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I. Quantum Simulation 
 
- Introduction to Quantum Simulation: Overview of Quantum Technologies, 
Historical Background and Motivation for Quantum Simulations, Comparison with 
Classical Simulations 
 
- Quantum Algorithms for Simulation, Hamiltonian Simulation, Trotter-Suzuki 
Decomposition, Variational Quantum Eigensolver (VQE), Quantum Phase 
Estimation, Quantum Monte Carlo Methods 
 
- Physical Systems and Models, Quantum Many-Body Systems, Lattice Models 
(e.g., Hubbard Model), Spin Systems, Fermionic and Bosonic Systems 
 
- Numerical Techniques and Implementation, Discretization and Approximation 
Methods, Error Mitigation and Noise Reduction, Software and Quantum 
Simulation Platforms (Qiskit, etc.) 
 
- Case Studies and Practical Applications: Case Study: Simulating Material 
Properties, Case Study: Quantum Simulations in High Energy Physics, Practical 
Exercises Using Quantum Simulation Software 
 
- Future Directions and Challenges, Scalability and Hardware Limitations, 
Advances in Quantum Algorithms, Emerging Applications and Interdisciplinary 
Approaches 
 
 
 
II. NV centers, Trapped ions 
 
- Quantum control. Two-level systems quantum control. The rotating wave 
approximation. Electron spin resonances. Coherent electron-nucleus couplings. 
The nitrogen vacancy center in diamond. Quantum sensing and polarization. 
Dynamical decoupling techniques. 
 
- Quantum information processing. 
 
Trapped ion systems. Laser-driven and microwave-driven setups. Controlled 
entanglement generation in trapped ions for quantum computing. 
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Assessment by continuous evaluation (homework and class activities). 


