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Spectrum of two-particle system

Cij(t) = ∑
tsrc

⟨𝒪i (t + tsrc) 𝒪†
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Operators

Energy levels

Scattering analysis

Phase shift
Luscher’s formula for two-body scattering

p cot δ0(p) =
2

L π
𝒵00 (1; q2)

E = m2
1 + p2 + m2

2 + p2 q =
pL
2π

For single-channel S-wave scattering

det[1 + iρ ⋅ t ⋅ (1 + iM)] = 0
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Two-particle operators for S-wave scattering JP = (1/2)− ⟶ G−
1
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Scattering amplitude

t(J)
l ∼

1
p cot δ(J)

l −ip

Effective range expansion

p cot δ0 =
1
a0

+
1
2

r0p2 + 𝒪(p4)
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Energy levels

Scattering analysis

Phase shift
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• Pion mass ~ 300 and 210 MeV.


• Lattice spacing a = 0.07746.


• A possible virtual state in 

 channel.
(S, I) = (1,0)

J.-Y. Yi, Z.-R. Liang, L. Liu & DLY, JHEP03(2026)
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Extrapolation of S-wave scattering length  to the physical pion massa0
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Lattice setup
• Four pion masses (~140–320 MeV).


• Three lattice spacings (~ 0.05–0.11 fm).


• Six ensembles of gauge configurations with 2+1 

dynamical quark flavors.


• tree-level Symanzik-improved gauge action.


• Shekholeslami-Wohlert fermion action with tree-level 

tadpole improvement.


• Distillation quark smearing.


• Charm quark mass determined by physical .J/ψ
Operators

Gauge configurations from CLQCD
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Energy levels
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Scattering analysis

p cot δ0 =
1
a0

+
1
2

r0p2 + 𝒪(p4) t(J)
l ∼

1
p cot δ(J)

l −ip
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Summary

• S-wave scattering lengths.


• A virtual state in  channel.


• A bound state in  channel.


• Examination of the validity of HDA symmetry.


• Determination of LECs in BChPT.


• Better understanding of double-heavy baryon 

spectroscopy.


(S, I) = (1,0)

(S, I) = (−1,0)

Thank you!


