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• Lattice QCD（LQCD）：QCD on a spacetime lattice 

• Calculate QCD path integral with Monte Carlo method

Introduction to LQCD
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• Dirac equation on the lattice is to solve the large sparse linear system  

• ,  is the Dslash operation 

•
 

• 4 dimensional 8(9) point stencil operator 

• Nearest neighbor communication, very suitable for parallel computing 

• LQCD is expensive 

•  

• 512 V100 GPUs 

• 700 GPU*Hour per gauge configuration 

•  GPU*Hour for  gauge configuration 

•  GB per quark propagator

Mx = b

M = m + 4 −
1
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D D

Dx,y =
4

∑
μ=1

Uμ(x)(1 − γμ)δx+ ̂μ,y + Uμ(x − ̂μ)†(1 + γμ)δx− ̂μ,y

Nf = 2 + 1, 643 × 128, mπ ≈ 170 MeV, β = 6.3

O(1M) O(1000)
O(10 − 100)
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LQCD with HPC 

• Decades ago - customized processors  

• QCDOC (QCD On a Chip)

Computational Perspectives of LQCD

• Nowadays - supercomputers / clusters  

• TOP 500

• LQCD awarded 1995,1998,2006 Goldon Bell Prize and 2018 finalist



Computing resources of IHEP LQCD group (after 2018)

Computational Perspectives of LQCD

Nvidia V100 GPU cards: 280 = 200 (Beijing) + 80 (Dongguan)

x86 CPU: ~ 12000 cores

ARM CPU: ~ 10000 cores



Multigrid algorithm for LQCD 

• Need to large amount of sparse linear system  

• Traditional Krylov Subspace method suffers critical slowing down problem 

• Explore the multigrid algorithm  

• Supported by China Postdoctoral Science Foundation

Mx = b

Computational Perspectives of LQCD



Gluons in charmoniumlike states 

• Mass decomposition of  charmoniumlike states1S,1P,2−+,1−+

Charmonium related LQCD studies

[W.Sun, Y.Chen, P.Sun, Y.B.Yang, Phys.Rev.D 103 (2021) 9, 094503]



The glueball content of ηc

Charmonium related LQCD studies



The glueball content of ηc

Charmonium related LQCD studies

[R.Zhang, W.Sun, Y.Chen et al., Phys.Lett.B 827 (2022) 136960]

• mixing angle , mixing energy  

• raise the decay width of  by approximately  

• shift the mass of pseudoscalar  state upward  
by approximately 

θ = 4.3(3)∘ x = 49(6) MeV
cc̄ 7 MeV

cc̄
3.9(9) MeV



Annihilation diagram contribution to charmonium masses

Charmonium related LQCD studies

[R.Zhang, W.Sun, F.Chen et al.,Chin.Phys.C 46 (2022) 043102]

• No effect for , increase  by 3-4 MeV 

• Increase  by ~ 1 Mev 

• Decrease  by ~ 3 MeV

J/ψ ηc

χc1, hc

χc2



• Progress of LQCD is strongly related to the development of HPC system 

• LQCD is one of the most computing resource demanding research area in 

high energy physics 

• LQCD is also an important application of high performance 

supercomputers and clusters 

• We show some recent results related to charmoniumlike states from IHEP 

LQCD group

Summary


