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BESIII detector 

LINAC 

2004: started BEPCII/BESIII  
            construction 
2008: test run 
2009 - now: BESIII physics run    

 Beijing Electron Positron Collider-II (BEPCII) 



The BEPCII Collider 
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Beam energy:  1.0 - 2.3 GeV 

Peak Luminosity:  

   Design: 1×1033  cm-2s-1 

     Achieved: 0.7x1033cm-2s-1@3770 MeV 

Optimum energy: 1.89 GeV 

Energy spread:  5.16 ×10-4 

No. of bunches: 93 

Bunch length: 1.5 cm 

Total current: 0.91 A 

Circumference: 237 m 

Beam energy measurement: Using Compton backscattering 
technique.    accuracy up to 510–5 



The BESIII detector 
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The new BESIII detector is hermetic for neutral and charged 
particle with excellent resolution, PID, and large coverage.  

Solenoid Magnet:  1 T Super conducting  

 
MDC:  small cell & 
He gas 
           σxy=130 μm 

          𝛿p/p = 0.5% @1GeV 

          dE/dx=6%  

TOF: 

   sT =  90 ps   
Barrel 

            110 ps  
Endcap 

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

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

   σφ,z = 0.5~0.7 cm/√E 

Trigger: Tracks & Showers 

Pipelined; Latency = 6.4 μs 

Data Acquisition: 

  Event rate = 3 kHz 

  Throughput ~ 50 MB/s 
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Data samples at BESIII 
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• world’s largest samples of on-threshold ψ(3770) 
data and keep increasing in the future 

• the aim is to have 20 /fb  data 

Previous data  BESIII now Goal 

J/ψ BESII: 58 M 1.2 B  20*BESII 10 B 

ψ(3686) CLEO: 28 M 0.5 B  20*CLEO 3 B 

ψ(3770) CLEO: 0.8 /fb 2.9 /fb  3.5*CLEO 20 /fb 

Above open 

charm  

threshold  

CLEO: 0.6/fb 

@4160MeV 

2011: 0.5 /fb @ 4.009 GeV 

2013: 1.9 /fb @ 4.26 GeV,  

           0.5 /fb @ 4.36 GeV  

2014:  0.6 /fb @ 4.6 GeV 

           1.0 /fb @ 4.42 GeV 

and data for line shape 

5-10 /fb 

R Scan BESII 2012:  R @2.23,2.4,2.8,3.4GeV              
25/pb tau threshold 2014:  0.8 /fb @ 
3.85—4.59 GeV 
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D physics @ (3770) 
At (3770) peak : s(e+e DDbar)  6.6 nb 
 Only D pairs: no phase space for even one extra pion 
 
Reconstruction one D in a set of hadronic “tag” modes:  
  Reduce backgrounds,  
  Find the other D’s direction: produce a “tagged D beam” 
      can be used to reconstruct a neutrino 4-vector    

Tag variables: conservation of momentum and energy:  

signaltag

signaltag

signaltagtag

tagsignaltag

N

N

N

N
BR



 






Absolute BR measurement:  
Tag-side efficiency mostly cancels;  
 tag systematics cancel.  

𝑴𝒃𝒄 = 𝑬𝒃𝒆𝒂𝒎
𝟐 − 𝒑𝒄𝒂𝒏𝒅

𝟐  𝚫𝑬 = 𝑬𝒄𝒂𝒏𝒅 − 𝑬𝒃𝒆𝒂𝒎 



Flavor Physics Connection 

Tests of Lattice QCD and SM 

     Leptonic : decay constant fD  

                        indirectly access |Vtd|, via xB  and  fD/fB 

     Semi-leptonic : form factors f(q2) 

                                 directly access to |Vcs/d| 
 

Strong Phases 

     Accessible due to quantum-correlations 

     Affect CKM gamma/3 extraction 
 

D0 D+ Ds
+ golden mode BF 

    Normalize heavy flavor physics 

    Systematics limited after CLEO-c; lower priority to check… 
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D+  + 

Uses 9 tag modes  

PRD89, 051104(R)（2014） 

 BESIII: 2.9 fb-1  
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D+  + 

Previous best : CLEO-c: 205.8  4.1%(stat.) 1.2%(sys.) MeV  

 BESIII: 2.9 fb-1  

PRD89, 051104(R)（2014） 

fD = 203.2±2.6%(stat.)±0.9%(sys.) MeV 
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D0
Ke, e 

