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Filling out the CKM matrix has been very good 
for spectroscopy!



Focus on Charged & Heavy States 	


[hence four-quark states(?)]
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F. Rubbo, Torino thesis

prompt productionpp -> B B(pi K psi’)
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.confirmed by LHCb
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Z1 & Z2
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good fit with only K resonances!
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dotted: without Zc(4200)

K. Chilikin et al. [Belle] 1408.6457
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Cusp States



Bottom Zs



Adachi et al. [Belle] 1105.4583
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Charm Zs



M = 3899 (3.6) (4.98)

Zc(3900)

e+e� � Y (4260)� ��J/�
M. Ablikim et al. [BESIII], PRL (13)
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Zc(3900)

BESIII PRL112 022001 (14)

e+e� � �DD̄� �
s = 4.26

M = 3883.9± 1.5± 4.2

� = 24.8± 3.3± 11.0



BESIII Phys. Rev. Lett. 111, 242001 (2013).  

“no significant  Zc(3900) observed”
sums 13 different ee energy values
e+e� � �+��hc

M = 4022.9± 0.8± 2.7

� = 7.9± 2.7± 2.6

Zc(4025)



BESIII Phys. Rev. Lett. 112, 132001 (2014)  

e+e� � (D�D̄�)±��

M = 4026.3± 2.6± 3.7

� = 24.8± 5.6± 7.7

Zc(4025)
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Theory



A Cusp Model

E.S. Swanson, arXiv:1409.3291; v2 to appear



Charged Exotics as Threshold Cusps

It seems foolish to ignore that many of these states are just 
above open charm/bottom thresholds.
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Cusp Model

Attempt a “microscopic” cusp model.

Y (4260)� �DD̄� Y (4260)� ��J/�

gDD� · exp(��(s�Y )/�2
�Y ) exp(��(sDD�)/�2

DD�)

[separable nonrelativistic model; solve exactly]
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effect of the bubble sum
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fit the pi Y: D*D* vertex
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 no evidence for bubble	


evidence for incoherent background

�DD� = 0.2 GeV
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New BESIII result with all three particles identified.	


As hoped, background is diminished.

Wolfgang Gradl, “Bound States in QCD”, St Goar, Mar 24-27, 2015
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Now pi pi dynamics is important

Obtain pi pi J/psi 
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BESIII 
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M. Ablikim et al. [BESIII Collaboration], Phys. Rev. Lett. 111, 242001 (2013).
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Missing Exotics

COMPASS 

C. Adolph et al. [COMPASS] arXiv:1407.6186v1

exp(��(s�N ,m2
�,m2

�)/(4s�N�2) �
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�)2/(4s�N�2) �
exp(�88)

�
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Missing Exotics



Hanhart Model

F.-K. Guo et al. arXiv: 1411.5584 

treeone loop

two loop

Hanhart et al. claim that the strength of the vertex requires 
bubble summation, which generates a pole.



Other Exotics?
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!
• examine the X(3872): interplay of cusp, possible bound state 

dynamics, and mixing with cc states
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Cusp Model — to do

• model vertices in a reasonable way and perform bubble sums 	


• compare to D D* pi and pi pi J/psi	


• examine the X(3872): interplay of cusp, possible bound state 

dynamics, and mixing with cc states
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Cusp Model — to do

�c0
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Need to correctly renormalise 
the bare model (in this case, 
the constituent quark model)



Conclusions

• there are a lot of new states, not all of them are ‘real’!	


• X(3872) appears to be a likely cusp/molecule/

charmonium mixture supernumerary state	


• cusp effects can be important and should be accounted 

for when modelling	


• it appears likely (?) that the Zb and Zc states are not 

associated with S-matrix poles	


• analogue states will appear in many places, but must not 

be swamped in the production	
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