0 ,εD 0→π0π0 /εD 0→K 0

S π
0 ) w ith and

w ithout this correction applied to the M C and deter-
m ine system atic uncertainties of 0.02% and 0.03% for
the D 0 → γγ and D 0 → π0π0 m odes, respectively, due
to this correction.
To account for system atic uncertainties due to apply-

ing a particularsetofselection criteria,w e vary the selec-
tion criteria and recalculate the results. T he reconstruc-
tion efficiency is determ ined from M C and the efficiency-
corrected yield is m easured from data w hen each set of
selection criteria is applied. T hese yields are found to be
distributed norm ally and the standard deviation is taken
to be the system atic uncertainty. C hoosing particular
event selections for the D 0 → π0π0 and D 0 → K 0

S π
0

studies results in system atic uncertainties of 2.50% and
0.76% ,respectively.
T he system atic uncertainties are sum m arized in Table

II. For the D 0 → π0π0 m ode a total system atic uncer-
tainty of4.2% is obtained by adding allcontributions in
quadrature.
For the D 0 → γγ analysis w e com bine all system -

atic uncertainties w ith the statistical uncertainties in
the upper-lim it calculation. In a M onte C arlo sim ula-
tion study w e generate event sam ples using the com plete
background P D F from the data fitand repeatthe branch-
ing fraction calculation 14000 tim es varying allsourcesof
system atic uncertainties in the process. For each branch-
ing fraction calculation the selection valueson the contin-
uous variables are varied w ithin ranges established from
the D 0 → π0π0 analysis. In each calculation the pa-
ram eters of the signaland background P D F s are varied
w ithin their uncertainties w hile fully accounting for the
correlations am ong them . System atic uncertainties such

Combinatoric

Combinatoric

Combinatoric + ⇡ 0 ⇡ 0

Combinatoric + ⇡ 0⇡ 0 + γγ

F C N C

D 0 ! γγ at B aB ar

F it procedure:

• U nbinned m axim um likelihood fit to
invariant m ass

• D 0 ! γγ signal: crystal ball and
bifurcated gaussian

• C om binatorial background: 2n d order
C hebychev polynom ial

• D 0 ! ⇡ 0 ⇡ 0 background C rystal B all
function
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M easured a D 0 ! ⇡ 0 ⇡ 0 branching fraction:

B D 0 ! ⇡ 0 ⇡ 0 = (8.4 ±0.1 ±0.3)·10− 4

For D 0 ! γγ found negative signal yield
N = − 6±15 events leading to an upper lim it:
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Main experimental actors 

BES-III 

Eff < 0.5% 

Eff < 0.5% 

Eff ~5-10% 

Eff ~10-30% 
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Main experimental actors 

BES-III 

Eff < 0.5% 

Eff < 0.5% 

Eff ~5-10% 

Eff ~10-30% 

BESIII 2.92fb-1@3770:

BESIII 10fb-1@3770:

Double tag method

Tag modes

D0
 π0π0

arXiv:1505.03087

mailto:2.92fb-1@3770
mailto:2.92fb-1@3770


D0   reach at super t-charm
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D 0 → π0π0 is 26010 ± 304 events. For D 0 → K 0
S π

0

(m ass distribution not show n) the signalyield is 207538
±1143 events. A djusting E q. 3 for the D 0 → π0π0 case
w e convert this yield to a branching fraction and find
B (D 0 → π0π0) = (8.4±0.1±0.3)×10− 4. T he first error
denotes the statistical uncertainty and the second error
reflects the uncertainties in the reference m ode branching
fraction.

)2) (G eV /c0p0pm (

1.65 1.7 1.75 1.8 1.85 1.9 1.95 2 2.05

 )
2

E
v
e
n
ts
 /
 (
 0
.0
0
8
 G

e
V
/c

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200
/47 = 0.942c

F
it
 P
u
ll

-5

0

5

F IG . 2. T he π0π0 m ass distribution for D 0 → π0π0 candi-
dates in data (data points). T he curves show the result ofthe
unbinned m axim um likelihood fit to the m easured m ass dis-
tribution. T he solid blue curve corresponds to the full P D F
including the signaland the dashed red curve corresponds to
the com binatoric background com ponent. T he χ 2 value is de-
term ined from binned data and isprovided asa goodness-of-fit
m easure. T he pulldistribution show s differences betw een the
data and the solid blue curve w ith values and errors norm al-
ized.