 BESIII: 0.9 fb-1  
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D0
Ke, e 

Form 
Factors 
f(q2) 

 BESIII: 0.9 fb-1  

Ke e 



14 

D0
Ke, e 

BESIII preliminary 

BESIII preliminary 

 BESIII: 0.9 fb-1  
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Strong phase K 








Ki

KCF

DCS

er
DK

DK







0

0

Strong phase:  

Quantum correlation  Interference  access strong phase!  

arXiv:1404.4691 
Accepted by PLB 

 BESIII: 2.9 fb-1  
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Strong phase K  BESIII: 2.9 fb-1  

   
Single Tags 

Double Tags 

BESIII results: 

arXiv:1404.4691 
Accepted by PLB 
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Strong phase K 
 BESIII: 2.9 fb-1  

BESIII results: 

 
๏ Uncertainty is dominated by the statistical error 
๏ The third error is due to the input parameters 
๏ World best precision 

arXiv:1404.4691 
Accepted by PLB 
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Other Quantum Correlation work  



ci, si for /3 measurements  

• GGSZ (Dalitz) method in B→D0 K 

• Most powerful method nowadays 

• D0 to 3-body decays KS+-, KSK+K-,… 

• Partition the Dalitz plot to 2k bins 

• B Signal yields in ith Dalitz bin 

 

 

 

• Averaged phases in each bin: ci, si (Giri et. al. PRD68, 054018 (2003)) 
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S12 

S13 

QC measurements from 

Charm  factories 

𝒙± = 𝒄𝒐𝒔 𝜹𝑩 ± 𝜸  
𝐲± = 𝒔𝒊𝒏 𝜹𝑩 ± 𝜸  
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Model independent approach  
Modified optimal binning: 8 bins  
CLEO-c:  0.818 fb1 

  uncertainty on  reduced to 1.7o to 3.9o 

BESIII: 2.9fb1 

    Uncertainty on  reduced to 0.9o to 2.0o 
 depend on the binning methods.  

BESIII: preliminary 

BESIII preliminary 

a polar-to-Cartesian re-mapping of 

previous δ in each bin: ci
2 + si

2=1 

๏ Still statistical limited. 
๏ Only statistical errors are 

listed. 
๏ Consistent agreement with 

CLEO-c measurements, but 
superior in statistical errors 



Summary 
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BESIII has started to be involved in the world campaign on 

identifying the DD oscillation, searching for the CPV in charm 

and over-constraining the CKM unitarity triangles.  

‣ We provide unique data on strong phases. 

‣ Many more QC analyses are undergoing 

‣ Purely and semi leptonic decays were studied  

‣ test LQCD 

‣ make precise measurements of CKM elements,  to 

improve the accuracy of CKM unitarity tests.  

Thanks 
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Backup  
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CP- tag 

flavor tag  

yCP: CP tagged semileptonic D decays 
We measure the yCP using  

CP-tagged semi-leptonic D decays 

allow to access CP asymmetry in mixing 

and decays 

For D decay to CP eigenstates:  

For CP tagged semileptonic D decays:  

CLEOc  [PRD 86 (2012) 112001]:  

     yCP=(4.2±2.0 ±1.0)% 
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DP model independent approach  
 Initially proposed for γ measurement in B+ 

 DK+ 

 

 Divide DP into symmetrical bins:  

 With mixing, the number of events in bin i at time t is: 

 One can fit all bins simultaneously to extract (xD, yD), if si, ci are: 
   Known  
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 D oscillation and strong phase  

 Improving the constraints on the charm mixing parameters is important 

for testing the SM, such as long-distance effect 

 In addition, strong phase is an important ingredient for  

• (over-)constraining the CKM unitarity triangle, which is crucial for 

searching for new physics 

• extract the mixing parameter (x,y) from (x’, y’) 

 short distance is highly suppressed by the GIM mechanism and by the 

CKM matrix elements within the SM 

• NP might manifest in the loop, such as FCNC processes with up-type 

quark, complementary to those with down quarks (K or B mesons, 

already studied with observed CPV)  
PRL111 (2013) 251801 

 long distance is dominant:  

• but theoretical uncertainty is large 

 Observation of DD oscillation by CDF and LHCb 
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The decay rate of a correlated state 

Taking advantage the quantum coherence of DD pairs, 

BESIII can study the charm physics in an unique way 
• strong phase in D decays 

• D mixing parameters 
• direct CP violation 
• ... 

