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Abstract. We propose here a tight-binding model study of iron-based superconductors 

taking a one band model approach with the two different electron hopping integrals. 

Further the superconducting gap in this system is considered using three different pairing 

symmetries like s±-wave, d-wave and s-wave. The total Hamiltonian is solved by 

Zuvarev’s Green’s function technique and the quasi-particle bands are calculated for the 

superconducting system. The electron DOS which is proportional to experimentally 

observed tunneling spectra is calculated from the imaginary part of the electron Green’s 

function. The electron density of states (DOS) is computed numerically taking total 

Brillouin zone of the system. The electron DOS exhibits asymmetric gap structure with a 

V-shaped gap with a node for s±-wave and d-wave, while it shows asymmetric U-shaped 

gap for s-wave. Finally the computed electron specific heat exhibits a sharp jump near the 

superconducting transition temperature. 
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1. Introduction 
 

The discovery of superconductivity in Fe-based oxypnictide LaFeAsO of the 

type-1111 with critical transition temperature TC = 26 K has inspired worldwide 

interests [1]. After that a series of superconducting materials with FeAs-layer 

were discovered: such as AFe2As2 (type 122 with A= K, Na, Rb) and RFe2As2 

(type 122 with R = Ca, Ba, Sr) [2-4]. Upto now, the highest reported transition 

temperature TC = 50 K for iron-based superconductivity was achieved in 

SMFeAsO and the superconductivity in the iron based materials is 
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unconventional and non-BCS type [5-7]. The superconductivity at TC = 30 K in 

FeSe-layer compound K0.8 Fe2As2 have reported by Guo et. al. [8]. The angle 

resolved photoemission spectroscopy (ARPES) experiments [9-15] and Local 

density approximation (LDA) calculations [16-18] have reported that only the 

electron Fermi surface (FS) pocket exists, but the hole Fermi surface disappears. 

This compound may be heavily electron doped superconducting material. Upto 

now the pairing is still unclear for the systems and dx
2

-y
2
-wave, s± = sx

2
y
2
-wave 

and s-wave pairing symmetries have been proposed [19-27]. The band structure 

calculations [16, 18] of the compounds show that all the five 3d orbitals of iron 

atoms hybridize strongly to contribute to the electronic density of states. To 

simplify the problem, a two band model has proposed by Raghu. et. al. [28, 29]. 

We report here a one band tight binding model for the conduction band and 

superconducting interaction for different pairing symmetries for pnictide systems 

to study the temperature dependent superconducting (SC) gap and tunneling 

conductance spectra measured by scanning tunneling microscopy (STM). 

 The role of SDW [30], Jahn Teller (JT) distortion [31] and interplay of JT 

effect and superconductivity in Fe-based superconductors within one band model 

approach has reported by Jena. et. al. [32]. Recently Jena. et. al. have reported the 

tight-binding study of lattice distortion and the tunneling spectra within two band 

model approach [33, 34]. More Recently Jena. et. al. have reported the theoretical 

study of the interplay of the structural distortion and the superconductivity (SC) 

with s± pairing symmetry and the anisotropic tunneling conductance spectra [35, 

36]. In the present communication, we present here the theoretical study of the 

superconductivity of the 122-type iron-based systems and interpretation of the 

experimentally observed tunneling spectra. Here we present the model 

Hamiltonian in section 2, calculation of SC gap and electron density of states 

(DOS) in section 3. Results and discussion in section 4 and the conclusion in 

section 5. 

2. Hamilton Model 

 It is reasonable to believe that the electronic bands crossing the Fermi surface 

(FS) are essential for constructing a minimal tight binding model, while all other 
bands that do not cross the Fermi energy may be neglected. The unit cell of the 

system consists of two iron atoms. Only one kind of FS pocket around the Fermi 

level and its symmetric points are actually relevant in the Brillouin zone. We 

consider the one band model in the presence of the superconductivity for the Fe-
based 122-types systems. The tight binding model Hamiltonian for the 

degenerate dxz and dyz orbitals of iron atom is written as   
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    ∑           
       ∑    ( ) (   

      
          )         (1) 

where   is the single band dispersion within tight-binding approximation in the 

Fe-As square lattice. The band energy for this single band model of the iron 

based superconductor is given by, 

        (           )                where    and    are respectively 

the nearest- and the next-nearest-neighbor hopping integrals of electrons in the 

square lattice and kx and ky are the components of the electron momentum  ⃗ . 

 The momentum dependent superconducting (SC) gap  ( ) in the Fe-As 

plane is written as,    

 ( )   ∑   (   ́) ́  〈 
 ́ 
   

  ́ 
 〉             (2)    

where   (   ́)        ( ́) ( ) is the momentum dependent effective Coulomb 

potential responsible for the formation of the Cooper pairs, where  ( ) is defined 

below. There are three kinds of pairing symmetries namely SC gap    

  ( ) ( ), where  ( )              for the d-wave pairing symmetry, 

 ( )  (            ) for the s±-wave pairing symmetry and f(k) = 1 for the 

isotropic s0-wave pairing symmetry. 

3. Calculation of SC Gap and electron DOS 

We have calculated the electron Green’s functions for the Hamiltonian using 

Zuvarev’s Green’s function technique [37]. 

The coupled equations are solved and written as,  

  (   )   〈〈        
 〉〉   

 

  

    

(     
 )

             (3)           

  (   )   〈〈    
      

 〉〉   
 

  

 ( )

(     
 )

           (4)        

where the two quasi-particle bands are written as,      √  
    ( ).From 

the correlation functions calculated from the Green’s function in eqn. (4), the 

temperature dependent SC gap parameter is calculated as given below. 

