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Abstract— The present work deals with the tight binding modeling and numerical computation of quasi-particles energy dispersion and density of 
electronic states (DOS), taking into account electronic correlations and Hund’s coupling along with 3d orbitals (dxz, dyz) features governing the electronic 
properties in iron pnictides superconductors. The tight binding Hamiltonian containing the inter-band coupling, intra-band and inter band Coulomb corre-
lations has been employed for two orbital per site and two tight binding band scenario. Employing, the Green’s function equation of motion approach 
within BCS mean field approximation in superconducting state of iron pnictides. We have obtained the expression of different quasi-particle energies and 
electronic density of states as a function of various model tight binding parameters. The energy dispersion at different k point (Γ (0, 0), X (π, 0) and M (π, 
π)) of Brillouin zone is numerically computed. It is noticed that the behavior of electronic states is different at each k-point of the Brillouin zone and highly 
influenced by next nearest neighbor hopping and Coulomb correlation. Through computer stimulation, it is further predicted that inter-band Coulomb 
correlation establize the superconducting states and quasi-particle energy spectrum possess four quasi-particle energy branches which represent the 
splitting of electronic states within two band iron pnictides. On increasing the inter band correlation, the quasi-particle energy peak in the spectra show 
prominent features lying above and below the Fermi surface and support in estabilizing the superconducting state in the presence of anisotropic Cou-
lomb correlation in iron pnictides. Finally, the theoretically obtained behavior of quasi-particle energies and density of states has been viewed in terms of 
recent photoemission ARPES and STM data in iron pnictide superconductors. 
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1 INTRODUCTION                                                                     

 
The discovery of superconductivity in iron oxypnic-

tides ReFeAsO (Re=rare earth) with Tc = 26K [1] has open 
up a new vistas in research activities related to experimental 
and theoretical aspects of electronic properties of iron based 
superconductors. Till now, there have been two series of iron 
based superconductors: iron pnictides [1-8] and iron chaco-
genides [9-12]. Iron is known for its 3d-orbital electron origi-
nated ferromagnetic material, while iron pnictides are metal-
lic with the co-existence of anti-ferromagnetic and supercon-
ducting phase, which further depends on doping level. The 
crystal structure of iron based superconductors have a 
common planer layer of Fe atoms in a two dimensional 
square lattice along with tetrahedral pnictides/chalcogenides. 

To clarify the nature of superconducting state, the 
knowledge of the electronic band structure of these materials 
is of vital importance. The experimental Angle Resolved Pho-
toemission Spectroscopy and Scanning Tunnel Microscopy 
(STM) studies have revealed the information about the na-
ture of electronic states near the Fermi level, band disper-
sion, multipocket structure of the Fermi surface and nature of 
the isotropic superconducting gaps [13-16] in these systems. 
In iron pnictides the ARPES data predicted the existence of  
hole-like pocket centered at around the Γ (0, 0) point and 
electron like pocket at X (±π,0) or (0,±π) point of Brillouin 
zone. The theoretical scenarios [17-19] have emphasized 

that the superconducting state of these materials exhibits a 
sharp peak in the electronic density of states close to Fermi 
level along with a dominant role of Fe-3d and As-4p orbitals 
hybridization. Further, it is also emphasized that all five 3d 
orbitals (i.e. dxy, dx2–y2, dxz, dyz and d3z2–r2) states of Fe contri-
bute significantly to the electronic states close to the Fermi 
level and influence electronic properties, and hence super-
conductivity in iron based superconductors. Further, the exis-
tence of intra and inter orbital electronic correlations and 
Hund’s coupling due to tendency of electrons occupation in 
different orbitals in high spin state in these system has also 
been emphasized.  

Recently, we have theoretically analyzed the spec-
tral function within two orbitals (dxz, dyz) per site tight binding 
model for iron pinictide superconductors and pointed out that 
the Hund’s coupling term tries to accumulate spectral weight 
close to Fermi level and support to stabilize superconducting 
state [20]. It has been further emphasized that the intra-band 
Coulomb correlations suppressed the spectral weight around 
the Fermi level. The theoretical attempts [21] analyzed the 
band structure of LaFeAs(O, F) system by employing  ran-
dom phase approximation and revealed that dxz / dyz orbitals 
mainly contribute  to the electronic states close to point (0, 0) 
and (π, 0) of  Brillouin zone. The recent high resolution 
scanning tunneling spectroscopic (STS) measurements, 
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have also analyzed the quasi-particle local density of states 
(LDOS) with atomic resolution as the tunneling conductance 
is directly proportional to the local density of states of elec-
tronic states. Recently, Parish et al. [22] analyzed the LDOS 
as a function of doping and pointed out a fully gapped to 
gapless behavior with Sx2-y2 pairing symmetry in these sys-
tems.  

