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First, the Cooper Pairs

Paired electrons moving freely (without resistance)
through a crystal lattice

.. an attractive interaction between two fermions near the Fermi surface leads
to the appearance of a bound pair. The noninteracting ground state lowers its
energy by an amount ∆, becoming unstable.
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The Normal State Self Energy: Electrons in an electron-ion
system

The phonons and the electrons are mutually interacting and
affecting each other’s properties.#

"

 

!
Σ (k , iωn) =

1
β

∑
k ′m

[
λkk ′ (iωn − iωm)

N (µ)
− V eff

kk ′

]
G
(
k ′, iωm

)

This means that we have an effective electron-electron
interaction due to the emission and absortion of phonons

V eff
kk ′ =

Vkk ′

ε
, g eff

kk ′ =
gkk ′

ε
,

and a dressed electron-phonon interaction with a phonon
frequency renormalized by the accompanying electron cloud .
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The Superconducting State Green Function

It is defined as:

Ĝ (k , τ − τ ′) ≡ −
〈
Tτ

[
Ψ̂k (τ) Ψ̂†k (τ ′)

]〉
,

where the field operators are given by

Ψ̂k =

[
ψ̂k↑

ψ̂†−k↓

]
, Ψ̂†k =

[
ψ̂†k↑, ψ̂−k↓

]
.

This give us the Green function:'

&

$

%
Ĝ (k , iωn) =

 G (k , iωn) F (k , iωn)

F† (k , iωn) −G (−k , iωn)

 .



The Superconducting State Self Energy

Using diagrammatic perturbation techniques (Feynman
diagrams) it is found that the Green function satisfies the
Dyson equation:

Ĝ−1 (k , iωn) = Ĝ−1
0 (k , iωn)− Σ̂ (k , iωn) ,

where the single particle Green function is given by:

Ĝ−1
0 (k , iωn) =

(
iωn − εk 0

0 iωn + εk

)
,

#

"

 

!
Σ̂ (k , iωn) =

1
β

∑
k ′m

[
λkk ′ (iωn − iωm)

N (µ)
− V eff

kk ′

]
τ̂3Ĝ

(
k ′, iωm

)
τ̂3



The Linearized Migdal-Eliashberg Equations (LMEE) with
constant DOS are

ρ∆̄n = πT
∑

m

[
λnm − µ∗ − δnm

|ω̃n|
πT

]
∆̄m,

here ρ is the breaking parameter that becomes zero at Tc . The frequency ω̃n

is

ω̃n = ωn + πT
∑

m

λnmsign (ωm) ,

and iωn are the Matsubara frecuencies, iωn = iπT (2n + 1). The coupling
parameter λnm is defined as

λnm = 2
∫ ∞

0

dωωα2F (ω)

ω2 + (ωn − ωm)2 .



The Linearized Migdal-Eliashberg Equations (LMEE) with
energy dependent DOS are

ρ∆̄n = πT
∑

m

[
(λnm − µ∗) Ñ(|ω̃m|)− δnm |ω̃m|

]
∆̄m,

here ρ is the breaking parameter that becomes zero at Tc . The frequency ω̃n

is

ω̃n = ωn + πT
∑

m

λnmsig(ωm)Ñ(|ω̃m|),

and iωn are the Matsubara frecuencies, iωn = iπT (2n + 1). The function
Ñ(|ω̃m|) is defined as

Ñ(|ω̃n|) =
1
π

∫ ∞
−∞

dε
N (ε)

N (µ)

|ω̃n|
|ω̃n|2 + ε2

.
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The early days of room-temperature superconductivity at
high pressure conditions

The 2021 Room-Temperature Superconductivity Roadmap, Lilia Boeri et al 2021 J. Phys.: Condens.
Matter in press https://doi.org/10.1088/1361-648X/ac2864



The early days of room-temperature superconductivity at
ambient pressure

Besides applied pressure, doping is another procedure for metal-
lization, thus to induce or increase superconductivity by enhancing
some properties like the electronic density of states at the Fermi
level (N (0)) or the electron-phonon coupling.
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Metallization: From semiconductor to superconductor
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Enhancement: Becoming a superconductor due to doping
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Next:

Scx−1MxH3 and Yx−1MxH3 in the HPC structures at ambient
pressure.
Lax−1MxH2 and Lax−1MxH3.



See You Space Cowgirl,
Someday, Somewhere....
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