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Outline 

1. The 1- - Y family produced via ISR. 
• Y(4008), Y(4260), Y(4360), Y(4660), y(4040), y(4160)… 

2. New resonances in gg reaction. 
• cc2(2P), ggww, wf, ff, wJ/y 

3. Bottomnium. 

• Zb, Zc, hb(1P,2P), hb(1S,2S), hc(1P)  

4. Summary. 
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Lots of new particles discovery, which can not be assigned to 
potential mode naturally. New hadron models: 

Potential model, Charmonium family 
Godfrey, Isgur, PRD32, 189 (1985) 
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1-- Charmonium-like states via ISR 
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Y(4260) 
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Y(4260) 

BaBar, ISR method 
PRL95,142001(2005) 

233fb-1 548fb-1 

Y(4008) 

Belle, ISR method 
PRL99,182004(2007) 



Y(4260) 
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Y(4260) 

BaBar, ISR method 
PRL95,142001(2005) 

233fb-1 548fb-1 

Y(4008) 

Belle, ISR method 
PRL99,182004(2007) 

454fb-1 

Confirm Y(4260), but 

do not see Y(4008) No 

peak? 

BaBar, update 
PRD86,051102(2012) 

M=(4245±5±4)MeV 
G=(114+16

-15±7)MeV 
Gee×Br=(9.2±0.8±0.7)eV 



Y(4260) 
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Y(4260) 

BaBar, ISR method 
PRL95,142001(2005) 

233fb-1 548fb-1 

Y(4008) 

Belle, ISR method 
PRL99,182004(2007) 

BaBar, update 
PRD86,051102(2012) 

M=(4245±5±4)MeV 
G=(114+16

-15±7)MeV 
Gee×Br=(9.2±0.8±0.7)eV 

BaBar’s potential Problems? 
(1). 3.75GeV from y(3770) 
decay? 
(2). Background estimation? 
(3). Asymmetric shape? 

Belle’s new result is coming  
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Y(4360) and Y(4660) 
673fb-1 

Y(4660) Y(4360) 

Belle   PRL99,142002(2007). 

298fb-1 

~4.32GeV 

BaBar   PRL98,212001(2007). 
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Y(4360) and Y(4660) 
673fb-1 

Y(4660) Y(4360) 

Belle   PRL99,142002(2007). 

298fb-1 

~4.32GeV 

BaBar   PRL98,212001(2007). 

QNP2012 

Belle is updating 



y(4040) & y(4160)hJ/y 
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Belle, FPCP2012 
y(4040) & y(4160) signal 
 
BESIII  478pb-1@ 4.009GeV     
s(hJ/y)=(32.1±2.8±1.3) pb 
s(p0J/y)<1.6 pb 
 
PRD86,071101(R)(2012). 

980fb-1 

Preliminary 
hgg & p+p-p0 

BESIII 
m+m- 

BESIII 
e+e- 
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y(4040) & y(4160)h J/y 

Q. Wang, G. Li,  
X. H. Liu and Q. Zhao 
arXiv:1206.4511 

D. Y. Chen, X. Liu and T. Matsuki          arXiv:1209.0064 

BESIII 
PRD(RC)86,071101(2012). 

 
Br(y(4040)hJ/y) 
=(5.5±0.5±0.2±0.5)
×10-3 



p+p-J/y vs. hJ/y 

13 

BaBar 

Belle 
1. Y(4008)? & Y(4260) observed in 

p+p-J/y. 

2. y(4040) & y(4160) observed in 
hJ/y. 

3. Huge difference in exclusive hadron 
channels? 



BK(gcc1) 
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M=(3823±2.8) MeV 
G=(4±6) MeV, narrow state 

Forbidden to DD, expected 
for the y2 candidate 

M=(3823±2.8) MeV 
G=(4±6) MeV, narrow state 



Charmonium-like states in gg production 
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Where is ccJ(2P) triplet? 
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ccJ(2P) 

ccJ(1P) 



Where is ccJ(2P) triplet? 

17 

ccJ(2P) 

ccJ(1P) 
M = 3929±5±2 MeV 
   
Gtot = 29±10±2 MeV 

M = 3926.7±2.7±1.1 MeV 
   

Gtot = 21.3±6.8±3.6 MeV 

cc0,c1(2P)?? 
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Where is ccJ(2P) triplet? 
PRL104,092001(2010) 

M=(3915±3±2)MeV 

G=(17±10±3)MeV 

ggwJ/y 

M=(3919.4±2.2±1.6)MeV 

G=(13±6±3)MeV 
Possible cc0(2P)? 

Still need experimental effort to identify the ccJ(2P) triplet.  
BESIII also provide opportunity in y(4040) E1 transition. 



ggww, wf, ff  
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Z. Q. Liu, C. P. Shen, C. Z .Yuan et al. 

PRL108,232001(2012) 
1. ggVV cross section measurement from 

thershold to 4GeV 
2. Resonant structures have been observed. 

Spin-2 components are significant. 
3. W-n power law fit high energy region: n~8, 

agree with pQCD calculation.                       
V. L. Chernyak  arXiv:0912.0623 



ggww, wf, ff  

20 

Z. Q. Liu, C. P. Shen, C. Z .Yuan et al. 

PRL108,232001(2012) 
1. What’s nature of enhancement? 
2. Threshold effect can not explain simply. 
3. 4-qurak states? “golden mode”, but not 

compatible with current models              
(q2q2 tetra-quark, t-channel factorization, 
one-pion exchange). 

