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ABSTRACT  

We have determined the upper critical magnetic field for high temperature superconductors using 
paraconductivity approach. The analysis is based on the scaling functional form of the excess conductivity in 
presence of applied magnetic field. The upper critical magnetic field is obtained by using the criteria of the 
upper limit of temperature and magnetic field for which superconducting fluctuation (SCF) vanishes and 
dimensional crossover or the crossing point technique for paraconductivity.  
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1. INTRODUCTION 

The  discovery  of  the  high  temperature  superconductors  in  1986 (Bednorz and Müller, 1986)  marked  a 
revitalization of  the  field of superconducting  fluctuations. The high  transition  temperatures and the  short  
coherence  lengths  make  the  fluctuation  effects  important  over a large temperature interval around the 
transition. The fluctuation effect is very significant because it may give valuable information on 
superconductivity once the measurable physical quantities such as conductivity, magnetization, 
thermoelectricity and so on. Furthermore, it is of theoretical relevance since it may provide a stringent test of 
scaling theories in the critical region (Larkin and Varlamov, 2005). Remarkably, the study of the excess 
conductivity or paraconductivity above the superconducting transition has proved to be a powerful tool for 
investigating the dimensionality of the superconductivity. The fluctuation conductivity under magnetic fields is 
studied in high Tc superconductors within the lowest Landau level (LLL) scaling approach. With the determined 
values of the mean field critical temperature Tc(H), the fluctuation conductivity is scaled within both three-
dimensional (3D) and two-dimensional (2D) LLL approach. It is well known that the dimensional crossover 
takes place between any two dimensions in high-Tc materials. The 2D to 3D crossover consists in the fact that at 
high temperatures, T  T2D (3D-region) the multilayer behaves uniformly across layers. On the other hand, at 
low temperatures T  T2D (2D-region), the multilayer behaves as a stack of distinct layers. There is a 
temperature regime where the superconductor is neither 2D nor 3D and this occurs at a particular temperature 
above Tc, called dimensional crossover temperature which is different for different samples. Thermal 
fluctuations following the Ginzburg-Landau scheme are dominant for nearly optimally doped samples. For all 
doping it is evident that the fluctuations are highly damped when increasing T or H. This behavior does not 
follow the Ginzburg-Landau (G-L) approach, which should be independent of the microscopic specificities of 
the superconducting state. The recent experimental studies (Rullier-Albenque et al., 2011) of paraconductivity 

versus magnetic field and temperature, suggest a field cH (which is equivalent to the upper critical field c2H ) 

and temperature cT ( which is equivalent to the transition temperature cT ) above which the superconducting 

fluctuations (SCFs) are fully suppressed. The analysis of the fluctuation conductivity in presence of magnetic 

field in the Ginzburg-Landau approach allows us to determine the critical field c2H . To get T)(Hc2 , we use 

the upper limits of temperature and magnetic field for which superconducting fluctuation (SCF) or Cooper pair 

formation energy vanishes. Another relation for c2H  is obtained by using the dimensional crossover (2D-3D) or 

the crossing point technique (Islam, 2010) for paraconductivity expressions which is analogous to the WHH 
(Werthamer-Helfand-Hohenberg) formula (Werthamer et al., 1966). 

2. MODEL 

The superconducting fluctuations in the presence of a magnetic field are analyzed using the lowest Landau level 
(LLL) scaling. Within the LLL approximation, Ullah and Dorsey (1990, 1991) calculated the fluctuation 
conductivity including the free energy quartic term within the Hartree approximation, obtaining a scaling law in 
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a magnetic field, in terms of unspecified scaling functions F2D and F3D, valid for 3D and 2D superconductors, 
respectively (Pallecchi et al., 2009). The results are as follows:  

   
















TH

HT-T
AF 

H

T
 c

2D

2

1

2DH      (1) 

for a 2 D system and  

   
  


















3/2
c

3D

3

1
2

3
TH

HT-T
BF 

H

T
 DH     (2) 

for a 3 D system. 
Here, A and B are characteristic constants of the superconducting material discussed later. Let us consider the 
scaling functions F2D(x1) and F3D(x2) and their asymptotic forms: 

Approximation-I 

If x1 and x2 are both large positive (Ullah and Dorsey, 1990 and 1991) then we may apply 
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Using above approximation in equations (1) and (2), we have 
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Here we see that the magnetic field is absent in the above paraconductivity expressions. Now we can proceed 
for the further approximation. 

Approximation-II 

If x1 and x2 are both large negative (Ullah and Dorsey, 1990 and 1991) then we have to apply 
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Using above approximation in equations (1) and (2), we have 
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Here, the parameters A, B is related (Gao et al., 2006; Welp et al., 1991) to the field and temperature and is 
written as 
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Where, C [ -21m ] and D [ -11m ] are constants determined by the condition that BA     

in ]TK m[ -1-11 . 

