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Hadron Structure by Quantum Computing

ZOU Dairui"?, LI Tianyin"?f, XING Hongxi'>
1. Key Laboratory of Atomic and Subatomic Structure and Quantum Control (MOE), Guangdong Basic Research Center of Excellence
Y 7y gaong

for Structure and Fundamental Interactions of Matter, Institute of Quantum Matter,
South China Normal University, Guangzhou 510006, China;
2. Guangdong-Hong Kong Joint Laboratory of Quantum Matter, Guangdong Provincial Key Laboratory of Nuclear Science, Southern
Nuclear Science Computing Center, South China Normal University, Guangzhou 510006, China)

Abstract: This paper reviews two methods for studying the hadron partonic structure by quantum computing: (1) Direct cal-
culation of parton distribution functions (PDFs) through light-cone correlators; (2) Based on QCD factorization theorem, ex-
tract PDFs from hadronic tensors which are calculated on a quantum computer. Based on the methodology of the second meth-
od and the quantum algorithm developed in reference(LI T, GUO X, LAI W K, et al. Phys Rev D, 2022, 105(11): L111502),
we proposed a quantum algorithm for calculating hadronic tensors. To verify the effectiveness of our quantum algorithm, we
computed the hadronic tensor of the Schwinger model and found that the results from quantum computing match those from
exact diagonalization obtained by classical simulation. Finally, we briefly discuss the quantum computing resources required
for calculating PDFs using the second method mentioned above.
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Received date: 05 Jan. 2024;  Revised date: 05 Mar. 2024
Foundation item: Guangdong Major Project of Basic and Applied Basic Research(2022A 1515010683, 2020B0301030008)

T Corresponding author: LI Tianyin, E-mail: tianyinli@m.scnu.edu.cn; XING Hongxi, E-mail: hxing@m.scnu.edu.cn


mailto:tianyinli@m.scnu.edu.cn
mailto:hxing@m.scnu.edu.cn

	0 引言
	1 光锥关联函数的量子计算
	1.1 无威尔逊链情况下光锥关联函数的量子计算
	1.2 威尔逊链的量子计算

	2 强子张量的量子计算
	2.1 Schwinger 模型
	2.2 强子态的制备以及流-流关联函数的测量
	2.3 结果

	3 总结和展望
	参考文献

