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Two band model for Fe-As based oxygen containing superconductors is developed using the Green’s function

technique and equation of motion method. Self-consistent equations for superconducting order parameters (A p,Zd),

specific heat (C,,) and density of states are derived. The theory is applied to explain the experimental results in oxygen
containing Fe-As superconductors SmggsLag 5O gsFo ssFeo.1sFeAs and SmO,_,FFeAs. The comparison to experimental data
is given where these are available. The agreement between theory and experiments is quite encouraging.
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1 Introduction

The recent discovery of high temperature
superconductivity in Fe-As based compounds has
generated great interest in exploring new high —T7.
superconductors and  studying the  novel
superconducting mechanism in these systems'"”. Up
to now, the critical temperature for iron arsenide
superconductors has been raised to 57.3 K for
Sm0,95La0.0500‘85F0,35Feo_15FeAs which is the hlghCSt
for non-cuprate superconductors'’. Three types of iron
arsenide superconductor have been reported so far:
(1) ‘1111° type RFeAsO (R = rare earth metal) (ii)
‘122’ type AeFe,As, (Ae = alkaline earth metal) and
(iii) ‘111" type AFeAs (A = Li, Na). Presently "1111"
family based rare-earth oxypnictides RFeAsO
(R = La, Sm, Gd, etc.) are in focus of research
interest. The T.’s of the iron based superconductors
are too high to be explained by the conventional BCS
theory, and have a number of additional features in
common with the high -7, cuprates'®. They contain
iron-arsenic (or selenium) layers of atoms, the iron
atoms have magnetic moments, the superconductivity
is established by Cooper pairs, and the magnetism is
known to play a substantial role in the
superconducting state. Like the cuprates, the Fe-As
based superconductors are highly two dimensional,
their parent material' shows anti-ferromagnetic
long-range order below 150 K and superconductivity
occurs upon doping of either electron’ or holes' into
Fe-As layers. However, several other properties differ

substantially and  promise new  interesting
physics'"''®. The undoped ‘parent’ material in both
cases exhibits magnetic order, but the iron-based
systems are metals while the cuprates are insulators,
which mean that there are fundamental differences in
the electronics of these materials. For the cuprates, the
Cu and O atoms are in same thin layers, and this
renders the superconducting properties highly
anisotropic, being very good within the layer and poor
along the direction between the layers. In case of
Fe-As superconductors, the layers are thick-the As
atoms are positioned well off from the plane of iron
atoms, and this makes the superconducting properties
of these systems much closer to isotropic. The
different nature of the anisotropy originate forms a
fundamental difference in the pairing for cuprates, the
Cooper pairs prefer to be in the CuO planes and are
highly anisotropic, while for the Fe-As based
superconductors they are almost isotropic. At present
the key issues of interest are the effect of various
types of doping, paring mechanism, symmetry of the
order parameter, quasi-particle energy spectrum and
the superconducting energy gap(s).

All these quaternary rare-earth transition metal
arsenide oxides LnOFeAs (Ln=La, Sm, Nd, Pr and
Gd) from a tetragonal ZrCuSiAs type layered
structure’ with the space group P4/mmm. The parent
compounds were non-superconducting and show
anomaly' at about 150 K. The lattice constants of
SmygsLag0500.85F0 ssFep.1sFeAs at room temperature
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are: a = 0.3927 (Ref.9) nm, and ¢ =0.8441(2) nm
(Ref. 3). Superconductivity emerges at x=0.10=0.20.
Sample  SmO,  F,FeA; has the maximum
superconducting transition temperature has the
T.(onset)=54 K. Among the family of LnO,_FFeAs
(Ln=La, Sm, Nd, Pr and Gd), specific heat was only
studied for LaO,_ FsFe compounds so far'*%,

Band structure calculations reveal that the total
density of states at the Fermi level N(o) is formed
mainly by Fe 3d-states?’. Sadovskii '*has shown
that the 7. values for different iron-based
superconductors correlate with N(0),thus giving
support to the BCS-like coupling in these compounds.
Majority of theories for the pairing symmetry in iron-
based superconductors is based on weak-coupling
BCS-like approaches™*. It is believed that the Fe-As
layers are responsible for the superconductivity and
Ln-O layers provide electron carriers through fluorine
doping, or very recently by simply introducing
oxygen vacancies” .

