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Introduction
LHCb collaboration recently report a doubly charmed tetraquark 𝑇𝑇𝑐𝑐𝑐𝑐+ in the 𝐷𝐷0𝐷𝐷0𝜋𝜋+ mass spectrum,which is closed to threshold of 𝐷𝐷0𝐷𝐷∗+[1].One explanation for 𝑇𝑇𝑐𝑐𝑐𝑐+ is a 𝐷𝐷𝐷𝐷∗

molecular state. The isospin breaking effect requires a resonance 𝑇𝑇𝑐𝑐𝑐𝑐’+ between the 𝐷𝐷0𝐷𝐷∗+ and 𝐷𝐷+𝐷𝐷∗0mass thresholds [2].The existence of 𝑇𝑇𝑐𝑐𝑐𝑐+ and 𝑇𝑇𝑐𝑐𝑐𝑐’+ two states is directly
related to the form of 𝐷𝐷𝐷𝐷∗ intercation.So we want to check the sign of the intercation of 𝐷𝐷𝐷𝐷∗ via the LQCD energy level.Here, due to limitations in data accuracy,we first
construct the 𝐾𝐾𝐾𝐾∗ operator by dummbell method[3], which is quiet similiar to the 𝐷𝐷𝐷𝐷∗ operator, and we obtain different energy levels of different irreducible
representations.And this work will be helpful for our latter research of 𝐷𝐷𝐷𝐷∗ state.
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FORMALISM

Main Result

Summary 

• The energy levels of distinct irreducible representation are separated clearly.
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Base state for 𝑲𝑲𝑲𝑲∗

Representation matrix of the base state

where 𝛿𝛿𝑅𝑅𝑅𝑅𝑅,𝑅𝑅𝑅𝑅 refers to a regular representation,𝛬𝛬𝜇𝜇𝜇𝜇𝜇 refers to an irreducible 
representation 𝑇𝑇1+ of 𝑂𝑂ℎ group.So the total representation is the direct product 
of 𝑇𝑇1+ and the regular representation
Projection to the irreducible representation

Here 𝛷𝛷𝜇𝜇𝜇𝜇𝛤𝛤𝑛𝑛 refers to the direct product of 𝛬𝛬𝜇𝜇𝜇𝜇𝜇 and an irreducible 
representation of the regular representation, Ψ𝑖𝑖𝛤𝛤𝑛𝑛 refers to an irreducible 
representation of the direct product of 𝛬𝛬𝜇𝜇𝜇𝜇𝜇 and the regular representation.

Correlation function of 𝚽𝚽𝝁𝝁𝝁𝝁𝚪𝚪𝒏𝒏 and 𝚿𝚿𝒊𝒊𝚪𝚪𝒏𝒏

Here, we project the 𝛷𝛷𝜇𝜇𝜇𝜇 to the 𝛷𝛷𝜇𝜇𝜇𝜇𝛤𝛤𝑛𝑛 ,then by using the transition matrix we 
can obtain the correlation function of Ψ𝑖𝑖𝛤𝛤𝑛𝑛. 

Wick contraction  

Lattice setup 

|𝑷𝑷|𝟐𝟐 = 𝟎𝟎

𝐿𝐿3 ×T 𝒂𝒂(fm) 𝜿𝜿(u,d) 𝜿𝜿(s) 𝑵𝑵𝒄𝒄𝒄𝒄𝒄𝒄 𝒎𝒎𝝅𝝅(MeV) 𝒎𝒎𝑲𝑲(MeV) 𝒎𝒎𝑲𝑲∗ (MeV) 𝑵𝑵𝒕𝒕𝒔𝒔𝒔𝒔𝒔𝒔

323 ×
64 0.074 0.12104 0.12062 700 362.1(0.5) 506.6(1.6) 928(11) 16

Spectra 

|𝑷𝑷|𝟐𝟐 = 𝟏𝟏

|𝑷𝑷|𝟐𝟐 = 𝟐𝟐

|𝑷𝑷|𝟐𝟐 = 𝟑𝟑

•As excepted, the results belonging to the irreducible representation 𝑨𝑨𝟏𝟏+ of the regular representation are  generally cleaner 
statistically, nevertheless the signal quality degrades for the  irreducible representation corresponding to the resolution of higher-
spin partial waves.
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