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Non-perturbative method: 
Lattice Gauge Theory

• A phase diagram is a property of a system in thermal/
chemical equilibrium 

• Lattice QCD is suitable for studying a system in thermal 
equilibrium but not in chemical equilibrium (because 
the action becomes complex) 

• We are studying QCD phase diagram by Relativistic 
Heavy Ion Collision (real-time, dynamical system)
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Complex action problem

• lattice gauge theory with baryon density : grand 
canonical ensemble 

• real-time physics: Schwinger-Keldysh formulation



Quantum Computer

• digital computer: bit 

• 0, 1 

• quantum computer: qubit 

• |0>, |1>,     a |0> + b |1>



why quantum computer ?

• computing speed is measured in FLOPS (FLoating point 
OPeration per Second) 

• computing speed is determined by (FLOP required for 
an algorithm) / FLOPS 

• quantum computer uses less FLOP because of quantum 
algorithm



why quantum computer ?

• the best FAST Fourier Transform (FFT) algorithm 
requires O (N log N) (N = 2^n) number of operations 

• Quantum Fourier Transform algorithm requires n (n + 
1)/2 

• for n = 3 (N = 8), a classical computer needs ~ 8 log 8 
operations and a quantum computer needs 3 
operations



M. Mueller, talk in Korea-UK FP programme  
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correction and statistical mechanics model
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• Much more to do !


