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Abstract: This theory is proposed to account for the spinor transformation (ST), antiferromagnetism (AF) and
superconductivity (SC) in the direct d-orbital overlap of iron based superconductors. The ST, shows the
gradual transition in the pair representation by Nambu to the Fourier’s Green function leading up to SC
and AF state. The AF dominant in the band regime, is determining from the two component spinor describing its
interaction effect on the band electrons, represented by the spin, Coulomb integral and exchange integral.

I.  Introduction

Naturally the quaternary equi-atomic REOFeAs compounds are rather simple structured containing
alternating layers of Fe-As and Re-O layers, where FeAs layers are believed to be responsible for
superconductivity. The undoped compound of these systems is not superconducting itself but it exhibits both a
structural and magnetic phase transition. This structural phase transition changes the crystal symmetry from
tetragonal (space group P4/nmm) to orthorhombic (space group Cmma) and leads to an antiferromagnetical
(AF) order with a spin structure [1], This is because the Fe magnetic moments along(1,1) direction are aligned
(parallel) while the two nearest neighboring Fe are antiferromagnetically (antiparallel) aligned, similar to the
well known antiferromagnetic ordering of the cuprates. The cuprates turns superconducting by introducing
impurities that create electrons and holes in the parent compound. Unlike the cuprates, the iron oxypnictides are
metallic and the antiferromagnetic parent compound is a Mott insulator. This transition is due to direct orbital
interaction between Fe atoms at 285 pm, while there is no such direct d-orbital overlap observed in cuprates[1-
2]. It is believed that this is caused by instability of the spin density wave (SDW). The electronic states of iron
in LaFeAsO and fluoride doped have been extensively studied in detail by 57Fe Mossbauer spectroscopy [2-3].
The 57Fe spectra proved spin ordering in LaFeAsO and its suppression upon doping.The isomer shifts of the
arsenide oxides are close to the data observed for the phosphate. Below the antiferromagnetic ordering (T=138
K), LaFeAsO shows full magnetic hyperfine field splitting with a hyperfine field of 4.86 T [2-3]. The magnetic
moment at the iron atoms was estimated to have values between 0.25-0.35uB/Fe atoms [3].In FeAs based
superconductors both the structural and magnetic transition can be suppressed by dopant such as fluorine or with
the oxygen deficiency [4]. The addition of impurity elements affect superconductivity in the doped system and
cause pair interaction in the presence of the applied field. This leads to magnetic spin fluctuation thereby

distorting the ordering [1-4]. To calculate this effect, y,, and . are functions containing both magnetic
and superconducting elements of which according to exchange effect model of magnetism [5-6] are combination
of d,, and d, , expressible in matrix form. Since, it is well known that the electron spin and ions are the
effective magnetic carriers [6], we proceed as follows; Superconductivity dual band Hamiltonian representation

[7]:

H = Zklglk (dfmdm +dy,d,, )+ Zk:gzk (d;mdzm +dj,dyy )_ %;Vlkk' dyrdy dy dys

- ;VZkk' d;de;kideideT _%;Vlzkk' (dﬂlehdzkidzM +d;de2+k¢d1k¢d1kT) 1.0
Where, g (i =1, 2), is the quasi- particle kinetic energy of the band electrons,V e, Ve ( Vi2kc) are wave vector

dependent intra-band (inter-band) electron interaction for the band. kk™ is the crystal wave vector parameter
estimated relatively to the screened Coulomb potential.d:(dk) , represents the creation (annihilation)

operators for the electron of spins orientation, s (= T, \p ).
The singlet pair is preserved by factorization [7] and we obtain the linear form of Eq (1.0) in Eq(1.1)

H :;'glk (dfmdm +d1kidl+kT)+Zk:€2k( il *dzmdgm)‘;% (dmdm T dﬂrdﬂi)‘;Azk(dmdzk* *dgmdzL) 1 ()
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The gaps are defined, as well as, the pair correlations as follows;
H :Zl//ﬂ((glkTS ‘Alle)‘//lk +ZW2+k(‘92kT3 ‘AZkfl)'//ZK :zl//fk H, vy +Z‘//2+k H, vy 12
k k k k

H; and H; are the pseudospin Hamiltonians for the two bands and y/,, and ;. are Nambu two-component
spinors.

Il.  Spinor transformation and Antiferromagnetism
The Nambu two component spinors are defined and upon mathematical transformation leads to four component
spinors [8-10].

