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Outline 
•  Introduction to BEPCII/BESIII 

•  Selected charm results at BESIII 
– Leptonic decay and fD  

– Semi-leptonic decay and Vcs/Vcd  

– Rare decay of D0 → γ γ 

 
•  Summary  

6/12/12 2 Capri 2012 



The BESIII Collaboration 

6/12/12	
   Capri	
  2012	
   3	
  

Japan	
  (1)	
  
Tokyo	
  Univ.	
  

US	
  (6)	
  
Univ.	
  of	
  Hawaii	
  

Univ.	
  of	
  Washington	
  
Carnegie	
  Mellon	
  Univ.	
  	
  
Univ.	
  of	
  Minnesota	
  	
  
	
  Univ.	
  of	
  Rochester	
  	
  
Univ.	
  of	
  Indiana	
  

	
  

Europe	
  (11)	
  
Germany:	
  Univ.	
  of	
  Bochum,	
  	
  

Univ.	
  of	
  Giessen,	
  GSI	
  
 Univ.	
  ofJohannes	
  Gutenberg	
  

Helmholtz	
  Ins.	
  In	
  Mainz	
  
Russia:	
  JINR	
  Dubna;	
  BINP	
  Novosibirsk	
  	
  
Italy:	
  Univ.	
  of	
  Torino，FrascaV	
  Lab	
  
Netherland：KVI/Univ.	
  of	
  Groningen	
  
Turkey:	
  Turkey Accelerator Center	
  

China(30)	
  
IHEP,	
  CCAST,	
  Shandong	
  Univ.,	
  	
  
Univ.	
  of	
  Sci.	
  and	
  Tech.	
  of	
  China	
  
Zhejiang	
  Univ.,	
  Huangshan	
  Coll.	
  	
  

Huazhong	
  Normal	
  Univ.,	
  Wuhan	
  Univ.	
  
Zhengzhou	
  Univ.,	
  Henan	
  Normal	
  Univ.	
  

Peking	
  Univ.,	
  Tsinghua	
  Univ.	
  ,	
  
Zhongshan	
  Univ.,	
  Nankai	
  Univ.	
  
Shanxi	
  Univ.,	
  Sichuan	
  Univ	
  
Hunan	
  Univ.,	
  Liaoning	
  Univ.	
  	
  

Nanjing	
  Univ.,	
  Nanjing	
  Normal	
  Univ.	
  
Guangxi	
  Normal	
  Univ.,	
  Guangxi	
  Univ.	
  
Suzhou	
  Univ.,	
  Hangzhou	
  Normal	
  Univ.	
  

Lanzhou	
  Univ.,	
  Henan	
  Sci.	
  and	
  Tech.	
  Univ.	
  
Hong	
  Kong	
  Univ.,	
  Hong	
  Kong	
  Chinese	
  Univ.	
  

Univ.	
  of	
  South	
  China,	
  GUCAS.	
  

	
  

Korea	
  (1)	
  
Seoul	
  Nat.	
  Univ.	
  

Pakistan	
  (1)	
  
Univ.	
  of	
  Punjab	
  

h+p://bes3.ihep.ac.cn	
  

>350 physicists   
50 institutions from 10 countries  



6/12/12	
   Capri	
  2012	
   4	
  

Bird view of  
BEPCII /BESIII 

BESIII 
detector 

Linac 

2004: start BEPCII construction 
2008: test run of BEPCII  
2009-now: BECPII/BESIII data taking 

Design luminosity  
1 × 1033/cm2/s @ ψ(3770)  

IHEP，Beijing 

Storage ring 

BSRF 



The BEPCII Storage ring 
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The BESIII Detector 
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µCounter 
8- 9 layers RPC 
δRΦ=1.4 cm~1.7 cm  

Time Of Flight (TOF) 
σT :  90 ps Barrel 
       110 ps endcap 

EMC：  σE/√E(0/0) = 2.5 % (1 GeV) 
(CsI)       σz,φ(cm)  = 0.5 - 0.7 cm/√E 

Super-conducting 
magnet (1.0 tesla)    

NIM A614, 345 (2010) 
Drift Chamber (MDC)  
σP/P (0/0) = 0.5%(1GeV） 

σdE/dx (0/0) = 6% 

Collision point 



BESIII commissioning 
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World’s largest samples of 
J/ψ, ψ(2S)  and ψ(3770)  

(and still growing) 

