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a b s t r a c t 

We study the phenomenon of unconventional superconductivity in iron pnictides on the basis of 

localized-itinerant model. In this proposed model, superconductivity arises from the itinerant part of elec- 

trons, whereas antiferromagnetism arises from the localized part. The itinerant electrons move over the 

sea of localized electrons in antiferromagnetic alignment and interact with them resulting in excitation of 

magnons. We find that triplet pairing of itinerant electrons via magnons is possible in checkerboard anti- 

ferromagnetic spin configuration of the substances CaFe 2 As 2 and BaFe 2 As 2 in pure form for umklapp scat- 

tering with scattering wave vector Q = ( 1 , 1 ) , in the unit of π / a where a being one orthorhombic crystal 

parameter, which is the nesting vector between two Fermi surfaces. The interaction potential figured out 

in this way, increases with the decrease in nearest neighbour (NN) exchange couplings. Under ambient 

pressure, with stripe antiferromagnetic spin configuration, a very small value of coupling constant is ob- 

tained which does not give rise to superconductivity. The critical temperature of superconductivity of the 

substances CaFe 2 As 2 and BaFe 2 As 2 in higher pressure checkerboard antiferromagnetic spin configuration 

are found to be 12.12 K and 29.95 K respectively which are in agreement with the experimental results. 

© 2017 Elsevier B.V. All rights reserved. 

1. Introduction 

The discovery of superconductivity in the Fe-based systems 

has generated a noteworthy inventive curiosity for promising new 

routes leading to high- Tc superconductivity. Like Cuprate supercon- 

ductors, the iron-based superconductors reveal a correlation be- 

tween magnetism and superconductivity, signifying the possible 

occurrence of unconventional superconducting states. The family 

of Fe-based superconductors (FeSCs) is already remarkably large 

and keeps emergent. It includes a variety of Fe-pnictides, such as 

1111 systems RFeAsO ( R = rare earth element) [1–4] , 122 systems 

XFe 2 As 2 (X = alkaline earth metals) [5–8] , 111 systems like LiFeAs 

[9] , and also Fe-chalcogenides (Fe-based compounds with elements 

from the 16th group: S, Se, Te) such as FeTe 1 −x Se x [10,11] . Super- 

conductivity in FeSCs emerges upon either hole or electron doping, 

and can also be induced by application of an external pressure. 

In such systems, superconductivity arises at certain level of dop- 

ing and critical temperature ( Tc) of superconductivity attains max- 

imum at a critical level of doping which however vanishes beyond 

a certain point. Similar nature of variation of critical temperature 

of superconductivity with pressure has also been observed [12,13] . 
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The chemical substitution is a convenient method for changing the 

properties of a compound, but it unavoidably changes many of the 

physical parameters in uncontrollable ways. Nonetheless, the pure 

CaFe 2 As 2 is very pressure sensitive and gives rise to superconduc- 

tivity with maximum critical temperature of value 12 K near ex- 

ternal pressure at 5 kbar [12,13] . Similarly, BaFe 2 As 2 exhibit super- 

conductivity with critical temperature of superconductivity as 29 K 

under external pressure of 40 kbar [14] . Phase diagram of BaFe 2 As 2 
shows that the whole superconducting phase is covered by antifer- 

romagnetic phase [15] . At low temperature, the system is in long 

range order antiferromagnetic phase for external low pressure re- 

gion and is transformed into short order mesoscopic antiferromag- 

netic phase with increase in external pressure and finally, the sys- 

tems become paramagnetic. The critical temperature of supercon- 

ductivity is maximum at the transition point from macroscopic an- 

tiferromagnetic phase to mesoscopic antiferromagnetic phase. It is 

known that Heisenberg model well describe the magnetic suscep- 

tibility of the materials in the short order mesoscopic phase [16] . 

As a result, BaFe 2 As 2 and CaFe 2 As 2 may hold the key to under- 

stand the nature and mechanism of superconductivity associated 

with the whole set of iron arsenide compounds. 

Antiferromagnetism and superconductivity are generally be- 

lieved to be two exclusive phenomena. Bardeen–Cooper–Schrieffer 

(BCS) theory, on the basis of electron phonon interactions, fails to 
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Fig. 1. Different spin configuration of iron atoms in 122 iron pnictides (a) Stripe (b) Checkerboard spin configuration. 

account for the phenomenon of superconductivity in antiferromag- 

netic iron pnictides. A lot of effort s have been devoted after the 

discovery of the phenomenon to understand normal state proper- 

ties of those materials and the pairing mechanisms, however, it re- 

mains to be understood the causes of the attraction between elec- 

trons. The nature and the origin of the pairing glue have been the 

subject of great debates in condensed-matter community over the 

years. 

Magnetism in parent insulating materials remains highly de- 

bated. In the iron arsenide compounds, the magnetism has been 

discussed from two limits; an itinerant and a local moment limit. 

