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14. Utility Scale Experiment III

1. Review of GHZ state
Greenberger–Horne–Zeilinger (GHZ) state is an entangled quantum state that involves at least three subsystems. We review what we have learned about GHZ state in this lecture course.

2. Why a large GHZ state
How large a GHZ state can be created is a benchmark for a near-term quantum computer. The key points are qubit mapping/routing, circuit depth, and error mitigation/suppression.

3. How we verify GHZ state?
We adopt a method to verify GHZ state based on fidelity. Fidelity quantifies the closeness between two density matrices.

 
4. Fidelity
We adopt a method to verify GHZ state based on fidelity. Fidelity quantifies the closeness between two quantum states. We learn how to calculate the fidelity using density matrices.

5. Computing the fidelity in our GHZ experiment
Our original question is whether our GHZ state is good or not. So, we compute the fidelity between the GHZ state which we want to create and the GHZ state which we created on the real device. The measure of 𝑍^(⨂𝑁)and 𝑍^(⨂𝑁) after applying unitary transformations gives us that fidelity.

6. Verify the formula of unitary transformations
We used unitary transformations to calculate a part of the fidelity.  We will verify the formula of that unitary transformations. And then we will go back to what matters to create a large GHZ state.

7. Hands-on: Your assignment
Your assignment is to build a GHZ circuit for 20 qubits or more so that the measurement result meets the criteria: The fidelity of your GHZ state > 0.5.


8. Hands-on: Functions to check GHZ fidelity
You should execute the GHZ circuit using the “execute_ghz_fidelity” function, and calculate the fidelity using the “check_ghz_fidelity_from_jobs” function.

9. Hands-on: Idea 1 - Noise-aware qubit selection
To create a good GHZ state, you can use the best qubit chain which you select based on reported 2q-gate errors.

10. Hands-on: Idea 2 - Balanced tree of qubits
To create a good GHZ state, you can use the balanced tree of qubits. Using the tree rather than the chain, the circuit depth should become lower. How the root node is chosen is also a factor in reducing depth.

11. Hands-on: Idea 3 - Run the mitigation options
To create a good GHZ state, you can set the error suppression options in Sampler. We have seen three ideas. You can combine and expand these ideas, or you can produce your own ideas to create a better GHZ circuit.
  