 ( )   ∑   (   ́) ́  [
 ( ́)

   ́
]     (

 

 
   ́)                                 (5) 

The electron momentum spans over the Brillouin zone in the two-

dimensional square lattice. The summation appears as ∑   
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(  ) 
∫∫       where ‘S’ is the area of the square lattice. The integration is 

carried out for 100×100 grid points of the kx and ky component of the electron 

momentum. The electron DOS describes the tunneling spectra of the iron-based 

superconductor. The electronic DOS is defined as, 

        ∑  [      (      )]                           (6) 

where   is the small spectral width assigned to the frequency   and   (   ) is 

the electron Green’s function given in equation (3). After evaluating the 

imaginary part of    (   ) from equation (3), the DOS reduces to, 

        
 

(  ) 
   ∫ ∫     

  

 

  

 
    {

(    )   

(     
    )      

}   (7) 

Here we have converted the summation over ‘k’ into integral relation in the 

momentum x and y-plane of the electron momentum. Here ‘2’ appear for the two 

spin orientation of the orbital and ‘S’ is the area of the unit cell in the real space. 

The dimensionless parameters (scaled by nearest neighbour-hopping parameter t1 

= 0.2 eV) are written as: the second-nearest-neighbor hopping integral t2 = -2.25 

in terms of t1, superconducting (SC) gap z = ∆0(T)/t1(with temperature 

dependent gap ∆0(T) ), temperature t =  kBT/t1 and the SC coupling g = V0/t1 

(with V0 as the momentum independent effective Coulomb energy) and band 

energy C = ω/t1. 

4. Results and Discussion 

The superconducting gap equation written in equation (5) is solved self-

consistently and numerically employing three different pairing symmetries by 

taking 100 × 100 grid points of the electron momentum in the xy-plane. The 

physical parameters are scaled with respect to the nearest neighbor electron 

hopping integral t1 taking into account of the SC transition temperature tc ≈ 30 K 

appropriate for the AFe2As2 type superconductors [2-4]. 

 The superconducting gap parameter is calculated at temperature t = 0.1 from 

temperature-dependent SC gap. The electron DOS for the system is directly 

proportional to the tunneling conductance of the system. Therefore, we have 

calculated electron DOS from the imaginary part of the Green’s function written 

in equation (3) and computed it numerically at a temperature t = 0.1 for different 

pairing symmetries. The different SC couplings are gsx
2

y
2
 = 21.45 for s±-wave 

pairing symmetry, gdx
2
-y

2
 = 3.49 for d-wave pairing and gs0 = 1.92 for s0-wave 

pairing symmetry. Taking the SC gap parameter at temperature t = 0.1 the DOS is 

plotted as shown in figure 1. The figure 1 shows V-shaped SC gap for s±-wave 
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and d-wave pairing symmetries with asymmetric DOS, while the s0-wave pairing 

shows U-shaped gap near the Fermi surface. 

          

 

   

 

 

 

 

 

 

 

 

  

 

 

Fig.1. shows the plot of density of states (DOS) vs. band energy (C) for all 

different waves without chemical potential (µ), t1 = 1, t2 = -2.25.  

 The figure 2 shows the effect of hopping integral dependant electron DOS 

for s±-wave pairing. For second-nearest-neighbor electron hopping integral t2 = -

2.25, in absence of nearest-neighbor electron hopping (t1 = 0), the DOS shows 

near the U-shaped gap to a very strong asymmetry in it. For nearest-neighbor 

electron hopping t1 = 1, in absence of second-nearest-neighbor electron hopping 

integral (t2 = 0), the DOS exhibits an asymmetric gap and the electron density 

below the Fermi surface becomes more as compared to above it. Finally the 

electron density is plotted in presence of t1 and t2 which shows two gap 

structures with reduced asymmetric structure. However, the DOS exhibits a small 

V-shaped gap near the Fermi surface with a node [38].  
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Fig. 2. shows the plot of density of states (DOS) vs. band energy (C) for s±-wave 

of different values of t1 and t2 all are in one, gs = 21.45, µ =2.2. 

  We have framed the free energy of the system from which we have 

calculated numerically the temperature dependent entropy and electron specific 

heat for the system. We have computed the electron specific heat for different 

values of SC couplings for s±-wave pairing symmetry, which is very often 

observed in iron-based superconductor. In figure 3 we show the temperature 

dependent electron specific heat for SC couplings gs = 20, 21 and 21.45. For gs = 

20, we observe that the electron specific heat nearly increases linearly with 

temperature at low temperatures and finally exhibits a sharp jump at SC transition 

temperature at tC = 0.075. When gs is increased, we observe similar temperature 

dependence of electron specific heat. However, the specific heat jump is shifted 

to higher temperatures with higher specific heat jump at SC transition 

temperature. The specific heat becomes very very small beyond SC transition 

temperature. 
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Fig. 3. shows the plot of specific heat (Cv) vs. temperature (t) for different values 

of superconducting coupling for s± wave, t1 = 1, t2 = -2.25. 

5. Conclusions  

 We have proposed a tight-binding model study of superconductivity gap 

taking three different types of pairing symmetries for 122-types systems in 

electron DOS using Zuvarev’s Green’s function technique. We observe V-shaped 

SC gap for s±-wave pairing symmetry and d-wave pairing symmetry and U-

shaped gap for s-wave pairing symmetry. In all these cases, we observe 

asymmetric electron DOS. The two gap structure in the DOS arises due to two 

different hopping integrals. Finally electron specific heat exhibits a very sharp 

jump at SC transition temperature. 
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