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Outline  

•  Status of BEPCII/BESIII 
•  2009: Charmonium data samples… two 

sample results  
•  2010-11: First open charm runs  
•  Charm Physics:  advantage near threshold 
•  Rare charm program at BESIII 
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BESIII – physics using “charm” 
Charmonium physics:    
   - Spectroscopy  
   - transitions and decays  
 Light hadron physics:   
   - meson & baryon spectroscopy   
   - glueball & hybrid   
   - two-photon physics  
   - e.m. form factors of nucleon  
Charm physics:   
   - (semi)leptonic + hadronic decays 
   - decay constant, from factors  
   - CKM matrix: Vcd, Vcs   
   - D0-D0bar mixing and CP violation  
   - rare/forbidden decays  
Tau physics:   
   - Tau decays near threshold  
   - tau mass scan  
…and many more.  



June 1 2011 Hai-Bo Li (IHEP) 4 

BESIII detector 

µm 



June 1 2011 Hai-Bo Li (IHEP) 5 

Data samples 
•  So far BESIII has collected : 

–  2009: 220 Million J/ψ 
–  2009: 106 Million ψ’ 
–  2010-11: 2.74 fb1 ψ(3770) 
  (3.5  CLEO-c 0.818fb-1) 
- May 2011: 0.5fb1 @4010 MeV 

(one month) for Ds and XYZ 
spectroscopy    

•  BESIII will also collect: 
–  more J/ψ, ψ’, ψ(3770) 
–  data at higher energies （for XYZ 

searches, R scan and Ds physics） 
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luminosity since startup  

2009: ψʹ′ & J/ψ  

2010: ψ(3770)  

2011: ψ(3770) &  
ψ(4040) for Ds 

Note that luminosity is lower at J/ψ,  
and machine is optimal near ψ(3770)   

Integrated luminosity: Jan. 2009– May 31 2011  
about 4.0 fb-1 @ different energies 
Note increase in slopes!   
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Recent ψ(3770) running  
Reference point: L = 0.5  1033 /cm2/s (maximum 0.65  1033) 
  theoretically lumi: 43 pb-1 /day  
 But, filling beam, HV ramp, lumi. decay and down time loss 40%   
 Best week :  160.8 pb-1 

 Best day  :   29  pb-1 
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Luminosity vs beam current for best day  
(April 7, 2011)  

Beam current: 700 mA700mA  

Peak luminosity  
0.6  1033/cm2/s 

700mA 
per beam  

Luminosity curve (decay curve per injection)  
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Released results of BESIII 
•  Charmonium Spectroscopy and Transitions 

–  Properties of the hc (PRL 104, 132002 (2010)) 
–  ψ(2S) → γγJ/ψ (preliminary) 

•  Charmonium Decays 
–  χcJ → π0π0, ηη (PRD 81, 052005 (2010)) 
–  χcJ → γρ, γω, γφ (accepted by PRD) 
–  χcJ → ωω, φφ, ωφ (submitted to PRL) 
–  ψ(2S) → γπ0, γη, γη′(PRL 105, 261801 (2010)) 
–  χcJ → 4π0 (PRD 83, 012006 (2011) ) 
–   Observation of χcJ-> ppbarK+K‐(submitted to PRD)  

•  Light Quark States 
–  a0(980) − f0(980) mixing (PRD 83, 032003 (2011) ) 
–  η′→ ηπ+π− matrix element (PRD 83, 012003 (2011)) 
–  X(1860) in J/ψ → γ(pp) (Chinese Physics C 34, 4 (2010)) 
–  X(1835) in J/ψ → γ(η’π+π−) (PRL 106, 072002 (2011)) 
–  X(1870) in J/ψ → ω(ηπ+π−) (preliminary) 
More than 20 analyses are under internal review! 