+ + d + + d
Vi :[ wt dlki] Vi :[dl*m] for band 1, yry, :[deT dzki] Vi :Lim] or bend 2 +
Kl 24
dlkJ,
H+ —y st — [d+ d d+ d ] = — kT
ks = VW wt e Yor o | e =W W o d
2kd
2+kT

Following Kadanoff and Martin and define the Fourier’s Green function by Zubarev [10-12],
S djgdyy > <djgdyy > <djdy, > <dj,dy, >
<d, d,,> <d,d\, > <d,d, > <d,d}.>

H 1kd 1k 1kl 1kl 2kl 1kl 72
G, (k,iw,) =({IT, ) = & d 4 & d & d- 15
< 2kt 1kt > < 2kT M1kl > < 2k 2kl > < 2k 2kt >
+ + +
<dy g > <dy dy > <dydy, > <d, dj, >

The transformations of the two component spinor to a four component spinor showing the exchange effect

interaction of the electrons of band ‘1, of spin (1, |) in Y ¥ with the electrons of band 2° of spin (1, 1)
+ +

in Y2k +¥2k  Thus, yielding AF function (dlkT ORI P ) for the first and second bands respectively

and determine possible AF gaps in this regime[10], except in a case where magnetic order may exist in both

bands[1,3,6].Expressed by the equations(1.3-1.5) are elements containing both superconducting and ordered and

disordered magnetic spin orientations[10].This also apply to the regime of two component spinors, hence, we

show the effect of this exchange electron spin interactions as by Heisenberg[13]. Taken within the regime of

v, and y
two component spinors, the scalar product of 7 1k and integrate over volume of band-1

. * d + o4+ . -
Sy =IW1kW1de1 = J.Liidﬁ dﬁ }I:]dvl . Sy :IWikWidei L 1=12 16
2 + 2 2 N 2 9 . 9
(Sik il) = qukWidei il) ; (Slk +1) = ([g//lkl/llkdv1 +1) ,(SZk —l) = ([(//Zk%kdvz _1) 17

Taking scalar product of 1//1+k and w,, across v and integrating over the volumes of band-1 and band-2
hi =j://i;Vq/jkdvidvj where, Vis thepotential,i(j) =1,2,i # | 18

C ZJ.'//1+|<VW1de1 o J =j(//1+ngy2de1dV2 Ny =C=J, hy +hy =C+] 1.9
Sik, defines the overlap integral of the ith spin orientation, where C and J are the Coulomb and exchange integral
respectively. Following simplification, we obtain
h. h.. C+J C-J
ijk ijk
= , =g, —2E, or
(Si £1)° qwgk(//devz - l)2 S +1 Sz —1

Two solutions arise from Eq(1.10) due to splitting: Ep, which is the parallel spin ordering state energy
and E, which is the energy of anti parallel spin orientation in iron based compound (antiferromagnetic state) at
singlet superconducting state. There is a mix state that exist once the material becomes superconducting such
that the magnetic order parameter can fluctuate into two states at high and low temperatures. But at the
superconducting state the material is predominately antiferromagnetic. Where, E, is the ground state energy of
the bands.

=&, - 2E, 1.10

DOI: 10.9790/4861-07113638 www.iosrjournals.org 37| Page



Spinor Transformation and Antiferromagnetism in Iron Based Superconductors

References

[1]. Efstratios Manousakis, Jun Ren3, Sheng Meng and Efthimios Kaxiras. Is the nature of magnetic order in copper-oxides and in
ironpnictides different?: arXiv:0902.3450v1 (2009)

[2]. H.-H. Klauss, H. Luetkens, R. Klingeler, C. Hess, F.J. Litterst, M. Kraken,M.M. Korshunov, I. Eremin, S.-L. Drechsler, R.
Khasanov, A. Amato, J. Hamann-Borrero, N. Leps, A. Kondrat, G. Behr, J. Werner, and B. B"uchner. Commensurate Spin Density
Wave in LaFeAsO: A Local Probe Study arXiv:0805.0264

[3]. Spin Ordering in LaOFeAs and Its Suppression in Superconductor LaO0.89F0.11FeAs Probed by Mossbauer Spectroscopy:
arXiv:0805.0041

[4]. Q. Huang, Jun Zhao, J. W. Lynn, G. F. ChenJ. L. Luo,N. L. Wang,3and Pengcheng Dai:, Doping evoluton of antiferromagnetic
order and structural distortion in LaFeAsO1—xFx. arXiv:0809.4816v2(2008)

[5]. http://en.wikipedia.org/wiki/exchange interaction(10,Feb.2011).

[6]. W. Heitler and F.London, Z.Phys.44.455(1927).

[7]. V.L. Ginzburg and D.A. Kirzhnits, in Superconductivity, Supermagmetism, Superfluidity, Mir Publishers, Moscow,1987, 11-17.

[8]. Y. Nambu. Phys. Rev. 117,648(1960).

[9]. G.C. Asomba, Physica C 224,271(1995).

[10]. L.P. Kadanoffand P.C. Martin,Phys.Rev.124,940(1961).

[11]. D.N. Zubarev, Sov.Phys.Uspekii 3,320 (1960)

[12].  Heisenberg, Phys,Rev.165,647(1968)

DOI: 10.9790/4861-07113638 www.iosrjournals.org 38 | Page



