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Part 7-
Exercise 2: Minimal framework for 

critical-temperature curve-
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Thouless criterion is easy as being similar to the gap equation,

but the particle number density is much demanding due to the 

Matsubara frequency summation



Phase shift representation
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Bosonic approximation
L. Dell’Anna and S. Grava, Condensed Matter, 6, 16 (2021).
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At T = Tc, assuming the gapless condition (Thouless criterion) of bosons (2𝜇 = 𝐸b
′ ),



Bosonic approximation
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Nondimensional equations
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We can numerically solve them with respect to 𝜇/𝜀𝐹 and Τ𝑇𝑐 𝑇𝐹



Further extensions

BEC-BCS crossover of neutron-proton pairing in 
symmetric nuclear matter

 You can replace the Thouless criterion with that of 
the finite-range 3S1 channel

BEC-BCS crossover of proton superconductivity 
in asymmetric nuclear matter

You can replace the Thouless criterion with that of 
the finite-range 1S0 channel + neutron-density-
mediated interaction (new work!)
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