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In 2020, LHCb collaboration reported an all-charm tetraquark candidate, X(6900).

R. Aaij et al. (LHCb Collaboration), Sci. Bull. 65, 1983 (2020).

In 2022, ATLAS collaboration also observed X(6900), together with a broad structure at
lower mass.

G. Aad et al. (ATLAS), Phys. Rev. Lett. 131, 151902 (2023).

In 2023, CMS collaboration reported a tetraquark family consisting of X(6600), X(6900),
and X(7300).

A. Hayrapetyan et al. (CMS), Phys. Rev. Lett. 132, 111901 (2024).
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CLQCD S. Chen, C. Shi, Y. Chen, M. Gong, Z. Liu, W. Sun, and R. Zhang, Phys. Lett. B
833, 137391 (2022), Lattice calculation of the n. n. and J /Y] /Y s-wave
scattering length.

G. Li, C. Shi, Y. Chen, and W. Sun, Phys. Rev. D 114,L031506 (2026), Scalar and
tensor structures in J /1] /1 scattering from lattice QCD.



Lattice calculation
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In the finite volume, an irreducible representation contains contributions from different partial waves.

Momentum space
How to project the correlation function into a specific irreducible representation ? {

Coordinate space
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Momentum space

Symmetry

How to project the correlation function into a specific irreducible representation ?

Coordinate space

SO(3)
Momentum space: It requires substantial storage and computational resources, for instance,
TTTT system:
LF=0%,17,2",......
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Advantage: It allows for precise control over the scattering energy levels for each lattice
momentum.




Lattice calculation

How to project the correlation function into a specific irreducible representation ?

Momentum space

?

Coordinate space

Coordinate space: It significantly reduces storage and computational requirements.

Disadvantage: We can only calculate the ground state for each irreducible representation.

Key method: Using rotations Rotation Rotation
to generate the regular Axis Angle

representation space of the

spatial symmetry group which

contains all ‘the irreducible Rz (1’1’1) -120°
representation, then

performing a projection onto

the regular representation R,, (0,0,1) -180°
space to obtain the operators _ _
and correlation functions Ry5= TR, - .
corresponding to specific D _AD

p gtosp R,.= IR, - -

irreducible representations.

(X11X21X3)

(X21X31X1)
(-X]_I _X21X3)
(-X]_I-XZI _X3)

(-XZI-X3I-X1)

(X11X21-X3)

 (CRGE¥ Veg

University of Chinese Academy of Sciences

+ % pEot oo
AT, A E- T, T;

T. Luu and M. J. Savage, PRD 83 114508(2011)
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Key method: Using rotations o (7, g, t) = xa(&+ 5/2, txs(Z — 5/2, t)

to generate the regular Rotation Elements: R = {ﬁl, ﬁz, . §48}

representation space of the _
spatial symmetry group 0 = (555., 5y, 52)

Lattice calculation

which contains all the 2 ) ) )
irreducible representation, X 0/2 xjé Y # ©
then performing a projection / T+ 5/2 =nc ZB
onto the regular B I 1L 1 -
representation space to @ xr = (—, - —) and 0 = (1, 7 5)
obtain the operators and i . 22 ) 2 .
correlation functions / Simplifies continuum rotation symmetry
corresponding to specific — T N A does o F h—1/= 7
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Key method: Using rotations d(Z,0,t) = xa(@+0/2,t)xB(Z —§/2,t)
to generate the regular
representation space of the
spatial symmetry group

Lattice calculation

Rotation Elements: R = {R,R,, ..., R4g}
0 = (6LL'7 5y7 52)

which contains all the 2 ) ) )

irreducible representation, X 6/2 wjé Y # ©

then performing a projection / T+ 5/2 =nc ZB

onto the regular B I 1L 1 -

representation space to (B) 48 two-hardon L = (57 9’ 5) and ¢ = (1,3,5)
obtain the operators and operators g o ) )

correlation functions / '\ Simplifies continuum rotation symmetry
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Lattice calculation

Key method: Using rotations
to generate the regular
representation space of the
spatial symmetry group
which contains all the
irreducible representation,
then performing a projection
onto the regular
representation space to
obtain the operators and
correlation functions
corresponding to specific
irreducible representations.
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Rx|0k(%,6,t)) =164.x(7,6,t)) = Z ¢k (2,6,¢)) [T (RO,

ST (R)S=A & Af ®2E+ & 3T, & 3T
DA DA, D2E ® 3T, ®3T,

y
Irreducible
representation

occurrence

This block-diagonal matrices will lead to a new set of basis states: |(I);[,1“,n (57), 5) >

i, T'',n";4,T,n
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Lattice calculation
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Lattice calculation J/¥J/y system
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Lattice calculation J/yJ/y system

Lattice setup Lattice spectrum
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Phase shift
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B Utilizing a new method which is based on the projection of rotation in coordinate space , we construct
the J /W] /4y operator referring to different irreps and calculate corresponding lattice energy spectrum.

B In 1SO channel, the interaction is attractive, for 550 channel and 3P1 channel, the interaction is
repulsive and we extract corresponding phase shift and scattering length.

B Introducing operators with higher momentum.
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