Quantum Field Theory for Condensed Matter - 2018
Exercise Set 2 (13 points)
Due date: monday, may 7th

1. (3 p) Do exercise 5.3 from Coleman.

2. (3 p) We apply a spin independent external potential with a particular multipole symmetry, i.e., 1,Y},,(p) on a
Fermi liquid. That is, the bare quasi-particle energy changes: (56;0; = 1Y (p). Show carefully that the change
of the (full) quasi-particle energy is given by dez, = 7% Yim (D).

l

3. We consider a Fermi-liquid with two type of contact interactions, Vi (z — 2’) = A @) (z — 2’) and Va(z — 2’) =
~AV250G) (2 — 2').
a) (3 p) Calculate, to leading order, the Landau parameters for both these interactions.

b) (1 p) For which parameter regime (A1, A2) is this Fermi liquid unstable?

4. (3 p) From the adiabatic principle, we know that the ground state and one-quasi-particle states of an interacting
Fermi liquid are given by

16) = U[wo) [Fo) = Ulfo) = U, W) ,

where |Ug) is the filled Fermi sea of the non-interacting system, U is the (time-ordered) evolution operator
describing the interaction, k is a momentum close to the Fermi surface, and c%g creates a particle in the non-

interacting fluid. The operator that creates a quasi-particle can formally be written as a%g =U c;%aUT. In a
Fermi liquid, the quasi-particle states have a finite overlap with the states that is formed by creating a bare
particle, that is

Zi = |(Folcl, |)?

This means that the Green’s function takes the form

. Zn
k =
Gk, w) w — €+ idsgn(k — kp)

+ reg.

Show by using this Green’s function, that the momentum distribution of the physical electrons nj, has a finite
jump at the Fermi surface, nf s, —ng, s, = Zk, in the limit of small Jk.