The theoretically calculated Fermi surface for
"T111" system™* consists of quasi-two-dimensional
(2D) hole sheets centered at the P point and two
electrons sheets at the M point of the first Brillouin
zone. Within the so called minimal two-band model,
these four bands considered as two effective 2D
bands®. Correspondingly, several of the available
theoretical and experimental data clearly reveal that
these materials are multi-band superconductors with
s-type symmetry of the order parameter'”'®. Knight
shift measurements in '1111' — class of Fe-As based
compounds® have proven unambiguously the spin-
singlet type pairing in these materials. Preliminary
data by angle resolved photo-emission spectroscopy
(ARPES) on crystals Bay¢Ky4Fe,As, have shown two
groups of superconducting gaps (A=12 meV,
Ay=6 meV) all with s-wave symmetry''. Several data
were reported in favour of S* (Ref. 44) or S
(Ref. 24), making the experimental situation about
these compounds quite uncertain. The perception that
the pairing mechanism may be triggered by anti-
ferromagnetic fluctuations, similarly as in the
cuprates, has motivated a considerable theoretical
effort to understand the properties of multi-orbital
Hubbard models and the dominant pairing mechanism
upon doping'"*4°,

The main anomaly of Fe As compounds is their
multiple band nature. Electronic structure in a narrow
enough energy interval around the Fermi level is
formed almost only from the d-states of the iron. This

indicates that the lattice plays non-negligible role for
superconductivity.

The theoretical study for a two band
superconductor with very specific predications as to
how the two gaps evolve with temperature, has been
presented. Study of density of states and specific heat
is also presented in the present paper.

2 Model Hamiltonian
The model Hamiltonian has the form*’ :

H=Hy" +Hy +H,, (1)

where
Hy=Ye,(ChhCp+CtC )
)4

(2
+ + ot
+A pPZC_N CpT+APPZCpT C—pJ,
p p
HY =Ye, (Ch Cp+Cryy Cyy)
0 d \*~aq1 “a7 —dl “-al
d ..(3)
+A+dd§C—di CdT +Add%:C;T deT
and
Hoy =V, (Ch C+pl>§cdl Car
+ +
+V,i (Cqy Cp)2Chp CF
P
(4

+V,u(Cir ) TC 0 Cpp
P
Vo (C 4 CpT>§C;T Cy

where p and d are momentum labels in the p and d
bands respectively with energies €, and €4, u is the
common chemical potential. Each band has its proper
pairing interaction V,, and V,, while the pair
interchange between the two bands is assured by V4
term.

We have assumed V,; = V,,, and we define the
following quantities:

e, =€) -1 e =€y —u

p p

App = Vop <C;T ij¢>

Nia = Vaa <C;T dei>
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Further ,we define:

A=V (Ch L)
A=V, (Cr € y) .(5)

Now H,, in Eq. (1) reads as :

H =A" ZC al Car T 42 ZC+ C+p?

+
+A2 Zc—pi CpT +A] %:CdT C _dl
p
Final Hamiltonian can be written as:
H = Ze (

+ +
ppzc—pi CpT +APPZC T ¢ -pd
p p

pT +CZ -pl C—pi)

+§€d (Cir Cor+Clyy Cyt)
+A 2 C 4 Cn + AW 2 C 0 €Ty
d d

+AT Y C L Cp+ A, thp
d P

...(6)

+
L C
A" Y C , Cp+ A 2 Cp €y
P d

We study the Hamiltonian given in Eq. (6) with the
Green’s function technique and equation of motion
method.

