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Outline  

 Introduction to the BESIII experiment 

 Latest results on light hadron 

spectroscopy 

 Latest results on charmonium 

spectroscopy 

 Summary and prospects 



2012/2/18 BESIII 3 

 

Satellite view of BEPCII /BESIII 

BESIII 
detector 

LINAC 

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

South 
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BEPCII storage rings 

Beam energy:  

     1.0-2.3 GeV 

Design Luminosity:  

     1×1033  cm-2s-1 

Achieved Luminosity: 

     0.65×1033  cm-2s-1 

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： 

      237m 
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Data samples 

 So far BESIII has 
collected : 
• 2009: 225 Million J/ 

• 2009: 106 Million ’ 

• 2010-11: 2.9 fb1 (3770) 

  (3.5  CLEO-c 0.818fb1) 

- May 2011: 0.48fb1 @4010 
MeV (one month) for Ds and 
XYZ spectroscopy    

 BESIII will also collect: 
• more J/, ’, (3770) 

• data at higher energies 
（for XYZ searches, R scan 
and Ds physics） 
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BESIII Physics 
Charmonium physics:    
   - Spectroscopy  
   - transitions and decays  
 Light hadron physics:   
   - meson & baryon spectroscopy   
   - glueball,hybrid & multiquarks   
   - two-photon physics  
   - e.m. form factors of nucleon  
Charm physics:   
   - (semi) leptonic + hadronic decays 
   - decay constant, form 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.  



2012/2/18 BESIII 8 

BESIII Collaboration 

>300 physicists   

49 institutions from 10 countries  

11 

Turkey: Turkish accelerator center   

Helmholtz Institute Mainz  
Johannes Gutenberg-University Mainz  

29 
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 Charmonium Spectroscopy and Transitions 
• Properties of the hc (PRL 104, 132002 (2010)) 
• ψ→ γγJ/ψ (to be submitted soon ) 

 Charmonium Decays 
• ψ→ γ0, γη, γη′(PRL 105, 261801 (2010)) 
• cJ → 00, ηη (PRD 81, 052005 (2010)) 
• cJ → γρ, γω, γφ (PRD83,112005(2011)) 
• cJ → ωω, φφ, ωφ (PRL 107, 092001(2011)) 
• cJ → 40 (PRD 83, 012006 (2011) ) 
• cJ ppK+K‐(PRD 83, 112009(2011))  
• +− matrix element (PRD 83, 012003 (2011)) 
• Search for CP/P violation process pseudoscalar decays into pipi  (PRD 84, 032006(2011)). 

 Light Quark States 
• a0(980) − f0(980) mixing (PRD 83, 032003 (2011) ) 
• X(1860) in J/ψ → γpp (Chinese Physics C 34, 4 (2010)) 
• X(1835) in J/ψ → γ+− (PRL 106, 072002 (2011)) 
• X(1870) in J/ψ → ωη+− (accepted by PRL) 
• PWA on J/ψ → γpp (to be submitted soon ) 
• PWA on ψ’ → ηpp (to be submitted soon ) 

Physics results at BESIII 

publications  



Latest results on  

light hadron spectroscopy 



2012/2/18 BESIII 11 

Observation of pp mass threshold enhancement 

at BESII and BESIII 

Mpp-2mp (GeV) 

0 0.1 0.2 0.3 

  J /    pp

BESII 

M=1859              MeV/c2 

 

G < 30 MeV/c2 (90% CL) 

 +3    +5 

10  25 

PRL 91 (2003) 022001 

J / ,J / pp        

Chinese Physics C 34, 421 (2010) 

M=1861 +6 
-13

+7
-26 MeV/c2 

G < 38 MeV/c2 (90% CL) 

2012/2/18 
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 Evident narrow ppbar mass threshold enhancement in J/ψ decays. 

X(pp) 

ηc 

 Partial Wave Analysis (PWA): 

• Concentrate on dealing with the       mass threshold structure, 
especially to determine the JPC .  

• Convariant tensor amplitudes (S. Dulat and B. S. Zou, Eur.Phys.J A 26:125, 2005). 

• Include the Juich-FSI effect (A. Sirbirtsen et al. Phys.Rev.D 71:054010, 2005). 

pp

PWA on the pp mass threshold structure in  /J pp 

BESIII 
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/J pp 



PWA results and projections in 
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Measurement for X(pp) 
 PWA results are carefully checked from different aspects: 

• Contribution of additional resonances 

• Solution with different combinations 

• Different background levels and fitting mass ranges 

• Different BW formula 

•  … … 

     All uncertainties are considered as systematic errors. 

