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Curie Temperature and Magnetization Profiles of
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Abstract: Under the approximation of the mean field, Curie temperature and magnetization profiles of layer quantum Ising
model with a transverse field were studied. The Curie temperature equation of the model was derived. The dependence of Curie
temperature on the Fibonacci number n and the extemal field is given. It is found that the Curie temperature of quasiperiodic
models is like to that of periodic models if the chain is long enough. With the same framework, the magnetization profiles of the
system was also calculated. The method proposed here can be applied to other quasiperiodic model.
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0 Introduction

Phase transition and critical phenomena are very active questiones in the field of condensed matter physics, among
which paramagnetic and ferromagnetic phase transition are mostly concentrated. Much attention has been paid to them
and a large quantity of achievements have been got concemning to the paramagnetic and ferromagnetic phase transition
and Curie temperature of the magnetic material ! . Also there is much interest in the magnetic properties of the surface
effect?! .Recently, the effects of multi-surface modification on Curie temperature have been studied and the Curie tem-
perature equation is derived” . On the other hand, considerable interest has been focused on the physics property of
the quasiperiodic(QP) system since the quasicrystal with 5-symmetry axis was found in the MnAl alloy'* and the su-
perlattice with quasicrystal was preparationed in the lab™ . A lot of experimental and theoretical worker show great in-
terest in it. Kohmoto and co-workers®” extensively studied the spectral property of one-dimensional quasiperiodic
crystals. Further more, the spectral and magnetic properties of the quantum Ising model with nearest-neighbor cou-
plings ordered according to different aperodic sequence have been investigated[8'9] .

Quasiperiodic system lies in between periodic and random system, and shows much different properties. The

study on phase transition and Curie temperature are consequently a wonderful thing.

1 Models and method

The model studied in the paper is the Ising model with a transverse field. The Hamiltonian™’ is general described
by
H = - %(2”2) i - S (1)
where s; and s are x and z components of the pseudo-spin, (i,;) are plane indices and (r,r’) are different sites
of the planes. J; indicate the exchange constants. We assume the transverse field {2; is dependent only on the layer
index and consider the interaction between neighboring sites. In addition, we take (2; = Q for simplicity.
Under the mean field approximation, the spin average (s;) can be described below

H IH. |
<sf>=2|11,.|‘a“h( ZkBT)

(2)
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where H, (2,0, E]‘/ (si)) is the mean field acting on the ith spin, ky is the Boltzmann constant and 7 is tempera-
J

ture. At a temperature close to or bellow the Curie temperature, (s;) and (s;) are small, H, =~ Q, = Q, Eq(2) can
be approximationed as
(s7) = (12)tanh(Q/(2k,T)) 3)
(si) = (U2)tanh(Q/(2ksT)) [ 20 Ji (51D + 2(Jeia (siod) + Joia (i) ] (4)
zy and z are numbers of nearest neighbors in a certain plane and between successive planes respectively.

Using transfer matrix method, Eq(4) can be rewritten bellow

m;,, m;
el
m; m;_;
where the transfer matrix M, is defined by
r- zJ.: _Ji,i-l
M = 2 i Jiiat (6)
1 0
and
m; =<sf>,r=2jocoth2}z7,=%mcoth% N

2k T
We call the reduced Curie temperature 7" ( = —JL) Curie temperature for short in the context. In the same way,

we shorten w( = —'?'—) for the external field.

We consider the Fibonacci layer quantum system constituted by two kinds of materials marked with A and B. The
general Fibonacci system is defined by the follow substitution rule:

A=A =A"B*  B—>B =BA (8)

For the sick of simplicity, we assume the interaction between successive layer of the system are same, i.e., J;

= Ja = Ju = Jps » the interactions in one layer are J, and J, respectively. Then the transfer matrix Eq(6) has only

two forms:
T=Jy —1 t-jp -1
N R 9
! 10 ? 10 ©
Y .zl
here j, =—°z‘7—A, and jp =%.
We start with the general Fibonacci sequence model, m=1,n=1,p=1,¢4 =0, that is
A—~AB B—4 (10)
The layer system generated by the rule is
ABAAABABA -+
. Fl _ 1 +ﬁ . . . .
In the model, ¢ = lhmf—— =T s called golden mean, and F,, called Fibonacci number, is the total num-
el

ber of letters in the / th iteration of the word A of the transformation.
According to the construction rule Eq(10), we can derive the /th transfer matrix for the standard Fibonacci se-
quence system without difficulty
M =M, =M, _.M_ M =M,M,=M, (11)
Now we consider the F, approximation of the quantum layer system. The complete quasiperiodic system is got

with n—> . Considering the periodic bounder condition, we easily get

(o) =(7) £
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or
{(Mnl,l_l)ml+Mn1.2m0=0 (13)
My my+ (M, =1)my =0
Up to now, we have got the universe Curie temperature of Fibonacci system. Eq(13) contains all the information
about the Curie temperature. From above equation, the phase transition temperature can be calculated, then the mag-

netization profiles can be determined from Eq(5) if we know the magnetization m, .