2.1 Green’s Functions

In order to study the physical properties, we define
the following normal and anomalous Green’s
functions***:

@ G,(p-7)==(T,Cp@C* 1))

® G, (d, r—r')=—<T,ch(r)c+dT(r')>

)= (T, €L Cpe) )

)= (T, C_, (D) Cpr (7))

(©) f,, (po-t)= (T, C" @ C"_, 1))

O S (dr=7)=(T.C" (" @))
(D)

© f(pr-7
(d) dz' 7'

Following Green’s functions

assuming, one obtains:

technique and

(App +A2):ZP and A+PP =4y
(Agg +A) =4, and AT gy =Ay

(0-€,)(Cp, Clan =1- A, (Clp,CE 1))

...(8)
(0—€,){Cyp.Co N =1— A (Cp. CF1 )
...(9)
(@=€, J(C_,1- Cop)) ==A,(Cpr.Cp))
.. (10)
(Q)—Ed )<<C_dj,’ Cd’[‘» == Zd <<C+d’]" Cd']‘>>
...(11)
(@+e,) (Chp, €0 == B, (C ., Chp))
...(12)
(@+e,)(Chp. CH N ==A, {Cyp, Cip
...(13)
(0+€,)(Ch, C AN =1=A,(C_ |, C, 1))
(14
(@+e,){Ch, Cpp))=1— Ay {C_ 41, Cp 0
...(15)

Finally, one obtains the Green’s functions by
solving coupled Eqs (8) to (15) as:

(a) Green’s functions for p-band:

. (w+€,)
<< CPT’ CPT >> = m ... (16)
A
p

(b) Green’s functions for d-band:

(w+€,)

<<Cyp, Cjp>>= ((02— Edz)

...(18)
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A

<«<C' 4, C", >>:_W

... (19)

2.2 Correlation Functions

Using the following relation™°:

o ((A(t") s BX"))) e

0| =A@ 3B@))) e
'A :1 l [OliS
(B(1") At)) im =~ o, |

xexp(—iaXt —t'))d
...(20)

and employing the following identity:

lim _1 - _1 =27id(w—Eg)
e-0\w+tie-Ey w—-ie—-Ey

we obtain the correlation functions for the Green’s
functions given by Eqs (16) and (17) as:

< C*pT Cp>=f(a)

+ V‘—ef’)} [f(@)-f@)]

(-,

...(21)

<ctict >=wlf—p%)[f<al>—f<az>]

... (22)

where

0{1=+\/e2 +A2 +AL +AT A +AT A
P pp )24 2 P

. 2 2 _ [ 2
—+\/e p+(App+A2) =+fe’ +A2

V4

+A% AT A, +AT A
24 2

p pp

_ 2 2 2 X2
——\/e ) +(App+A2) —\/e ) +A )
..(23)

pp

and f(¢q) & f(@,) are Fermi functions.

Similarly, correlation functions for Green’s
functions given in Eqs (18) and (19) for d band are
obtained.

One can define the two superconducting order
parameters related to the correlation functions
corresponding to Green'’s functions

<<Cpp, CT 1 >> and <<Cpp, CIyp >> for
p and d bands, respectively.

3 Physical Properties of Superconductors

3.1 Superconducting Order Parameters

Gap parameter A is the superconducting order
parameter, which can be determined self-consistently
from the gap equation.

A=Ay, +8y =V fy + Vi fy -(24)

Ag=Dug 0=V, [+ Vaa fa ...(25)

In a matrix form, the order parameter for the
superconducting state is given®’ by :

...(26)

where ‘Vij‘ is the pairing interaction constant and

function G’s are defined as :

hw,

G@A,)=N,0) | “p tanh 22 .27
o E, kT
— " e E
G(A,)=N,(0 d tanh —4— ... (28
(A,) d<>£ L T (28)

where N ,(0) and N,(0) are density of states for p

and d bands, respectively at the Fermi level.

We obtain two superconducting gaps corresponding
to p and d bands in this interband model.