4. Molecule?  “QCD sum-rule” J. R. Zhang et 
al . arXiv:1203.0700 



ggww, wf, ff  
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Z. Q. Liu, C. P. Shen, C. Z .Yuan et al. 

PRL108,232001(2012) 

1. Charmonium results at high energy 
region. 

2. First observation of hcww 

hc 

hc 

cc0 

cc0 
cc2 

cc2 



Bottomonium-like Spectroscopy 
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hb(1P) and hb(2P) 
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hb(1P) 

hb(2P) 
PRL108,032001(2012) 

e+e-  (5S)  hb(nP) p+p–   
reconstructed, use Mmiss(p+p-) 

M(hb(1P))=(9898.2±1.1
±1.1)MeV 
M(hb(2P))=(10259.8±0.
6+1.4

-1.0)MeV 

PRL107,041803(2011) 

y(4160)p+p–hc(1P)   CLEO-c hc(2P)?   
Y(4260), Y(4360) 
p+p–hc(2P)  



hb(1S) and hb(2S) 
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e+e-  (5S)  hb(nP) p+p–   

ghb(1S,2S) 

hb(1P)ghb(1S) 

hb(2P)ghb(1S) 

hb(2P)ghb(2S) 

arXiv:1205.6351, accepted for PRL publication 

BESIII  hc(1P)  ghc(1S) = (54.38.5) % 

M(hb(1S))=(9402.4±1.5±1.8)MeV 
G(hb(1S))=(10.8+4.0

-3.7
+4.5

-2.0)MeV 
M(hb(2S))=(9999.0±3.5+2.8

-1.9)MeV 
DMhf(hb(1S))=(48.7±2.3±2.1)MeV 



hb(1S) and hb(2S) 
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(1S,2S)  n(p, p, K…) 
26 light hadron modes in total 

hb(1P)ghb(1S) 

hb(2P)ghb(1S) 

hb(2P)ghb(2S) 

arXiv:1205.6351, accepted for PRL publication 

S. Dobbs, Z. Metreveli, A. Tomaradze, T. Xiao and K. Seth 
                          
                       PRL109,082001(2012) 

CLEO data, but not from CLEO collaboration 

hb(2S) 

hb(1S) 

M(hb(1S))=(9393.2±3.4±2.3)MeV 
M(hb(2S))=(9974.6±2.3±2.1)MeV 
DMhf(hb(2S))=(48.7±2.3±2.1)MeV 

CLEO 

M(hb(1S))=(9402.4±1.5±1.8)MeV 
G(hb(1S))=(10.8+4.0

-3.7
+4.5

-2.0)MeV 
M(hb(2S))=(9999.0±3.5+2.8

-1.9)MeV 
DMhf(hb(2S))=(24.3+4.0

-4.5)MeV 

Belle Belle 
agree 

disagree 



Zb(10610) & Zb(10650)p+/-Y(1S,2S) 
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(5S) (1S)p+p- (5S) (2S)p+p- (5S) (3S)p+p- 

(5S)  hb(1P)p+p- (5S)  hb(2P)p+p- 

PHSP 

PHSP 

Belle  PRL108,122001(2012) 

M1 = 10607.2  2.0 MeV 

G1 = 18.4  2.4 MeV 

M2 = 10652.2  1.5 MeV 

G2 = 11.5    2.2 MeV 



Zb(10610) & Zb(10650)p0Y(1S,2S) 
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(5S) (1S)p0p0 (5S) (2S)p0p0 (5S) (3S)p+p- 

(5S)  hb(1P)p+p- (5S)  hb(2P)p+p- 

PHSP 

PHSP 

Belle  PRL108,122001(2012) 

M1 = 10607.2  2.0 MeV 

G1 = 18.4  2.4 MeV 

M2 = 10652.2  1.5 MeV 

G2 = 11.5    2.2 MeV 

arXiv:1207.4345 
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Zb(10610) & Zb(10650)B(*)B*p+/- 

Near BB* and B*B* threshold 
1. BB* & B*B* bound states?    Zb~M(B(*))+M(B*) 
2. Unbound threshold resonance?  Zb(10610)-[M(B)+M(B*)] 

~(3.6±1.8) MeV / Zb(10650)-[M(B*)+M(B*)] ~(3.1±1.8) 
MeV 

3. Multi-quark states? 

Zb(10610)  

Zb(10650)  

Zb(10650)  

PHSP  

PHSP  

arXiv:1209.6450 
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Zb(10610) & Zb(10650)B(*)B*p+/- 

Near BB* and B*B* threshold 
1. BB* & B*B* bound states?    Zb~M(B(*))+M(B*) 
2. Unbound threshold resonance?  Zb(10610)-[M(B)+M(B*)] 

~(3.6±1.8) MeV / Zb(10650)-[M(B*)+M(B*)] ~(3.1±1.8) 
MeV 

3. Multi-quark states? 

Zb(10610)  

Zb(10650)  

Zb(10650)  

PHSP  

PHSP  

B(*)B* channel dominate! 

arXiv:1209.6450 



Summary 

• 1. Conventional charmonium & bottomonium 
is more and more mature.  

• 2. More and more new states have been 
discovered. 

• 3. Hadron spectroscopy still need more effort 
both in experiment and theory. 
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Thanks! 


