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Rotations in QCD

peripheral heavy-ion collision rotating compact star
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Simulation of rotating matter




Simulation of rotating matter

rest frame

AT et = dT — Q x T dt



Simulation of rotating matter

cf.) rotating BEC in condensed matter physics
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simulation experiment

[Kasamatsu, Tsubota, Ueda (2002)] [Zwierlein et. al. (2005)]



Rotating lattice QCD

Euclidean rotation:
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QCD action in a rotating frame —> lattice Monte Carlo simulation
discretize



Continuum gluon action

quadratic terms

cross terms



Lattice gluon action
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Lattice gluon action
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Continuum fermion action
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orbit-rotation coupling spin-rotation coupling



Lattice fermion action
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spin-rotation coupling
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Angular momentum

rest frame

rest



Angular momentum

rest frame rotating frame

rest




Angular momentum density
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Angular momentum density

radius dependence
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Angular momentum density

gluon : Jo = —(0.944+0.00)a"* x r2Q
fermion orbit:  Jpy = —(0.60 £ 0.01)a™" x r*Q
fermionspin:  Jpg = —(0.17 £0.01)a™% x Q

cf.) classical particle J = —JO) = —m'r'2Q



v" We formulated lattice QCD in rotating frames.
v" We tested this framework by calculating angular momenta.

v' There are many applications:

rotating quark potential
rotating hadron & QCD matter,
quantum vortex nucleation,
chiral vortical effect,

etc.



