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3. Exotic hadrons are also hot topics in lattice QCD

Hybrid Glueball

Multi‐quark states

PentaquarkHadron molecule tetraquark



3. Especially XYZ particle discovered in recent years





II.  XYZ particles on the lattice
1. Zc(3900) 

Y. Chen et al., (CLQCD Collaboration), Phys. Rev. D 89, 094506(2014)

Since Zc(3900) has definitely a ccbar component and is close to DD*bar
threshold, it is sometimes assigned to be a DD*bar molecule. So we carry
out a lattice study on the D-D*bar scattering, from which we hope to infer
some information on the interaction between D and D*bar.

Lattice parameters:
• N_f=2 gauge configurations with the twisted mass fermions

generated by ETMC.
•
• three pion masses  485, 420, 300 MeV
• single-particle interpolation field operators for D mesons
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Two-particle operators:

)1(1)( += cPG JI

The G-parity of Zc(3900) is positive, so we choose c=1

The calculation procedure:

a)  The masses of D mesons
b)  The energies of DD*bar system
c) Define the scattering momenta of D mesons in the 

DD*bar system

d)  Use the Leuscher formular to get the scattering phase shift

e) For near threshold scattering, one can use the effective range 
expansion to parameterize the phase shift versus q. 



In the J^P=1^+ channel, the scattering lengths are negative, indicating 
a weak repulsive interaction between D and D*bar. Our result does not 
support a bound state in this channel. However, since the pion mass is 
still much higher than the physical pion mass, we cannot rule out the 
possible appearance of a bound state. A more systematic lattice study 
is demanding. 



2. Zc(4025) 

Zc(4025) is observed in D*D*bar and h_c pi system. It has definitely a 
ccbar component and is close to D*D*bar threshold, it can be a DD*bar
molecule. We carry out a similar study on the D*-D*bar scattering in order
to learn about the propery of the interaction between D* and D*bar.

Y. Chen et al., (CLQCD Collaboration), arXiv:1503.02371(hep-lat)

Weak repulsive interaction again.



3.  Lattice QCD studies on Zc particles from other groups  

1) Study of the Zc+ channel using lattice QCD
S. Prelovsek et al., Phys. Rev. D 91, 014504 (2015) arXiv:1405.7623(hep-lat)

• Spectroscopic study
• Quite a lot of two-particle operators and tetraquark operators are involved 



All the scatering states below 4.2 GeV are obtained.
They concluded that No convincing  exotic Zc state is observed.



2) On the structure of Zc(3900) from  lattice QCD
talk given by Yiochi Ikeda (HAL Collab.) on NSTAR2015(Osaka)

a) BS wave functions of two-meson systems are extracted 
from lattice QCD.

b) Subsequently, the interaction potentials are obtained.
c) Couple channel effects of J/psi pi and DD*bar is considered
d) They conclude the near DD*bar threshold enhancement 

is due to the J/psi pi and DD*bar coupling.







BaBar,PRL95,142001(05)
CLEO-III,PRD74,
091104(R)(2006) Belle,PRL99,182004(07)

1. Observed in the initial state radiation process
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/2. The resonance parameter (PDG2012)
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3. The leptonic decay width
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4. Y(4260) relevant study from quenched lattice QCD 



II) Latest charmonium spectrum from lattice QCD



A. 1– hybrid-like interpolation field operator
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This is equivalent to giave a 
c-cbar center of mass 
motion, which describes the 
recoil of the c-cbar
against additional degrees 
of freedom.  

B. Spatially extended interpolation field operator for          
the vector charmonium-like state

Intuitively, the coupling of this kind of operators to conventional
vector charmonia can be suppressed from two aspects:

a)  spin states of the c-cbar (spin flipping is suppressed by the 
heavy quark mass.

b)  center-of-mass motion ( to the leading order of NR, there is 
no cneter-of-mass motions for conventional charmonia.) 



This kind of operator does couple strongly to a state with mass
near 4.3 GeV, as seen in the effective mass plateau
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1. The leptonic decay width of this exotic vector chamonium
is an important quantity, which can shed light on the 
nature of Y(4260).