V I. S Y S T E M A T IC U N C E R T A IN T IE S

Several system atic uncertainties cancel partially or
com pletely w hen the branching fraction ism easured w ith
respect to the D 0 → K 0

S π
0 reference m ode. T he uncer-

tainty in tracking efficiency and vertexing 1.39% . T he
uncertainty due to photon reconstruction efficiency in the
ratio ofthe signalm ode branching fraction to the refer-
ence m ode branching fraction is 3.0% and 0.6% for the
D 0 → π0π0 and D 0 → γγ analyses,respectively.

In order to account for the uncertainty arising from
fixed P D F shapes, the param eters determ ined from the
M onte C arlo sim ulation, are varied by random am ounts
sam pled from the covariance m atrix retaining correla-
tions am ong param eters. T he values ofthese param eters
are fixed and the resulting P D F isfit to data allow ing the

yield to float, the 1σ w idth of the obtained signal yield
distribution istaken asthe system atic uncertainty. In the
D 0 → π0π0 analysis,fixing the signaland com binatoric
background shapesresultsin 0.20% and 0.80% system atic
uncertainties,respectively. F ixing the D 0 → K 0

S π
0 signal

and background shapes for the reference m ode results in
0.17% and 0.63% system atic uncertainties,respectively.

P otential differences in π0 veto efficiencies betw een
data and the M onte C arlo sim ulation are estim ated using
a sam ple ofcandidates for the physically forbidden decay
D 0 → K 0

S γ. T he difference in the ratios of num bers of
candidates before and after the veto betw een data and
the M onte C arlo sim ulation is taken as the system atic
uncertainty. W e m easure the difference as a function of
the num ber ofphotons in the event and as a function of
the photon energy. In allcases,the variations are found
to be less than or equalto 1.8% .

In order to account for im perfect m odeling of D ∗+

hadronization,a 4% correction is applied to the M C for
norm alized m om enta, x = p(D ∗+ )/pm ax(D

∗+ ), w ithin
the region x = 0.575 to x = 0.7 to m atch cross-
section m easurem ents m ade by the C LE O collabora-
tion [20]. W e calculate the ratios of signal efficien-
cies (εD 0→γ γ /εD 0→K 0

S π
0 ,εD 0 →π0π0 /εD 0→K 0

S π
0 ) w ith and

w ithout this correction applied to the M C and deter-
m ine system atic uncertainties of 0.02% and 0.03% for
the D 0 → γγ and D 0 → π0π0 m odes, respectively, due
to this correction.

To account for system atic uncertainties due to apply-
ing a particularsetofselection criteria,w e vary the selec-
tion criteria and recalculate the results. T he reconstruc-
tion efficiency is determ ined from M C and the efficiency-
corrected yield is m easured from data w hen each set of
selection criteria is applied. T hese yields are found to be
distributed norm ally and the standard deviation is taken
to be the system atic uncertainty. C hoosing particular
event selections for the D 0 → π0π0 and D 0 → K 0

S π
0

studies results in system atic uncertainties of 2.50% and
0.76% ,respectively.

T he system atic uncertainties are sum m arized in Table
II. For the D 0 → π0π0 m ode a total system atic uncer-
tainty of4.2% is obtained by adding allcontributions in
quadrature.

For the D 0 → γγ analysis w e com bine all system -
atic uncertainties w ith the statistical uncertainties in
the upper-lim it calculation. In a M onte C arlo sim ula-
tion study w e generate event sam ples using the com plete
background P D F from the data fitand repeatthe branch-
ing fraction calculation 14000 tim es varying allsourcesof
system atic uncertainties in the process. For each branch-
ing fraction calculation the selection valueson the contin-
uous variables are varied w ithin ranges established from
the D 0 → π0π0 analysis. In each calculation the pa-
ram eters of the signaland background P D F s are varied
w ithin their uncertainties w hile fully accounting for the
correlations am ong them . System atic uncertainties such
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Main experimental actors 

BES-III 

Eff < 0.5% 

Eff < 0.5% 

Eff ~5-10% 

Eff ~10-30% 
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Main experimental actors 

BES-III 

Eff < 0.5% 

Eff < 0.5% 

Eff ~5-10% 

Eff ~10-30% 

2.9 fb− 1 @  (3770)

B D 0 ! γ γ < 4.7 ·10− 6 @ 90% C .L .

