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ABSTRACT
Mathematical calculation of energy gap equation, transition temperature
expression and application to the different superconductors such as
ALCd,MgB,, RbCS,Cgo, K3Cqo, and Sr,RuO, are obtained from Nambu
psudospin generalization of the Bardeen, Cooper and Schrieffer model (BCS)

and results compared with experiments.
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INTRODUCTION
The cuprates are the most extensively studied class of compounds in Solid State Physics until
date. But the discovery of the new iron based superconductors was a breakthrough of hope

to the condense matter physicist |

. Besides, there are some other superconductors in the
HTSC group, such as MgB;, RbCS,Cgo. K3Cso. Sr2RUO4, and even elements such as (Hg, Al
Cd etc.) that are superconductors. But none of these compounds represented above is a
representative of a wide group of compounds like, cuprates and iron pnictides and does not
reach as high as these in transition temperature. All these compounds were studied in
details with the concept of BCS, its extensions and more **; while superconductivity in
conventional metals is understood by the BCS theory, the mechanism that is responsible for
the pairing of carriers in the cuprates and pnictides are far from being clear. In fact
research is still going on the pnictides and cuprates superconductors but we shall limit this
work to none widely studied compounds to investigate the effect of the weak coupling limit

on their T..

MEAN FIELD HAMILTONIAN
The Bardeen Cooper and Schrieffer (BCS) model Hamiltonian as generalized by Nambu

psudospin theory is as given below'*™®!
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H= Z S~ U(dfmdm + d1+|<¢d1k¢)+ Zk: Ex ~ U(d;mdzm + d;kidei)_ %Vlkk' dyrp Ay dysr
- .
- %;VZKK' dZJrde;kl«de\Lde‘T _;Vlzkk' (d]I(Td]I(»l«dZKl«deT + d;kﬁd;kidlk‘i«dlkv?)

+ + + +
_ZVZlkk' (dzk‘ide‘ledelki +d1k‘¢d1k‘T 2kt 2k¢)
Kk

Where € (i =1, 2), is the quasi-kinetic energy of the band electrons and u is the chemical
potential Vige Vo ( Vizke, Vzike) are wave vector dependent intra-band (inter-band)
electron interaction for the 1st (2nd) band electron-pair with crystal vector kk', measured

relatively to the screened Coulomb potential d N (d ) ) represents the creation (annihilation)

operators for the electron with spins orientation s (= T,).
H=> & - u(dfwdm + d1k¢d1+m) + 2 0~ u(d;mdzu + dzk¢d;k¢)_ D Ay (dmdm + 0y fm)_
k k K

Zk:AZK(dzdekT +d;de2+k¢) ’

The singlet pair is preserved by applying Nambu-Gor’kov linearization [6-7] to Eqn(1.0)

and we obtain a linearized form of Eqn(1.0) in Eqn(2.0) above.

The gaps Ak, Lok are defined as well as the pair correlations Sy, Syy.
A1k = Z(Vlkk'le +V1282K +V2181K) ! A2k = Z(VZkk'SZK +V1281K +V2152K) S

K' K"

Since the bands are not completely separate, we can apply in Eqn(3.0), Nambu two

component spinors, and algebra of Pauli matrix [3]defined respectively by ;

Wi Wa,and 7, ,i=12.

H= Z‘//fk (glkTS - Alkrl)W1k + zl//;k (52k73 - A2|<T1)‘//2k 2
X K a

(28]

Applying the method of Green’s function ' solution to the pseudospin Hamiltonian.

G, (k,iw,) =[iwg, —H, [+ [iw, —H, [ = [iw, — (g5 = Ayz) [+ [, — (647 = Ay 3)
3b
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Upon simplification we obtain the energy spectra, in addition to the pair correlation

function;

2A,
Si = (s dys) = (A i i=12 (i) =| — 31
= (s e = (el (o2 ((lwn) —(Ek)] (3.1

Where this shows the sum total of contributions to the energy gap opened in the 1st band

by the two bands in 1 and 2 as a result of pairing and electron pair condensation'®. We

approximate Eqn.(3.1) for the calculation of T,
Aswesolve the k summation, one obtains the limit A, — 0, T —> T,
fwp A, de .
. =VBN(e)| ——%"___ where Z =iw, (3.3
I o (iw, )2 -(E)
hWp hwp
1= VB N(E)| ———— N(g) : (3.4)
J Mo (iw, ) ( 5~ I

Within the range of integration, this approximation allows for the analytical evaluation and
simplification of the Tc """ Therefore, we obtain

AM) _ 2exp (_—lj (3.5)
KT, VN (0)

T, =6exp (_—1j (3.6)

VN (0)

Theoretical predictions of transition temperatures

N@O)V | Al Cd Ta MgB; | RbCS;Ceo | KsCeo | SrzRuO.

0.10 0.0IK | 0.009k | 0.01k 0.01 0.10 0.10 0.1

0.15 0.54K | 0.2k 0.3k 0.52 2.83 2.8 14

0.20 2.88K 1.4k 1.6k 2.76 15.0 15

0.25 7.80K 3.8k 4.3k 7.50 40.0 40

0.30 15.2k | 7.4k 8.5k 14.6 -

0.35 245k | 120k | 13.7k |235

0.40 34.1 17.1k 19.7k | 33.6
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SUMMARY AND CONCLUSION

The Nambu- psudospin derivation of Eqn(3.5) and Eqn( 3.6) is equivalent to the BCS
formulation. It is seen from the equations and above table that the gap and Tc are affected
by the nature of the coupling parameter. However, N (0)V affects the Tc values of elements
and compounds that exhibits superconductivity. This may well be the case for the group of
well known iron pnictides and cuprates compounds. Comparing results with experimental
deduced T, values, it is found in this theory that the Tc of these elements and compounds
equal to and approach experiments; The T, of 2.88 in Al at N(O)V - 0.20K approach
experiment, 3.5K ; Tc of 33.6K in MgB, approach 39K .The expression of the energy gap
and critical transition temperature is seen to be dependent on interaction strength , Debey
temperature and density of state. Since NV is much less than unity therefore, the range of

1.0-0.4 applies for NV in this theoretical calculation.
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