Therefore, in the light of above facts, it is interesting 
to theoretically analysis of quasi-particle energies spectrum 
and density of electronic states in iron pnictide superconduc-
tors as a function of Fe 3d orbitals (dxz/dyz) coupling, intra 
and inter band electronic interactions and Hund’s coupling 
energy to pinpoint the nature of superconducting states 
close to Fermi level and hence underline their electronic 
properties. In the proceeding subsection, the theoretical for-
malism of quasi-particle energy dispersions and electronic 
density of states within tight binding two band model Hamil-
tonian with two d-orbitals per sites i.e. dxz and dyz in iron pnic-
tide superconductors is presented.  

2.THEORETICAL FORMALISM 
The LaFeAsO (1111) iron based superconductor, 

where LaO and FeAs layers are stacked alternately in 2D 
square lattice. The Fe atoms are in a fourfold coordination 
taking shape of a FeAs4-tetrahedron. The Fe atoms form 
square net with a Fe-Fe distance of approximately 2.8 [18] 
as shown in figure [1]. We have considered two bands model 
characterized by dxz and dyz orbitals per Fe site. Both orbitals 
dxz and dyz dominate electronic states near the Fermi surface 
(EF) in comparison to other orbitals. One can write the model 
Hamiltonian for pnictide superconductors within two band 
scenario in the following form [20]: 

     HHHH era intrint0      (1)                                                                                                                                             

Here     CCH rkrk
kr

rk 

 ,,

,,
0


           











 




 ,,,,
int     

kkr
krrkkrkrkrrk

kkr
kkra nnCCCCUH U

                                                 

             
 

   



 















sr kk
kskskrrkH

ks
sr

rkrkskskrk
ksr

rsker

chCCCCJ

nnUCCCCH
kk











 .                

     
,2,1

,,
int

 .                      

Where, r and s denotes two band (1 and 2), and h.c means 
Hermitianconjuate.The CCn rkrkrk 

 and 

CCn rkrkrk  

  , represents the occupation number of 

the electronic band states of rth band with momentum (k) and 
spin (ζ ).  CC rkrk


  is the annihilation (creation) operator of 

electrons with spin ζ  and momentum (k) in each bands. 
Here, Ukk' is the effective BCS attractive interaction within 
each band. The ɛrsk is the term taking care of hybridization of 
electronic states of two bands. U' and U" are intra-band and 
inter-band Coulomb repulsions between electrons, which 
describe the on-site electronic interaction, respectively. The 
term JH represents Hund’s coupling energy in Fe 3d orbitals 
[20].   

To study the quasi-particle energy spectrum with above (eq-
uation (1)) tight binding two bands Hamiltonian model for 
iron pnictide superconducting system, we have employed 
Green’s function equation of motion approach [20] and finally 
obtained following desirable Green func-
tion    
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By using simple algebra, one can rewrite the above Green’s 
function in standard form: 
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Where, E1k and E2k represent quasi-particle energies with the 
two orbital per Fe site in iron pnictide superconductor are 
given as follows: 
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The above equations (4) and (5) show that there are total 
four branches of quasi-particle energies but they are equiva-
lent to two by two and depend on various model parameters 
of the model Hamiltonian.  Further, one can obtain spectral 
function A (k, ω) [20] and hence density of states from above 
Green’s function using following relationship: 
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

 ,Im
1

, 1111 kGkA   ,                          (6) 

Where, Im stands for imaginary part of Green’s func-
tion  ,11 kG . We obtained final expression for spectral 
function by using equation (6) as follows: 
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Here, spectral function (  ,11 kA ) contain δ- function 
which is just equivalent to broadening of the quasi-particle 
peak and one need to solve this δ- function. For this pur-
pose, we have considered Lorentizian type of broadening 
and used the following approximation: 
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 Here, broadening factor Γ is taken to be independent of 
momentum k and energy ω for simplicity. From above equa-
tion (6), one can calculate the density of states for two band 
iron pnictide superconducting systems at zero temperature 
by using the following relation:  
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From above Equation (9), one can analyze the influence of 
next neighbor energy, intra and inter-orbital Coulomb correla-
tions on DOS in tight binding two band iron pnictides using 
numerical computation. In the preceding section, we have 
presented our numerical computation of theoretically ob-
tained expression of density of electronic states N(ω) and 
nature of quasi-pariticle energies in iron pnictides. 

