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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

Kadanoft'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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Quantum RG:
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RG of Ising Model with DM interaction:
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RG Equation:

N

zZ __Z ' X .V Y X
Zaiai+1+D(Gia. opdep
i=1

1+1 I+1

16D’
1+ q)

~ q=\/1+8D2




Antiferromagnetic Chiral Saturated




—a—  Staggered Magnetization

—@——  Chiral Order

AOPA() [DAIY) X UODZIJOUSDI PI4233DIS




P=lwo)Wo|  Pr=Thsp

1 [8D2 0 j
2700l 0 (149

t=~Ir p, Log, p,

E:_( 8D* jlog2( 8D? j_((uqf jlog{ (l+q)2j
2q(1+9q) 29(1+q) ) \2q(1+q) 2q(1+9q)




- av. alavw a ) 4 Qatavw LAS D 4 Q
A | 7 -_— e O T S0 pymce  £D | e
T e R TR T Ty
D ol J
\J

0-th Step RG
1-st Step RG
3-th Step RG
5-th Step RG
7-th Step RG
9-th Step RG

QII




0-th Step RG
1-st Step RG
3-rd Step RG
5-th Step RG
7-th Step RG







0.46
dE/dD)|, ~N




m

4-th Step RG
5-th Step RG
6-th Step RG
7-th Step RG
8-th Step RG
9-th Step RG

D
<
)
S
S
Ay
S
S
N

SN I IS DTN BTN B
-0.5 0 0.5 1 1.5

N(D-D,)




Phase diagram of Ising model with Dzyaloshinskii-
Moriya Interaction

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







02 04 06 08 1 12 14
D







0.025 0.05 0.075 0.1




St/4 3n/2 Tr/4




X
S
g
X
IS
o)
S
S
S
S
N
O

——8——  FExact Diagonalization
——— (ORG




N/3
B J z z z z X y y X X y y X
- Z Z 161,162,1 +0,,0;5, +D(0,,0;,,—0{,0,,+0,,05,—0,,05;)
=1

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.




Phase transition:

*Discontinous (first order) phase transition

*Continous (Second order) phase transition

*Quantum phase transition