One can write the equations for superconducting
gaps for p and d bands as follows:

A, =V, G(A,)A,+V,,G(A,)A, -..(29)
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Ay=V;,G(A,)A,+ V, G(B,)A, ...(30)

where V,, and V,, are pairing interaction for p and d
bands, respectively, while the pair interchange
between the two bands is assured by the V,, term.
The quantity V,, has been supposed to be operative
and constant in the energy interval for higher
band and lower band, keeping in mind the
integration ranges, the gap order parameter satisfies
the system.

If the interband interactions are missing i.e. V,,=
Via =0, the transition is solely induced by the
interband interaction®’ s :

kgT. =1.14hw, exp| - ———— ...(3D)
‘ pd N Ny

One can easily show that by taking V,,= V4, =0, the

result remains almost unaffected and interband

interaction can induce the superconducting transition
temperature 7,. Kristoffel er al’’. have shown
that interband pairing is very efficient in enhancing
T.. This is a characteristic feature of interband
models.

One can write the simultaneous equation as:

Vpd G (Zd) 5 Vpd G (Zp)

[I_Vpp G(Zp)] [1_VPP G(Zd”

=1 ..(32)

» V) (G@)HA, +G @A) A,)

...(33)

For the study of superconducting order parameter
for Smo.gsLao‘osoo‘85F0}35F€0,15F€AS (TC=573 K) and
SmO,_ FyFeAs (T.=50 K) systems with two band
model, one finds following different situations: (i)
The superconducting order parameters in the presence
of p-band only and (ii) The superconducting order
parameters in the presence of d-band only.

(a) SC order parameter for p and d bands
Using Eq. (41) with changes in variables as

A, =xx107"J e =hw,y, de,
takmg u=0

=hw dy , and
in the absence of doping, after

simplification, we obtain:

1
dy

V., Nd(O)J
! Uy +0.5797
0

1 1
is\/ y2+0.5797 x* 8 y2+0.5797 x*
el +1 el +

_ : _
1=V, N, (O)J > dy >
) Jy? +0.4444

1 1
X o8 o108
2y +0.4444 47 24 0.4444 x*
eT +1 eT +1/]
1
d
Vra NP(O)J/%
vy +0.4444 x
0
y 1 1
%J y2+0.4444 x* gwl Y2+ 0.4444 5*
X e + e +

1
dy

1=V, N, (0 j Y
" Jy? +0.5797 2
1

1 1
=58 [y2+0.5797 7 ﬁdy2+ 0.5797x>
r +1 r +

(34

Solving Eq. (34) numerically using values of
various parameters from Table 1, the variation of
with
temperature for p and d-bands has been studied. The
values obtained from Eq. (34) are presented in Table 2
and the variation of superconducting order parameter
with temperature for Sm0'95LaQ'0500<85F0'35FC()_15F€AS
(T:=573 K) is shown in Fig. 1 and for system
SmO,_F.FeAs (T.=50 K) values are recorded in
Table 3 and variation is shown in Fig. 2 for both p and
d bands.

superconducting  order  parameter  (A)

(b) SC order parameter in the presence of both p
and d bands

We have numerically depicted (A=A »t A,) with
temperature for Sm0.95La0.0500<85F0_85Feo_15F€AS

(T.=57.3 K) in Table 2 and for system SmO,_,F,FeAs
(T.=50 K) in Table 3 and variation is shown in Fig. 3.
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Table 1 — Values of various parameters for Smg osLag 0500 s5Fo ssFeo.1sFeAs (T.=57.3 K) and SmO,_,F FeAs (T,=50 K) (64)

S. No. Parameter
1 Phonon energy (hw),) for p band
2 Phonon energy (h®),) ford band
3 Density of states at the Fermi surface N (0)
4 Pairing interaction for p band (V)
5 Pairing interaction for d band V)
6 The pair interchange between two bands (V)
7 Density of states for d band N,(0)
8. Density of states for p band N,(0)
9 Number of atoms per unit volume
10 Crystal Structure (1111 type)