Peak luminosity reached 
6.5 X 1032 @3770 MeV 

•  July 19, 2008: first e+e- collision event at BESIII  
•  Nov.,     2008: 14M ψ(2S) events for detector calibration  
•  2009: 106 M ψ(2S) 4 times of CLEO-c  
          225 M J/ψ 4 times of BESII  
•  2010: 0.9 fb-1 ψ(3770)  
•  2011: 2.0 fb-1 ψ(3770)  
          0.5 fb-1 @ 4.01 GeV  
•  2012: 5.0 pb-1 tau mass scan data  
         400 M ψ(2S) data 
         1 B J/ψ data (till May 22, 2012) 

3.5 x CLEO-c	


Tentative future running plans (not Approved yet):  

•   2013: Ds physics (@4170 MeV) + R scan (>4 GeV)  
•  2014: ψ(2S)/τ/R scan (>4 GeV)  
•  2015: 5~10 fb-1 ψ(3770)  data 



Physics Programs @ BESIII 
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Light hardron physics 
- Meson & baryon spectroscopy 
- Threshold effects 
- Multiquark states 
- Glueballs & hybrids 
- Two-photon physics 
- Form factors 

Charmonium physics: 
- Precision spectroscopy 
- Transitions and decays 

Charm physics: 
-  Decay constant, fD & fDs 
-  CKM matrix, form factors 
-  Rare decay 
-  D0-D0bar mixing and CPV 
-  charm meson production 

QCD & τ -physics: 
- Precision R-measurement 
- τ mass / τ decays 

XYZ meson physics: 
- Y(4260) ππhc decays 



Near threshold charm data 
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ψ(3770) data samples in the world till 2012 



1. Leptonic Decay: introduction 
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-   D+ leptonic decay plays important role in the  
   understanding of the Standard Model 
-   Unitary triangle 

-   fD(Ds) test LQCD calculations of fB(Bs) 

-   Narrow band in the triangle lead to precisely test the  
   SM, and search for something new beyond the SM . 



1. Leptonic Decay: technique 
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-   ψ(3770) → DD events near threshold: D producted in pair  
-   Absolute measurement: tagging one D  
    meson first, then searching for  
    concerned final state in the recoiling side  
   (charge conjugation implied) 

Absolute measurement	


Neutrino	
  is	
  reconstructed	
  with	
  
missing	
  energy	
  and	
  missing	
  
momentum	
  of	
  D+	
  meson	
   



1. Leptonic Decay: tagging side 
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-   Totally 9 single tag modes  −−+− → ππKD

0πππ −−+− → KD

00 ππ −− → KD

−−+− → πKKD

−−+− → πππD

−− → π0KD
−− → KKD 0

−−+− → πππ0KD

−−−++− → ππππKD

610)2.057.1( ×±=−
TagDN

a)    
b)    
c)    
d)    
e)    
f)    
g)    
h)    
i)    
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1. Leptonic Decay: recoiling side 
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-   In recoiling side against the tagged D meson,  
    it is required that: 
 

   1. only one charged track 
   2. positively identified muon 
   3. no isolated photon 

-   Particle passage length in MUC sub-detector v.s. mom. 

Pa
ss

ag
e 

le
ng

th
 [c

m
] 

 Pxy [GeV]  P [GeV]  Pz [GeV] 

Barrel region Barrel/end-cap region End-cap region 

passage 
length 	




1. Leptonic Decay: event display	
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Muon can be well 
identified by MUC 

sub-detector 



1. Leptonic Decay: candidates 
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D+→KL0π+ 
D+→µ+νµ 

KL
0 escape from the detector 

There are still some background 

BESIII Preliminary	


BESIII Preliminary	


BESIII Preliminary	




1. Leptonic Decay: background 
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1. Leptonic Decay: results 

6/12/12 Capri 2012 17 

-   Branching fraction: 
    B(D+→µ+νµ) = (3.74±0.21±0.06)·10-4  

-   Decay constant: 
    fD+ = (203.91±5.72±1.97) MeV  

All 
preliminary ! 

-   Form factor: 
    |Vcd| = 0.222±0.006±0.005 

⇐

⇐
Cited:  
CKM-Fitter: PDG 2010 
LQCD: Phys. Rev. Lett. 100, 062002 (2008) 



1. Leptonic Decay: results 
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D+→µ+νµ [%] fD+ MeV 
ª  The most precise measurement is provided by BESIII 
ª  The errors are still dominated by statistics, needing more data 

taken at 3773 MeV. 



