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Robustness of a topological phase of the  
cluster Ising model against random interactions 

One-dimensional cluster Ising model 

𝑖 𝑖 𝑖 

☆ entanglement properties of topological phases 
☆ effects of randomness in interactions 

（𝑋𝑍𝑋 in short） 

Motivations 



 ・ ground state （cluster phase, C phase） 

     ・ Majorana fermion representation 
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Two free Majorana fermion at each edge 
     ground state is 2×2-fold degeneracy 

④ ② 

・ entanglement spectrum (ES) 

𝜆𝑦 
C                       AF 

𝑖 𝑖 

ES 

 Interaction effects 

𝐿sub 

・entanglement entropy at critical point 

@ 𝜆𝑦 = 1 

𝑆𝐸𝐸(𝐿𝑠𝑢𝑏) 

(c = 3/2) 

・ non-local string order parameter (SO) 



@ 𝜆1 = 1 

𝐿sub 

・entanglement entropy at critical point 

𝑆𝐸𝐸(𝐿𝑠𝑢𝑏) 

(c = 2) 

Effects of randomness 

𝑖 𝑖 
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𝑆𝐸𝐸(𝐿𝑠𝑢𝑏) 

𝐿sub 

1. Clean case 2. Random case 

𝜆1 random 

𝑊 

Random averaged SO 

𝜆1,𝑖  𝜖 [0, 𝑊] 𝑖 ∶ site number 

@ W = 2.5 