2.   The leptonic decay constant of the exotic state can be 
calculated directly in lattice QCD.
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The decay constant of a vector meson is defined as

where the matrix element on the left can be derived 
by calculate the two point function 
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IV) The leptonic decay width of the exotic vector charnomium



Using the formula

(very reliminary)

One can predict the leptonic decay width of 
the exotic vector charmonium

Note: Please do not take too seriously the precise 
value above. We just want to say that it can 
be very small.
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I). Glueball mass spectrum

• Quenched LQCD predicts glueball spectrum
Lowest-lying glueballs have masses in the range 1~3GeV

Y. Chen et al,      Phys. Rev. D 73, 014516 (2006) 

III. Glueballs on the lattice



• Latest results of glueball masses from 2+1 flavor dynamical lattice QCD 
study, which confirm the prediction of the quenched lattice QCD.
[E.Gregory et al, JHEP 10 (2012) 170, arXiv:1208.1858(hep-lat)]

Open circles are full-QCD results, and the filled squares 
are from quenched lattice QCD studies



II). The production rates of glueballs in the J/psi radiative decays

• Radiative decay width:

• Transition amplitudes:

• Multipole decomposition:

• Decay width expressed in terms of the form factors

• So the major task is to calculate the matrix elements, which can be 
derived from the three-point functions
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A). J/psi radiatively decaying to the scalar glueball
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(L.Gui, et al. (CLQCD Collaboration),   Phys. Rev. Lett. 110, 021601 (2013))

Interpolated on-shell form factor E1(0) and its continuum limit
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The predicted width and the branch ratio



These ten scalar mesons can be assigned as a q-barq meson
nonet plus a possible scalar glueball which can be either one 
of the three isoscalars or an admixture of them. There are 
Many mixing models, the details are out of the scope of this
talk. 



Experimental results for J/psi radiatively decaying to scalars
C. Amsler et al. (Particle Data Group), Phy. Rev. D 86, 010001 (2012)
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Br(f0(1710)→ ππ)= 0.15    ⇒ Br(J/ψ→γf0(1710))= 2.7×10-3
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Lattice prediction: 
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Our result support f0(1710) as the candidate for the scalar glueball



• We also carry out a similar lattice study on 
the tensor glueball production rate in J/psi
radiative decay.
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• The form factors we obtained from the 
lattice QCD

B). J/psi radiatively decaying to the tensor glueball
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(Y.B. Yang ,et al .(CLQCD Collaboration),  Phys. Rev. Lett. 111, 091601 (2013))



• Comparing to the experimental observations, (PDG2012)

• With the largest J/psi events sample, our result
can provide useful information for BESIII to identify the tensor glueball. 
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• However, f_J(2220) has not been confirmed by new experiments,

• On the other hand, the tensor glueball can be a broad object. 



• BESIII new results for γηηψ →/J
(M. Ablikim et al. (BES Collaboration),  
Phys. Rev. D 87, 092009 (2013) (arXiv:1301.0053)

In this analysis, the best fit favors the presence of f2(2340) with a mass
of 2362(30)MeV and a width of 334(60) MeV. No evident narrow peak around
2.2GeV over the broad bump is observed in the eta-eta mass specturm.  
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• Flavor-blindness of glueball decays

• PP final states in the tensor glueball decays should be in 
D-wave, considering the centrifugal barrier effects,
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As such, one can estimate,
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which can be compared with that of f0(1710).



• With the BESIII result, 

the production rate of f_2(2340) in the J/psi radiative decay can be 
100 times larger, and consistent with our prediction

with the new result of BES 

2
2 10~)2340(/( −→ fJBr γψ

5
2 10)3.2(6.5))2340(/( −×=→→ γηηγψ fJBr

• We look forward to the new results of the analysis the processes

VVJ

So the partial width of G to PP can be suppressed by an order of
magnitude,  so intutitively one has, 
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• Present Lattice QCD studies do not provide strong support to the
existence of  Zc particles. 

• Lattice QCD studies see the possible existence of an exotic
vector charmoium with a mass about 4.3-4.4 GeV.  

• We have carried out a first lattice QCD study (in quenched
approximation) on the partial decay widths of J/psi radiatively
decaying into the scalar and the tensor glueballs, which 
serve as new criteria for identifying glueball state from 
experiments.                     

IV. Summary



Thanks!



The disadvantage and advantage of the Quenched approximation

Disadvantage:
• not a unitary (physical) theory.
• the systematical uncertainties due to the neglect of sea

quarks are not under control 

Advantages:
• no sea quarks, so no mixing with q-barq mesons
• hybrids and pure gauge glueballs are well-defined
• numerically, very large statistics can be obtained 

Anyway,
preliminary full-QCD lattice study shows that the 
systematical uncertainty got by QA may not be that 
important.
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