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Abstract

In this research, we study the critical temperature of the two-band magnetic superconductor by Ginzburg-Landau (GL)
approach in the absent of external magnetic field. There are four models of assumption used. We find the interband-to-band
ratio on critical temperature formulas analytically. The critical temperature ratio decreased as the interband-to-band ratio
increased.
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1. Introduction

The Ginzburg-Landau (GL) theory is widely used to
apply  for  the  magnetic  properties  of  superconductor
(Abrikosov, 1957; Gorkov, 1958). Askerzade (2003) studied
two-band GL theory and apply to determine the temperature
dependence of lower, upper and thermodynamic critical field
for non-magnetic superconductors. Askerzade (2005), Udom-
samuthirun et al. (2006), Minxia and Zi Zhao (2007) studied
the upper critical field of anisotropic two-band superconduc-
tors by GL theory. The properties of magnetic superconduc-
tors were considered by Hampshire (1998; 2001). He studied
the GL theory of one-band magnetic superconductors, includ-
ing the spatial variation and nonlinear magnetic response of
in-field  magnetic  ions  and  found  that  ferromagnetism  and

antiferromagnetism can occur in the superconducting state.
To determine the critical temperature  cT , Chen et al. (2011)
derived the formula for the critical temperature of 2NbSe by
two-band GL theory and discussed how to properly choose
the parameters in the GL theory.

Askerzade (2012) described the physical properties of
superconductors in cuprate superconductors, borocarbides,
magnesium diboride and oxypnictides. The description of
crystal structure, electronic properties, anisotropy, multiband
effects  and  related  theoretical  models  for  each  group  of
superconductors was presented.

In the early 1960s, the first experimental observation
on two-band superconductivity in metal (Dolgov, 2005) e.g.,
V, Nb, and Ta hads been proposed, and in 2001, the two-band
was also found in MgB2 .The thermodynamic properties of
MgB2 have been described using two-band Eliashberg theory.

Experimental investigations found FeAs compounds
in which superconducting state has been discovered. The
theory models of these compounds were discussed on this
basis of experimental results (Izyumov and Kurmaev, 2010).
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The two-band non-magnetic superconductors can be
found in borocarbides material. The two-band and multi-
band magnetic superconductors are found in Fe-based super-
conductor (Kamihara et al., 2008). The order parameters in
some case of Fe-based superconductor can be reduced into
two bands (Mazin et al., 2008) that agreed with ARPES data
(Ding et al., 2008). Changjan and Udomsamuthirun (2011)
proposed the upper critical field, the lower critical field, and
the critical magnetic field ratio to explain the very high upper
critical field of the Fe-based superconductor by GL theory.

The critical temperature of two-band magnetic super-
conductor depends on the temperature-dependent constant
of GL equations and analytic formula of cT  is not found. The
purpose of this paper is to study the critical temperature of
the two-band magnetic superconductor by GL approach in
case of absent magnetic field. The 1st GL equations of two-
band magnetic superconductor proposed by Changjan and
Udomsamuthirun (2011) are used to calculate the  equation.
Our formulas depend on the temperature dependent constant.
There are four models of assumption for the temperature
dependent constant i.e. the Chen et al. ( 2011) assumption,
the Zhu et al. (2008) assumption, the Shanenko et al. (2011)
assumption, and the Changjan and Udomsamuthirun (2011)
assumption.

2. Model and Calculations

We use the 1st GL equations of two-band magnetic
superconductor proposed by Changjan and Udomsamuthi-
run (2011) as
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Here 2,1, ji  and ji  . There are two order parameters,
1  and 2 . The GL free energy for two-band superconduc-

tor can be written as (Askerzade, 2003; 2005; Udomsamuthi-
run et al., 2006; Min-Zia and Zi-Zhao, 2007; Changjan and
Udomsamuthirun, 2011),
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where iF  is the free energy of the separate bands. 12F  is the
interaction term between bands. im  denotes the effective
mass of carriers. i  is the order parameter and 2

i is propor-
tional to the density of carriers, the coefficient i  depends on

the  temperature,  while  coefficient  i   is  independent  of
temperature. The coefficient and 1 are the interband mix-
ing of two order parameters and their gradients. The first term
in Equation 3 accounts for the kinetic energy of the carriers
and the lasted term in Equation 4 accounts for the energy

stored in the local magnetic fields. ionss MBH 
0

, M =

ionssc MM   and sions HM  , where scM0  is the field
produced by the carriers and ionsM0  is the field produced
by the ions.

