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Abstract

We examine in detail the mass, lifetime and spin structure of quarkonium in a rotating vortical medium, where the quark spin is not necessarily aligned with the vortex. After justifying this set-up in terms of spin
hydrodynamics, and outlining the expected dependence of spin and vorticity, we examine the mass, lifetime and spin density matrix of quarkonium. Our analysis implies a novel distillation-based mechanism for
spin-alignment generation as well as experimental probes of spin-vorticity nonequilibrium.

Density matrix elements and vorticity

Introduction

@ [he advent of the study of vorticity in heavy ion collisions added a potentially new  \We can write the density matrix operator on the energy basis
arena where quarkonium could be used.
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@ Quarkonium can be formed early in the colision and can survive throughout the quark e | B=
gluon plasma evolution. X ) )

@ If spin and vorticity are not in equilibrium, this lack of equilibration can be imprinted

on the density matrix's measurable off-diagonal elements py 11, p+1.+1. Now we will make a rotation to the lab frame
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@ For phenomenological consequences, see Poster 54 on Chirality Section, by Kayman

Goncalves.
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Figure: Blue dashed arrows represent vorticity, cyan dot-dashed ones polarization, and red solid ones flow. :
The misalignment of spin in the right panel is due to the lack of equilibrium between vorticity and polarization. 0.04
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Figure: The off-diagonal density matrix components versus invariant mass shift.

Vorticity and Melting

Such an observation would indicate spin-vorticity non-equilibrium.

Using a semiclassical analysis with (p) ~ 1/r and (p*) ~ 1/r?

) o i Conclusions
1 e_r/AD
E(r)=5——mw+ V()| | V(r) = —au L — . o
\ o J T @ Quarkonium is a useful probe for non-equilibrium between vorticity and polarization.
@ This model is good enough to get a physical intuition of the problem of linking spin-
and the circulation theorem, vorticity nonequilibrium to the quarkonium state in a rotating frame — and, respec-
. ™ tively, the quarkonium state to experimental observables.
1 m;C| 1 Qoge /D . . . ..
E(r) = T @ Our formalism suggests experimental observables probing how binding energy and
\ / melting probability respond to rotation.

The bound state is defined when the energy has a minimum, so we can write:
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