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e consider the thermo-magnetic properties of charged boson gas confined in a quasi-

two dimensional harmonic superimposed by external magnetic field in the z-direction.
A modified semi-classical approximation, which is the density of state approach, is used to
calculate the magnetization and magnetic susceptibility for this system. Our approach enabled
us to consider the finite size correction. We get remarkable magnetic properties. The system
shows diamagnetic behavior. The finite size effect decreases the transition temperature.

Introduction

At very low temperatures, the ideal charged
Bose gas (CBG) in an external magnetic field
became important scince Schafroth [1] showed
that such a gas could exhibit a Meissner effect
(this effect is the expulsion of a magnetic
field from a superconductor during its transition
to the superconducting state). For the ideal
case, Schafroth pointed that, in the presence of
a magnetic field, Bose—Einstein condensation
(BEC) no longer occurs in a strict sense but
gradually occurs (diffuse). Diffuse phase
transitions are those not having a definite critical
temperature, but an interval of temperatures
along which the transition occurs gradually.
The concept of diffuse was already introduced
in the study of phase transitions which occur in
certain ferroelectric materials [2]. A step further,
Toms [3] proved that BEC in the presence of a
uniform magnetic field does not occur in any
number of spatial dimensions, Toms used a
different definition of BEC in his approach. In
this spirit, Rojas [4] found that BEC may occur
in the presence of a homogeneous magnetic
field, but there is no critical temperature at which
condensation starts, the phase transition to BEC
being diffuse. However, BEC of a CBG in the
presence of a magnetic field in 3D continued to be
studied by Toms and coworkers [5], who showed
that, although there is no BEC in the sense of a
sharp phase transition, the specific heat exhibits a
clear maximum that can be used to define a critical
temperature. The authors inferred that the critical

temperature increases with the magnetic field,
reaching the usual value for the 3D free Bose gas
when magnetic field is absent.

However, the order parameter to investigate
the magnetic properties of the system is the
magnetization M. In general for boson system,
magnetization increases continuously from zero
as T drops below critical temperature T.. The
system exhibits diamagnetic behavior when the
magnetization is negative (M < 0) and it tends to
be paramagnetic if the magnetization is positive
(M > 0) or (M = 0) if the magnetic moments are
not pointing in any particular direction but can
be aligned by the external field. If the magnetic
moments are lined up and are pointing in the
same direction even in the absence of the external
magnetic field, then the system is ferromagnetic
with a net magnetization M # 0. At high
temperatures the system canbe in the paramagnetic
state and can undergo a phase transition into a
ferromagnetic state at some temperature T.. One
signature of the phase transition is the magnetic
susceptibility x(T) which diverges at T = T.. The
magnetic susceptibility tells us how easy it is
for the spins to respond to a magnetic field. x(T)
diverges as one approaches T from high or low
temperatures.

In this paper, we focus on the magnetic
properties of charged spinless Bose gases (CBG)
in a quasi two dimensional harmonic potential in
the presence of an external magnetic field. Our
system is confined in xy plane and superimposed
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with magnetic field pointed along the z direction.
The temperature dependence of the magnetization
and magnetic susceptibility are derived taking
into account the finite size effect. The calculated
results show that the finite size changed the low-
temperature behavior of the magnetic properties
of this system.

The outline of this paper is as follows: in
the next section, the physical model of the
system is written down and the modified DOS
is calculated. The condensate fraction and the
transition temperature are given in section 2.
The mgnetization and magnetic susceptibility are
given in section 3. Finally, we summarized the
conclusions in the last section.

The physical model

Let us consider a system composed of Bose
gas with mass m and charge ¢ which is confined
in two dimensional (2D) harmonic potential.
The system is exposed to a uniform magnetic
field aligned along the z-axis, B = Be"z. The
Hamiltonian can be expressed as [6]

H=H,+H,
where

Hy =$(p - Aq)* +%mwl(x2 +y?)

i
Hz'zm (2)
where P1=®xy s the effective trapping

frequency and the gauge potential is given by:

A—lB
=5 xr

The z- component of the Hamiltonian H,
H; s associated with the translational degree
of freedom of the system in the z-direction, with
effective mass m. Here, the Hamiltonian

21l
T:%Llpy +%m[(wﬂi - 02)(x2 t yz) Mo

Describe the behavior in xy plane. It shows
that the system is trapped with frequency
9

K@l 12+0%) wih 9B = i e
cyclotron frequency. The eigen values of the

Hamiltonian H is given by
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and ™+ is non-negative integers. Clearly, the
ground state for charged Bose gas has a magnetic
property. the energy eigenvalues show that the
system has translational degree of freedom
in direction of the applied field and hyperfine
vibrational degrees of freedom labelled by n+ in
addition to degenerate Landau level indexed by
n—.

Accurate DOS

The accurate density of states for this system
can be calculated using the method used by
Kirsten and Toms [7], in which an asymptotic
high- temperature expansion of the partition
function Z(f) is obtained. Generally, consider the
eigenvalues £k ,n+,n— givenin Eq. (4), we have,

s .3 1

Where

oM P_1
17 \am2m2) mow, _
And

Cz = Clﬁ(OJ+ 'l' CU_)

The g-potential for Bose gas using the
eigenvalues (4) given by,

q=- Z ln(l — eE“+*“—*kZ)

NN K,

Expanding the logarithm to express the q
potential as a sum over Bose-Einstein distribution
and using the semiclassical approximation in
which the summation over n is converted into an
integral weighted by an the DOS [8] we have

2=got I,.(E).—?Fz-m--h' oI =2

where go = — In(1 — z) is the contribution of
the ground states, z = ¢?® s the effective
fugacity and = 1/kT . Substituting by ps(E ), the
thermodynamic potential (4) reads
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where 7% is the usual Bose function,
reduces to Riemann zeta function {(n) at z = 1,
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Condensation fraction and critical temperature
In terms of the g-potential, the total number of
particles is d as
N -2
=7 —
az

Substituting from Eq.(6) we have,

5

L gl S s
Nal— i)z (D) +ho (148 2gi) |
ml, 2 !