9 papers published  
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Running plan 
•  The luminosity of BEPCII is better than expected.  
•  Data taking for open charm:  

–  ψ(3770): 1.82 fb-1 (2011)+0.923 fb-1 (2010) = 2.743 fb-1  
–  4010 MeV :  0.5 fb-1 in May 2011 for Ds physics  

Year Running 

2012  J/ ψ: 1 billion /  ψ(2S): 0.5 billion (approved)  

2013 4170 MeV: Ds decay  + R scan (E > 4 GeV)  

2014 ψ(2S)/τ  / R scan (E > 4 GeV) 

2015 ψ(3770):  5-10 fb-1 (our final goal)  
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BESIII final goal 
J/ψ - 1010 

ψ(2S) - 3109 

ψ(3770) - 6×108 

Higher ψ’s - 107 

In decays: 
  ηc(1S)-108  
  χcJ   - 108 

  hc   -  107   
  (ψ(2S)→hcπ0) 
    10 8 η/η’ samples  
  Rare η/η’ decays 

Comprehensive study of charmonium decays 
charm and charmonium spectroscopy 
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Prospect of charm physics at BESIII 
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Charm role in flavor physics 
Theoretical errors 
dominate width of bands 

precision QCD calculations tested with  
precision charm data at threshold 
 theory errors of a few % on B system  
decay constants & semileptonic form factors 

over-constrain VCKM 
Inconsistency → New Physics 

Charm decay measurements 
  decay constants  
  form factors  
  VCKM clean extraction  
  validate QCD.  
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Advantage of open charm at threshold 

e+e Colliders@threshold:  CLEO-c, BESIII, Super-tau-
charm 

Good for charm flavor physics:  
•     Threshold production: clean  
•     Known initial energy and quantum numbers   
•     Both D and Dbar fully reconstructed (double tag)  
•     Absolute measurements 
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Clean single tag at BESIII 

D0Kπ	

 D+Kππ	



D0Kπππ	

 D0Kππ0	



BESIII 
Preliminary 

BESIII 
Preliminary 

BESIII 
Preliminary 

BESIII 
Preliminary 

@ψ(3770) with 420pb1 first clean single tagging sample:  

Resolution:  
1.3 MeV  
for pure charged  
modes; 
1.9 MeV for modes 
 with one π0. 
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Prospects for Charm at BESIII 
Look for the size of the statistics/systematic/FSR errors  
for precision measurements at BESIII after CLEO-c.  
CLEO-c errors for D0 /D+ physics with 818 pb-1@3770     BESIII (5fb-1) 

 fD+  (D+→µ+ν ):     ±4.1% (stat.) ± 1.2% (sys.)            ±2.0% (stat.)  
 fπ(0) (D0→πlν):     ±5.3% (stat.) ± 0.7%(sys.)             ±2.3% (stat.)  
     BR(D0→Kπ):     ±0.9% (stat.) ± 1.8%(sys.)             limited by sys. 
     BR(D+→Kππ): ±1.1% (stat.) ±  2.0%(sys.)            limited by sys.  

CLEO-c errors for Ds physics with 600pb-1@4170 MeV                         
 fDs  (Ds+→µ+ν,τν ):  ±2.5% (stat.) ± 1.2% (sys.)            ±0.8% (stat.)  
      BR(Ds+→KKπ): ±4.2% (stat.) ±  2.9%(sys.)            ±2.0% (stat.)  

Significant gains will be made with increased luminosity at BESIII. 

For Ds physics, BESIII are taking data at both 4010 and 4170 MeV:  
4010 MeV (clean single tag, lower cross section 0.3 nb) 0.5 fb-1 in May 2011 
4170MeV (dirty single tag, maximum cross section 0.9 nb)  CLEO-c 0.6 fb-1  
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Vcs / Vcd from semileptonic D decays  

Vcd will be improved at BESIII by a factor of 2.  
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Production cross sections for DsDs(*) 

(DsDs) = 0.269±0.030±0.015 nb  @ 4010 MeV 

Maximum production rates:  

(DsDs*) = 0.916±0.011±0.049 nb  @ 4170 MeV 

CLEO-c took 600 pb-1data @ 4170MeV  

Data@4170 MeV   
e+e→Ds+Ds* , Ds* →γDs+ 

on top of uds *plus* other* charm 
continuum (DDbar, DD*bar, D*D*bar) 

CLEO-c PRD 80, 072001 (2009) 
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Ds tag modes  
Fully reconstruct Ds γ,  to look for another Ds. 

