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Fig. 1. Variational quantum algorithm for preparation of
the hadronic state. The generation of trial state and the
measurement of FE;(6) are performed on a quantum com-
puter, while the optimization of parameters 6 is done with

classical computing.
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Fig. 2. A pictorial representation of the variational
quantum algorithm, which can prepare thermal states and
compute the corresponding free energy. The preparation of
initial mixed state and the evolution U(¢) are done on a
quantum computer, while the optimization of (6,¢) should

be done with a classical computer.
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Fig. 3. Quantum circuit for calculation of the two point cor-
relation function. The real and imaginary part of the correla
tion function can be obtained by performing measurements

of o' and o2 on the auxiliary qubit, respectively.
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Fig. 4. Quantum circuit for calculation of PDFs. The left side of the dashed line of the circuit is for hadronic state preparation,

while the right side is for the correlation function.
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Fig. 5. Real (dashed lines) and imaginary parts (solid lines)
of the quark correlation function in position space. The dis-
crete points are the lattice data and the lines are obtained

by interpolations.
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Fig. 6. The quark PDF from quantum computing (open
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from the estimated uncertainties due to different interpola-

tion methods.
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Fig. 9. Dependence of the LCDA on the hadron mass my

with fixed bare coupling g = 0.1 in the 141 dimensional
NJL model.
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Fig. 10. Real part of TrKy(p) for the 1+1-dimensional
NJL model as a function of p®a with p' =0.
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Abstract

High-energy nuclear physics aims to explore and understand the physics of matter composed of quarks and
gluons. However, it is intrinsically difficult to simulate high-energy nuclear physics from the first principle based
quantum chromodynamics by using classical computers. In recent years, quantum computing has received
intensive attention because it is expected to provide an ultimate solution for simulating high-energy nuclear
physics. In this paper, we firstly review recent advances in quantum simulation of high-energy nuclear physics.
Then we introduce some standard quantum algorithms, such as state preparation and measurements of light-
cone correlation function. Finally, we demonstrate the advantage of quantum computing for solving the real-
time evolution and the sign problems by studying hadronic scattering amplitude and phase structure of finite-

temperature and finite-density matter, respectively.
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matter
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