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Techniques of computation and experiment by temporally controlling a
u%n‘taum many-body system is developing and attracts an intense
interest not only in physics community but also in society. The
present lecture will focus on the basic theory on the dynamics of
quantum phase transitions and quantum annealing as a quantum
computing. Some analytical and numerical methods will be explained as
well. The aim of the lecture is to understand how the cutting-edge
guantum computing technology is brought from quantum mechanics and
statistical mechanics.
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Quantum mechanics and statistical mechanics of undergraduate level.
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1. Thermal phase transitions and quantum phase transitions
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3. One-dimensional transverse Ising model and Jordan-Wigner fermion
4. Landau-Zener problem

5. Time evolution across a quantum phase transition in the uniform
one-dimensional transverse Ising model

6. Time evolution across a quantum phase transition in the uniform
one-dimensional transverse Ising model (continued)

7. Kibble-Zurek mechanism

8. Simulated annealing and quantum annealing

9. Quantum Monte Carlo

10. Quantum adiabatic theorem

11. Quantum annealing of a disordered one-dimensional transverse Ising model
12. Quantum phase transitions and quantum annealing

13. Avoidance of a discontinuous quantum phase transition

14. Quantum annealing machine

15. Effect of environment in quantum annealing
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Review the class. Check the encountered algebra by yourself. No
paepadation is necessary.
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Score of reports above 60 points will pass.
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You may sometimes hear the words “ quantum computer” and“ quantum
teshhologly’® mtthe news programs. These technologies will be developed
greatly in the next ten years. This class aims to bridge a gap between

these cutting-edge technology and quantum and statistical mechanics in

the undergraduate course. | hope that this class raises your interest

in this field and those who join the research and development will

appear in future.
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Quantum phase transitions, Transverse Ising models, Kibble-Zurek

mechanism, Quantum annealing, Quantum computation




