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Part I 
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Simulation of magnetism 

QCD action: 



not dynamical 

Simulation of magnetism 

QCD + background U(1) gauge action: 
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1. topological fluctuation 

Buividovich Chernodub Luschevskaya Polikarpov (2009) 

Bali Bruckmann Endrödi Fodor Katz Schäfer (2014)  

Chiral magnetic effect in lattice QCD 
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2. fixed topology 

Abramczyk Blum Petropoulos Zhou (2009) 
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Chiral magnetic effect in lattice QCD 

charge separation 



3. chiral chemical potential 

AY (2011) 

Buividovich (2013) 

non-dissipative current  
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magnetic field 

Chiral magnetic effect in lattice QCD 

chirally imbalanced matter 
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chiral magnetic effect: 
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cf.) rotating BEC in condensed matter physics 

simulation experiment 

[Zwierlein et. al. (2005)] [Kasamatsu Tsubota Ueda (2002)] 
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Rotating lattice QCD 

Euclidean rotation: 

z 



Gluon action 

quadratic terms 

cross terms 



Fermion action 

spin-rotation coupling orbit-rotation coupling 
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Angular momentum 



gluon : 

fermion orbit : 

fermion spin : 

Simulation results [AY Hirono (2013)] 



radius dependence angular-velocity dependence 
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gluon : 
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fermion spin : 

cf.) classical particle 

Simulation results [AY Hirono (2013)] 



No lattice QCD simulation of the chiral vortical effect 

Chiral vortical effect 

cf) free fermion at linear response [Buividovich (2013)] 



Magnetism and rotation are frontiers of lattice QCD. 

 

There are many topics: 

• hadron property 

• phase diagram 

• chiral effects 

• vortex nucleation 

Summary 


