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Abstract

The interaction of superconductivity and magnetism is studied in iron based superconductor us-
ing the Hamiltonian consisting of the itinerant electrons, localized electrons moment, and s-f inte-
raction. Using Greens function technique and equation of motion method, we have obtained an

expressions for superconducting order parameters (A(T),A(O)) and critical temperature T,

which reduce to BCS result in the absence of magnetic interactions. The result of the calculations
shows that superconductivity can coexist with magnetism in iron based superconductor below the
critical temperature.
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1. Introduction

The discovery of high T iron based superconductor in 2008 [1] boosts multidirectional investigation from ex-
perimental as well as theoretical views. Nowadays, understanding the mechanism of superconductivity in such
system is one of the challenging research areas. According to reviews on iron based superconductors [2] [3],
magnetic interactions are important for understanding the mechanism of superconductivity. Experimental ob-
servation and theoretical prediction show that knowing the interplay of superconductivity and magnetism may
suggest the possible mechanism of superconductivity.

The interplay of superconductivity and magnetism has been studied in iron based superconductors theoreti-
cally and experimentally [4] [5]. Superconductivity could be obtained applying either external pressure or dop-
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ing. In most iron based superconductors, both electron and hole doping on parent compounds cause supercon-
ductivity. Upon doping, for example, potassium doping magnetism gradually disappears with a lowering of the
spin density wave transition temperature [6]. In systems like CeFeAsO, ,F,, magnetism is suppressed by dop-
ing before the appearance of superconductivity [7]. Generally substitution of element in the 122 parent com-
pounds may lead to suppression of spin density wave and eventual appearance of superconductivity [4] [8].
Some compounds show a coexistence of magnetism and superconductivity [9]-[11]

In this work, we are trying to predict the interplay of superconductivity and magnetism on iron based super-

conductors which can help in explaining experimental observations.

2. The Model Hamiltonian

Our model Hamiltonian is composed of
H=H,+H +H,, Q)
. At A At at 4 4 4
where the first term, H = ng(k)akUakg —%;ka'amamafwafkwam

In the above pairing Hamiltonian the term

> e(k)a), 4, ,

k,o

describes the Hamiltonian of total energy of the itinerant electrons in one electron band approximation [12]. Here

the operators & (ékg) creates (annihilates) an electron with the wave vector k and the spin projection on z-axis

o=1or|; V, Iisthe BCS pair potential. The second term (H, = ZJSi -Sj] describes the predominant inte-
ivj

raction between the local moment by Heisenberg like model, and we considered only the nearest neighbor inte-
raction. Here J is the nearest neighbor exchange that bridge by the As ions and it could be anti ferromagnetic in

nature. The third term (He, =-g).0 -Si) describes the interaction between the spin o; of the itinerant elec-
trons and the five 3d spin S; local moment located at site i, where g is the corresponding exchange constant.

To get an effective interaction we change the momentum term in to boson operator. Diagonalizing the Hamil-
tonian (H,) using Bogoliubov transformation, the canonical form of the Hamiltonian in terms of spin waves,

H, =E, + Y, oblb, )
We obtained the itinerant electrons and localized electrons moment using relations in spin operators like,
o_sta L g 1, 1 . .
s’=a'a__, —oi =845, gaf =5 2% (2, =+Lz, =-1).

The electrons in the valence band which are interacting with an anti ferromagnetically ordered, localized spin
system can be described by
1

__ = z At 4
Hy = 29<S >éakaaka ©))
We get an effective Hamiltonian
At A At At A A A ~ne 1 . At A
Heff = kzg(k)a;crako' _%ka'a:Tajkia—kla—k’lak’T + EO +Zka)kbl;rbk _Egh<s >Zko’ a:aaka (4)

In order to calculate the superconducting parameter, we first need to obtain equation of motion. In this work we
used Greens function equation of motion method. Applying elementary commutation relation we found two equa-
tions:

(a)—g)«afw,al:,T >> >>= —A<<am,a|:,T >> (5a)
(a>+g)<<ak,T,aQ,T >> =1—A<<afu,a;,T >> (5b)
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From these we get,
(@ d)) = ©®

where ¢ =g, —]/2(gh<sZ >) and <( . >> is the abbreviated notation for the Green functions.
The superconducting order parameter can be expressed as

A= p Y << _kwakr» (7

The sum may be changed to integral by mtroducmg the density of state N (5) and the above equation be-
comes

1 -1
1:EZId€0N ()Vie [m} ®

Attractive interaction is effective for the region —hw, < & <hw, and assuming the density of states does not
vary over this integral, then the expression becomes,

1 "2e A
= _ 9
A { ,Bzo:a) —g?—A? ®)
Applying Laplaces transform with replacement of w by Matsubara frequency o, —(Zn +1 n/ B, and using
the approximation,

1 1 A?

~

2 2 2~ 2 2 2
0, "+ +A ) +e& (w§+£2)

The equation becomes

1 '& tanh(B/2)e  ,& B e
==Y de—— 0 _an d 10
A Zo: ¢ £ nzm[n(2n+l)zj }[(1+x2)2 § (10)

For low temperature the first integral becomes

1.13
I, =In T (ha)o——gh< >j
A 2
|, =1.05
KT

2
1_|ptis (ha)o_lgh<52>)—1.05 A
A KT 2 kg T

This expression can be rewritten as

The second integral becomes

Hence,

~
—
£
@ | B>
—
N
o
[

(11)

Jafa
KeT =1.13(th —%gh(SZ)je [

3. Result

From this equation we can get the following important relations.
1) Superconducting order parameter as a function of temperature

©,
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A(T)=mkgT lnl'ls(hw°_k]/j(gh<sz>)) —% (12)

This quantity (A) is zero at critical temperature T¢. Substituting A = 0, we get
1
K,T =1.13[ha)0—%gh<82>je"1 (13)
2) using In(1-x)=x- X2[2+-, InT/T, = —(1-T/T.) we get the well known equation

2
A(T)=3.06k; T, [1_TLJ

c

Or

In(Te /T)=[ . J (14)

ik, T

3) Equation (9) can be written as

1'%  tanh g/2Ve? + A2
— = ng (15)
A% \/82 +A?
AsT — 0, and  — 0, gives
1_ J—d“: (16)

A7 gt + A

Applying standard integrals and approximation for x <1, and (1+ x)” ~1+nx, we get

A(T »0)= \/4(;&% ) exp(—l/ﬂ)—(%gh(ﬂ]z (17)

4. Conclusions

Equation (13) is clearly in agreement with the fact that as the net magnetization increases, the induction of super-
conductivity decreases. In addition to this, in the absence of magnetic term, Equation (13) reduces to the well
known BCS expression.

The results clearly show that superconductivity can coexist with magnetism in iron based superconductor be-
low the critical temperature. Experimental findings show the coexistence of superconductivity and magnetism in
some range of doping in some compounds [9]-[11]. Our theoretical predictions are in broad agreement with expe-
rimental findings [9]-[11], and the result may help in explaining experimental observations.
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