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Abstract (300 word limit)
The classical version of decoration transformation has been used to map lattice spin models into another equivalent lattice spin models.
[bookmark: _GoBack]This transformation is a very useful tool for identifying a class of lattice spin models, since, it is possible to show a class of lattice spin models that can be map into another class of exactly solvable models. Here we present a quantum version of decoration transformation and show how this transformation could be applied to Heisenberg type models. This transformation can be useful to study the equivalence between two quantum spin systems such as a small cluster of quantum spin models or even lattice quantum spin models. The quantum decoration transformation by itself is an exact transformation, although the proposed transformation cannot be used to map exactly a quantum spin lattice model onto another quantum spin lattice model, since, the operators are non-commuting. However, it is possible mapping in the classical limit, establishing the equivalence between two quantum lattice spin models. To study the validity of this approach for quantum spin lattice model, we use the Zassenhaus formula, and we verify how the correction could influence the decoration transformation. The correction term involves the second-nearest-neighbor coupling, as well as the next nearest neighbors, which leads into a cumbersome task to establish the equivalence between both lattice models. This correction also gives us valuable information about its contribution, for most of the Heisenberg type models, this correction could be irrelevant at least up to the third order term of Zassenhaus formula. This transformation is applied to a finite size Heisenberg chain, so we compare with exact numerical results, and our result is consistent when the xy-anisotropy coupling is weak, we also apply to bond-alternating Ising-Heisenberg chain model, obtaining an approximate result.
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An example quantum decoration transformation, here H is the star Hamiltonian and [image: ] is the triangle Hamiltonian, with [image: ] Heisenberg spins.
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Figure 1: Schematic representation of quantum decoration transformation. Where s corresponds to decorated spin, while �1 and �2



corresponds to Heisenberg spins, H (H̃) corresponds to decorated (effective) Hamiltonian respectively.



In this paper, we present a pure quantum decoration transformation for a quantum mixed or decorated quantum
spin model into an effective quantum spin model. The main difference between the classical and quantum transfor-
mation is the non-commutative property; consequently, the Boltzmann factor becomes an operator. A basic idea
of quantum decoration transformation already has been discussed for a particular case of diluted Heisenberg model
[41]. To introduce a quantum version of decoration transformation for Heisenberg spin models into an uniform
spin-1/2 Heisenberg model, we will follow the basic idea used by Dunn and Essam[41], as well as by M. E. Fisher
[1] and Syozi[2].



This paper is organized as follow, in sec. 2 we present the two-leg quantum decoration transformation, where
is included a couple of applications. In sec. 3 we show the star-triangle decoration transformation, we also give
a couple of applications for the star-triangle transformation. Whereas, in sec. 4 we discuss how to apply for a
quantum spin lattice model, the correction of the transformation can be obtained using the Zassenhaus formula.
Besides, we apply for finite size Heisenberg model as well as for bond alternating Ising-Heisenberg model. Finally,
in sec. 5 we give our conclusion and perspectives.



2. Two leg-star quantum decoration transformation



To proceed with decoration transformation, we need to extend the Boltzmann factor[1, 2, 11] to some operator,
which can bring all information about the quantum decorated Hamiltonian.



Therefore, let us consider a decorated system illustrated in fig.1, composed by arbitrary quantum operators �
1



,
�



2



, and s is any other quantum operator or operators called “decorated operator”. Defining the operator W as
W = e



��H , where H is the Hamiltonian of decorated system illustrated in left side of fig.1, and � =



1



k
B



T , with kB
being the Boltzmann constant and T is the absolute temperature.



Assuming the Hamiltonian H’s eigenvalues as "n, and denoting the corresponding orthonormal eigenvectors by
|⌘ni. Thus, the operator W can be expressed by
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where dim(H) means the dimension of the Hamiltonian H.
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where the coefficients are denoted by cns,�1,�2
= h⌘n|s,�1,�2i and cn⇤s,�1,�2



= hs,�1,�2 |⌘ni.
Now, let us calculate the partial trace over decorated quantum operator s, this result is still an operator, called



the reduced operator W r, which is expressed as
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�



e



��H
�



=



X



s



hs|W |si. (4)



2

















image3.emf



Q.D.T.



�
2



�
1



s



�
1



�
2



˜HH



�
3



�
3



Figure 2: Schematic representation of star-triangle quantum decoration transformation. Where s corresponds to decorated spin, while
�1, �2 and �3 corresponds to Heisenberg spins, H (H̃) corresponds to decorated (effective) Hamiltonian respectively.



3. Star-triangle quantum decoration transformation



Now let us consider another quite interesting quantum system with 3-leg star, a decorated operator is located in
the center of the star denoted by s operator called "decorated operator", and in each leg is distributed the operators
�



1



, �
2



and �
3



.
Defining the operator W = e



��H , where H is the Hamiltonian of decorated system illustrated in left side of
fig.2. Assuming the Hamiltonian H’s eigenvalues as "n, and the corresponding orthonormal eigenvectors by |⌘ni,
with n = {1, ..., dim(H)}.



Explicitly, the operator W can be expressed by
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Multiplying both sides of operator W by identity operator 1 =
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where the scalar products are cns,{�
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Performing the partial trace over s, given by eq (4), we have the reduced operator
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with the scalar products given by |{�
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On the other hand, the transformed system is represented schematically in the right side of fig.2. Analogously,
we define another operator ˜W , as ˜W = e



�� ˜H , where ˜H is the Hamiltonian of the transformed system called as
effective Hamiltonian.
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