Some argue that these materials should be viewed as weakly cor- 

related itinerant magnets. A number of theoretical efforts [17–26] 

have been made on the basis of itinerant approaches in prob- 

ing possible mechanisms responsible for superconductivity in iron 

pnictides. On the other hand, local-moment descriptions have also 

been promoted [27–34] in view of the d -electrons, local Coulomb 

and Hund’s rule interactions in the iron pnictides. Of them, the 

so-called J 1 -J 2 model [27,33,34] , which emphasizes on the su- 

perexchange couplings between the nearest-neighbour (NN) and 

next-nearest-neighbour (NNN) local moments of the irons, have 

been used due to its natural tendency to form the stripe AF or- 

der ( Fig. 1 (a)) at low temperature. The spin wave velocities, ob- 

tained from the neutron-scattering experiments, indicate that the 

exchange coupling along the ferromagnetic spin direction is much 

smaller than the one perpendicular to the chains i.e., J 1b < < J 1a 

[35] . The orthorhombic distortion between the lattice constants a 

and b of the columnar ordered layers is less than 1% [36,37] which 

by far does not give reasons for the large spatial anisotropy 

of the magnetic exchange. A possible microscopic origin for the 

anisotropy in the J 1a -J 1b -J 2 model is orbital ordering [38,39] . It was 

shown that the stripe antiferromagnetism is stabilized by ferro- 

orbital order which breaks the in-plane lattice symmetry and in- 

duces a strong anisotropy between the magnetic exchange cou- 

plings. The inclusion of nearest-neighbour biquadratic exchange 

also appears to generate a spatial anisotropy, purely from the mag- 

netic order [40] . 

A recent neutron scattering experiment predicted from the spin 

wave spectrum that the magnetism in CaFe 2 As 2 is caused by a 

complicated mixture of localized and itinerant electrons consistent 

with the model proposed [33] . On confirmation of both the lo- 

calized and itinerant nature of the electrons in iron pnictides, we 

consider itinerant electrons to move over the sea of localized elec- 

trons in the antiferromagnetic alignment taking spatial anisotropy 

into account. In one of our previous works, the unconventional fer- 

romagnetic superconductivity in uranium based compounds UGe 2 

and URhGe have been explored, using localized-itinerant model 

[41] . In the present context, the interaction potential between itin- 

erant electrons via magnons is obtained, which may be attractive 

in nature for triplet pairing for umklapp scattering with scattering 

wave vector equal to the nesting wave vector between the Fermi 

surfaces. The interaction potential depends on the Hund’s coupling 

and nearest-neighbour and next-nearest-neighbour exchange cou- 

plings. The large Hund’s coupling in iron pnictides yields large 

value of interaction potential favouring triplet pairing. Now, un- 

der pressure the crystal parameters decrease and as a result the 

energy difference between checkerboard and stripe spin configu- 

ration ( Fig. 1 ) also decreases [42,43] . In a recent work, various 

optimized structural parameters of the substances CaFe 2 As 2 and 

BaFe 2 As 2 are computed for nonmagnetic NM, checkerboard anti- 

ferromagnetic (AF1), and columnar stripe (AF2) spin configurations 

[44] . It has been pointed out that AF1 configuration is the next sta- 

ble state (after the AF2), but the c -value is significantly reduced. 

The optimized lattice parameters, for the AF1 phase, are in good 

agreement with the neutron scattering data of the substances in 

superconducting state [45] . 

In the present work, using the computationally optimized pa- 

rameters, we find that superconductivity arises in higher pressure 

checkerboard (AF1) spin configuration while it vanishes in ambi- 

ent pressure stripe (AF2) spin configuration. The computed val- 

ues of the critical temperatures of superconductivity match well 

with the experimental observations, which indicate that transition 

from normal to superconducting state is associated with a change 

in spin configuration. This paper is organized as follows. First we 

find the interaction potential between electrons via magnon us- 

ing localized-itinerant model in Section 2 . The analytical expres- 

sion for the critical temperature of superconductivity is derived in 

a more general way. In Section 3 , we compute the Hund’s coupling 

and the nearest neighbour exchange coupling and density of state 

(DOS) at Fermi surfaces of CaFe 2 As 2 and BaFe 2 As 2 under normal 

pressure and also in higher pressures. Finally, the computations 

of critical temperatures of the antiferromagnetic superconductor 

CaFe 2 As 2 and BaFe 2 As 2 are performed using the developed formal- 

ism within density functional theory (DFT) framework. The super- 

conducting critical temperatures of these materials are in very well 

agreement with experimental results. 

2. Pairing via magnons in antiferromagnetic 122 iron pnictides 

crystals 

Here we consider itinerant electrons move over the sea of 

localized electrons in 122 iron pnictides superconductor. At low 
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