Value Reference
1.6x1072'

1.6x10721 [61]
1.5x1072' [61]
=4.95x10" J/atom [571
0..273x107"° J/atom [62]
0.280x107" J/atom [62]
1.75eV [63]
0.223 eV [63]
0.035 eV~ [63]
~ 4x10% [57,62]

ZrCuSiAs, type layered structure unit cell
a=b=0.3927 nm and ¢=0.8441 nm

[13]

Table 2 — Superconducting order parameter (A » & Kd) (p and d bands) for Smg gsLag 050 ssFo ssFeq.1sFeAs (T.=57.3 K)

S.No. Temperature (K) Zp — X 10—21 J Zd -y x 10—21 J A= Ap + Ay
1 10 1.51 1.47 2.98
2 20 1.50 1.44 2.94
3 30 1.47 1.38 2.85
4 40 1.36 1.18 2.54
5 50 0.98 0.80 1.78
6 57.3 0.00 0.00 0.00

® For p bands
1.0 - |®m Ford bands

0.5

Superconducting Order Parameter (Ap = x %1 041])

0.0 + T T T T

10 15 20 25 an as 40 45 50 55 6l

Temperature (K)

Fig. 1 — Superconducting Order parameter for p and d bands
(K[J & Kd) for the system S11'10.95LaO.0500.85F0A85F60.15FCAS

(T.=57.3K)
A, q(T) o
(c) =2 A with i: Variation of A »(T)1AL0)
A, 4(0) T,

and A,(T)/A,(0)with T /T, is shown in Fig. 4 and
corresponding values are given in Table 4.

kT

and 2A, / kT, with temperature (7) is shown in Fig. 5
and corresponding values are given in Table 5.

24, 24,
(d) —— and kT with T: Variation of ZA / kT,

¢

3.2 Electronic Specific Heat (C,,)
The electronic specific heat per atom of a

superconductor is determined from the following

: 52-57,60
relation’> "™,

(a) For p band

d
e aTN

p Z 2(€, 1) <c+pTcpT> ..(35)

where €, is the energy of p band and x is the common
chemical potential.

Substituting <C;TCpT> from Eq. (21) and changing

the summation over p into an integration by using the
relation z= N(0) Id €,
)4

we obtain:
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Table 3 — Superconducting order parameter (A P & Kd) (p and d bands) for SmO,_,F,FeAs (7.=50 K)

S.No. Temperature (K) Zp —ex 10727
1 10 1.76
2 20 1.72
3 30 1.58
4 40 1.27
5 50 0.00

Ay=xx 10721y A=A, + Ay

1.74 3.50
1.70 3.42
1.54 3.12
1.15 242
0.00 0.00

® For p bands
1.0 1 |® Ford bands

0.0 ~+ T T T T T v T
0 15 20 25 30 35 40 45 50 55 6l

Temperature (K)

Superconducting Order Parameter (Ap = xx10™'])

Fig. 2 — Superconducting Order parameter for p and d bands
(A & Ay) for the system SmO,_,F,FeAs (7,=50 K)

Be, a,exp(fa,)
" T{exp(Ba,) +1}°
ﬂ(al_ep)ep

+AZ +A AT+A AT
2 pp 2 2 pp

CP

o'
es N 0

+
2T\/62p +A2

pp

o exp(fey)  apexp(fay)
{exp(Bay)+1}°  {exp(Bay)+1}

...(36)
Where o4 and o, are given by Eq. (23).
Using Eq. (36) and putting &, o, and S=1/kT, after
simplification, we obtain:

p ha, e 2+A 2
ﬁ: N@O) j de €% sech?| XL P2
T 2NKT? j PP 2kpT

...(37)

Using A, =xx107"J, e =hw,y, de,=hwo,dy,

and values of parameters from Table 1 with taking
#=0 in the absence of doping, we obtain the

SmO,_, F, FeAs

T (1. =50K)
X a0

n
=T

e
|-ﬁF 2.5
I:§' Stygs Lty 1Oy Fy s FeAs

g M1 (1.=573K)

