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ABSTRACT

The Ising three qubit model has been studied by the interaction of the second neighbor in the presence of DM
interaction and external longitudinal uniform magnetic field. We’ve studied the critical values of DM interaction in
the absence of magnetic field and also in the presence of magnetic field. In this case, it has been shown that the
critical value of DM interaction depends on the exchange coefficient parameters and also the magnetic field.
We’ve studied the critical value of the external longitudinal magnetic field per different cases of the exchange
coefficientsand DM interaction power. | n has been shown that in some cases, thereisno critical val ue of magnetic

field. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

In recent decade, the spin quantum systems have
been attended inthelow dimensionsand specialy frus-
trated systems. % spin chain with the interaction of the
second nearest neighbor (that it equalsthe zigzag lad-
der model) isone of themodel sthat hasgot frustrated
effects. TheHamiltonian of thismode isasbelow Fig-
ure

H =lesj .sj+1+JZZsj S, O
J J

where S isthe operator of /2 spin. J, & J, arere-

spectively represent of the exchange interaction power
between the nearest neighbors and the second nearest
neighbors. Thismode hasbeen studied with anti ferro-

magneticinteractions(J,,J, > 0)*4. Thecritica value
J,. =0.2411J, hasbeen obtained which separatesthe

doubledegeneratebinary phaseJ , > J_ withtheex-

cited gapfromspin—liquid phase without gap J, <J.,. .
But thereislessinformation with anti ferromagneticand
ferromagnetic interactions(J, < 0,J, > 0) “ and it
hasn’t been offered a complete picture of the phases of
thismodd sofar. Theimportanceof anisotropy exchange
interactionsin spin systemsisthat leadsto aweak fer-
romagnetic or Helica magnetic disorder inquantum anti
ferromagnetic systems. Thefirst time, itisintroduced
with phenomenol ogica approach by Dzya oshinskiilt,
A microscopic model a so suggested with ani sotropy
interaction for thefirst timeby Moriya.*¥ that showed
suchinteractionswhich enter in perturbation theory is
resulted from coupling of §pin—orbit in magnetization
systemswith low symmetry and basicaly isaexpan-
sion of Anderson exchange mechanism™, whichisre-
lated to jump and €l ectron Philip. The Hamiltonian of
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Full Poper =
DM interactionisasD.(S; xS, ) . Since DM interac-

tion bresk thesymmetry of SU (2) inHeisenbergmodd,
wecanknow it asafactor of someunusua behavior of
Heisenberg model such asbending™ or small gapd*
18, Someof the systems expected to be described with

this interaction are as Cu(C,D.C00),3D O 1419,

Yb,As, 1?22, BaCu,Si O, In reference®, the

writers have offered a plan for phase diagram of
Heisenberg model in the presence of spin-orbit inter-
action with the approach of the quantum
renormalization. Thismodel has got three ferromag-
netic phase, spinliquid and Ned phasethat have been
separated from each other by critical lines(depend on
DM inter actionconstant). Saeed Mahdavifar and his
partners also have studied antiferromagnetic
Heisenberg model in the presence of external mag-
netic field and interaction of the alternative spin—or-
bit on any site by Lanczos numerical approach and
reported the existence of four luttinger liquid phases,
aternating chird, spin- flop and ferromagnetic!®!. On
one hand, the entanglement of two and three qubit
systemshave compl etely been studied inthe presence
of DM interaction¢%%, By adding DM interactionto
Hamiltonian (1), the effect of thisinteraction can be
studied on thefrustrated model. Inthiscasethe Hamil-
tonianisas

H =338 8.,+3,2.5S,+D.Y.S xS, (9
] J J

Itisaspecially case of Hamiltonian (2) of Ising
model with the interaction of second neighbor in
the presence of DM interaction and external longi-
tudinal uniform magnetic field that the Hamiltonian
isas
H=J)>S’S;

J

j+1 j+2

+JZZSJ.ZS.Z +[5.Z§j><§. +
J J

hzj:sjz 3

Inthisarticle, in the second section, we compute
theelgenvaluesand el genstates of threequbit mode of
Hamiltonian (3). Inthethird section, westudy the phase
trangtion pointsinthe absence of magneticfied. Inthe
forth section, we study the quantum phasetransition
pointsinthe presence of magneticfied.

Isingthreequbit mode with theinteraction of the
second neighborsin the presence of DM interac-
tion and exter nal longitudinal uniform magnetic
field

The Hamiltonian of 1sing modd withinteraction of
the second neighbor in the presence of DM interaction
andlongitudind uniformmagneticfiddisas:

H =3,2.5/S[,+3,) S[S!,,+D.2.S xS,
J J J

j+1 j+2

+h) S @
J

whereJ,,J, aretheexchangeenergy coefficientsand
D representsthevector of DM interaction power. By

choosng p — p7 , Wecan obtain the Hamiltonian (4)
for threequbit case asbellow:

H =3,(SS; +SIS])+,5/S] +D(S/S! -},

+D(S,S] -S/S))+h(S +§; +5;) ©
We have selected the eigenstates of thetotd S as
the basekets of the Hilbert space.

Thecritical valueof DM interactionin theabsence
of magneticfield h=0
Inthiscese, if J,,J,)0, thereisn’t any critical point.

1J,(0,J,)0 andJ,)0, J,(0 ,we’ve got the critical
valuefor as

/ 1
D, = J12 _§|‘]1‘Jz| (6)

and itsdiagram has comein diagraml-a. In the case
J,,J3,(0, thecritical valueD isas

D, =J2+JJ, 7
and itsdiagram has comein Figure 1-b.

Thecritical valueD and h in the case of hs£0.

We study thecritical value of magneticfield and
DM interaction power:

1) J,,J,)0
Inthiscase, thecritica vaue(D) isas:

Dcz\/Jf—thl—%hJﬁJlJz 6)
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Figurel: Thecritical valueof theDM interaction,D ,in respect totheexchangesJ,,J..

Figure 2 : Thecritical value of the DM interaction,D ,in 10 Y00

respect to theexchangeJ, and h.(J,=1) Figure 3 : The critical value of the h,, in respect to the
and its diagram has come according to J, and h for  exchangeJ,and D.(J,=1)

J;=1.0inFigure2 and the critica value of magnetic
fiddisas

hC:%(3J1+J2+JJ_2+8D2) )

WhereJ =J, —J,anditsdiagranhascomeinFigure3.
2) J,)0,J3,(0
Inthiscasethecritica vdueof D is

h? 3 1

C

anditsdiagram hascomein Figure 4, and the critical
magneticfiddwill beas

1 Fi 4 : Thecritical val f th DM' t tion,D i
h ==(3]. -J. +.12+8D2 igure 4 : Thecritical value of the DM interaction,D_jin
¢ 2( voe ’ ) (1) respect totheexchangesJ ,J,,
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Figure 5 : The critical value of the h_in respect to the Figure6: Thecritical valueof the D in respect to the ex-
exchangesJ,and D.(J,=1) changes J,,J,.

anditsdiagram hascomeinFigure5.( J, =1.0)

3) J,(0,J,)0
Inthiscase, we’ve got the lack of magnetic field and Theauthorsgratefully acknowledgment thefinan-
thecritica vauefor DM interactionisasthetwocase:  cial and support of thisresearch, provided by thels-
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