
Phase diagram of Ising model with Dzyaloshinskii-
Moriya Interaction

R. Jafari, M. Kargarian,  A. Langari and         
M. Siahatgar

 PHYSICAL REVIEW B78, 214414 2008



Contents:

•Spin systems 

•Phase transition 

•Renormalization group

•RG of Ising Model with DM interaction

•RG equation 

•Diagram phase

•Entanglement and Scaling behavior



0ba 

  
ij

z
j

z
iijz

y
j

y
iijy

x
j

x
iijxexch SSJSSJSSJH

0ba 

  
ij

z
j

z
iijz

y
j

y
iijy

x
j

x
iijxexch SSJSSJSSJH

 zyxJ ij ,,0  

||
)()(

21

2

2010
rr

e
rhrhH






Renormalization group
The main idea of the RG method is the mode 
elimination or thinning  of the degrees of freedom 
followed by an iteration which reduces the number 
of variables step by step until a more manageable 
situation is reached. We have implemented the 
Kadanoff's block method to do this purpose. 
Kadanoff's method, the lattice is divided into blocks 
which the Hamiltonian is exactly diagonalized. By 
selecting a number of low-lying eigenstates of the 
blocks the full Hamiltonian is projected onto these 
eigenstates which gives the effective  (renormalized) 
Hamiltonian. 
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RG of Ising Model with DM interaction:
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RG Equation:
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Antiferromagnetic Chiral Saturated
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We have studied the phase diagram and entanglement of the one 
dimensional Ising model with Dzyaloshinskii-Moriya (DM)  
interaction. We have applied the quantum renormalization group 
(QRG) approach to get the stable fixed points, critical point and the 
running of coupling constants. This model has two phases, 
antiferromagnetic and saturated chiral phases. We have shown that 
the staggered magnetization is the order parameter of system and 
DM interaction produce the chiral order in both phases.  Moreover  
we have analyzed the relevance of the entanglement in the model   
which let us shed insight on how the critical point is touched as the 
size of the system becomes large. Nonanalytic behavior of 
entanglement and finite size scaling have been analyzed which tightly 
connected to the critical properties of the model. 
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Phase transition:

•Discontinous (first order) phase transition

•Continous (Second order) phase transition

•Quantum phase transition