3

= 15

#

£ 10

£

a

ns
10 15 20 25 a0 is 40 45 50 85 (1]

Temperature (K)
Fig. 3 — Superconducting Order parameter (A » & Kd) for p and

d bands for the systems SmyggslagosOggsFossFeosFeAs
(T.=57.3 K) and SmO,_,FFeAs (T.=50 K)

12 4

08 4

p1(0)

06 -

&M

A

04 4 —=&—— For p bands
--8.. Fordbands ¥
—{— Experimental data (85)|

Temperature T'/7,

A, (T
Fig.4 — T /T, versus L() for
A, .0

Smy 9sL.ag 0s00.85F0.85F€0.15FeAs (T:=57.3 K)

expression for numerical study of specific heat for

p-band as:
CP 18362x107% | , [ 36.23\/2.56y” + x*
- =—3j y~dy sech
T T 0 T

... (38)
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(b) For d band
Similarly, one obtains the expression for electronic

specific heat Ceds for d band as:

c! =th‘)d de, Bey o exp(Ba,)
¢ N T{exp(fa,)+ 1}2
Bla—€,)e,

+
2T\/ezd FA? 4AT HAT A +ATA

dd

aqexp(foy)  ayexp(fa,)
{exp(Ba;) + 1}2 {exp(Ba,) + 1}2

...(39)

In the absence of doping (u#=0), we can study

specific heat divided by T for d band numerically
from the following expression:

Apal
Table 4 — =L d versus T /T for
Ap,d 0)
Smy 95La0.0500.85F0 85F€0.15FeAs (T=57.3 K)
S. No. TemTp/e;ature 7p,d (T) 7p,d (T)
‘ Bp.a(©) Ap.d(©)
Theoretical Experimental [65]
For p band For d band
1 0.17 0.99 0.99 1.00
2 0.34 0.98 0.96 0.98
3 0.52 0.96 0.92 0.90
4 0.69 0.89 0.79 0.80
5 0.87 0.64 0.53 0.59
6 1.00 0.00 0.00 0.00
24.0
200 4 . p bands
m dbands
168 - = = BCS Limit (66)
1w

eijad 12

Temperature (K)

2A, 2A,
and
kTC .
Smy 9sL.ag 0s00.85F0.85F€0.15F€As (T:=57.3 K)

Fig. 5 — versus 7T for

d —44 1 P B
&z 15.131x10 .[ yzdy sech? 36.23\/2.25y +x
T3 0 T

...(40)

where ¢ and o, are similar to p band except the
subscript p in Eq. (23) is replaced by d.

The values of electronic specific heat (CL /T)

versus T for Sm0,95La0,0500,85F0_35Feo_15FeAs
(T;=57.3 K) and SmO,F,FeAs (T.=50 K) systems
for p band and d band are given in Tables 6 and 7 and
variations are shown in Figs 6 and 7, respectively. A
comparison ~ with  experimental  results  for
SmO,_ FiFeAs (x=0.15) superconductor is shown in
Fig. 7. The agreement between theory and
experiments is quite satisfactory.

3.3 Density of States N (@)

The density of states is an important function. This
helps in the interpretation of several experimental
data, e.g. many processes that could occur in crystal
but are forbidden because they do not conserve
energy. Some of them nevertheless take place,
provided to correct the energy imbalance by phonon-

assisted processes, which are proportional® to
ZZP 2Zd
Table 5— ——— and —,,, versus T for p and d bands for
kTc kTc
Smy.sLag.05s00.35F0.35Feo.1sFeAs (T:=57.3 K)
S. No. Temperature oA 2A 91
K) =P -xx102! L =xx10
kTC kTC
1 10 21.88 21.30
2 20 10.86 10.43
3 30 7.10 6.66
4 40 4.92 4.27
5 50 2.84 2.31
6 57.3 0.00 0.00

