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Overview

Background: Finite-momentum pairing with momentum ¢ enables photon absorption and optical activity of collective modes.
Questions: 1) How can the electromagnetic response be calculated 1n a conserving and gauge-invariant way?
2) How does disorder reshape quasiparticle and collective-mode contributions?
Method: Baym—Kadanoff conserving approximation
Results: All BCS-level fluctuations can make non-negligible contributions, demonstrating the necessity of vertex corrections.

Qualitative Analysis Framework
Symmetry analysis Baym-Kadanoff approximation
* Quasiparticle part: (with self-consistent Hartree-Fock and Born approximations)
q = 0: electrons satisfy 7_52 = —7_7)_29 no net current H,,.:: effective e-e attractive interaction + static nonmagnetic disorder potential
finite q: vy, i F "V g1 = finite current Dyson equation
* Collective modes part: G G, O
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* Equivalent to path-integral approach and gauge-invariant kinetic theory.
* Conserving method including all BCS-level fluctuations.
* More complete than consistent-fluctuation of order parameter method.

Finite g enables optical activity of collective mode.
Broken Galilean invariance prevents exact cancellation.

Results
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* Cleaner case: peaks reflect quasiparticle DOS; strongly anisotropic * Amplitude/density contributions grow relative to phase contribution with disorder
* Dirtier case: peaks suppressed; more 1sotropic; approach the Mattis-Bardeen limit Vertex corrections are important near optical-response peaks
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