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“Fermi surface is unstable with respect to a pair formation”
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1. The Cooper pair idea

• Consider the ground state of a free-electron gas at ! = 0
all electronic states are filled, up to the Fermi energy

we now add 2 extra electrons to this system, and further assume

a) the two electrons interact with each other via an attractive two-body potential $(&', &))
b) Pauli exclusion principle (i.e. cannot occupy the states of the filled Fermi sea.)

• What is the lowest energy that this two-electron system can have?
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As we are interested in the lowest possible energy, we consider a state with zero momentum 

1. The Cooper pair idea

The spin part of the wavefunction can be either a singlet or a triplet state 

Question: which spin state is consistent 
with the attractive-potential assumption? 
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The singlet spin state gives the larger probability 
amplitude for the electrons to be near each other.

1. The Cooper pair idea
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1. The Cooper pair idea
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1. The Cooper pair idea

we use the weak-coupling 
approximation: !(0)% ≪ 1

• The Fermi surface is unstable with respect to a pair formation if there is an attractive interaction.

• The above result cannot be obtained from perturbation theory.

• One electron polarizes the medium by attracting positive ions; these positive ions, in turn, attract 
the second electron.
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2.    The BCS ground state

The whole ground state is described 
by a single quantum phase

-
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3.    Bogoliubov approach to BSC

Bogoliubov transformation:

-
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3.    Bogoliubov approach to BSC

Bogoliubov transformation

-



- Quasiparticle density of states?
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3.    Bogoliubov approach to BSC

• Ground state is the vacuum state for quasiparticles

• Quasiparticles are gapped from the ground state by the value given by ∆

- Superconducting gap ∆?
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3.    Bogoliubov approach to BSC
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3.    Bogoliubov approach to BSC
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xeq
qp / 10�47T = 20 mK

�Al ⌘ 2.1 K
However, values deduced from lots of 
experiments indicate xqp = [10�9, 10�6]
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3.    Bogoliubov approach to BSC
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4.    Josephson junctions

• Josephson junction are building 
blocks of superconducting qubits

• a supercurrent flows through the 
device even in absence of an external 
bias due to the phase difference. !" !#
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