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Toric code model 

 

 

 

 
 

 
# qubits =2N 

# independent stabilizers =2N-2 

  

 
A. Y. Kitaev Ann. Phys. 303, 2 (2003) 
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Ground state 
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Toric code with open boundary condition  

 

 

 

 

 

# qubits =2N 

# independent stabilizers =2N-1  
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Degeneracy! 

172

N=18 

Hilbert space: 182
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Ground states and coding 
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What about top and bottom boundaries ?! 
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Excitations ! 
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                            Some strings are able to          

                                       create a single anyon! 



Stabilizer  measurements 
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Barbara M. Terhal , arxiv:1302.3428v2 



Creation of holes 

We first choose a selection of plaquette stabilizers that we no 

longer wish to enforce. 
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Creation of holes... 

Measuring in  

    the x basis 
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Creation of holes... 
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Expansion of holes 

Expansion is simply achieved through more creation. 



Contract a hole 
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Rough holes 
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Hole coding 
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Smooth hole                                             

(smooth qubit) 
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Rough hole                                            

(rough qubit) 



Hole coding 
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CNOT gate 

21 21 

generating a 

phase of -1 
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CNOT 
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Converting a rough qubit to a smooth qubit 

 

Converting a smooth qubit into a rough qubit  

 

 Converting a rough qubit to a smooth qubit  



Universal gates! 

24 24 S. Bravyi and A. Kitaev, Phys. Rev. A 71, 022316 (2005). 
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