 Different FSI models Model dependent uncertainty  

 Spin-parity, mass, width and B.R. of X(pp): 

 >6.8σ better than other Jpc assignments. pc

19 2

17

11 2 2

33

1.5 5

5.1

J 0

M 1832 5(stat) (syst) 19 MeV/c

13 20(stat) (syst) 4(mod)MeV/c or 48MeV/c @90% . .

( / ( )) ( ( ) ) (9.0 0.7(stat) (syst) 2.3 mod ) 10
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χcJ 

ηc 

Obviously different line 

shape of ppbar mass 

spectrum near threshold 

from that in J/ψ decays 

PWA Projection: PWA results: 

• Significance of X(pp) is larger than 6.9σ. 

• The production ratio R: 

 

 

 

• It is suppressed compared with “12% rule”. 

first measurement 

PWA on the pp mass threshold structure in  pp  

BESIII 

+0.72

-3.83= (5.08 0.5
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6(

))
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( / (
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Confirmation of X(1835) and  

Observation of two new structures 



  

G   

  (Stat. sig. ~ 7.7 ) :

 1833.7 6.1( ) 2.7( )

67.7 20.3(stat) 7.7(syst)MeV

BESII result

M stat syst MeV

PRL 95,262001(2005) 

BESII 

PRL 106, 072002(2011) 

f1(1510) 

two news!  
J/+ 

      + 

       

BESIII 
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Resonance M( MeV/c2) G( MeV/c2) Stat.Sig. 

X(1835) 1836.5±3.0+5.6
-2.1 190.1±9.0+38

-36 >20σ 

X(2120) 2122.4±6.7+4.7
-2.7 83±16+31

-11 7.2σ 

X(2370) 2376.3±8.7+3.2
-4.3 83±17+44

-6 6.4σ 

X(1835) consistent with 0+ 

BESIII fit results: 

Confirmation of X(1835) and  

Observation of two new structures 

PWA is needed to understand  

these structures. 

BESIII 
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What’s the nature of new structures? 
PRD73,014516(2006) Y.Chen et al 

0+: 2560(35)(120) 
2++: 2390(30)(120) 

It is the first time resonant structures  

   are  observed in the 2.4 GeV/c2 region,  

   it is interesting since:  

 

   LQCD predicts that the lowest lying  

   pseudoscalar glueball: around 2.4 GeV/c2.  

 

 

   J/-->' decay is  a good channel  

   for finding 0-+ glueballs.  

 

Nature of X(2120)/X(2370)  

   pseudoscalar glueball ?  

  / excited states?  

 

 

  
PRD82,074026,2010 (J.F. Liu, G.J. Ding and M.L.Yan)  

PRD83:114007,2011 (J.S. Yu, Z.-F. Sun, X. Liu, Q. zhao),  

 and more…  

http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Yu%2C%20Jie%2DSheng%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Sun%2C%20Zhi%2DFeng%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Sun%2C%20Zhi%2DFeng%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Sun%2C%20Zhi%2DFeng%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Liu%2C%20Xiang%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22zhao%2C%20qiang%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22zhao%2C%20qiang%22
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Identification  
of X(1870): 
0+(?) 
It is X(1835)?  
Need PWA!  

X(1870) in J/X, Xa0(980)  

M(a0(980)) M(+) non-a0(980) 

M(+) M() 

a0(980) J/+,  
a0(980) reconstructed in  

f1(1285) 

(1405) 

BR(J/X, X                ) 

BESIII preliminary 

X(1870):  
7.2 

BESIII 
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New results on 3 in J/ 

J/+0 
J/000 

BESIII preliminary BESIII preliminary 

PDG2010:    (3.6+1.1
0.9)103 (2009 CLEO-c)  

PDG2010:  (1.680.22)103  (1984: GAM2) 

Preliminary results: 
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Preliminary results on N* baryon in pp decay 

54.73.0

1.13.0 105.5 

 

061.0027.0

014.0027.0130.0 



Br('pp)=(6.60.20.6)105 Br('N(1535)p)Br(N(1535)p+c.c.)  

PDG2010:  (6.01.2)105 = 

N(1535) 

M(p) M(pp) 

Dalitz plot 
 data 

Dalitz plot 
 MC fit A full PWA is 

performed. 

  

 Background 

 clean!  

