
the exotic quantum number

Niu Su (苏妞)

3−+=PCJ

Southeast University

Collaborators: Rui-Rui Dong, Hua-Xing Chen, Wei Chen, Er-Liang Cui

BESIII轻强子物理研讨会

Light tetraquark states with



Contents

 Introduction
 Method of the QCD sum rules
 Numerical analyses
 Decay behavior 
 More studies on light tetraquark states



Introduction

 Traditional quark model

 BESIII Collaboration are carefully examining the 
physics happening in the energy region around 2.0GeV. 

BESIII, Phys. Rev. Lett. 124, 112001 (2020)
BESIII, Phys. Rev. Lett. 117, 042002 (2016)
BESIII, Phys. Rev. Lett. 115, 091803(2015)
BESIII, Phys. Rev. Lett.  91, 022001 (2003)
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Introduction

 Exotic spin-parity quantum numbers

0 ,0 ,1 ,2 ,3−− +− −+ +− −+

 Exotic hadron: tetraquark, hybrid state, glueball, etc.

……
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 The hybrid states of Prog. Part. Nucl. Phys. 82,21 (2015).1PCJ −+=

 The light tetraquark of                      0PCJ −−= 0PCJ +−=

 We will investigate the tetraquark state with the exotic quantum 
number                using the method of QCD sum rules.3PCJ −+=

sqsq

1PCJ −+=

Phys. Rev. D 78,054017 (2008).    Phys. Rev. D 78,117502 (2008).
Phys. Rev. D 79,114034 (2009).    Phys. Rev. D 95,076017 (2017).
New Phys. Sae Mulli 70, 836 (2020). Chin. Phys. C 37, 033104 (2013).

Introduction



 There has not been any theoretical study on the           tetraquark 
state with the exotic quantum number               .

 Wei Zhu, Yan-Rui Liu, Tao Yao used the one-boson-exchange 
model to study          the molecular state of                .  

Chin. Phys. C 39,023101(2015)

High Energy Phys. Nucl. Phys. 8, 573 (1984)

Introduction
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 There was a Lattice QCD study on the                glueball .3PCJ −+=
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QCD sum rules

 In QCD sum rule analyses, we consider two-point correlation 
functions:

where η is the current which can couple to hadronic states.

 At the hadron level: described by the dispersion relation.

 At the quark-gluon level: evaluated via operator product 
expansion(OPE).



QCD sum rules



QCD sum rules

 Two parameters：

 Criteria：
1. Positivity of spectral density
2. Convergence of OPE
3. Sufficient amount of pole contribution
4. The dependence of mass on parameters

0s、BM

0s、BM

 Perform the Borel transform to correlation function at both hadron 
and quark-gluon levels.
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Numerical analyses

 Interpolating currents

Diquark-antidiquark currents



Numerical analyses

 Interpolating currents

Color-singlet-color-singlet currents



Numerical analyses

 Interpolating currents

Fierz transformation



Numerical analyses

 The OPE of current



Numerical analyses

 Positivity of spectral density



Numerical analyses

 Convergence of OPE

 Sufficient amout of pole contribution

CVG

PC



Numerical analyses

 The dependence of mass on parameters



Numerical analyses

 Mass extracted from currents

The mass of           tetraquark state with the exotic quantum 
number                is 2.33 GeV.
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Decay behavior 

 It well decay into the P-wave               channel but not into the
channels.                          

/ρφ ωφ

 It well decay into                             channel but not into the P-wave
channel.    

2 2 2(1525) / (1525) / (1525)f f fρ ω φ
* *(892) (1430)K K

* *(892) (892)K K



 We use the method of QCD sum rules to study light tetraquark 
states           with the exotic quantum number                 .sqsq 3−+=PCJ

 We propose to investigate the P-wave               channel in future 
BESIII, if there existed a narrower resonance of                  , it would 
be more likely to be a compact            tetraquark state.

 We  calculate the mass of this state, and predict its decay behavior. 

/ρφ ωφ
3−+=PCJ
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More studies on light tetraquark states



More studies on light tetraquark states

 There are two         interpolating currents of              :       ssss 1PCJ −−=

 After mixing, the results are more reliable(reasonable),  the mass is 
extracted to be

1 5 5 5 5

2

( )( ) ( )( )

( )( ) ( )( )

T T T T
a b a b a b a b

T T T T
a b a b a b a b

s C s s Cs s C s s Cs

s C s s Cs s C s s Cs
µ µ µ

ν ν
µ µν µν

η γ γ γ γ γ γ

η γ σ σ γ

= −

= −



More studies on light tetraquark states

Possibility A： 1PJ −=

Possibility B： 1PJ +=



More studies on light tetraquark states

 There are two         interpolating currents of              :       ssss 1PCJ +−=

 Only one of them,         leads to reliable(reasonable) sum rules:2µη

1 5 5

2 5 5

( )( ) ( )( )

( )( ) ( )( )

T T T T
a b a b a b a b

T T T T
a b a b a b a b

s Cs s Cs s C s s Cs

s C s s Cs s C s s Cs
µ µ µ

ν ν
µ µν µν

η γ γ γ γ

η γ σ γ σ γ γ

= −

= −



More studies on light tetraquark states



More studies on light tetraquark states

 There are two         interpolating currents of              :       ssss 0PCJ −+=

 After mixing, one leades to reliable(reasonable) sum rules:

While the other leads to:

1
GeVJM > 3.0 



Advantages of rich strangeness states: 

 Experimentally, their widths are possibly not too broad, so 
they are capable of being observed.

 Theoretically, their internal structures are simpler due to 
the Pauli principle restriction, on their potential number 
is limited.



Thank You for your attention !
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