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Charmonium Spectroscopy 

Godfrey & Isgur, PRD32, 189 (1985) 
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Y(4260) 
Z(3900) 

Z(4020) 

From PDG live 

Seen by belle in BK  pcc1 

Seen by CDF/CMS /D0 in fJ/y    
; not seen by Belle/LHCb 



The Y(4260) 
PRL 99 182004 
550fb-1 

PRL 95 142001 
211fb-1 

Y(4260) 

~50pb 

Y(4260) 

1-- 

From the data taken around 4.260 GeV, BES found Zs   



Zc
±(3900) Zc

±(4020) 

e+e-
p+p-J/y 

M=3899.03.64.9MeV 
G = 461020 MeV 

e+e-
p+p-hc 

M= 4022.90.82.7MeV 
G = 7.92.72.6 MeV 

Zc
0 (3900) Zc

0(4020) 

e+e-
p0p0J/y 

M=3894.8±2.3 MeV 

G =29.6±8.2 MeV  

e+e-
p0p0hc 

M=4023.92.23.8 MeV 
G Fixed at  Zc

±(4020) 

Zc
±(3885) Zc

±(4025) 

e+e-
p(D*D)± 

M=3883.9±1.5±4.2 MeV 

G =24.8±3.3±11 MeV  

e+e-
p(D*D*)± 

M= 4026.32.63.7 MeV 
G = 24.85.67.7 MeV 

Zc
0(3885) Zc

0(4025) 

(D*D)0 
M=3885.7±4.3±8.4  

MeV 

G = 35±12±15 MeV  

(D*D*)0 
M= 4025.5±2.0±3.1  

MeV 

G = 23.0±6.0 ±1.0MeV  

PRL,110,252001 

PRL.115.112003 

PRL,112, 022001 

PRL, 110, 252001  

PRL, 113, 212002   

PRL, 113, 212002  

PRL,115.182002 PRL, 115, 222002 

I=1 ;   Jp:  favor 1+  (Ronggang’talk) 



 

 
 
 
 
 

  

Many proposals  
 

• Conventional state 
• Hybrid                    if Y(4260) is a hybrid, BF(Ygcc) <<BF(Y ghc) 

• Hadronic  molecules,                    predict small Zrhc 

            arXiv:1303.6608, 1304.2882, 1304.1850  
 
• Tetraquark states                          predict large Zrhc  

arXiv:1110.1333, 1303.6857 
       arXiv:1304.0345, 1304.1301  
  
• Meson loop (arXiv:1303.6355)  

 
• ISPE model  (arXiv:1303.6842 ) 
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Initial single pion emission 



Searches for more 
Zc states  

– Zc(3900) Jpc                           

– Zc(3900) rhc                    

– Zc(3900) ghc (2S) or gcc0                              

– Zc(4040) p0y'          

– Zc(4040)p+y'      

– e+e-
ghc2(1D2) 

– e+e-
p+p- X(3823) 

– Zc(3900)J/yh in J/yhh    

– e+e-hch pp  for Z(xxxx) 

– e+e-cc1/2p p  for Z(4050) 

– ……. 
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Open charm cross 
section 

– e+e- 
D+X 

– e+e- 
DD                    

– e+e- 
Ds 

+Ds
-                  

– e+e- 
Ds

 Ds
*                     

– e+e- 
Ds

*Ds
*               

– e+e- 

D2(2460)DDDp 

– e+e- 
DD*p  

– e+e- 
p+p-DD 

– …… 

 Cross-section 
of non-DDbar   

• e+e- 
gX(3872) (finish) 

• e+e- 
gccJ  (finished) 

• e+e- 
gX(4140) (finish 

• e+e- 
ghc     

• e+e- 
p+p-hc    

• e+e- 
p+p-J/y   

• e+e- 
wJ/y    

• e+e- 
KKJ/y    

• e+e- 
h hc

   
• e+e- 

p+p-p0hc, prhc         
• e+e- 

+-       
• e+e- hY(2175) 

• e+e-  
f ccJ      

• e+e- 
h’ J/y     

• e+e- 
h y’   

