
Superconductivity (SC) refers to the phenomenon where the electric 
resistivity of a material drops to zero at a certain temperature.
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2. New theoretical paradigms to understand and predict RTSC
SC is a highly complicated many-body problem 
involving physics beyond the BOA and electron 
correlation beyond the LDA (PBE) xc functional. 
Key theoretical developments are 
superconductor density functional theory 
(below) and machine learning (right).
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Room-temperature superconductivity

The electrons are then promoted to a collected 
quantum state in which the electric current flows 
without dissipation. 5 Nobel Prizes have been 
awarded in the field of SC.
The challenge was and still is to realise the room-
temperature superconductivity (RTSC).

1. Status of RTSC, records and trends

Superconductivity E1.7

interaction between the conduction electrons near the Fermi surface. Thus, the pair bound state
of electrons is formed and the paired conduction electrons are called "Cooper pair".
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Fig. 4: (a) Two electrons paired when moving through crystal lattice due to the electron phonon
coupling. (b) Interaction of electrons via exchange of boson (crystal lattice phonon). (c) Attrac-
tive interaction between two electrons close to the Fermi surface.

It is well known that bare electrons will repel each other due to the strong electrostatic Coulomb
repulsion. However, if we consider the electrons in a medium, say, surrounded by charged ions
in a crystal lattice [Fig. 4(a)], the Coulomb interaction will be largely reduced by the screening.
Furthermore, the attractive electron-electron interaction is generated via the exchange of virtual
exchange bosons such as phonons. As presented in Fig. 4(b), the Feynman diagram illustrated
the interaction of electrons via exchange phonons. Because the total wave vector is conserved,
we have k1+k2 = k1+q+k2-q = k′1+k′2. Considering a situation that only two additional electrons
located outside of the spherical Fermi surface at T = 0. The interaction between two additional
electrons will take place within the range !ωD of Fermi surface, i.e. Ef < Ek < Ef+!ωD. To
ensure the momentum conservation and to minimize the energy, two additional electrons will
pair up as Cooper pair with no center of mass motion, as demonstrated in Fig. 4(c).
The coupling of the electron spins of the Cooper pairs will result in two different total spin, S =
0 or S = 1. Thus the spin wave function can be:
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Furthermore, based on the distribution of pairing amplitude in k space, the pairing symmetry
can be classified as s, p, d, f...waves.
By using the language of second quantization, the pairing hamiltonian of singlet superconductor
can be given as:
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BCS mechanism of SC
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Hydrogen-rich materials can achieve RTSC but 
require extraordinary pressures. The challenge 
nowadays is to reduce the pressure rather than 
increase the temperature.
Yet, many initial reports are subject to harsh
scrutiny and even retractions.
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3. New approaches to design RTSC
Ab initio structure prediction accelerated with machine learning interatomic 
potentials (MLIP) using MAISE: Module for ab initio structure evolution.