For a physical process producing D0 D0  such 

as 

The D0 D0 pair  will be a 

quantum-correlated state. 

The quantum number of        is  

The C number of D0 D0 pair in this 

process is 
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e+e  for -charm:  physics goals 

Hadron spectroscopy and test of QCD at low energy:  
    Light meson and baryon 
    Glueball: direct test of QCD at low energy  
    Hybrid/exotics states/multiquark states/molecular states…  
    Charmonium(-like) spectroscopy and decays / Charmed baryon decays   
  
Precise test of the Standard Model:  
     R values, tau mass and tau decays, CKM matrix, lepton universality test… 
     Decay constants and form factors (in D meson decays)  

 New physics searches at low energy ( tiny/forbidden in SM):  
       Rare charmonium decays: weak decays, LFV, LNV, BNV …  
       Rare charm and tau decays: FCNC, LFV, LNV, invisible decays  
       Rare light meson decays:  /// rare decays  
       Neutral D mixing   
       CP violation in tau and charm: tiny in SM 

       CP violation in baryon /charmed baryon weak decays  

 Exotic physics:  
       Light dark matter candidates, Dark photon, light Higgs boson(a0),  
       New interactions…   

BESIII is statistical limited  
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Comparison with world measurement 

CLEOc 2012:   
[PRD 86 (2012) 112001] 

     yCP=(4.2±2.0 ±1.0)% 

compatible with 
world average results 

best precision in 
Charm factory 

yCP(%) 
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D0
K/-e+v and form factor f+

K/(q2) 

0D
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 The strong interaction effect between the two quarks within the 

final state meson is simply factorized into the form factor f+
K/(q2). 

 |Vcs/d| parameterizes the mixing between the quark mass eigenstates 

and the two weak eigenstates. 

|| / dcsV

)( 2

/ qfK




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f+
K/(q2) and |Vcs/d| from D semileptonic decay 

 In experiment, studies of D0
K/-e+v can provide 

• form factors of hadronic current f+
K/(q2) 

• CKM matrix elements |Vcs| and |Vcd|  

 The improved f+
K/(q

2) can be used to validate the 

LQCD calculations on f+
K/(q

2) 

 More accurate measurements of |Vcs| and |Vcd| can more 

precisely test the SM. 

− Single pole form − Modified pole model 

− ISGW2 model − Series expansion model 
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 𝒇𝑫+:  All strong interaction effects between the two initial-state quarks are     

absorbed into this decay constant 

𝑫+ → 𝝁𝝂 

 To validate LQCD calculations of 𝒇𝑫+ 

 To produce a precise prediction of 𝒇𝑩+ 

 In current LQCD calculations, the ratio 𝑓𝐷+ 𝑓𝐵+  has a significantly better precision 

than their individual values 

To determine 𝑽𝒕𝒅  

The well-measured 𝐵0 − 𝐵0mixing parameter 𝑥𝐵 is related to 𝑉𝑡𝑑
2and 𝑓𝐵(𝑓𝐵 = 𝑓𝐵0 =

𝑓𝐵+ due to isospin symmetry)  

To test the unitarity of CKM matrix,  and test the SM 


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 












 

D2

D

2

l2

l

2

cd

2

D

2

F
μ m

m

m
1m|V|f

8π

G
)υμΓ(D



34 

 In history, |Vcd| was usually measured by 

|Vcd| measured via D+
+v 

 More accurate measurements of |Vcd| and |Vtd| will 

improve the stringency of unitarity constraints on CKM 

matrix and provide improved test on the Standard Model. 

• D meson decay De+v, which suffers 11% uncertainty of 

theoretical calculation of form factor;  

• neutrino and anti-neutrino interaction, which suffers 4.8% 

uncertainty.  

 A recent un-quenched LQCD of fD+ reaches ~2% 

precision, thus provides an opportunity to accurately 

measure |Vcd| by D+
+v. 
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Running: Now & Later 
 So far this run (2014) :  

    About 100 points for R values “scan”:  

      3.85-4.59 GeV, 5 or 10 MeV steps,  6 – 8 pb1 per point  

      500 pb1 @ 4.60 GeV  for XYZ states;  

   

 Future runs (no particular order)  
  Ds data @ 4.170 GeV  

  more (3770) for D physics  

  More “XYZ”, J/, ’  

Easy to fill MANY years ! 



ci, si in D0 →K
S,L
ππ Dalitz analysis 
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 (BESIII: 2.9 fb-1 ) 