 “Topics ” will be presented  



Found e+e- gX(3872) 

• Search for gX(3872) with 
X(3872) ppJ/y at Ecm=4.23, 
4.26 and 4.36 GeV 

 

• top: summed over all data 
X(3872) significance = 6.3 s 

 

• Production in Y(4260) decay 
suggestive, but not conclusive 

 

• If from Y(4260)  
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 𝐵(𝑌 4260 → g𝑋 3872 )

𝐵(𝑌 4260 →p+p−J/y)  
  0.1 



A simultaneous fit to M(gJ/y) at 4 CME 
points with  assuming the production 
s(e+e− gccJ ) at different 𝑠 follows the 
lineshape of Y(4260) 

the stat. significance   
is 0,  2.4, 4.0 s for  

   cc0, cc1, cc2 ,  respectively   

Fit to M(gJ/y) for summing the 

events in the 4 CME points 

the statistical significance  

is 1.2σ, 3.0σ, 3.4σ  for 

    cc0, cc1, cc2  respectively. 

Study of e+e−
gccJ  

-- Help to understand the nature of Y(4260) 

cc0 

cc2 

 cc1 
cc2 

 cc1 



The measured Born corss-section 
s(e+e− gccJ ) 

e+e - 
gcc0  e+e- gcc1  e+e-

gcc2  

𝑠 𝑠 𝑠 

The upper limits on the cross section of e+e-  gccJ   

are compatible with the theoretical predication.  Ref: arXiv:1310.8597 

∎ 

∎ ∎ ∎ 

∎ 

∎ ∎ 

∎ 
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∎ ∎ ∎ 

∎ ∎ ∎ 

s s s 



4.23 4.26 

4.36 4.42 

4.6 sum 

Mreoil (pp)  vs. M(gJ/y)  for Selected Events  
cc1 cc2 cc1 cc2 

 3.82 GeV 

 3.82 GeV 

 3.82 GeV 

y' 

y' 

y' 

e+e-
p+p- X(3823)[y2(13D2)],   Xgcc1 



Simultaneous Fit  to the Mrecoil(p
+p-) 

For gcc1 events For gcc2 events 

•  y’ is used to calibrate the absolute mass scale. 
• Simultaneous fit with common  X(3823) mass for diff. energies and         

for gcc1, gcc2 mode. 
• Signal: MC shape ⨂ Gauss; bkg:  linear function.  

M=3821.7±𝟏. 𝟑𝐌𝐞𝐕 
G(x)<16 MeV at 90% C.L. 
Significance: 6.2 s  𝐢𝐧 gcc1 

 No X(3823) events in gcc2  

 B(Xgcc2)/B(Xgcc1)<0.42 

y’ 

y’ 

X(3823) 

12 

19±5 Evts 



Angular Distribution of e+e-
p+p- X(3823) 

Assume the pp dominated by S-wave, D-wave between the 

pp system and X(3823); 

Due to limited statistics, both S-wave and D-wave 

hypotheses can be accepted. 
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The Cross-section  

14 



X(4140)  -- a good candidate for 𝑫𝒔
∗ (𝑫𝒔

∗ )  molecular  
_ 

From Liming Zhang 



Search for Y(4140)f J/y at BESIII 

 e+e-  g f J/y;  J/y e+e-/+- 
 

1. f  K+K-  
Partial reconstruction,  only require one K 
 

2. f  KSKL 

Partial reconstruction,  only require KS; the KL not reconstructed. 
 

3. fp+p-p0 

Full reconstruction. 