Note that the above approximation includes both the temperature and magnetic field in the paraconductivity 
expressions. Therefore, we can proceed with this approximate result. 

Criterion-i 

Let us define a temperature and a magnetic field above which the superconducting fluctuations (SCFs) are fully 

suppressed, i.e.,   0   H ; when 
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This is the upper limit of temperature and magnetic field for which superconducting fluctuations (SCFs) 
vanishes. In some theoretical scenario, it can be shown that the field dependence of the superconducting 
transition temperature is given by (Bernardi et al., 2006) 
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Here, H  is the applied magnetic field, d  is the spacing between CuO2 layers of layered superconductors and 

0 is the zero temperature coherence length. 

In analogy with equation (12), we may write 
















2
0

22
c2

2
0

2

cc2c
 10

dH  4
1 )0(T)H(TT


    (13) 

Rearranging the above equation, we have 
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Criterion-ii 

In a recent study, Islam (2010) reported the dimensional crossover between 2D to 3D paraconductivity 
expressions. The crossover from 2D-3D behavior occurs at a particular temperature and field. Compare to 
equations (7) and (8), the crossover occur only when  
     B.A           (15) 
Using the value of A and B, we have 
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where    sM -7/33/21   CD is a new constant. 

The equation (16) is similar to the WHH (Werthamer-Helfand-Hohenberg) formula (Werthamer et al., 1966) for 
upper critical magnetic field which is written as  
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3. NUMERICAL RESULTS 

The numerical work has been carried out for the sample FeTe0.8S0.2. The readers are referred to Ref. 12 and 
references therein for structure and material preparation of the sample. For numerical analysis, we use the 

published (Pandya et al., 2010) values of ,Å 50  ,Å 6d  T 84.10)0(H c2  , K  2.8T c  and 

K 75.8T c  , respectively. The numerical result [corresponding to equation (14)] follows the experimental 

results for )T(H c2 versus T, shown in figure 1. 
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Figure 1: c2H  versus T [Reproduces the experimental results (Bhatia and Dhard, 1994) for FeTe0.8S0.2]. 

For constant M, appearing in equation (16) fitted well for many type of high-Tc materials. For convenience, we 
choose three types of high-Tc materials, viz., YBaCuO (YBCO), FeAs-based and MgB2 superconductors for 
numerical analysis. 

We collect some reported values of the parameters defined earlier for the samples YBaCuO (YBCO), FeAs-

based and MgB2 superconductors [see Table-1] and assuming that -1-11 TK m 0.1  BA  , M (constant) 
has been calculated, which support our findings.  

Table 1: Values of M for three different samples [(i) Islam and Maruf, 2013; (ii) Bhatia and Dhard, 1994; (iii) 
Islam and Maruf, 2011; (iv) Solovjov et al., 2010; (v) Feng et al., 2013; (vi) Pallecchi et al., 2009; 
(vii) Gao et al., 2006; (viii) Pandya et al., 2010; (ix) Rullier-Albenque et al., 2011] 

Sample    T 2cH   T/K /2 dTdH c  ]Å[ s  [K] )(HTc    M 

YBCO 94.5[i] 220[vii] 3.45[vii] 11.7[ix] 93.45[ii] 3.23[iii] 0.68 

SmFeAsO 174[iii] 478.95[iii] 9.3[vi] 8.495[iv] 57[iv] 5[viii] 0.91 

MgB2 30.7[iii] 6.63[iii] 0.17[iii] 17.63[v] 40[iii] 2.63[iii] 0.97 

4. DISCUSSION AND CONCLUSION 

In this paper we have included a theoretical idea to determine the upper critical magnetic field in high 

temperature superconductors. We obtained the upper critical magnetic field in two criteria: (i) the upper limit of 

temperature and magnetic field for which superconducting fluctuation (SCF) vanishes and (ii) dimensional 

crossover or the crossing point technique for paraconductivity. To determine T)(Hc2 , we have used the upper 

limits of temperature and magnetic field for which superconducting fluctuation (SCF) or Cooper pair formation 

energy vanishes. For numerical analysis, we have collected one of the experimental result reported in (Bhatia 

Tc= 8.2 K 

Tc= 8.75 K 
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and Dhard, 1994) for the sample FeTe0.8S0.2. Another relation for c2H  is obtained by using the dimensional 

crossover (2D-3D) or the crossing point technique for paraconductivity expressions which is analogous to the 

WHH (Werthamer-Helfand-Hohenberg) formula. To find out the value of C and D, the condition BA   has 

been used and then calculated M, shown in Table 1. It has been shown that the value of constant 

)  s( M -7/33/21   CD  is nearly equal to the value of the constant (0.696) of WHH formula. 

