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

I. Introduction
• QCD predicts the existence of glueballs
• Quenched LQCD predicts that 

lowest-lying glueballs have masses in 
the range 1~3GeV

• Quenched LQCD predicts that
scalar and tensor glueballs have 
large production rate in J/psi radiative
decays. 

(CLQCD, PRL110(2013)021601,           
PRL111(2013)091601)

• Experimental candidates for glueballs,  
scalar:  f0(1370), f0(1500),  f0(1710),  
tensor: f_J(2220)(???), f2(2340)
pseudoscalar:

eta(1405), 
X(2120), X(2370), X(2500)
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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.  

• f0(1710) has large production rate, f2(2340) has large branching
fractions in J/psi radiative decays.



BESIII new results for γφφψ →/J
(M. Ablikim et al. (BES Collaboration),  
Phys. Rev. D 93, 112011 (2016) (arXiv:1602.01523)



BESIII, PRD93(2016)112011 BESIII, arXiv:1603.09653



• Preliminary glueball spectrum from 2+1 flavor dynamical lattice QCD 
study, which confirms 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

• We would like to extend our previous studied in the quenched approximation
to the full-QCD regime. As the first step, we study the spectrum using only
the gluonic operators. 



• Recently, we generated gauge ensembles with Nf=2 clover Wison fermions
on anisotropic lattices 

[Y. Chen et al ( CLQCD), in preparation]

II. Numerical details

Gauge action: Tadpole improved Symanzik’s action
Fermion action: Wilson clover action

The pion masses are still very large.
The physical volumes are very small. 
The statistics is relatively large.

The lattice spacings have explicit quark mass dependences. 
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• Use these Wilson loops as prototypes
• They can be contructed through 

smeared gauge links 
• Different irreps can be realized 

through proper linear conbinations
of the different spatial orientation 
of these prototypes.

• Finally, one can build a set of 
operators for a specific quantum 
number               .PCR

C.Morningstar and M. Peardon, 
Phys. Rev. D 60, 034509, 1999

• Gluonic operators in the scalar, tensor, and pseudoscalar channels.     



The essence of the VM  is to 
find a set of combinational 
coefficients 

such that the operator 

couples mostly to a specific 
state.

{ }24,...2,1, =ααv

C.Morningstar and M. Peardon, Phys. Rev. D 60, 034509, 1999

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

These techniques have been successfully implemeted previous
quenched studies. 

Solving the generalized eigenvalue problem (GEVP)
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• Our results (very preliminary)

• Comparison with previous results

• Comments: A more sophisticated data analysis is undergoing.

No substantial differences from the quenched Results !



• For the flavor singlet pseudoscalar channel, 
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Topological charge density

III. Discussions on the isoscalar
pseudoscalar channel 

It is expected that the gluonic operator q(x) has a large overlap 
to the flavor singlet pseudoscalar meson. 

It was proposed to investigate the lowest flavor singlet pseudo
scalar mesons uing the correlator of the topological charge density
operator q(x)



In the quenched approximation

(A. Chowdhury et al., Phys. Rev. D 92 (2015)111501, [arXiv:1509.00944])

The mass of the lowest pseudoscalar is in good agreement
with the pseudoscalar glueball mass. 



Nf=2+1 full QCD calculation
(H. Fukaya et al, Phy. Rev. D92 (R), 111501 (2015), arXiv: 1509.00944 )



A similar study based on our two ensembles:

We don’t take the values seriously, but only get the impression
they are much lower than the mass of  pseudosclar glueball.



In the calculation of the glueball spectrum, the gluonic operator
for the pseudoscalar is defined as 

a
b

x

Thus one can easily verify that the continuum form of the operator is 

which is in sharp constrast with the topological charge density



• The mass spectrum of the scalar, the tensor, and the pseudoscalar
glueballs are calculated in Nf=2 QCD on anisotropic lattices.

• The preliminary results do not show substantial unquenching
effects on these glueball masses. 

• A relatively heavy pseudoscalar is obtained though the conventional
gluonic operator, whose mass is close to the pure guage pseudoscalar
glueball.  

• The conventional gluonic operator for the pseudoscalar glueball
has very different asymptotic from the topological charge density
in the continuum limit.

• The mixing between glueball states and qqbar mesons will be investigate
in the future.

IV. Summary and Outlook



Thanks!



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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Lattice prediction: 
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Our result support f0(1710) as the candidate for the scalar glueball
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