Where N, is the number of particle condensate in
the ground state of the system

In terms of a reduced temperature = g
B T

T, , the condensate fraction is given by

No_, o5 R(B)cZ ®

N

Where T, is the BEC transition temperature for
the ideal gas in the the thermodynamic limit

2
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The parameter RM) amounts to the finite size
effect. Results in (6) shows that the condensation
fraction suppressed as the magnetic field is
strengthened. In Fig. 1, we illustrated this
behavior graphically for different magnetic field
strength. In the thermodynamic limit N — oo the

parameter R®) vanished and the results of ideal
gas were recovered. It is important to consider
the effect of the finite size on the transition
temperature, which can be calculated by setting
N/No in Eq. (8) equal to zero, thus

T.(8)-To| 1-2 (8) a0

Result in (10) show that the system condenses
at temperature relevant to the applied field. The
transition temperature decreases as the magnetic
field is strengthened which agree with the
established study of superconductivity. In Fig.
2 we illustrate the effect of the magnetic field on
the shift of the transition temperature. This figure
shows that in thermodynamic limit and absence
of the magnetic field the critical temperature is
the same as the ideal gas transition temperature
To. While for finite number of particle the shift
increases due to the effect of finite size of particle.
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Fig. 1. Condensation fraction versus reduced
temperature
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Fig. 2. Shift in the transition temperature
versus the applied magnetic field.

Magnetization and magnetic susceptibility
In the semi-classical approximation the
magnetization is calculated using the relation:

aq

which yields two different behaviors for the
magnetization temperature dependence. For 7 >
T, the condensate part N, vanished and and the
chemical potential 4 depended onthe temperature.
However the magnetization at temperature above
BEC transition temperature is given by,

5
L, [ 1\2 hoB 5
M=[-(M],- 21 (E) i_l(kBT)Zgi(z) (11)
(o, Y (14phz

Where My is the magnetization due to condensate
part. The total magnetization per particle in terms
of the reduced temperature reads:

M=—(My- L g (DRGD))  (12)

(14837 2

Thus the magnetization vanished with
temperature and the magnetic field penetrated the
system.

For T < To, the chemical potential is fixed
and the number of atoms in the ground state N,
depended on the temperature, in this case the

magnetization is given by
flCUJ_B ZE
71 T
(1+B2)2
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M=[-(M], - (13)

This result shows that the system exhibits
strong landau diamagnetism due to the charge
degree of freedom. This behavior is due to the
induction of orbital motion in the material (Landau
diamagnetism), results in orbital dipole moments
oppose those of the external field according to Lenz
rule. The induced field in diamagnetic material
in extreme case may completely compensate
the external field and the interior of the material
is absolutely free of fields. This phenomenon is
observed in superconductivity. The present result
shows that M vanishes as B — 0 at all temperatures,
implying that the Meissner Ochsenfeld effect
might not exist in a trapped CBG.
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Fig. 3. Magnetization versus reduced
temperature

Figure 3 illustrates the relation between the
magnetization versus the reduced . This figure
reveals that the system at high temperatures can
be in the paramagnetic state and can then undergo
a phase transition into a diamagnetism state at
temperature less than the transition temperature.
Above the transition temperature the system
possess magnetization irrelevant to temperature
but as temperature lowered below T, the
magnetization decreases monotonically to zero as
T decreases to zero.

It’s important to investigate the magnetic
susceptibility to address the nature of magnetic
transition.  An expression for the magnetic
susceptibility can be derived by inserting

oM
Eq.(12) and (13) into * AB  at constant
temperature. However, the magnetic susceptibility
above the critical temperature is given by
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whereas below the critical temperature is given
by:

r-n(-t7)  (16)

Results in Eq. (14) and (16) show that the
system exhibits a strong diamagnetism below the
transition temperature. This behavior can be seen
clearly by representing the results graphically.

-10p

Fig. 4. Magnetic susceptibility versus reduced
temperature for different magnetic
field strength.

In Fig. 4, the magnetic susceptibility versus
reduced temperature for different magnetic field
strength is given. This figure shows that the
magnetic susceptibility has a negative value
approximately constant at very low temperature.
The temperature dependence of the magnetic

susceptibility appeared as temperature rose; it
reached zero at T, at which the magnetic field
penetrated the system. For sufficient strong value
of the external magnetic field, the system displays
a diamagnetic behavior above 7, with negative
susceptibility. Again the susceptibility goes to
zero at relatively high temperature.

Conclusion

In this paper the semiclassical approximation
is used to calculate the critical temperature, the
magnetization and the magnetic susceptibility
for a system of charged boson gas confined in
quasi-two dimensional harmonic potential in the
presence of an external magnetic field pointed
in the z-direction. The calculated results are
modified significantly due to inclusion of the finite
size. The transition temperature decreases with
the increases of the external magnetic field. The
magnetization vanishes when the magnetic field
is reduced to zero, implying that the Meissner-
Ochsenfeld effect might not exist. Moreover, the
magnetic susceptibility is negative at temperature
less than the transition temperature, consequently
the system exhibits diamagnetic properties.
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