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Information in Quantum computers

» Information in classical computers - processed as binary values 0,1

« Information in quantum computers — processed as qubits |y) = «a|0) + B|1)
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Sources of noise in quantum computers

« Statistical noise
« Each measurement results in |0) or |1)

* Finite number of measurements

* Environmental noise
« Caused by unwanted interactions with outer world
 Thermal fluctuations, mechanical vibrations, ...

» Specific noise
 Different for each physical realization of qubit

» Decoherence, dephasing time, quantum gate error, cross-talk,...




Demonstration on a simple circuit

« GHZ state (Grenberger-Horne-Zeilinger)
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Fig.2: GHZ state circuit
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Band Structure

Allowed energy levels for electrons in solid crystalline materials

Determine conductivity, magnetism, and optical properties
Energy levels can be obtained by solving: H[y) = E|y) [2]

Eigenvalue problem: 0(n? — n3) [3]
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Fig.5: High symmetry path [4]

[2] NOUREDINE, Zettili. Quantum Mechanics: Concepts and Applications. Third edi-tion. Wiley,
2022.ishn9781118307892.

[3] SAAD, Yousef. Numerical Methods for large eigenvalue problems. Second edition. ISBN
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Fig.6: Si band structure




Quantum-hybrid algorithms

Variational Quantum Deflation (VQD) [5]
Computes n lowest eigenvalues

. e - - _ - - 2
Cost function C,,(8) = (Y (8)|H|p(6)) + X4 Bl () ¥ (6,))]
Quantum computer: computes (H) = ((6)|H|y(6))
Classical computer: chooses 6 for next iteration (COBYLA method)

|1/J(67)) prepared by parametrized quantum circuit (ansatz)

[5] Higgott, O., Wang, D., & Brierley, S. (2019). Variational Quantum Computation of Excited States. Quantum,
3, 156. https://doi.org/10.22331/g-2019-07-01-156




Parametrized quantum circuit

- Used to prepare parametrized wave function |1/J(§))

» Affects computational speed and accuracy

» Consists of single qubit gates (Rotation) and two qubit gates (CNOT)
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Fig.8: R, gate [6]

Fig.7: EfficientSU2 ansatz //

[6] HERB, Konstantin. Bloch sphere visualizer. Online. Bloch sphere visualizer. 2023, 26.3.2025. F|g.9. RY gate [6]




Methods and approach

Computed on classical simulator of a quantum computer
Physical system Si in diamond lattice
Noise models imported from ibm_brisbane, processor Eagle r3

Results from classical computer used as a reference

Adjust parameters with results, and re-run ;4
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Fig.10: VQD algorithm scheme [7] Online. IBM Quantum Learning
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Effect of noise in band structure calculations “
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Error metrics

Total Error
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Conclusions

VQD algorithm can be applied to band structure problem
Results are heavily affected by levels of noise in current quantum computers

Possibility to improve result by choosing different classical optimization techniques and noise
correction algorithms




Thank you for your attention.