arXiv:1208.4744

SM (VMD)

BaBar

U p to 200x !

enhancem ent !

over S M  in M S S M

Belle II

SM beyond the experimental"

reach, however NP parameter "

space is already being probed

Super t-charm

1 ab -1 at threshold 
at super t-charm
factory will reach
Long Distance 
contribution: 
about 60 events are 
expected per year.



 and /3 input 
D hadronic parameters for a final state

f :  
𝑨  𝑫𝟎→𝒇

𝑨 𝑫𝟎→𝒇
≡ −𝒓𝑫𝒆

−𝒊𝜹𝑫

Charm mixing parameters: 𝒙 =
∆𝑴


, 𝒚 =

∆
𝟐

Time-dependent WS 𝑫𝟎 → 𝑲+𝝅−rate 

𝒚′ = 𝒚cos 𝛿𝐾𝜋 − 𝒙 sin 𝛿𝐾𝜋 = 𝟎. 𝟕𝟐 ± 𝟎. 𝟐𝟒 % (LHCb
2012)

δK : QC measurements from Charm factory

/3 measurements from B D0 K
bu : /3 = argV*

ub

most sensitive method to constrain /3 at present

GLW, ADS method 

rD, δD : QC measurements from Charm factory

GGSZ method

ci, si : QC measurements from Charm factory
24
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Time-integrated decay rates

C-odd f  𝒇 l+ l- CP+ CP-

f 𝑹𝑴 𝟏 + 𝒓𝒇
𝟐 𝟐 − 𝒛𝒇

𝟐 + 𝒓𝒇
𝟒

 𝒇 𝟏 + 𝒓𝒇
𝟐 𝟐 − 𝒛𝒇

𝟐 + 𝒓𝒇
𝟒 𝑹𝑴 𝟏 + 𝒓𝒇

𝟐 𝟐 − 𝒛𝒇
𝟐 + 𝒓𝒇

𝟒

l+ 𝒓𝒇
𝟐 1 RM

l- 1 𝒓𝒇
𝟐 1 RM

CP+ 𝟏 + 𝒓𝒇 𝒓𝒇 + 𝒛𝒇 𝟏 + 𝒓𝒇 𝒓𝒇 + 𝒛𝒇 1 1 0

CP- 𝟏 + 𝒓𝒇 𝒓𝒇 − 𝒛𝒇 𝟏 + 𝒓𝒇 𝒓𝒇 − 𝒛𝒇 1 1 4 0

Single Tag 𝟏 + 𝒓𝒇
𝟐 − 𝒓𝒇𝒛𝒇 𝑨 − 𝒚 1 𝟐 𝟏 ± 𝑨− 𝒚

 No time dependent information at Charm 
threshold

 Anti-symmetric wavefuction:

𝟐𝒊𝒋 = 𝒊 𝑫𝟎 𝒋  𝑫𝟎 − 𝒋 𝑫𝟎 𝒊  𝑫𝟎 𝟐

 Double tag rates:
𝑨𝒊

𝟐𝑨𝒋
𝟐 𝟏 + 𝒓𝒊

𝟐𝒓𝒋
𝟐− 𝟐𝒓𝒊𝒓𝒋 cos 𝛿𝑖+𝛿𝑗

 CP tag: r=1, =0 or ; 𝒍± tag: r=0

 Single and Double tag rates 

 𝒛𝒇 ≡ 𝟐 𝐜𝐨𝐬 𝜹𝒇 , 𝒓𝒇 ≡
𝑨𝑫𝑪𝑺

𝑨𝑪𝑭
, 𝑹𝑴 ≈

𝒙𝟐+𝒚𝟐

𝟐
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K in D  K (BESIII: 2.9 fb-1 )

Measuring K from rate differences if using external 𝒓𝑲𝝅
 Reconstructed modes: 

