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Introduction
The analysis of superconducting properties in
the presence of spin-orbit coupling is the
subject of many scientific papers published in
recent years. The understanding of the problem
is insufficient due to the fact that the theoretical
results have been obtained using too simple
models. In the most advanced works on
phonon-induced superconducting state, formed
in the presence of spin-orbit coupling, the
spin-orbit interaction is included only in the
Eliashberg function, while as the additional
interaction also changes the very form of
Eliashberg equations.
The aim of the research is to derive full
thermodynamic equations for phonon-induced
superconducting state in the presence of
Rashba type spin-orbit coupling.
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Due to the presence of spin-orbit interaction,
the spin degeneration disappears and the
electronic dispersion relation is divided into two
bands (Figure: the case of square lattice for
γ0 = 4t).

Theoretical model
Hamiltonian
The Hamiltonian used is the sum of the
following Hamiltonians:

H(1) =
∑︁
kσ

ϵkc†kσckσ +
∑︁
q
ωqb†qbq

H(2) =
∑︁
k

γ (k) c†k↑ck↓ +
∑︁
k

γ? (k) c†k↓ck↑

H(3) =
∑︁
kqσ

gk,k+qc†k+qσckσϕq

ϵk = −2t
[︀
cos (kx) + cos

(︀
ky

)︀]︀
+ 4t′ cos (kx) cos

(︀
ky

)︀
ωq = ω0

√︀
2− cosqx − cosqy

γ(k) = γ0
[︀
sin ky + i sin kx

]︀
gk,k+q = g0|q|
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Nambu Spinors

The standard Nambu spinors have been
extended to four-elements operators:

Ψk =

⎛⎜⎜⎜⎜⎝
ck↑
c†−k↓
ck↓
c†−k↑

⎞⎟⎟⎟⎟⎠ , Ψ†
k =

(︁
c†k↑ c−k↓ c

†
k↓ c−k↑

)︁

Using the above spinors a matrix Green’s
function with the following structure has been
defined:

Gk(iωn)→

⎛⎜⎜⎜⎜⎝
N Scs SO Sct

Scs N Sct SO
SO Sct N Scs

Sct SO Scs N

⎞⎟⎟⎟⎟⎠
Matrix self-energy and Eliashberg function

Mk (iωn) =
[︁
 (k)

(︁
T+4 + T−4

)︁
+ z (k)

(︁
T+3 − T−3

)︁]︁
Gk (iωn)G−10k(iωn)

−
1

β

∑︁
qωm

gk−q,kgk,k−qGk−q(iωm)[
(︁
T+4 + T−4

)︁
Xk (iωn) −

(︁
T+3 + T−3

)︁
Yk (iωn)]

⟨︀⟨︀
ϕq|ϕ−q

⟩︀⟩︀
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0 . 0 0 . 1 0 . 2 0 . 3
0 . 0

0 . 5

1 . 0

1 . 5

2 . 0

α2 F(ω
)

ω [ t ]

 γ0 = 0  
 γ0 = 2  t
 γ0 = 4  t

The effect of spin-orbit coupling on
crtitical temperature
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Conclusion
• The extension of the matrix Green’s function
to 4x4 is crucial when analyzing additional
effects in the superconducting phase
•Obtaining a generalized formalism is possible
without the use of additional approximations
(only Wick and Migdal’s theorem, that are
normally used in the derivation of classical
Eliashberg equations)
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