For small change in B-field, a series in B was intro-
duced (Hampshire, 1998)

 
2

0 1 2 0
0 02 ions

B dBB B M   
 

   

   0 0sc ionsB M M B M M     (5)

Here 10 ,  and 2  are coefficient parameters. We can get
the  by differentiating above equation twice and taking Msc
to be small that
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and  12    for  non-magnetic  superconductors.  The  co-
efficient parameter 1  depends on the gradient of field and

01   for the uniform applied field.
In the vicinity of cT , the magnitude of the order para-

meters is small and we can neglect by the cubic terms in
Equation  1.  Consider  the  absence  of  fields  and  gradients
(Chen et al., 2011), we get 02

21   at cTT  . If inter-
band interactions are neglected, we can find two independent
single-band  equations  that  corresponding  to  the  critical
temperature  of  separate  bands.  To  investigate  the  critical
temperature  of  two-band  magnetic  superconductors,  the
parameters 1 and 2  can be approximately in four cases.

Although the GL temperature-dependent parameter
( 1 and 2 ) of two-band superconductor can be derived
approximately from the microscopic model (Zhitomirsky and
Dao, 2004) as a linear function (1-T/TC), in experimental data
of the upper critical field in NbSe2 (Toyota et al., 1976) this
model cannot be fitted well in the low temperature region.
Then, we assume a non-linear relation of GL temperature-
dependent  parameters  in  the  four  cases.  The  Zhu  et  al.
(2008) assumption, Shanenko et al. (2011) assumption and
the Changjan and Udomsamuthirun (2011) assumption in
order to describe the behavior of the critical temperature.

Case 1: Chen et al. (2011) makes the assumption

that  
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0cT , we can reduce cT  equation in form  QTT cc  10 ,

where Q  is interband-to-band ratio, 
2010
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Case 2: Zhu et al. (2008) makes the assumption

that 
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Case 3: Shanenko et al. (2011) makes the the assump-

tion  that  
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reduce cT equation in form 
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Case 4: Changjan and Udomsamuthirun (2011) modi-
fied the assumption of Shanenko et al. (2011) by making the

assumption that 
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p and q are arbitrary constants. This case is general case of
Case 1 and Case 3. For 1 qp  this assumption becomes
the Shanenko et al. (2011) assumption and for 1p  and

0q   this  assumption  becomes  the  Chen  et  al.  (2011)
assumption. In this case, 1p  and 1q  were chosen that
the  approximate  GL  temperature-dependent  parameter
can  be  written  in  exponential  form  as  i 
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The critical temperature is then given by  1 2c c cT T T  
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reduce cT equation into the form of   Q
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3. Results

The effect of i and   on the critical temperature ratio
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is shown in Figure 1. It shows that the values of the

critical temperature ratio decrease linearly with an increase in
the constant Q in Case 1 and decrease non-linearly in other
cases. Q is the ratio of interaction band parameter and sepa-
rate band parameter. When Q goes to zero 0cc TT  in all
cases. In Case 4, lets consider at zero critical temperature
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 . We find that

the possibility ratio of interband mixing of two order para-
meters    and temperature dependent constant    of two-
band magnetic superconductor is less than or equal to 0.693.
The value of critical temperature decreased as the constant
Q increased and it is inversely proportional to the interband
mixing of two order parameters. The experimenter can use
these  models  for  calculation  the  critical  temperature  of
two-band magnetic superconductors. The assumption of
Changjan  and  Udomsamuthirun  (2011)  can  better  fit  the
critical temperature than the other models because there are
two constants that can be modified.

Figure 1. Critical temperature ratio versus i and  , where
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4. Discussions

In this paper, we calculate the critical temperature in
two-band magnetic superconductors analytically. The critical
temperature formulas are dependent on . To investigate the
critical temperature of two-band magnetic superconductors,
the parameters 1 and 2 can be approximated in four cases:
the  Chen  et  al.  (2011)  assumption,  the  Zhu  et  al.  (2008)
assumption, the Shanenko et al. (2011) assumption, and the
Changjan and Udomsamuthirun ( 2011) assumption. We
found that the value of critical temperature ratio do decrease
with an increase in the constant Q  for all cases. The critical
temperature is inversely proportional to the interband mixing
of two order parameters. The assumption of Changjan and
Udomsamuthirun (2011) can fit well the critical temperature
than the other models because there are two constants that
can be modified.
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