Invariant mass  
of 9 tag modes 

In the fit:  
Signal:  Double  
 Gaussian center  
 at zero;  
Bakgrd:   
 linear Poly.  

CLEO: PRD 79, 052001 (2009)  
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Missing-mass*2 against Ds+γ system – Ds γ tag 

Look at missing mass after adding photon (from Ds*→Dsγ) 
Plot missing-mass2 against Ds γ system.  

Need photon to  
 fully constrain the 
 other Ds…. 

CLEO: PRD 79, 052001 (2009)  

Signal: CB function 
Backg:  Chebychev  
 Poly.;  

Peak at (MDs)2 
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Combined Ds *plus* γ tag 
The sum of 9 
 tag modes  

43859±936 events 
In 3.872<MM*2<4.0 GeV2 

Ds sideband 
 background 

Multi-γ  
 background  

CLEO: PRD 79, 052001 (2009)  

Peak at (MDs)2 
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Ds tag samples 

CLEO: PRD 79, 052001 (2009)  
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Combined case i and case ii  
 data:  

Fix the ratio τν/ µν =9.76 to SM:  
  Ds→µν: 235.5±13.8  

Case i&ii 
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Optimal energy points for Ds 
•  For Ds physics, BESIII are taking data at both 4010 

and 4170 MeV:  
 @4010 MeV : clean single tag, lower cross section 0.3 nb 
                        BESIII collected 0.5 fb-1 in May 2011 
 @4170MeV : dirty single tag, maximum cross section 0.9 nb   
                       CLEO-c 0.6 fb-1  
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For a physical process producing D0 D0  such as 

D0D0bar quantum correlation @ψ(3770) 

The quantum number of      is  
∴ For a correlated state C=-1:  

 

The correlated amplitude: 

D0 strong phase is necessary input for D0 mixing and  
CKM measurements at B factories and LHCb   

Z.Z . Xing, PRD55, 196(1997) 
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Coherence physics @threshold 

ψ(3770) 

D0 mixing:  RM = (x2+y2)/2 ~ 104  

Strong phase can be accessed, helpful for mixing 
measurements at super-B factories:   
  Sensitivity on x will be improved by a factor 3 
  (Brain Meadows ICHEP2010 
   see back-up slides and discussion in morning  
    session on June 1);  
  Uncertainty of γ due to unknown ralative phase 
  on Dalitz decay D0 Ks h+h- will be reduced  
  to less than 10.   

CP violation in D sector : 103  
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 D0 mixing  at threshold 

At ψ(3770) RM=(x2+y2)/2 can be measured using the ratios 

For 108 D-pairs about 10 events will be detected.  
Sensitivity for RM is about 1×10-4 

Expected sensitivity to mixing parameters: 
   1 ab-1 at tau-charm factory  =  10 ab-1 at Super B-factory 

Z.Z . Xing, PRD55, 196(1997) 
Without mixing in D0, the following process is forbidden  
due to Boson-Einstein statistics :  

With mixing happened, it is allowed:  
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CPV in D decay at BESIII 
Direct CP violation in D decays is expected to be small in SM. 

For CF and DCS decays direct CP violation requires New Physics. 
Exception: D±→KS,Lπ±  with ACP=-3.3×10-3.   

For Singly Cabibbo Suppressed (SCS) decays SM CPV could reach 10-3.  

At BESII, CP asymmetry can 
be tested with 10-3 sensitivity 
for many final states. 

Belle: D0→K+K-,π+π- 

ACP(K+K-)=(0.43±0.30±0.11)% 
ACP(π+π-)=(0.43±0.52±0.12)% 

BABAR: D+→KSπ+  
ACP(KSπ+)=(-0.44±0.13±0.10)% 
CLEO-c : Ks π+π0 

ACP(KSπ+π0)=(0.3±0.9±0.3)% 

Best limits:  

D.S.Du , EPJC5,579(2007) 
Y. Grossman et al   
PRD75, 036008(2007)  
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CP violation near threshold  

With 108 D pairs in (K+e-ν)(K+e-ν)  mode, |q/p| can be measured with  
(20-30)% accuracy.   Current world averaged value is 0.86±0.16 . 

