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What is entanglement?

Schrödinger`s Cat(1935):

Einstein et al`s description(1935):
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How to generate a macroscopic GHZ-state?

---Experimentally constantly-coupled Josephson circuits
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1. Three-step scheme for generating GHZ-state
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The generated GHZ-state is long-lived!, if 
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 , we have
2 2

       | ( ) |
2 2

kg

z z z z

GHZ GHZ

n

EEH

EEH

σ σ σ σ

ψ ψ

= Φ = Φ

= − −

〉 = − − 〉



2. Confirm the generated state is just the expected GHZ-state

Single-shot measuring three 
boxes simultaneously

three qubits at the same logic states:
This is necessary but not enough, as
mixture state a|000><000|+b|111><111|

may also.

Quantum interference!

Single-shot measurements: ----
two qubits are not at the same 

logic states!



How to implement the single-qubit rotations?, e.g.,

Approximately

In GHZ-state

Let the circuit evolves under the Hamiltonian



3. Application: Testing Bell’s theorem without inequalities 



A proposed experiment with solid-state systems:-principle
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In the other hand,  
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In the local world, each operator corresponds to a classical quantities: 
Quantum:  classical: =+1 or -1;  1x y z x y zm mσ → =

1 2 3 1 2 3 1 2 3y x x GHZ x y x GHZ x y x GHZ GHZQuantum: | | | |σ σ σ ψ σ σ σ ψ σ σ σ ψ ψ〉 = 〉 = 〉 = 〉

1 2 3 1 2 3 1 2 3
Classical: 1, 1, 1 y x x x y x x x ym m m m m m m m m= = =

1 2 3 1 2 3 1 2 3

1 2 3 1 2 3

1 2 3

2 2 2

Classical locality: 1

=1, resulting in the classical locality

                                 = 1, 

which is in contradiction with the quantum 

y x x x y x x x y

y y y x x x

y y y

m m m m m m m m m

m m m m m m

m m m

=

⇒

1 2 3 1 2 3y y y GHZ GHZ

prediction:
| | = 1!y y ym m mσ σ σ ψ ψ〉 = − 〉⇒ −



So, experimentally,

i) Generating the expected GHZ state and measure 
1 2 3y x xσ σ σ

ii) Generating the expected GHZ state and measure 
1 2 3x y xσ σ σ

1 2 3x x yσ σ σiii) Generating the expected GHZ state and measure 

Calculating  
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?y x x x y x x x ym m m m m m m m m =

iv) Generating the expected GHZ state 
and perform the fourth tested experiment: measuring  1 2 3y y yσ σ σ

1 2 3 1 2 3
Quantum result = 1 conflicts the classical one =1y y y y y ym m m m m m−



• Fundamental physical motivation:
Entanglement lies at the heart of quantum mechanics.





Towards to Quantum Computer
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19451945--19551955



集成电路集成电路

19851985--20082008 ψ

Quantum Computer?
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