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✦ Spectroscopy on lattice
✦ Hidden-charm pentaquarks
         H. Xing et al. arXiv:2210.08555

✦ Doubly-charmed pentaquarks
        J.-Y. Yi et al. JHEP03(2006)006 

         J.-Y. Yi et al. work in progress



Scattering on lattice
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Lüscher’s finite volume method: M. Lüscher, Nucl. Phys. B354, 531(1991)

Finite volume 
spectrum

Infi
scattering parameters
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 build large basis of operators { } with desired quantum numbers, 
construct the matrix of correlation function:

𝒪1, 𝒪2, ⋯

Cij = < 0 |𝒪i𝒪†
j |0 > = ∑

n

Zn
i Zn*

j e−Ent

 Solve the generalized eigenvalue problem(GEVP):

Cijvn
j (t) = λn(t)C0

ijv
n
j (t)

Eigenvalues: λn(t) ∼ e−Ent(1 + e−ΔE t)

 Optimal linear combinations of the operators to overlap on the n’th state:

Ωn = ∑
i

vn
i 𝒪i

Scattering on lattice



Scattering on lattice

✦ General Lüscher’s formula for two-body scattering:
det[1 + iρ ⋅ t ⋅ (1 + iM)] = 0

Diagonal matrix of 
phase-space factors 

ρij = δij
2ki

Ecm

Infi


Finite volume 
information

M(Ecm, L)

✦ Resonances/bound states are formally defi
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R. Aaij et al. (LHCb), Phys. Rev. Lett. 115, 072001 (2015) 
R. Aaij et al. (LHCb), Phys. Rev. Lett. 122, 222001 (2019) 

Pc(4380)

Pc(4450)

Pc(4312)
Pc(4440)
Pc(4457)

Theory interpretations:

• Molecule bound states
• Compact pentaquark states
• ……
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Hidden-charm Pentaquarks



✦ The fi


 and  scattering( ):ΣcD̄ ΣcD̄* JP =
1
2

−

✦ Five operators: 
 
    

 
    

𝒪1 = Σc(p)D̄(−p) ( |p | = 0)
𝒪2 = Σc(p)D̄(−p) ( |p | = 1)
𝒪3 = Σc(p)D̄(−p) ( |p | = 2)
𝒪4 = Σc(p)D̄*(−p) ( |p | = 0)
𝒪5 = Σc(p)D̄*(−p) ( |p | = 1)
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Lüscher formula:

pcotδ(p) =
2Z00(1; ( pL

2π )2)

L π

Effective range expansion:

pcotδ(p) =
1
a0

+
1
2

r0p2 + ⋯

Scattering amplitude:

T ∼
1

pcotδ − ip
p = i |pB |

ip = − |p |

Bound state pole:

  ? ΣcD̄ : Pc(4312)
a0 = − 2.0(3)(5)fm
EB = 6(2)(2)MeV

 ?ΣcD̄* :Pc(4440)/Pc(4457)
a0 = − 2.3(5)(1)fm
EB = 7(3)(1)MeV

ΣcD̄

ΣcD̄*
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Coupled channels: ηcN, J/ψN, ΛcD̄, ΛcD̄*, ΣcD̄, ΣcD̄*

Efree = m2
1 + p2

1 + m2
1 + p2

2

Non-interacting energy levels:

Hidden-charm Pentaquarks
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Heavy diquark-antiquark symmetry
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• Scattering lengths from lattice QCD and BChPT
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• Scattering lengths from lattice QCD and BChPT
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Fit result, ¬2/dof = 0.69

a0 = 0.694(90), r0 = 1.20(20)

mπ = 210 MeV

ip

Scattering amplitude:

T ∼
1

pcotδ − ip

Effective range expansion:

pcotδ(p) =
1
a0

+
1
2

r0p2 + ⋯

Luscher’s formula:

pcotδ(p) =
2Z00(1; ( pL

2π )2)

L π
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A bound state pole is 
found at various pion 
masses and lattice 
spacings. 
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✦  and  scattering are studied, bound states are found 
in both channels; coupled channels need to be considered in the 
future.   

JP =
1
2

−
ΣcD̄ ΣcD̄*

✦ The interactions between the doubly charmed baryon  and 
the light psuedoscalar mesons  resemble the interactions 
beteween  and ; a bound state is found in the  
channel. 

(Ξcc, Ωcc)
(π, K, K̄)

(D, Ds) (π, K, K̄) I = 0 ΞccK̄



Thanks!


