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8. Fermion coherent states 3+3+3+3+3 Punkte

Fermion coherent states and their properties are needed for the derivation of fermionic functional

integrals. Consider a fermionic coherent state |η〉 = e−
∑

i ηia
†
i |0〉, 〈η| = 〈0|e−

∑
i aiη̄i and verify

the following identities:

a)

〈η|a†i = 〈η|η̄i,

b)

a†i |η〉 = −∂ηi |η〉,

and

〈η|ai = ∂η̄i〈η|,

c)

〈η|ν〉 = e
∑

i η̄iνi ,

d) ∫
d(η̄, η) e−

∑
i η̄iηi |η〉〈η| = 1F .

Hint: Proceed in analogy to the proof for bosonic states which was given in lectures,
i.e. show that the integral commutes with all operators in Fock space.

e)

〈n′|η〉〈η|n〉 = 〈ζη|n〉〈n′|η〉.

Here |n〉 and |n′〉 are Fock states with the same parity of the number of particles (that
is either both have an even or both have an odd number of particles).
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9. Green functions in momentum space 5+5 Bonus Punkte

The time ordered Green function is, in momentum space, defined by the ground state expectation
value

G(t,k) = −i〈T̂tâ(t,k)â†(0,k)〉.

Here, we consider non-interacting particles with energy ε(k) and chemical potential µ, and â(t,k)
and â†(t,k) are annihilation and creation operators in the Heisenberg picture. T̂t denotes the
time ordering operator. Evaluate the Green function for a) non-interacting bosons and b) non-
interacting fermions at zero temperature. The ground state for bosons is the vacuum (i.e. µ < 0),
for fermions the Fermi sea (Fermi creation and annihilation operators are defined with respect
to the Fermi sea).

Hint: In order to evaluate the time-dependence of the Heisenberg operators it may be useful to
recall the Heisenberg equation of motion −i~Ȧ = [H,A] where A is an operator in the Heisenberg
picture (in this case â(t,k) or â†(t,k)) and H is the Hamiltonian.
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