π+π-, K+K-, π0 π0,  Ksπ0 ,  

CP violating asymmetries can be measured by searching 
for events with two CP odd or two CP even final states:  

ACP  sensitivity : ΔA ~10-3    
CP violation in mixing can be measured with:  
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Quantum correlation @ ψ(3770) 

David Asner Charm2010 

CLEO-c did a simultaneous fit to these combinations  
PRL 100, 221801(2008)   
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Quantum correlation: decay rates @ψ(3770)  
From D. Asner, CHARM2010 
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D. Asner Charm2010 
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HFAG: new charm mixing with CLEO-c  
Consider  
CLEO-c results 

D. Asner  
Charm 2010 
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Project  to 75ab-1@Υ(4S): 

Golden 
channels 

Min. χ2 fits  
(blue contours) 

480 fb-1 75 ab-1 

Uncertainties shrink:  but are limited by the irreducible model 
uncertainty (biggest effect on xD ) 
Strong phase measurement from ψ(3770) can greatly reduce this. 

Brian Meadows ICHEP2010 
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The weak phase γ (φ3) 
Interference between tree-level decays; theoretically clean 

Parameters: φ3,  
 (rB, δ) per mode 

Three methods for exploiting interference (choice of D0 decay modes): 

•  Gronau, London, Wyler (GLW): Use CP eigenstates of D(*)0 decay,  
e.g. D0  Ksπ0, D0  π+ π - 

•  Atwood, Dunietz, Soni (ADS): Use doubly Cabibbo-suppressed decays, 
e.g. D0  K+π - 

•  Giri, Grossman, Soffer, Zupan (GGSZ) / Belle: Use Dalitz plot analysis 
of 3-body D0 decays, e.g. Ks π+ π- 

Vcs
*  Vub: suppressed Favored: Vcb   Vus

* 

b 

u 

s 

u u 

b 

u 
c 

D(*)0 

K(*)- 
B- B- 

u 

s 

u 

c 

D(*)0 f  

Common  
final state 

K(*)- 

From A. Bondar  
CHARM2010 
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B→D(Ksh+h)K Dalitz plot for γ at B 
factory   

 A powerful choice of common state f(D) in Ksh+h 

   BABAR: PRL 105, 121801 (2010)  
   Belle   : PRD 81, 112002 (2010)  

Differents between B and B+ 

Dalitz plots allow γ extracted in  
 unbinned fit.  However, need to  
 understand different amplitudes 
 from D0 and D0bar decay modes 
 across Dalitz space, esp. variation  
 in strong phase.  

Approach of B factories: construct Dalitz plot model of D with flavor-tagged  
          decays, estimated model uncertainty of 30-90, which is << statistical error. 

But super-B and LHC-b will start to be limited by this model uncertainty –  
  Highly desirable to have precision model independent approach!  
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From Jim Libby CHARM2010 

D 
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CP-tagged Dalitz plots  
Clear difference between CP-even  
and CP-odd tagged Dalitz plots.  

BESIII will reduce this error to less than 10 
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What’s rare at BESIII?  
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What’s the rare program?  
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Expected rate 

G. Burdman, I. Shipsey, 
 Ann.Rev.Nucl.Part.Sci.53:431-499,2003  
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Experimental limits 
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CLEO-c for D→Xe+e (281pb1) 

CLEO 
PRL 95 (2005) 221802 

Rate in SM 
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D→Vγ with CLEO-c full dataset 

CLEO-c preliminary results  
 from D. Cronin-Hennessy 
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D Dileptonic decay from Belle   
660 fb1 @Y(4S) Belle PRD81, 091102 (R ) (2010)  
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Outlook for rare decays at BESIII 
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Sensitivities for rare charm decay at BESIII 
  D→Vγ  will be reached at 107  

      D0→φγ, K*γ will be confirmed and improved  
    D0→ργ, γ will be improved or found  

  D0→γγ can be measured with tag or without tag  
   the sensitivity will be 107  

  D→Xl+l can be reached at 107  
          BESIII will reach contribution from long distance  

  D0→l+l  will be reached at 107 

  D+  e+ν  : 10-7  (SM: 108 ) 
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Thank you!  