1. Leptonic Decay: results 
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|Vcd| 

It is expected (B.A. Dobressu and A.S. Kronfeld, PRL 100, 241802 (2008)) if no 
nonstandard leptonic decay of D+

(s), one would obtain the same 
values of |Vcs|/|Vcd| from the D+

(s) leptonic decays and D semi-leptonic 
decays. 	


from D+→µ+νµ	




2. Semi-leptonic Decays: tagging side 
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-   Totally 4 single tag modes  
BESIII Preliminary	


BESIII Preliminary	
 BESIII Preliminary	


BESIII Preliminary	


•  923	
  pb-­‐1	
  ψ(3770)	
  data	
  analyzed	
  
•  Double	
  tag	
  technique	
  ,	
  
	
  	
  	
  	
  	
  	
  tag	
  side:	
  	
  right	
  plots	
  
	
  
	
  
	
  
	
  	
  	
  	
  	
  	
  recoil	
  side:	
  	
  missing	
  neutrino	
  
	
  
	
  
•  Simple	
  differenVal	
  decay	
  rate

	
  funcVon	
  (massless	
  lepton	
  assumed)	
  
	
  
	
  
	
  
	




2. Semi-leptonic Decays: recoil side 
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•  Two	
  oppositely-­‐charged	
  good	
  tracks:	
  K-­‐	
  and	
  e+	
  
•  Kaon	
  and	
  electron	
  are	
  idenVfied	
  
•  Electron	
  has	
  same	
  charge	
  as	
  the	
  tag	
  side	
  Kaon	
  
•  Veto	
  if	
  any	
  unmatched	
  EMC	
  shower	
  is	
  	
  larger	
  than	
  	
  250	
  MeV

	
  (some	
  background	
  has	
  extra	
  π0	
  )	


-   In recoiling side, selection of D0→K-e+νe 

•  Two	
  oppositely-­‐charged	
  good	
  tracks:	
  π-­‐	
  and	
  e+	
  
•  Pion	
  and	
  electron	
  are	
  idenVfied	
  
•  Electron	
  has	
  same	
  charge	
  as	
  the	
  tag	
  side	
  Kaon	
  
•  Veto	
  if	
  any	
  unmatched	
  EMC	
  shower	
  is	
  	
  larger	
  than	
  	
  250	
  MeV

	
  (some	
  background	
  has	
  extra	
  π0	
  )	


-   In recoiling side, selection of D0→π-e+νe 



BESIII Preliminary	
BESIII Preliminary	


Nsig = 18460±143	
 Nsig = 1677±45	


D0 → K- e+ νe 	
 D0 → π- e+ νe 	


2. Semi-leptonic Decays: results 
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⇒	




2. Semi-leptonic Decays: results 
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BESIII Preliminary	
BESIII Preliminary	


•  Measured in each q2 bin,   by fitting U distribution  
•  Compare results from each tag mode	


-   Γ(q2) results 

D0 → K- e+ νe 	
 D0 → π- e+ νe 	




2. Semi-leptonic Decays: results 
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BESIII Preliminary	


•  Points:  data with stat. error only 
•  Curves:  
     fπ from Fermilab Lattice and MILC Collaboration,  within one stat. error,   
         arXiv:1111.5471; 
     fK from HPQCD Collaboration, within one stat. error, arXiv:1111.0225  
•  Here we only compare the shape (f+(0) not known) 	


D0 → π- e+ νe 	


-   f(q2) results 

BESIII Preliminary	


D0 → K- e+ νe 	




2. Semi-leptonic Decays: results 
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•   Simple pole model: 

•   Modified pole model: 
   Beciirevic and Kaidalov 
   PLB 478, 417 (2000) 

 
•   Series expansion: 
   Becher and Hill 
   PLB 633, 61 (2006)	


Could fit:  f+(0),  r1 = a2/a1, r2= a3/a1	


-   form factor parameterization 



2. Semi-leptonic Decays: results 
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BESIII Preliminary	
 BESIII Preliminary	
 BESIII Preliminary	
 BESIII Preliminary	


BESIII Preliminary	
BESIII Preliminary	
BESIII Preliminary	
BESIII Preliminary	


simple pole	
 simple pole	
modified pole	
 modified pole	


2 par. series	
 2 par. series	
3 par. series	
 3 par. series	


D0 → K- e+ νe 	
 D0 → π- e+ νe 	


-   form factor fit 



2. Semi-leptonic Decays: results 
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BESIII Preliminary	
 923	
  pb-­‐1	
  ψ(3770)	
  data	
  ~	
  1/3	
  full	
  data	
  	




3. Rare Decay: introduction 
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•   Flavor Changing Neutral Current (i.e., c → u γ) is  
   forbidden at tree level. Besides, the ubar quark also  
   needs to annihilate with the u quark to produce the  
   other photon 
•   Extremely suppressed: Unlike FCNC processes in the  
   decays of K and B mesons (i.e., s → d l+ l-, b → s γ), in  
   the decays of D mesons, the transitions are mediated  
   by the lighter down-quark sector ⇒ larger GIM  
   suppression 
•   But such short-distance contributions are usually  
   diluted by (very) large long-distance contributions 
•   The radiative decay, D0 →γ γ, is indeed such case. 