Table 6 — Electronic specific heat with temperature (C%; & ng
p and d bands) for Sm0495L30v0500485F0'35FCO']5FCAS (Tc=573 K)

S.No. Temperature

ch1Tx107% cd 1rx107%

(XK)
JIm—k? JIm—k?
(For p band) (For d band)
1 10 0.0043 0.0055
2 20 0.3385 0.3810
3 30 0.9533 1.0280
4 40 1.3550 1.5080
5 50 1.7060 1.6980
6 57.3 1.9232 1.6755
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ch cd
Table 7 — Electronic specific heat with temperature [;Y & T“] (p and d bands) for SmO,_,F,FeAs (7.=50 K)
S.No. Temperature
® o chirxio®  cdiTxio® ¢ rrxi0¥
Jim-k? Jim-k? Jim-k?
Theoretical Theoretical Experimental [64]
1 10 0.00086 0.00095 0.000
2 20 0.172 0.170 0.124
3 30 0.773 0.755 0.472
4 40 1.518 1.563 0.680
5 50 2.524 2.228 0.762
2004 .00
1504 280 4
2.60
1.60 4 2404
1404 2.20 4
—;'E‘ o ,-(; 2.00
A0 4
= 1,00 + “E- ' 31] ® For p bands
g g B Ford bands
T 050 S 140 B Experimental data (84)
k= * 1204
L "E 1.00

040

0204

0.00 T T r T
0 a5 3 as 40 45 S0 55 &0

10 15

Temperature (K)

Fig.6 — Electronic Specific heat (CZ /T and ngl T) with

temperature (p and d bands) for SmyggslagosOg.g5FossFeo 1sFeAs
(T:=57.3 K).

N(w)/N(0). For x>0, the density of states per atom”°

N(w) is defined as:

i
N, (w)=lim —— G ,W+ie
»(©) lim 271_sz:[ m(p ) e

-G (p,w—ie)]
where N » (@) is the density of state function for

p-band. For d-band, we have:

l
N,(w)=lim —— Gir(d,o+i
a (@)=l 27[N§‘[ rrid, @+ ie) .(42)

- GTT(d,(l)—iE)]

Now substituting the Green function in Eq. (41)
and using the delta function property, we obtain:

lim — SE—
e=0 27N (a)+ie—Ep) (a)—ie—Ep)

:é'(a)—Ep)

We obtain,

0.80 4

—

.60

- il

0.40 4
0.20 4

0.00 T T T T v T T
10 15 20 25 30 s 40 45 s 55

Temperature (K)

Fig.7 — Electronic Specific heat (C£, /T and Cgls /T) with
temperature (p and d bands) for SmO,_F FeAs (7.=50 K)

1 € €
N, (@) =EZH1+E—’7]5((0—EP)+{1—E—p]5(w+ Ep)}

p p p

... (43)

Changing the summation into integration with the
help of following relation:

+haw,
Y= [ NyOde,
p —ha),,

where N ,(0) is the density of states at absolute zero
temperature, and further simplification of Eq. (43),
yields

N,(0) ®

N,O | o3,

forw>0

...(44)

=0 otherwise



420 INDIAN J PURE & APPL PHYS, VOL 52, JUNE 2014

Density of states function for the p band is given by
Eq. (45). Now using the following values
w=yx107'J, A, =xx107'J, A, =x,x1072'7
and taking #=0 in the absence of doping, one
obtains the expression for numerical study as :

N,(®) ) yx107!
2N, 00 ) Jiyx10721)2 - (x,x107)?

Similarly, for d band, one can obtain the expression
by replacing subscript p in Eq. (44) by d.

