
Dynamic Structure Factor [nln89]

Inelastic scattering of particles (electrons, neutrons, photons,...) involves
momentum transfer, ~q = ~kf − ~ki, and energy transfer, ~ω = Ef − Ei,
between scattered particles and collective excitations in the system.

Scattering cross section is proportional to dynamic structure factor:

d2σ

dωdΩ
∝ SAA(q, ω).

Target system: H0|λ〉 = Eλ|λ〉.

Interaction with scattering radiation: A(q, t) =

∫
d3r e−ıki·rV (r, t)eıkf ·r.

Scattering events produce transitions |λ〉 → |λ′〉 in target system.

Transition rates: T (q, ω) = |〈λ|A(q)|λ′〉|2δ(~ω − Eλ′ + Eλ)δq−kλ′+kλ+Q.

Dynamic structure factor: SAA(q, ω) =
2π

Z

∑
λ,λ′

e−βEλT (q, ω).

Electron scattering (Coulomb interaction with target charge density):

V (r, t) =
eρ(R, t)

|r−R|
⇒ Sρρ(q, ω) =

∫ +∞

−∞
dt eıωt〈ρ(q, t)ρ(−q, 0)〉.

Nuclear neutron scattering (contact interaction with target particle density):

V (r, t) = aδ(r−R)n(R, t) ⇒ Snn(q, ω) =

∫ +∞

−∞
dt eıωt〈n(q, t)n(−q, 0)〉.

Magnetic neutron scattering (interaction with target magnetisation):

V (r, t) = Sµ(r)Vµν(r−R)Mν(R, t)

⇒ Sµν(q, ω) =

∫ +∞

−∞
dt eıωt〈Mµ(q, t)Mν(−q, 0)〉.

Light scattering (interaction with inhomogeneities in dielectric function):

ε(r, t) ⇒ Sεε(q, ω) =

∫ +∞

−∞
dt eıωt〈ε(q, t)ε(−q, 0)〉.