 Flavor tags: K-+, K+-

 CP+ tags (5 modes): K-K+, +-, 𝑲𝑺
𝟎00, 00, 00

 CP- tags (3 modes): 𝑲𝑺
𝟎0, 𝑲𝑺

𝟎, 𝑲𝑺
𝟎

A simple picture:    
𝑲𝝅 𝑫𝟎

𝑲𝝅 𝑫𝟎 ≡
𝑨
𝑲𝝅

𝑨
𝑲𝝅

≡ 𝒓𝑲𝝅𝒆
𝒊𝜹

𝑲𝝅

𝑲 𝑫𝑪𝑷 = 𝑲 𝑫𝟎  𝑲 𝑫𝟎 / 𝟐  𝟐ACP = A𝑲  𝑨𝑲

𝟐ACP+

𝟐 ACP-

AK

AK

−AK

K

-K 𝟐𝒓𝑲𝝅 ∙ cos 𝜹𝑲𝝅 ≈ 𝑨𝑪𝑷→𝑲𝝅 ≡
𝑨𝑪𝑷−

𝟐− 𝑨𝑪𝑷+
𝟐

𝑨𝑪𝑷−
𝟐+ 𝑨𝑪𝑷+

𝟐

=
𝑩𝒓 𝑫𝑪𝑷−→𝑲𝝅 −𝑩𝒓 𝑫𝑪𝑷+→𝑲𝝅

𝑩𝒓 𝑫𝑪𝑷−→𝑲𝝅 +𝑩𝒓 𝑫𝑪𝑷+→𝑲𝝅



PLB 734, 227(2014)
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K in D  K (BESIII: 2.9 fb-1 )
Single Tags Double Tags

Direct result: 

𝑨𝑪𝑷→𝑲𝝅 = 𝟏𝟐. 𝟕 ± 𝟏. 𝟑 𝐒𝐭𝐚𝐭. ± 𝟎. 𝟕(𝐬𝐲𝐬. ) %
𝟐𝒓𝑲𝝅 cos 𝜹𝐾𝜋 + 𝒚 = 𝟏 + 𝑹𝑾𝑺 ∙ 𝑨𝑪𝑷→𝑲𝝅

Using external input for 𝒓 𝟐
𝑲𝝅

, 𝒚, 𝑹𝑾𝑺we extract:

cos 𝜹𝑲𝝅 = 𝟏. 𝟎𝟐 ± 𝟎. 𝟏𝟏 ± 𝟎. 𝟎𝟔 ± 𝟎. 𝟎𝟏

If BESIII accumulate 10 fb-1 on threshold D data:

sensitivity of cosK ~ 0.06

PLB 734, 227(2014)
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yCP measurement (BESIII: 2.9 fb-1 )

 Reconstructed modes: 

 Flavor tags: Kee, K

 CP+ tags (3 modes): K-K+, +-, 𝑲𝑺
𝟎00

 CP- tags (3 modes): 𝑲𝑺
𝟎0, 𝑲𝑺

𝟎, 𝑲𝑺
𝟎

CP Tag

Flavor Tag

 Single Tag decay rate (CP tags)

𝑪𝑷 ∝
𝟐 𝑨𝑪𝑷±

𝟐 𝟏 ∓ 𝒚

 Double Tag decay rate (Flavor tags + 

CP tags)

𝒍;𝑪𝑷 ∝
𝑨𝒍

𝟐 𝑨𝑪𝑷±
𝟐

 Neglect term y2 or higher order

𝒚𝑪𝑷 ≈
𝟏

𝟒

𝒍;𝑪𝑷+𝑪𝑷−

𝒍;𝑪𝑷−𝑪𝑷+
−
𝒍;𝑪𝑷−𝑪𝑷+

𝒍;𝑪𝑷+𝑪𝑷−

PLB 744, 339(2015)
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yCP measurement (BESIII: 2.9 fb-1 )

 BESIII results:
𝒚𝑪𝑷 = −𝟐. 𝟎 ± 𝟏. 𝟑 ± 𝟎. 𝟕 %

 Result is statistically limited

 Systematic uncertainty is 

relative small

 Most precise measurement 

with QC charm mesons

 In the limit of no CP violation: 

𝒚𝑪𝑷 = 𝒚

 Super t-C：(yCP)  ~ 0.1%

Double TagsSingle Tags

BESIII

PLB 744, 339(2015)



Ks
+- (BESIII preliminary: 2.9 fb-1 )

 Extract ci, si for “/3GGSZ method”

 Preliminary results presented @ APS meeting, Apr. 2014
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Charm baryon c
 decays

 BESIII: c
 Pair production at threshold (4.6GeV)

 Largest data set @4.6 GeV

 Double Tag  Model-independent absolute c


decay Branching fractions

31

ST Λ𝑐
± yields

DT Λ𝑐
± yields

Belle: first model-independent 

Measurement (PRL113,042002)

Preliminary results: statistical error only!