2 Results and discussion

In order to compare with the quasiperiodic layer quantum Ising system, we apply the method to the periodic con-
dition firstly. Under the circumstance, we take j, = j, that is, M, = M,, then the transfer matrix got form Eq(ll)
is

r—-j -1\"
M=M= M= ) (14)
1 0
then
TtM, = A} + A} (15)
here A, and A, are the eigenvalues of the matrix M, (M, ). Considering that Eq(15) is established for arbitrary n,

then

A=A, =1 (16)
-DV (=) -4
and A, = 3 .
So we have
T—j=2 (17)
and the Curie temperature
O
F= Gez+ze (18)
(j+2)z-2w
the external field is restricted
ool o
Secondly, we discuss another periodic layer circumstance: j, = j, while J, = J; = Js == J,, b =J, = J, =
-+ = Jg, the transfer matrix
o [((o=j)(e=js) -1 -(z-j)
M, = MM M M b M = () = (T 3 (20)
T—Jg -1
By means of the same diagonalize procedure, the Curie temperature equation then
TM, = A7 +27 =2 21)
here A, and A, are the eigenvalues of product matrix (M, M, ). Consequently the Curie temperature equation now be-
comes
(T"jA)(T“jB)=4 (22)
In the fact these two periodic circumstances belong to one form:
t = ¢(constant) (23)
corresponding Curie temperature
QP
= n & +2w (24)
z-2w

and the condition of phase transition
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[v4
w < *2‘ (25)

From the expression of the Curie temperature of the model, it is
found that the Curie temperature decreases successively with the ex-
ternal field. As is also seen in Fig.1, the solid line shows the first

circumstance, and the dot, the second. T \

In Sec (1), we take the general Fibonacci sequence layer qua- 0.51 .
ntum Ising model as a sample to get the equation. Different from the ;
periodic circumstance, the quasiperiodic layer quantum Ising system 0'%.0 ) 2.0 = 30
equation has not an analytical solution. As is found in Sec. (1) “

The parameters z = 2, of the solid line, j=1.0, and the dot
when we derive the Curie temperature equation. So in the paper, we | =10, jp=0.5

apply numerical method to solve the equation. Fig.1 The dependence of the Curie temperature on the
During the course of numerical calculation, we find that there external field for the periodic model
is plenty of roots under the condition that z, j,, jz and w is given. 3001

Fig.2 shows the curve of the number of the root N varies with the
Fibonacci number n. Although the number of root increases rapidly 2007
with n, the biggest oot tends to a more and more fixed value. This ¥

must be a reflect of the physics property of the quasiperiodic system. 1001

With no doubt, the biggest root is the Curie temperature we wanted.

Fig.3 shows the Curie temperature of the Fibonacci sequence quan- 05 —=3 16 15
tum Ising model varies with the extemal field. Comparing with Fig. 1 "

The parameters w = 1, z=2, j, =1.0, and j5 =0.5
as is can be seen that the Curie temperature value at the same exter- Fig.2 The number of root d with the Fibonacd

nal field point is higher than the same condition as the periodic sys- number
tem while lower than the complete periodic system where j, = jp = j
=1.0. This can be inferred from that the composition of A(j,) is Lsr

larger than that of B(js).

. . . 1.0
After we got a certain Curie temperature, as we say in Sec

(1), we use m, to scale the magnetization m;, i.e., take m, as r

the unit of the magnetization. m; is obtained from the boundary con- 0-5

dition, as is seen in Eq(12) or Eq(13).Fig.4 shows the reduced 0.0 . . .
magnetization m;/m, dependence on the lattice site number i. In 0.0 1.0 o 2.0 3.0
this figure, as ¢ increases from O, the magnetization sometimes in-  The parameters z=2, j; =1, jp=0.5, and n =11

creases, sometimes decreases. There has no explicit tendency for the ~ Fig.3 Same as Fig.1 for the Fibonacci sequence
reduced magnetization. As for it comes to 1 in the end just as the
beginning, this satisfied the boundary condition very well.

1.20
3 Conclusion g
N 1.00
In brief, in this paper we study the property of Curie tempera- : 0.50
ture and magnetization of quasiperiodic quantum layer Ising model,
analytically or numerically got the solution of the Curie temperature 0.60 2 20 &0 20
equation. Moreover, using m, as the unit scale, we also obtain the ‘

The parameters w =1, z=2, j; =1.0, jp=0.5, and n =
magnetization profile of the system. The method can be used to any |

other quasiperiodic sequence system. Fig.4 The reduced magnetization m;/m, vs Iattice site

ber i for Fibonacci
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