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Problems to solve by brute force

O(N) complexity 

26/07/2024 Artemii Efimov



Artemii EfimovGrover’s algorithm

Oracle operator

f(x) = 1 only for w-index

Initialisation

Grover diffusion operator

To find the marked state

1.

2.

3.

Problem:



Problems to solve, to simplify

Unlike other quantum algorithms, which may
provide exponential speedup over their
classical counterparts, Grover's algorithm
provides only a quadratic speedup
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State-of-the-art semiconductor spin qubit quantum processors
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https://arxiv.org/pdf/2404.08741 https://www.nature.com/articles/s41565-023-01596-9
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https://www.science.org/doi/10.1126/sciadv.abq0455
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Hyperfine interaction strengths
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Hyperfine interaction strengths



https://www.nature.com/articles/s41565-023-01596-9ESR explanation

conditional on spin down
conditional on spin up
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ESR explanation

The same device – a new paper



https://www.nature.com/articles/s41565-023-01596-9NMR explanation

Frequency -> addressability to a specific qubit
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Single-qubit operations

Rabi oscillations 

Ramsey experiment 𝐴 𝑠𝑖𝑛 𝜔𝑡 + 𝜙 exp −
𝑡

𝑇2

2

+ 𝐵

𝐶1𝑠𝑖𝑛 𝜔𝑡 + 𝜙 + 𝐶2

Nuclear state:
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Single-qubit operations

Rabi oscillations 

Ramsey experiment 𝐴 𝑠𝑖𝑛 𝜔𝑡 + 𝜙 exp −
𝑡

𝑇2

2

+ 𝐵

𝐶1𝑠𝑖𝑛 𝜔𝑡 + 𝜙 + 𝐶2

Rabi frequency and dephasing time 
for the electron spin qubit 
with the nuclear spins initialized 
into the different configurations as depicted
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conditional on spin down
conditional on spin up
spin flip-flops 
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|⇓⟩

|⇓⟩

(|⇓⟩ + |⇑⟩)/ √ 2

Berry phase for a spin ½ in the magnetic field

𝛾 =
2𝜋

2
= 𝜋
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CNOT gate
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Outcome

• Quantum non-demolition readout – ramped technique

• ESR and NMR of all qubits in the 4q processor -> Single qubit operations

• Hyperfine interaction -> 2-3q entanglement:
CZ gate
CNOT gate

Bell states + tomography
GHZ state (not discussed here)

• Grover’s algorithm
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26/07/2024 Artemii EfimovOptimisation of Quantum non-demolition 
readout

Electron spin initialization and readout is 
performed using a ramped spin measurement, 
giving a fidelity of ~81% at an electron 
temperature of ~200 mK at magnetic field 
B = 1.45 T.
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Single-qubit operations (e-qubit)



Two and three qubit entanglement 

|⇓⇓⇓> state



Randomized benchmarking

|⇓⇓⇓> state



Randomized benchmarking

|⇓⇓⇓> state

A random Clifford gate ∼ 1.875 physical gate



Randomized benchmarking for a single qubit



Bell’s state tomography