Absolute BR for c
+ e+e

 Dominated process: c
+  e+e

 Input for LQCD calculations

 First direct absolute BF measurement

 Theoretical predictions: 1.4% ~ 9.2%

32

Umiss (GeV)
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109.4 ± 10.9

( ) (3.63 0.38 0.??)%c eB e + +    

Statistical error only!

Statistical limited measurement!



Prospects for c decays 

33

Current dataset

@4.6GeV

How about 

@peak 4.63Gev?

Can BEPCII challenge the CM 

energy limit at 4.6 GeV?

With larger c data sample

 PWA  intermediate structures 

in 3-body decays

More semileptonic decays: nl, 

*l, Xl …

 Decay asymmetry parameters a

 c
+  BP/BV

 c
+ Rare decays search

Weak radiative decay c
++

 FCNC c
+ pl+l-

 LNV c
+ pe



Future charm facilities (CHARM 2013)

34



Another proposed Machine

In China

e+e- collider

Wide c.m. energy coverage: 2 – 7 GeV

Collider + 4th generation SR source

Symmetric two ring collision

Collision & SR: sharing mode feasible

Peak luminosity: 1 x 1035 cm-2s-1 (Optimized @ 

Ecm = 4 GeV)

Data set: 1 ab-1 at Charm threshold 

Polarized beam

Polarized electron beam source

Siberian Snake curing depolarization
35
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High Intensity Electron Positron Accelerator

Ecm=2-7 GeV, L = 1x1035 cm-2s-1 at 4 GeV 

• 4th generation SRF 

~1000M double ring

Crabbed 

Waist

• For tau-charm physics 

HIEPA project



A potential location: Hefei

 University of Science and 

Technology of China (USTC)

 National Synchrotron 

Radiation Lab and Hefei Light 

Source, operated by USTC

 The only National Lab 

operated by University in 

China. (Totally Four National 

Labs in China)
37
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Detector
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MUD

• / suppression power >10/30

PID

• /K (and K/p) 3-4 separation 
up to 2GeV/c

EMC 

• Energy range: 0.02-2.5 GeV

• At 1 GeV E (%)

- Barrel(Cs(I):     2          

- Endcap (Cs):     4

MDC

• xy=130 mm

• dE/dx<7%, p/p =0.5% at 1 GeV

PXD

• Material budget ~0.15%X0/layer 

• xy=50 mm



Expected Key features

Vertex – very low material budget ~0.15-

0.3%X0/layer, <50m position resolution;

MDC – pT resolution @1GeV/c 0.5~0.7%, 

dE/dx resolution <7%, low material budget ;

PID – /K (and K/p) 3-4 separation up to 

2GeV/c, low material (<0.5X0);

EMC – stochastic term <2%/E, constant 

term <0.75%;

MUD - / suppression power >10.
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Some sensitivities at HIEPA

With 1 ab-1 data at threshold

Direct CP violation in D+→hh sensitivity: 10-3 

~ 10-4

Probe y: (yCP) ~ 0.1%

RM = (x2 + y2)/2 ~ 10-5 in K and Ke channels

(cosK) ~ 0.007; (K) ~ 2o

Clean background and better systematic 

control in threshold production 

(complementary to the future B factory 

results)

40



HIEPA related activities

Several domestic workshops

Jan 13-16, 2015, HIEPA International 

Workshop on Physics at Future High Intensity 

Collider @ 2 – 7 GeV in Hefei, China

June 3 – 4, 2015, Domestic workshop on 

“Physics, applications and Key technologies 

on 2 – 7 GeV HIEPA”, 

more “official” discussions within HEP community 

in China

CDR for accelerator & detector in progress 

(Will be ready by 2016)
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Summary
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Many BESIII Charm results are released in this 

conference!  It’s just the beginning!

 Charm at threshold provides opportunities for both QCD 

and New Physics

 Very active on XYZ analyses

Will provide best measurements: fD(s) & FF

 Unique access to strong phases & ability to extract model-

independent results with charm at threshold

 Charm baryon results

 BESIII team has learned and developed technology with 

charm at threshold.

 BESIII will continue to run 6 – 8 years.

 It is natural to propose the e+e- intensity frontier for the 

t-charm energy region in China  High Intensity 

Electron Positron Accelerator (HIEPA)



Thank you



Backup slides


