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Topological terms and chiral soliton lattice states of ° and n’ mesons in rotating QCD
matter

Thesis Summary

Understanding the phase diagram of quantum chromodynamics (QCD) at finite
temperature and/or density is one of the important problems in the Standard Model of
particle physics. In recent years, rotating QCD matter has also attracted much attention. In
2017, it has been reported that quark-gluon plasmas produced in non-central heavy ion
collisions at Relativistic Heavy lon Collider have the largest vorticity observed so far, where
the angular velocity is about 10?%/s. In general, relativistic matter made up of chiral fermions
under rotation exhibits the particle number current along the direction of the rotational axis,
called the chiral vortical effect (CVE). The CVE is closely related to the violation of the axial
symmetry by quantum effects known as the chiral anomaly, and to the topological nature of
relativistic quantum field theories. However, such topological effects tied to the CVE have
been neglected in the studies of the QCD phase diagram so far.

In this thesis, | derived the topological term for the CVE in the low energy effective theory
of QCD and showed that, under sufficiently fast rotation, the conventional ground state
becomes unstable due to this new term. First, based on the exactness of the transport
coefficient of the CVE due to its topological nature, | derived the topological term for
mesons that reproduces the CVE. One is the topological term for the n’ meson at finite
baryon chemical potential and the other is that for the T° meson at finite baryon and isospin
chemical potentials.

Next, based on the low energy effective theory with the topological term, | analytically
showed that the ground state of QCD matter under fast rotation is the “chiral soliton lattice
(CSL),” which has a periodic lattice structure with topological charge and spontaneously
breaks parity symmetry. In particular, the CSL of the n’ meson appears in both the
low-density hadron and high-density color-superconducting phases. Since these symmetry
breaking patterns match, | conjectured that the two phases are smoothly connected without
any phase transition. This provides an extension of the quark-hadron continuity conjecture
in the presence of rotation. Moreover, as a result of this topological term, | derived two new
physical consequences. One is the anomalous Hall energy current, in which an energy
current flows perpendicular to the gradient of the baryon chemical potential. The other is
cross-correlated responses between the angular momentum and magnetization that the
rotation induces the magnetization (and vice versa).