3. Rare Decay: introduction 
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-   How small (large) D0 → γ γ is ?  

•   This small transition rate due to the short-distance  
   effect is enhanced by long-distance effect, bringing  
   the overall B(D0 →γγ) larger.  
   within SM: B(D0 →γγ) ~ 10-8 or less (see Fajfer et. al.  
    PRD 64, 074008 (2001)) 
 
•   But, for instance, the minimal super-symmetric  
   standard model says the rate would be enhanced by a  
   factor of 100 by exchanging gluino (Prelovsek and  
    Wyler, PLB500, 304 (2001)) or B(D0 →γγ) ~ 10-6. 



3. Rare Decay: introduction 
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-   What experiments have done ?  

•   CLEO-2 searched with 13.8 fb-1 around Υ(4S) 
    ⇒ B(D0→γγ) < 2.9×10-5 @ 90% C.L., PRL90, 101801 (2003) 

•   CLEO-c also searched based on 818 pb-1 

   @ψ(3770) [~6 M D0 produced] 
    ⇒ B(D0→γγ) < 8.63×10-6 @ 90% C.L. (Charm 2010) 

•   BaBar also has a result with 470.5 fb-1  
   around Υ(4S) [~201 M D0 produced] 
    ⇒ B(D0→γγ) < 2.2×10-6 @ 90% C.L. (arXiv:1110.6480).	




3. Rare Decay: introduction 
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-   BESIII has very good EMC sub-detector 



3. Rare Decay: analysis 
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-   Due to similar background components, we also study  
   events from D0→π0π0, and present our preliminary result  
   in a form of :  
   B(D0→γγ)/B(D0→π0π0)  

-   Analysis method is straight forward 
    1. Reconstruct only one of the two D0s from ψ(3770) decay with  
       two γs or π0s for D0→γγ or D0→π0π0, respectively, where π0 →γγ  
    2. Conservation of energy and momentum is required 
        ΔE = Ecandidate – Ebeam should be consistent with zero 
        MBC = √(EBeam

2 – pcandidate
2) should be consistent with MD0   

-   Detail selection criteria are tuned based on MC samples 

-   Detection efficiencies are 23% and 12% for D0→γγ and  
    D0→π0π0, respectively 



3. Rare Decay: analysis 

6/12/12 Capri 2012 33 



3. Rare Decay: analysis 
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3. Rare Decay: results 
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•  With the signal events,  
    B(D0→γγ)/B(D0→π0π0) < 5.8 x 10-3 @ 90% C.L.,   
    including systematic uncertainty (rel. 12%) which is added

 to the Bayesian upper limit 
•  With the PDG value of B(D0→π0π0) = 8.0 x 10-4, this U.L.

 corresponds to B(D0→γγ) < 4.6 x 10-6 @ 90% C.L. 
Experim
ent 

	
  This	
  work	
  
(BESIII,	
  2.9	
  C-­‐1) 

Babar	
  	
  
(arXiv:	
  1110.6480) 

CLEO-­‐c	
  	
  
(preliminary) 

PDG	
  2011	
  	
  
(online) 

Result 4.6	
  x 10-6  2.2 x 10-6  8.63 x 10-6  2.7 x 10-5  

•  Improved results (i.e., systematic errors) on B(D0→γγ)
 soon along with measurement on B(D0→π0π0) 

•  Another double-tag technique is ongoing, which can reject
 most of the backgrounds and reduce systematic errors 



•  BESIII has been successfully operated since 2008: 
–  World largest data sample of J/ψ, ψ’, ψ(3770), ψ(4040) already

 collected, more data in future (Ds*+Ds
- at 4170MeV coming soon). 

•  Some results on charm physics have been obtained,  
1.  Leptonic decay: B(D+→µ+νµ) =  (3.74±0.21±0.06)·10-4                  
       (2.89 fb-1)      fD+ = (203.91±5.72±1.97) MeV  
                             |Vcd| = 0.222±0.006±0.005 
2.  Semileptonic decay: 
           (0.92 fb-1) 
 
3.  Rare decay: B(D0→γγ)/B(D0→π0π0) < 5.8 x 10-3 @ 90% C.L. 

•  More topics, such as D0-D0bar mixing, CPV, rare decay,
 Cabibbo suppress decay, other semileptonic decays, are
 undergoing, 2012～2013 will be a harvest-time. 

Summary 
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1. Leptonic Decay: detection efficiency 
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1. Leptonic Decay: systematic errors 
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3. Rare Decay: introduction 
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3. Rare Decay: systematic errors 
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