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Problem set 13

Problem 1 Let there be quasi particles

Consider a system of fermions with annihilation (creation) operators ĉ
(†)
k⃗

where k⃗ labels single-

particle eigenstates of a non-interacting Hamiltonian ĥ0. Now an interaction V̂ (t) is switched on
adiabatically with V̂ (−∞) = 0 and V̂ (0) = V̂ . We want to establish the notion of quasi particles,
i.e., if ∣Ψ0⟩ denotes the ground state of the unperturbed N -particle ground state, the operators
â†
k⃗
= Û(0,−∞)ĉ†

k⃗
Û †(0,−∞) and their adjoints describe fermionic quasi-particle excitations. Here,

Û(t1, t0) denotes the time-evolution operator evolving a state from t0 to t1.

(1.a) Show that for a time evolution satisfying the adiabatic theorem, the N -particle ground state
of the interacting system described by ĥ0 + V̂ is given by ∣Φ⟩ = Û(0,−∞) ∣Ψ0⟩.

(1.b) Show that the N ± 1 particle states â
(†)
k⃗
∣Φ⟩ describe single-particle excitations above ∣Ψ0⟩,

after adiabatically switching on the interaction.

Problem 2 Landau parameters

Now we consider a weakly interacting system of electrons. We denote non-interacting electronic
annihilation (creation) operators by ĉ

(†)
k⃗,σ

and the corresponding single-particle energies by ε0
k⃗,σ

. Use

first order perturbation theory to compute the Landau interaction parameters introduced in the
lecture for the perturbed Hamiltonian

Ĥ =∑
k⃗,σ

ε0
k⃗,σ

n̂
k⃗,σ
+ λ

2
∑
k⃗,σ

k⃗′,σ′

∑
q⃗

V (q⃗)ĉ†
k⃗−q⃗,σ

ĉ†
k⃗′+q⃗,σ′

ĉ
k⃗′,σ′

ĉ
k⃗,σ

. (1)

Here, V (q⃗) denotes the Fourier transform of the interaction potential and λ≪ 1 parametrizes the
perturbation strengths.
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