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Think of Cooper pairing as a kind of marriage. Just as marriage
can help two people sail through life's ups and downs by joining
forces, so Cooper pairing allows electrons to travel through a
conductor without getting bogged down in lots of troublesome
little obstacles. [Chris Woodford, "How cool stuff works."
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Calculating current in linear response
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Conductivity is a 2-particle Green fct
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Requires about 25 pages of this stuff




Instead we look at representative examples
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But is a perfect metal a superconductor?



Static q=0 response vanishes for normal metal
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But is a perfect metal a superconductor?
No!

Perfect metal

Order of limits matters Superconductor
ne? lim lim K (q, o) ne?
limlimK(qg, w) = ——— im lim K(q, ) = ———
w—0 g—0 (q’ ) maoc w—0 g—0 mc
lim lim K ne?
im 1i = im lim W) =— —
lim lim K(q,w) =0 =0 0 (9, w) e

g—0 w—0
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Superconductor with weak disorder
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Conductivity in superconducting state




Mattis-Bardeen absorption is zero
at threshold despite singular
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Far-infrared optical conductivity gap in superconducting MgB, films

Kaindl et al. Phys. Rev. Lett. 88, 027003 (2002).
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Mattis-Bardeen theory works in MgB,
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But not in cuprates
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Z=0 everywhere ?

Insulator and
antiferromagnetic

Temperature

Strange
metal

Pseudo-fermi liquid Pseudo- s,
living near nodes gap phase T,

Superconductivity
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