
Study on the compact tetraquarks in 
an extended relativized quark model

Qi-Fang Lü

Hunan Normal University

Collaborators：Dian-Yong Chen, Yu-Bing Dong

Lanzhou
2021.03.26   



l Compact tetraquarks

l Extended relativized quark model

l Results and discussions

l Summary

Outline



3

Conventional mesons

Pseudoscalar and vector mesons
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Conventional baryons

Conventional baryons
P. A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)
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In addition to the conventional states, QCD also permits the 

existence of other types of hadrons, known as exotic states. 

Tetraquark candidates observed recently：X(6900), X(2900), 

Zcs(3985), Zcs(4000), Zcs(4220), X(4685), X(4630)

Exotica
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l Simple quark model: only the color-magnetic interactions 

l Diquark models: pointlike or not? diquark masses? input 

or solved? the type of interactions between diquarks? 

l Four-body calculations:relativistic or nonrelativistic? 

Cornell potential or Goldstone boson exchanges?  

l Numerical methods: simple Gaussian, multiple Gaussian, 

Other complete bases?

    Here, we adopt the Gaussian expansion method to solve      

    the four-body relativized Hamiltonian.

How to calculate the spectrum



7

Extended relativized quark model

Extend the two-body Godfrey-Isgur model to four-body tetraquarks
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S. Godfrey and N. Isgur, Phys. Rev. D 32, 189 (1985)

Qi-Fang Lü, Dian-Yong Chen, Yu-Bing Dong, Phys. Rev. D 102, 034012 (2020)

Qi-Fang Lü, Dian-Yong Chen, Yu-Bing Dong, Eur. Phys. J. C 80, 871 (2020)

Qi-Fang Lü, Dian-Yong Chen, Yu-Bing Dong, Phys. Rev. D 102, 074021 (2020)

Extended relativized quark model
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Advantages of this model

l Describe the tetraquaks and conventional mesons in a 

uniform frame; self-consistency

l Unified description of different flavor sectors: heavy-

heavy, heavy-light, and light-light inteactions 

l Include more relativistic effects

l Four-body calculations; without diquark or other 

approximation  
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Wave functions for the compact tetraquarks

Classification according to the number of heavy quarks

The wave functions of Color-Flavor-Spin part can be obtained 

by the Pauli exclusion principle.

An example: constructing the Color-Flavor-Spin wave 

functions for the                   systems.               

QQQQ qqQQqQQQ qqQq qqqqqQQq

4321 qqQQ 
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Color：antisymmetric       , symmetric       .

Flavor：cc, bb, and ss are symmetric, cb, nn, and ns can be 

symmetric or antisymmetric.

Spatial：S-wave, always symmetric.

33 66

1 2 3 4QQ q q 
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Spin：two fermions, spin 1 is symmetric, spin 0 is antisymmetric 

1 2 3 4QQ q q 
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1 2 3 4QQ q q 
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1 2 3 4QQ q q 
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Matrix elements of color and spin
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Spatial part

The Jacobi coordinates：
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Spatial part



18

The generalized eigenvalue problem

 Homogeneous equation set

We first solve this equation to get the masses of pure

configurations, and then calculate the off-diagonal effects

between different configurations. The final mass spectra

can be obtained by diagonalizing the mass matrix of these

configurations.
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lThe conclusions are roughly consistent in the literature, 

test our model

lWide attentions for the doubly heavy systems

lHeavy-light systems, relativistic effects

lStable tetraquarks, below the threshold

                                   system for test   QQqq
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Previous works roughly agree with the following statements：

l The lowest            state is stable, below the open bottom 

strong decay threshold 

l The lowest            state is above the open charm threshold 

qqbb

qqcc
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E. J. Eichten and C. Quigg, Phys. Rev. Lett. 119, 202002 (2017)

S. Q. Luo, K. Chen, X. Liu, Y. R. Liu, and S. L. Zhu, Eur. Phys. J. C 77, 709 (2017)

D. Ebert, R. N. Faustov, V. O. Galkin, Phys. Rev. D 76, 114015 (2007)

QQqq
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QQqq
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 Numerical stability
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Our results
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Our results
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Mass ratios

With the largest mass ratio of heavy and light subsystems, 
mQ/mq, we can obtain a bound tetraquark 
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Are the ground states above or below the thresholds?

Two standpoints in the literature:

l Include the Cornell potential, above the thresholds, even much 

higher

l Without the Cornell potential, below the thresholds

The kinetic and potential terms are crucial for the exact spectrum

QQQQ
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  Before the observation of X(6900)

Predicted masses for           are below the thresholds
Z.G. Wang, Eur. Phys. J. C 77, 432 (2017)

M. Karliner, S. Nussinov, J.L. Rosner, Phys. Rev. D 95, 034011 (2017)
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P. Lundhammar, T. Ohlsson, arXiv:2006.09393

bbbb
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Predicted masses for           are above the thresholds
J. Wu, Y.R. Liu, K. Chen, X. Liu, S.L. Zhu, Phys. Rev. D 97, 094015 (2018)

R.J. Lloyd, J.P. Vary, Phys. Rev. D 70, 014009 (2004)
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No signial for            in experiments until now. 

bbbb

bbbb

Before the observation of X(6900)
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Our results

X(6900): first radial excitations

The broad structures in 6.4~6.5GeV: ground states
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Our results

As a radial excitaion, X(6900) can be searched in J/ψψ(2S) final states

Plenty of references for the X(6900) can be found in 

https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=refersto%3Arecid%3

A1804391 
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Disfavor the X(2900) as compact tetraquark

Maybe molecules or kinematic effects

qqqQ
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Summary

 

l We adopt the extended relativized quark to investigate the 

singly, doubly, and fully heavy tetraquarks.

l In these states, only the                            lie below the threshold.

l The X(6900):  the radial excitation of fully charm tetraquarks

l The X(2900): disfavor the tetraquark interpretation

l Future works: XYZ, pentaquarks, decays ...

    My homepage     https://inspirehep.net/authors/1383269
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