N(1535) is 1/2 

010.0005.0

004.0005.0524.1 



Mass: 

Width: 

GeV/C2 

GeV 

BESIII 



Latest results on  

charmonium spectroscopy 
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Property of hc (1p1) 
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Observation of hc in inclusive modes 
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hc(1P1) in 0hc, hcc, cXi (exclusive) 

0hC, hCC,  

C is reconstructed 
 exclusively with  
16 decay modes 

Black from PDG2010,  
blue from estimation of C 
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0 recoil mass in hcc, cXi 
Sum of 0 recoil mass 

M(hc) =3525.31±0.11(stat)±0.15(sys) MeV/c2 

G(hc) =  0.70±0.28(stat)±0.25(sys) MeV 

  N   =  832±35 

2/d.o.f. = 32/46 

Simultaneous fit to 0 recoiling mass 
(preliminary results):   

Consistent with BESIII inclusive 
results  PRL104,132002(2010) 
CLEOc exlusive results   
M(hc)=3525.21±0.27±0.14 MeV/c2 

N   =  136±14 

PRL101, 182003(2008) 
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C resonance parameters from C 

mass: 2984.40.5stat0.6sys MeV/c2 

width: 30.51.0stat0.9sys MeV  
:     2.350.05stat0.04sys rad 

Simultaneous fit with BW by considering the interference between c and 

 non-c decays, as well as the energy dependence of phase space:   
: relative phase between c decay 
and non-resonant component under 
the signal region by assuming all 
 non-c is 0+, and an universal phase 
 for different modes is used.  

KsK KK0  

KsK3 2K20 3() 

BESIII  
preliminary 

BESIII  
preliminary 

BESIII  
preliminary 

BESIII  
preliminary 

BESIII  
preliminary 

BESIII  
preliminary 
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Comparison of the mass and width for c 

BESIII results include both stat. and syst. errors, which 
 is the most precision measurement, the interference between 
 c decay and non-resonance is important.   

The world average in PDG2010 was using earlier results 
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Observation of  c(2S) in c(2S),c(2S)KsK 

M1 transition 

G(c(2S)) fixed to 12MeV (world average) 

M(c(2S)) = (3638.5±2.31.0) MeV/c2 

N(c(2S)) = 50.6±9.7 
Statistical significance larger than 6.0s! 

BESIII preliminary 

Br(’c(2S)KsK) 

=(2.98±0.57stat±0.48sys) ×10-6 

+ 
Br(c(2S)KK)=(1.9±0.4±1.1)% 

From BABAR(PRD78,012006) 

Br(’c(2S)) 

=(4.7±0.9stat±3.0sys) ×10-4 

CLEO-c: <7.6104  PRD81,052002(2010) 

Potential model: (0.16.2)104 

 PRL89,162002(2002)  
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PRL105, 261801(2010) 

Evidence for  decays into  and   
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Some surprises 

 

PRL105, 261801(2010) 

Q. Zhao, PLB697(2011)52 
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Summary and Prospects 
 

 Huge data samples collected for charmonium decays at 
BESIII. A lot of results have been obtained. 

 The spin-parity of the ppbar mass threshold enhancement in 
J/psigamma ppbar was first determined as 0-+. 

 Confirmation of X(1835) in J/  + and observation of two 
new structures X(2120) and X(2370) in J/   decays. 

 Observation of new structure X(1870) in J/. 

 The first observation of c(2S) in c(2S) decay.  

 Precision measurements of C(1S) parameters in c(1S). 

 

 We expect rich physics results in the coming years 
from BESIII.  

 



THANK YOU! 



Back up slides 
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luminosity since startup  

2009:  & J/  

2010: (3770)  

2011: (3770) &  
(4040) for Ds 

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

Integrated luminosity: Jan. 2009– June 3 2011  
about 4.0 fb-1 @ different energies 
Note increase in slopes!   
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PWA projections in 

 It is hard to fit the pp̅ threshold structure with 

pure FSI effect. 

36 

/J pp 

Fit pp ̅ mass threshold  structure with pure FSI effect 
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37 

PWA results (without FSI) of  /J pp 
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Mpp-2mp (GeV) 

0 0.1 0.2 0.3 

BESII 

 Spin-parity, mass, width and B.R. of X(pp ̅): 

 

 

 

 Consistent with BESII and BESIII published results without 

FSI  

 

Measurement of X(pp̅) without FSI  

38 

/ ( )J pp      
  J /    pp

BESIII 

Phy. Rev. Lett. 91:022001, 2003 

3 5 2

10 25
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PWA results (without FSI) of  

39 

pp  

• Significance of X(pp ̅) is > 10σ. 

• The production ratio R: 

 

 

• It is suppressed compared with “12% rule”. 

+3.51

-1.29= (4.80 0.47(stat)
( ( ))

R
( /

(
(

syst) %
))

)
B X pp

B J X pp

 
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 
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
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Prospect of charm physics at BESIII 



2012/2/18 BESIII 41 

Clean single tag at BESIII 

D0
K D+

K 

D0
K D0

K0 

BESIII 

Preliminary 

BESIII 

Preliminary 

BESIII 

Preliminary 

BESIII 

Preliminary 

@(3770) with 420pb1 first clean single tagging sample:  

2 2| |BC beam DM E p 

Resolution:  

1.3 MeV  

for pure charged  

modes; 

1.9 MeV for modes 
 with one π0. 


