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Quantum logic gate and qubit
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CNOT Gate
Controlled NOT (or X) Gate acts on two qubits

NOT operation executed on second qubit only when first qubit is in | ۧ↓

1 0
0 1

0 0
0 0

0 0
0 0

0 1
1 0



Qubit

| ۧ1 : | ۧΨ− = | ۧ↑↓ − | ۧ↓↑ / 2

| ۧ2 : | ۧΨ+ = | ۧ↑↓ + | ۧ↓↑ / 2

| ۧ3 : | ۧΦ− = | ۧ↑↑ − | ۧ↓↓ / 2

| ۧ4 : | ۧΦ+ = | ۧ↑↑ + | ۧ↓↓ / 2
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Method

| ۧ↑↑ → | ۧ↑↑

| ۧ↑↓ → | ۧ↑↓

| ۧ↓↑ → | ۧ↓↑

| ۧ↓↓ → −| ۧ↓↓

| ۧ𝑒 : 52𝑃3/2| ۧ𝐹′ = 3,𝑚𝐹 = 3
| ۧ↑ : 52𝑆1/2| ۧ𝐹 = 2,𝑚𝐹 = 2
| ۧ↓ : 52𝑆1/2| ۧ𝐹 = 3,𝑚𝐹 = 1

Two 87𝑅𝑏 atoms in 2~12𝜇𝑚 distance
Weak coherent pulse with ത𝑛 = 0.13



Experimental Setup

�Cavity profile
• Finesse  𝐹 = 6 × 104

• Asymmetric cavity: high-reflective mirror reflectivity of 99.9994% and out coupling mirror 99.99%

� 𝑔, 𝜅, 𝛾 = 2𝜋 × 7.8, 2.5, 3.0 𝑀𝐻𝑧

�3D optical lattice with Sisyphus cooling to 100𝜇𝐾



Preparing States
Cavity Carving



State Detection

transmission1. Measuring transmission 
through high-reflectivity 
mirror

2. Fluorescence | ۧ↑ ↔ | ۧ𝑒



Parity Oscillation
-Rotate state with Raman laser for 𝜙 and measure probabilities of each states

-Caluclate Π 𝜙 = 𝑃↑↑ + 𝑃↓↓ − (𝑃↑↓ + 𝑃↓↑)

-Fidelity
𝐹 = Ψ ρ Ψ , 𝜌: measured state density matrix, | ۧΨ : ideal state

𝐹(| ൿΨ± ) =
1
2 𝑃↑↓ + 𝑃↓↑ ± Re(𝜌↑↓,↓↑)

𝐹(| ൿΦ± ) =
1
2 𝑃↑↑ + 𝑃↓↓ ± Re(𝜌↑↑,↓↓)



Timing

�𝜋 pulse duration 8𝜇𝑠, Gaussian intensity profile with a full width at half maximum of 0.9𝜇𝑠

�Two pulses with ത𝑛 = 0.33 for state preparation

�Length of 5 and 3𝜇𝑠 for a state detection in fluorescence and transmission.

�Repeat the protocol of length 70𝜇𝑠 at a rate of 1𝑘𝐻𝑧 with laser cooling intervals of 0.7𝜇𝑠



Result



Result



Errors

With single photon source, fidelity 
can go up to 82% in ideal case