3. RESULTS AND DISCUSSION 
We have performed numerical computation  and de-

picted the systematic diagram of band structure in two 
band iron pnictide system along with various values of 
next nearest neighbor hopping between ( dxz /dyz )  orbitals 
(t3=-0.025eV and,-0.035) for different Γ (0, 0), X(π, 0) and 
M(π, π) points of Brillouin zone in figure 2(a). This figure 
clearly indicate that on increasing t3,  the quasi-particle 
energy bands get shifted far away from the Fermi surface 
at all above points of Brillouin Zones. Also corresponding 
to E2 branch of quasi-particles, on increasing t3, energy 
gap decreases at the Fermi surface at X(π,0) point of Bril-
louin Zones. One can also see a broad feature with higher 
binding energy dispersion close to M(π, π) point of Fermi 
surface.  In figure (2b), we present the variation of density 
of states N(ω) versus energy(ω) for different values of next 
nearest neighbor hopping between  orbitals of dxz /dyz (t3=-
0.025eV and -0.035) in extended s- wave pairing symme-
try and we have kept all other parameters (t1=-0.01eV, t2= 
0.04eV, t4=-0.01eV, 0=0.02eV, ak=0cos(kx)cos(ky), U=-
0.4eV, U'=0.6eV, U''=0.2eV, JH=-0.25eV, <n>=0.05, ε12= 
0.04eV, and Γ=0.015eV) fixed. Also, we have assumed 
uniform carrier density in each band 
(i.e.        21 nnn ). It is clear from Fig. 2(b) that on 
increasing t3, both the spectral peaks above and below the 
Fermi level show sharp increase in the spectral weight and 
the energy at the peak value of spectral weight remains 
unaltered. Further, it is also important to note that four qu-
asi-particle energy branches represents splitting of two 
spectral bands below and above the Fermi surface, re-
spectively. These results are in qualitative agreement with 
existing scanning tunneling results (STM) [23], where two 
pair of quasi-particle peaks in LDOS are predicted.   

In fig 3(a), we have shown the variation of quasi-
particles energy (E) along with momentum (k) for intra-
band and inter-band correlations (U'=0.6eV, U'' =0eV and 
U'=0.6eV, U'' =0.2eV). On increasing the interband corre-
lations, the energy bands get shifted far from the Fermi 
level at each point of BZ corresponding to quasi-particle 
energy branch E1. Quasi-particle energy bands represent 

higher dispersive energy at M (π, π) point of Brillouin zone 
corresponding to energy branch E1. While corresponding 
to energy branches E2k

+ and E2k
-, energy bands becomes 

close to Fermi level at electron pocket X (π, 0) point of 
Brillouin zone.  

The variation of the density of states N(ω) versus 
energy (ω) for  interband correlations (U'=0.6, U'' =0eV 
and U'=0.6, U'' =0.2eV) in extended s- wave pairing scena-
rio is shown in figure (3b). Further during the numerical 
computation, we have kept all other parameters fixed (t1=-
0.01eV, t2= 0.04eV, t3= -0.03eV, t4=-0.01eV, 0=0.02eV, 
ak=0 cos(kx)cos(ky), U=-0.4eV, JH=-0.25eV, ε12= 0.04eV, 
and Γ=0.015eV). Also a uniform carrier density in each 
band (i.e.        21

nnn )) is assumed. It is clear 

from figure (3b) that on increasing the anisotropy in inter-
band  Coulomb correlations (U''), the quasi-particle energy 
peaks in the spectra show prominent feature both above 
and below the Fermi surface and indicate a clear super-
conducting gap at the Fermi level in the presence of aniso-
tropy in Coulomb correlation in iron pnictides. These re-
sults are viewed in term of STM results in iron pnictides 
and show a gapped to gapless behavior in spectra at Fer-
mi level as observed [22, 24-25]. One can also observed 
there is two separated quasiparticle peaks above and be-
low the Fermi level. It will be interested to extend theses 
studies for using different carrier density i.e. for case 

)  (   21
 nn and including other 3d-orbitals to im-

prove the results cited here in iron pnictides. 

          

                     Fe                   

              As                dxz                          dyz   

(a)                                    (b) 

 Fig.1 (a) The Fe ions form a square lattice and unit cell contains two Fe 
and two As ions are shown. (b) A schematic  diagram of two orbital (dxz 

and dyz ) model on Fe square lattice with hopping amplitude. 
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2(a) 

 
2(b) 

Fig. 2 (a) The band structure of two band iron pnictide system for differ-
ent value of next nearest neighbor hopping (t3=-0.025eV, -0.035eV) at Γ 
(0, 0), X (π, 0), M(π, π) points of Brillouin zone. (b) Density of states 
N(ω) versus Energy(ω) for different value of next nearest neighbor hop-
ping (t3=-0.025eV and -0.035eV) in extended s- wave pairing symmetry 
and keeping (t1=-0.01eV, t2= 0.04eV, t4=-0.01eV, 0=0.02eV, ak=0 
cos(kx) cos(ky), U=-0.4eV, U'=0.6eV, U''=0.2eV, JH=-0.25eV, <n>=0.05, 
ɛ12= 0.04eV, and Γ=0.015eV ) as fixed, respectively. 

 
3(a) 

 
3(b) 

Fig. 3 (a) The band structure of two band iron pnictide system for differ-
ent intraband and interband correlations (U'=0.6, U'' =0eV and 
U’’=0.2eV) at Γ (0, 0), X(0,π) and (π,0) , M(π, π) point of Brillouin zone. 
(b) Density of states N(ω) versus Energy(ω) for (U'=0.6, U'' =0eV and 
U’’=0.2eV) in extended s- wave pairing and keeping (t1=-0.01eV, 
t2=0.04eV, t3=-0.03eV, t4=-0.01eV, 0=0.02eV, ak=0 cos(kx) cos(ky), U=-
0.4eV, JH=-0.25eV, ɛ12= 0.04eV, <n>=0.05and Γ=0.015eV) as fixed, 
respectively.  
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