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QCD and exotic hadron states

• Hadron can  be classified as mesons and baryons.

• QCD allows existence of exotic structures. Glueball, hybrid, tetraquark…

• Exotic quantum number  ----- 𝐽𝑃𝐶: 𝜋1 1400 , 𝜋1 1600 , 𝜂1 1855 …
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A crypto-exotic 𝐽𝑃 = 0− state

• Three resonance structures in P-wave 𝜌𝐾 channel around

(1.4,1.7,1.9)GeV.

• QM predicts only two excited 𝐾 meson below 2.5GeV

• Lightest--𝐾(1430) Heaviest--𝐾(1830)

• Middle one -- 𝐾(1690)??? A candidate for exotic strange meson

Tetraquark or hybrid meson ?

Bule-resonance components
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𝐽𝑃 =?? of 𝐾(1630)



QCD Sum Rules

Start from two-point correlation function 

𝛱 𝑞2 = 𝑖 න𝑑4𝑥 𝑒𝑖𝑞𝑥 0 𝑇 𝐽(𝑥)𝐽+(0) 0

Quark-gluon level: Operator product 
expansion (OPE)

Π 𝑞2 =𝐶𝑛 𝑞2 𝒪𝑛

Hadron level:
Dispersion relation and

𝜌 𝑞2 = 𝑓𝑋
2𝛿 𝑞2 −𝑚2 +⋯

Quark-hadron duality, Boral transform

𝑓𝑋
2𝑒−𝑚

2/𝑀𝐵
2
= න

0

𝑠0

𝜌 𝑠 𝑒−𝑠/𝑀𝐵
2
𝑑𝑠Mass 𝑚 and decay constant 𝑓𝑋

4



𝐾(1690) – pseudoscalar Tetraquark 𝑢𝑞ത𝑞 ҧ𝑠？

• There exist 10  𝐽𝑃 = 0− tetraquark currents

• Up to dimension-8: ത𝑞𝑞 , 𝑔2𝐺2 , ത𝑞𝑞 2, ത𝑞𝐺𝑞 , 𝑔3𝑓𝐺3

ത𝑞𝐺𝐷𝑞 , ത𝑞(𝐷𝐺)𝑞 , ത𝑞𝑞 𝑔2𝐺2 , ത𝑞𝑞 ത𝑞𝐺𝑞

Convergence

Pole Contribution
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𝑔3𝑓𝐺3 in QCD Sum Rules

• Vacuum condensates are important in QCDSR.  ത𝑞𝑞 , 𝑔2𝐺2 , ത𝑞𝑞 2, ത𝑞𝐺𝑞 , 𝑔3𝑓𝐺3 …

• Tri-gluon condensate 𝑔3𝑓𝐺3 is usually neglected.

• Its contribution is unimportant in systems with heavy quarks. 

• Complexity: too many diagrams. There exist 7 diagrams in LO of 𝑔3𝑓𝐺3

diagrams 𝑜𝑓 𝑔3𝑓𝐺3 > ത𝑞𝑞 + 𝑔2𝐺2 + ത𝑞𝑞 2 + ത𝑞𝐺𝑞

• Unavoidable IR divergence:

𝑔2𝐺2 :

ത𝑞𝑞 2:

𝑔3𝑓𝐺3 :
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IR safety of 𝑔3𝑓𝐺3 in QCD Sum Rules

• IR safety for the single quark propagator. (ignore 𝑔4 ത𝑞𝑞 2)

• IR safety for the two different quark propagators.

The LO of  𝑔3𝑓𝐺3 can be fully calculated.

Must be calculated in d-dimensional !
Propagator and condensate.
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The impact of 𝑔3𝑓𝐺3

• Take current 𝑃3 as an example. Contribution

Πpert > Π 𝐺2 > Π 𝐺3 > Π ത𝑞𝑞 2
> ⋯
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With 𝑔3𝑓𝐺3 Without 𝑔3𝑓𝐺3

Differ by 20%!



The impact of 𝑔3𝑓𝐺3

• Take current 𝑃6 as another example.
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With 𝑔3𝑓𝐺3 Without 𝑔3𝑓𝐺3

Differ by 25%!

𝑔3𝑓𝐺3  provides significant contribution in light tetraquark systems!



Results for 𝑢𝑑 ҧ𝑑 ҧ𝑠

• Uncertainty is from 𝑠0, condensates and 𝑚𝑠.
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1.Masses of currents 𝑃6, 𝑃3, 𝑉3  
are consistent with 𝐾(1690)

3. 𝐴3, 𝑇6  and 𝑇3 are close to 
𝐾(1460) and 𝐾(1830)



Summary

• Complete 𝑔3𝑓𝐺3  provides significant contribution in light tetraquark systems.

• 10 currents for 0− 𝑢𝑑 ҧ𝑑 ҧ𝑠 have been calculated by QCDSR. 

• The masses of currents 𝑃6, 𝑃3, 𝑉3 are consistent with 𝐾(1690)
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Related research

• QCD Coulomb gauge approach

𝑞𝑞ത𝑞ത𝑞 0−−: ~1.36GeV singlet color

~2.1GeV(octet color)

• Cornell potential-based phenomenology                                     QCDSR
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0−− currents for 𝑞𝑞ത𝑞ത𝑞

1+− currents 𝑞𝑞ത𝑞ത𝑞

All currents give results over 2GeV

~1.66GeV for 0−−
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