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Outline 

Introduction 

Latest Results On Hadron Spectroscopy 
           threshold enhancement in J/y and y decays 

      Confirmation of X(1835) and observation of X(2120) and   

      X(2370) in J/ψ→γ(η′π+π−) decay 

      Observation of X(1870) in J/ψ→ω(ηπ+π−) decay 

      a0(980) − f0(980) mixing   

Prospects & Summary 

pp
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BEPCII Storage Ring 
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From BESII to BESIII 
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BESIII Milestones 
Mar. 2008: first full cosmic-ray event 

Apr. 30,  2008: Move the BESIII to IP 

Jul. 19, 2008: First e+e- collision event in BESIII 

Nov. 2008: ~14M y(2S) events collected 

Apr. 14, 2009: ~ 106M y(2S) events collected (×4 CLEOc) 

May 30, 2009: 42 pb-1 at continuum collected 

Jul. 28, 2009: ~225M J/y events collected (×4 BESIII) 

2010 - 2011:  2.9fb-1 y(3770)  events (× 3.5 CLEOc ) 

May 2011:  0.5fb-1 y(4010)  events collected 
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Main Physics Topics @BESIII 
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Why Hadron Spectroscopy? 

Atomic 
spectroscopy 

Atomic Structure 

Study of spectroscopy is one of the major approaches to 

understand deeper structure and interaction of the matter 

Nuclear 
spectroscopy 

Nuclear Structure 

Hadron 
spectroscopy 

Hadron Structure 
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Light Hadrons 

 Ordinary hadrons are consists of 2 or 3 quarks 

       quark model： 

 

 

 

Meson:     q  q  

Baryon: q q q 
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Exotic Hadrons 

QCD allows different type of hadrons ： 

• Multiquark：quark >＝4  

• hybrids：      qqg，qqqg … 

• glueball：    gg， ggg … 

 
Searching for above hadron states is one of the important topics for 

many experiments。In past decades, although none of above states 

has been established, there do exist some open questions: 

    1）much more states than predicted exist in some mass region  

    2）some of states are  hard to be understood  as ordinary hadrons 
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 pp
-
 Threshold Enhancement   
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pp Threshold Enhancement @ BESII   

   M=1859              MeV/c2 G < 30 MeV/c2 (90% CL) 
 +3    +5 

-10  -25 
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pp Threshold Enhancement: None Observations   
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Mass Spectrum Fitting 

Consistent with BESII obsveration, confirmed the enhancement !!  

106M y  
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M(pp̅ )threshold structure in /J ppy 

225M J/y  
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Preliminary PWA Results for J/y→pp- 
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Preliminary PWA Results for J/y→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(pp̅): 
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>6.8σ better than other Jpc assignments. 
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Preliminary PWA Results for y’→pp- 

χcJ 

ηc 

Obviously different line 

shape of pp̅ mass spectrum 

near threshold from that in 

J/ψ decays 

PWA Projection: PWA results: 
• Significance of X(pp̅) is larger than 6.9σ. 

• The production ratio R: 

 

 

 

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

106M y  
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Confirmation of X(1835) and 

Observation of X(2120) and  

X(2370) in J/ψ→γ(η′π+π−) decay 
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 X(1835) @BESII 

• LQCD predicts the glueball mass of 0- + is  ~2.3GeV 

• For 0- +  glueball, it may have similar property as hc (mainly decay to  pph) 

• J/y  pph  is specially interested and was studied with 57M J/y @BESII   

Need to confirm it with BESIII ~225M J/y data !!!  
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Invariant Mass of  pph’ 
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 X(1835) @BESIII 

Statistical Significance ~18  Statistical Significance ~9  

h   h pph 

BESIII preliminary BESIII preliminary 

Bump around 1835MeV  becomes much more clear from BESIII  ~225M J/y  



2011/8/10 3rd Hadron Workshop, Weihai 2011 22 

 Fitting With One Resonance 

BESIII preliminary 

??? Structures at higher mass region??? 