One obtains the expression for numerical study for
d band, as:

Table 8 — Density of states with temperature for
Smy 9sL.ag 0500 85F0.85F€0.15FeAs (T:=57.3 K)

... (45)

SNo b yx10721 N(w)
2N(0)
A,=151x10217 Ay =147x10721)
atT10K at 710K
1 2 1.5250 1.4748
2 3 1.1573 1.1472
3 4 1.0799 1.0752
4 5 1.0490 1.0462
5 6 1.0333 1.0314
6 7 1.0241 1.0228
7 8 1.0183 1.0173
8 9 1.0144 1.0136
9 10 1.0116 1.0110
10 11 1.0096 1.0091
11 12 1.0080 1.0076
12 13 1.0068 1.0065
Table 9 — Density of states with temperature for SmO,_,FFeAs
(T=50K)
SNo _ yx1072! g Ny
2N(0)

A,=176x107217 Ay =174x1072"J

atT10K atT10K
1 2 2.1054 2.0282
2 3 1.2348 1.2276
3 4 1.1136 1.1106
4 5 1.0684 1.0667
5 6 1.046 1.0449
6 7 1.0332 1.0324
7 8 1.0251 1.0245
8 9 1.0197 1.0192
9 10 1.0159 1.0155
10 11 1.0131 1.0128
11 12 1.0109 1.0107
12 13 1.0093 1.0091

[Nd(“’) j— yx1077 ...(46)

2N, (0) ) JOx10721? — (x, x10721)?

The expressions given in Eqs (45) and (46) of
density of states function for p and d band are similar,
hence we have evaluated the values with different
values of x for p and d bands.

The values of density of states from Eqs (45) and
(46) for SmygosLagosOo.s5F0ssFeo1sFeAs (T.=57.3 K)
and SmO,_ F,FeAs (T.=50 K) are given in Tables 8
and 9 and their respective behaviour are shown in
Figs 8 and 9, respectively.

4 Results and Conclusions

In conclusion, we have described a two band model
for the Fe-pnictides which we believe contains the
essential physics of these materials. Following

155

L, =1.51%107 )
al T = 10K

® For p bands
m For d bands

2N (0)]

[N(w) /

ol ]

Flg 8 — Density of states for Sm()_95Lao_gso()_85Fo_85Feo_ISFCAS
(T,=573 K)

A, =L76x10"s

at T=10K

® For p bands
= For d bands

B, =1 74w10" 8
1740 T=10K

[N(w) / 2N (D))
&

ex - ]

Fig. 9 — Density of states for SmO,_ F,FeAs (7,=50 K)
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Green’s functions technique and equation of motion
method, we have obtained the expressions for

superconducting order parameter (A), density of

states, specific heat, for both p and d bands. Making
use of values of various parameters given in Table 1
for the systems Sm()ngsLaO‘()Soo‘85F0<85Feo'15FCAS
(T.=57.3 K) (Ref. 8) and SmO;_F,FeAs (T.=50 K)
(Ref. 64), we have solved numerically the expressions
given in Eq. (46) and wherever possible, compared
our results with the available experimental data. We
found:

(i) The superconducting transition temperature (7,)
for Smo,,95La0,05OoAg5F0_85Feo_15FeAS is 573 K
(Ref. 8) and for SmO;_F FeAs is 50 K (Ref. 64)
agrees well with experimental data.

(i) The variation of A=A » +Zd with temperature

T fOI' the system Smo"95Lao‘0500.85F0_35Fe0_15FeAs
is found to be in good agreement with
experimental data.

A, (T)
The calculated values of —pd 7

(- . .) T
iii —
Ap.a(0)

versus T/T,,

ZA—p and 24 versus temperature T for p and
kT, B
d bands exhibit good agreement with
experimental data for Smy_gsLa0500.85F0.s5F€0.15
FeAs (Ref. 8)

(iv) The behaviour of C,; /T versus T obtained from

our model is in reasonable agreement with the

experimental ~ data  for  the  system®

SmO,;_F,FeAs.

(v) Density of states study clearly supports the
BCS-like coupling in these systems. Our results
for density of states are intended to provide a
basis for experimental comparisons.

The investigations reported here aim to establish
several of the properties of two band model. Only a
detailed comparison with experiments will clarify
whether this simple model is or not a good
approximation to  describe the Fe-pnictides
superconductors
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