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ABSTRACT

We have examined the effect of a DM interaction and longitudinal external magnetic field on the energy gap of a
two-qubit spin-1/2 XY mode. Also we have calculated the critical values of DM interaction and longitudinal external
magnetic field. We have shown that DM interaction and external magnetic field have an effect on the energy gap
behavior and critical values and also we have been able to get phase transition point.
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INTRODUCTION

The quantum phase transition and Quantum magneatisrane of the most important and interestingeisso many
body physics.[1-2] The quantum phase transitiothatzero temperature is due to quantum fluctuatibascreate
in the Hamiltonian by changing the parameters. tAofomethods as the DMRG method [3] , Lanczos ne:tdd

and etc. are methods for examining quantum phasssitions. In recent decade, the quantum phassitianhas
been seen in many systems like optic nets.[5-6]dafe point to the spin models for considering quanfphase
transition. The Heisenberg model is a famous spidel that has got exact solution by Bethe Ansatithouds.[7] In
one hand , XY model is exactly solvable. [8-10]slome of the experimental results, there are mdfardnces
between experimental measuring results and thét el to the extracted Heisenberg model.[11-133 ®tigin of

this difference is DM interaction . [14,15], TheHi#tonian of DM interaction , by using phenomergital method

is as [5(§] ><§k ) . For a better understanding of spin models, @mechieck two and three qubit models .[16-18]

The structure of the paper is following. In seettao, we’ll examine XY model in the presence of Diferaction
and we’ll examine Dcritical values and energy gap between the fixsited state and ground state .In section three,
we’ll examine XY model in the presence of DM intetian and longitudinal external magnetic field dasonsider
and Q) critical h, values and energy gap and in section four ,weagllect the information.

2- Two qubit XY spin model in the presence of DM interaction
The Hamiltonian of XY model in the presence of DiMeiraction is as :

H = z (‘]XSJX Sjx+1 + 'Jijijy+1) +D Z (SJ XS] +1) (1)
j j
andif D =DZ , the Hamiltonian (1) will be as below for two guXY spin model :

H =J,8S; +J,S/S; +D(SiS; -SiSY) @
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by calculating the eigenstates and eigenvaluesagiittonian energy (2) in legS§/ [0 S, and ifJ,J, (0 , we

have got transition point i, =

JXJy‘ . D, Behavior has come in Figure 1 accordinglipJ, changes.

The energy gap also is as:

Ag:—%+%,/402+33 @3

To study, we consider the following two conditions:

A, =J,=J)0

The energy gap ( the difference between the engfrthe first excited state and the energy of theugd state) is as
1

AV :E\/ D?+J? and the gap behavior has come in figure 2 accgriD for J =1 .

B)J, =-J, =J)0
1
The transition point is iD_ =J and the energy gap is As ZE(D —J) according to th® linear. The

Figure of the energy gap has come in figure 3.

3- Two qubit XY spin model in the presence of DM interaction and longitudinal magnetic field
If we add the longitudinal magnetic field to therhiionian (1) , in this case, we can write the Hiéonian of a two
qubit XY spin model:

H =3,5.S} +J,5!S] +D(SiS} ~SIS%) +h(S} +57) @

( D =DZ has been selected) by calculating the eigenvalndthe eigenstate of the Hamiltonian energy(4) in
the basis 08 OS] , the critical value oD will be:

D, =,h?-3,J, (5)

is obtained and the behavior BY, has come in Figure 4 accordinglwo for J, =J, =1 .

h,=yD?+JJ, (6)

and also, théh, changes has come in Figure 5 accordirg toforJ, = .Jy =1 . We consider the following two
conditions for more studying:

A, =J,=3)0

In this case, the energy gap is as:

A,s:%(x/D2+Jz—h) ™

The Figure of energy gap has come in figure 6 atingrto D ,h ford =1 .Andif h=h,=+VD?+J? | the
energy gap will be zero aridC Figure will be as figure 5 according 0 for J =1 .
B) J, =—J, =J)0

The energy gap is a\é = 2D — 2y 4h? +J? and its changes has come in Figure 7 accordirh ®l . The

1
critical valuesh, is ash, = E\/ D?-J? thatits Figure has come in figure 8 according t81 .
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Figure 1: The energy gap Figure according totheJX ,J y changes.
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Figure 2: Theenergy gap Figure according to D changes for J= :I..(JX = Jy =J >O)
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Figure 3: The energy gap Figure according to D changesfor J =1.(J, =-=J, =J)0)
X y

a
E

04r

02r

-02F

-4}

Pelagia Research Library



H. Arefazar and M. R. Soltani Adv. Appl. Sci. Res., 2013, 4(3):27-32

Figure 4: DC Figureaccordingtoh chang&for\]x =J, =1.
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Figure5: hc Figure according to D changesfor JX :Jy =1.
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Figure 6: The energy gap Figureaccordingto N, D changesfor J,, = Jy =1.
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Figure 7: Theenergy gap Figure according to h, D changesfor JX = —Jy =1.
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CONCLUSION

We have studied the two qubit spin-1/2 XY modethia presence of DM and longitudinal magnetic fiéée have
shown that the energy gap between the first excitate and the ground state depends on the botiDkhe
interaction and the external magnetic field. It le®en shown that the energy gap increases by sioge®M

interaction and will be zero in critical valuestbe DM interaction and fieldD_, h, respectively. The effect of

the DM interaction on the critical magnetic fielddaalso effect of the magnetic filled on the ceti©M interaction
has been studied.
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