Furthermore, the numerical result for c2H  versus T is comparable with the experimental result shown in Fig. 1 

supports the findings of this theoretical work. We have performed a thorough quantitative study of the 

superconducting fluctuations (SCFs), which establishes that such data give important determination of the upper 

critical field of the superconducting state of high-Tc superconductors. The inter-relationship found here for the 

suppression of superconducting fluctuations (SCFs) in both temperature and magnetic fields beyond the 

Ginzburg-Landau (G-L) regime suggests that pairing is prohibited above an energy scale which is directly 

linked with microscopic parameters responsible for superconductivity in the cuprates.  

ACKNOWLEDGEMENT 

The authors are grateful to the authority of Chittagong University of Engineering and Technology (CUET) for 
all sorts of support during this work. 

REFERENCES 

Bednorz, J. G. and Müller, K. A., 1986. Possible High Tc Superconductivity in the Ba-La-Cu-O System, Z. 
Phys. B 64, 189  

Bernardi, E., Lascialfari, A., Rigamonti, A., Romanò, L., Iannotti, V., Ausanio, G., and Luponio, C., 2006. 
Zero-dimensional superconducting fluctuations and fluctuating diamagnetism in lead nanoparticles, 
Phys. Rev. B 74, pp134509  

Bhatia, S. N., and Dhard, C. P., 1994. Excess conductivity and pair-breaking effects in 

732 OCuYBa and 82xx-122 OCuYCaSrBi  systems, Phys. Rev. B 49, 12206 

Feng, H., Wu, X., Gan, L., Wang, R. and Wei, Q., 2013. The Elastic Properties, Generalized Stacking Fault 

Energy and Dissociated Dislocations in 2MgB Under Different Pressure, J. Supercond. Nov. Magn. 

26, 3401  

Gao, H., Ren, C., Shan, L., Wang, Y., Zhang, Y., Zhao, S., Yao, X., and Wen Hai-Hu, 2006. Reversible 

magnetization and critical fluctuations in systematically doped -732 OCuYBa  single crystals,  

Phys. Rev. B 74, 020505 

Islam, M. R., and Maruf, H. M. A. R., 2011. Anisotropy and Maximum Upper Critical Field for High 
Temperature Superconductors, The Chittagong Univ. J. Sci. 34, 99  

Islam, M. R., and Maruf, H. M. A. R., 2013. Temperature dependence of the superconducting parameters for 
high temperature superconductors, Jahangirnagar Univ. Phy. Stud. 19, 35  

Islam, M. R., 2010. A model for dimensional crossover temperature above the superconducting transition for 
high-temperature superconductors, Indian J. Phys. 84, 61  

Larkin A. and Varlamov A., 2005. Theory of Fluctuations in Superconductors, Oxford: Clarendon  

Pallecchi, I., Fanciulli, C., Tropeano, M., Palenzona, A., Ferretti, M., Malagoli, A., Martinelli, A., Sheikin, I., 
Putti, M., and Ferdeghini, C., 2009. Upper critical field and fluctuation conductivity in the critical 
regime of doped SmFeAsO, Phys. Rev. B 79, 104515  

Pandya, S., Sherif, S., Chandra, L. S. S., and Ganesan, V., 2010. Resistive broadening in sulfur doped FeTe, 
Supercond. Sci. Technol. 23, 075015 

Rullier-Albenque, F., Alloul, H., and Rikken, G., 2011. High-field studies of superconducting fluctuations in 
high-Tc cuprates: Evidence for a small gap distinct from the large pseudogap, Phys. Rev. B 84, 
014522  

Solovjov, A. L., Sidorov, S. L., Tarenkov, Y. V., and D’yachenko, A. I., 2010. Fluctuation conductivity and 

pseudogap in optimally doped x-1SmFeAsO , arxiv: 1002.2306   



90 H.M.A.R. Maruf et al.      Determination of the Upper Critical Magnetic Field for High ….. 

Ullah, S., and Dorsey, A. T., 1990. Critical fluctuations in high-temperature superconductors and the 
Ettingshausen effect, Phys. Rev. Lett. 65, 2066  

Ullah S. and Dorsey A. T., 1991, “Effect of fluctuations on the transport properties of type-II superconductors in 
a magnetic field”, Phys. Rev. B 44, pp262  

Welp U., Fleshler S., Kwok W. K., Klemm R. A., Vinokur V. M., Downey J., Veal B. and Crabtree G. W., 
1991, “High-Field Scaling Behavior of Thermodynamic and Transport Quantities 

of -732 OCuYBa near the Superconducting Transition”, Phys. Rev. Lett. 67, pp3180  

Werthamer N. R., Helfand E. and Hohenberg P. C., 1966, “Temperature and Purity Dependence of the 
Superconducting Critical Field, Hc2. III. Electron Spin and Spin-Orbit Effects”, Phys. Rev. 147, 
pp295  

 


