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Study of QCD at low temperature and finite density with a new technique for
lattice fermions
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We_have studied finite density lattice QCD, which is a Iongstandin? issue in
particle and nuclear physics, by using new techniques for lattice fermions. We first employed an
approach based on a reduction formula of the lattice Wilson fermions, but it turned out to be
difficult to solve an eigenvalue problem for the reduced matrix at low temperatures and finite
densities. Then, we started using the Complex Langevin method(CLMa, which was also a new development
around 2015. We conducted theoretical studies of CLM: proof of the gauge cooling, reduction of
criteria of correctness of CL simulations, and also developed a new technique with the
generalization of the gauge cooling method. Based on those studies, we conducted CL simulations of
QCD at low temperatures and finite densities, and achieved to simulate a targeted domain, chemical
potential beyond half the pion mass, with satisfying criteria of correctness. Thus, we accomplished
the purpose of this project.
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