Sum of all data sets 

eff. curve 

Combine 6 modes ( 3 f modes    2 J/y modes) 



Set upper limit at the 90% CL. for  
𝜎𝐵 × ℬ = 𝜎𝐵 𝑒+𝑒− → 𝛾𝑌 4140 × ℬ(𝑌 4140 → 𝜙𝐽/𝜓) 

𝑠 (GeV/𝑐2 ) Luminosity (pb-1) (1 + 𝛿) 𝜎𝐵 × ℬ 

4.23 1094 0.840 <0.35 

4.26 827 0.847 <0.28 

4.36 545 0.944 <0.33 

Compared with the 𝐗(𝟑𝟖𝟕𝟐) product ion 
𝜎𝐵 𝑒+𝑒− → 𝛾𝑋 3872 × ℬ(𝑋 3872 → 𝜋+𝜋−𝐽/𝜓) 

Take ℬ 𝑋 3872 → 𝜋+𝜋−𝐽/𝜓  = 5%.   arXiv: 0910.3138 

And ℬ(𝑌 4140 → 𝜙𝐽/𝜓) = 30%,  molecular calculation,   PRD 80, 054019.  

𝜎𝐵(𝑒+𝑒−→𝛾𝑌 4140

𝜎 𝑒+𝑒−→𝛾𝑋 3872
≤ 0.1 at 𝑠=4.23 and 4.26 GeV.  

No significant Y(4140) signal found @ BESIII 

Systematic error included 



• No Zc(3900)±→ωπ± observed 

• No resonant structure in J/ψπ is observed in B0→J/ψπ+π− by 
LHCb [PR,D90,012003], in B0→J/ψK−π+ by Belle [PR,D90,012009] 

4.23 GeV 

4.26 GeV 

Negative searches also provide useful info about the XYZ 



• No Y(4260)→J/ψηπ0  found 

4230 4260 

 -- the isospin violating decay 



BESIII measured the p+p-J/y lineshape                
---The Y(4260) is not  a simple Breit-Wigner 

In 2005 

arXiv:1611.01317  
(2016) 



CLEO found hc in 5p (2009) 

hc ghc 

~ 50% 
 

hchadrons 

 

(1.52±0.27±0.29)×10-3 

(4.7±1.5 ± 1.4)×10-4 

PRL,116, 251802 

BESIII found hc gh/h’ (2016) 

PR,D80,051106 

~2% 

arXiv:1610.07044 

The eepphc  cross-section 



e+e- wJ/y 

PRL 114, 092003 (2015)  
PRD 93, 011102(R) (2016)  

 

It seems consistent with the first 
structure in 𝜋+𝜋−𝐽/𝜓line shape.  
•A tetraquark? Phys.Rev.D91, 
117501 (2015)  
•ψ(4S)? EPJC 74:3208 (2014) 
•Threshold effect? 
 
•No significant 𝑒+𝑒−→𝜔𝜒𝑐1events 
 
•Can be described by 𝜓(4415) 



 
 
 
 
• The cross section peaks around 4.2 GeV 
• Different from the e+e- pp/y lineshape. 
 
 
 
 
 
 
•First observation at √ s = 4.23 & 4.26 GeV . 
•Fit with ψ (4160) and ψ (4415) resonances 
( fixed mass and width ); looking at data at 4180. 
•σ (η′ J/ ψ) is much lower than σ (η J/ ψ ) , in 
contradiction to the calculation in the 
framework of NRQCD 

PRD 91, 112005 (2015)  

PRD 94, 032009 (2016)  

 e++e- h/h’J/y 

 e++e- hJ/y 

 e++e- h’J/y 



 

• Reconstructed modes: 

• Mode I: Ψ(3686)π+π-J/ψ, J/ψl+l- (l=e/μ) 

• Mode II: Ψ(3686)neutrals+J/ψ, neutrals=(π0π0, π0, η and 
γγ)  J/ψl+l- (l=e/μ) 

• The measured Born cross sections of e+e-
π+π-ψ(3686) 

e+e-
π+π-ψ(3686)   

Preliminary 





Summary  

• BESIII is in a unique position to both directly access these 
states and to search for new states.  
 

• BESIII has been intensively studied the XYZ structures. 
 

• We are for most time limited by statistics.  Optimize data 
taking? Measure more decay modes; build connections between 
states at this region. 
 
 

• Very complex structures  in the cross sections > 4GeV, which 
may point to the existence of exotics. 
 
 

• BESIII plans to take data at 4.19-4.30 GeV. What are you going 
to do with these data?   
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