BESII 

BESIII preliminary: 

        M = 1842.4  2.8 (stat.) MeV 

        G  =     99.2  9.2 (stat.) MeV 

        Statistical significance:  ~ 21  

BESII Results: 

      M = 1833.7    6.1 (stat.)  2.7(syst.) MeV 

      G  =     67.7  20.3 (stat.)  7.7(syst.) MeV 

      Statistical significance:  ~ 7.7  

Fitting Results: 

X(1835) is confirmed in BESIII and the  

significance increases as statistics increases   
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 Fitting With 4 Resonances 

PRL 106:072002,2011 
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 Fitting Results With 4 Resonances 

PRL 106:072002,2011 
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Observation of X(1870) 

in J/ψ→ω(ηπ+π−) decay 
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h(1405)  

X(1870)  

Observation of X(1870) in J/y→w(pph) 

• In addition to the well-known 

η’, f1(1285) and η(1405), an 
unknown structure 
(denoted as X(1870)) 
around 1.87GeV/c2  is 
observed. 

 

• The f1(1285), η(1405) and 
X(1870) decay primarily 
via a0(980)π  mode.  

Submitted to PRL 
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Fitting Result of X(1870)  

Submitted to PRL 
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Summary of X(1870) in J/y→w(pph) 

• The resonant parameters of f1(1285) and η(1405) agree quite well with 

PDG values. 

• A structure with mass of ~1.87 GeV/c2  and width of  ~57 MeV/c2  is 

observed with a significance of ~7.2σ . 

• Whether X(1860) (J/ψ→γpp), X(1835) (J/ψ→γη’ππ) and X(1870) 

(J/ψ→ωηππ) are the same resonance still need both experimental    and 

theoretical study. 

  

Submitted to PRL 
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a0(980) − f0(980) mixing   
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 a0(980)-f0(980) Mixing  



2011/8/10 3rd Hadron Workshop, Weihai 2011 31 

 a0-f0 Mixing: f0 → a0 transition  

…. Mixing signal 

--- a0(980) contribution from 

J/y*/K*Kfa0(980)  
--- Background polynomial 
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Significance: 3.4 

Phys.Rev.D83,032003 (2011) 
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 a0-f0 Mixing: a0→f0 transition  

…. Mixing signal 

--- f0(980) contribution from  

     other processes  

--- Background polynomial  

0 0 0
,

0 0 0

1 0 0
af 0 0 0

1 0

7

0 0

[

7

P

1 1Br( ' )

=(2.7 1.4(stat.) 0.7(sys.) 0.3(para.)) 10

<6.0 10  (90% 

Mixing inten

N(mixing)=6.4 3.2(stat.)

<13

sity

.0 (90% C.

:

Br( )
=

Br

C.L.)

(

)

) 

L



-

-

-

 -   

   



  

 



c

c

c c a f

a f

a

y   p p p p p

 p p p p p


 p hp p DG]

(0.31 0.16(stat.) 0.14(sys.) 0.03(para.))%

<1.0% (90% C.L.)

   

Significance: 1.9 

Phys.Rev.D83,032003 (2011) 
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Mixing intensities can be derived from measured / predicted f0K+K-, pp, 

a0K+K-, hp coupling constants       (Wu et al. PRD75, 114012(2007) and references within) 

 coupling constants from 

theory models 

 coupling constants from 

experiments 

BESIII upper limits 

(90% CL) 

first direct measurement 

Comparison with different predictions 
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Summary 

BESIII has been in operation since 2008: ~106M 

y(2S) , ~225M J/y , 2.9fb-1 y(3770) ,  0.5fb-1 y(4010) 

events have been collected 

Following results obtained for hadron spectroscopy:   

Confirmation of         threshold enhancement  and X(1835)  

Observation of  X(2120) and  X(2370)  

Observation of X(1870)  

a0(980) − f0(980) mixing 

        and more than a dozen analyses in progress 

      

More data and more exciting results are expected, 

stay tuned   

pp
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THANK YOU！ 



Backup 



PWA projections in 

 It is hard to fit the pp ̅ threshold structure with 

pure FSI effect. 

38 

/J ppy 

Fit pp̅ mass threshold  structure with pure FSI effect 
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PWA results (without FSI) of  /J ppy 



Mpp-2mp 

(GeV) 

0 0.1 0.2 0.3 

BESI

I 

• Spin-parity, mass, width and B.R. of X(pp̅): 

 

 

 

• Consistent with BESII and BESIII published results without FSI  

 

Measurement of X(pp ̅) without FSI  

40 
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PWA results (without FSI) of  

41 

ppy  

• Significance of X(pp̅) is > 10σ. 

• The production ratio R: 

 

 

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