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Optics (q → 0)



TDCDFT: Optics
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EELS (q > 0)



What is Cerenkov Radiation ?

(a) electron (v ) faster than light (c/n):

cos2 α =
c2

<εv2 =
1

<εβ2

Cerenkov condition: <εβ2 > 1
[Stöger-Pollach et al., Micron 37, 396 (2006)]

(b) Köger formula (ε of homogeneous media, Ee transverse):

∂PV (ω, q⊥)

∂ω∂2q⊥
= − De2

π2~v2
1
q2=

[
1

εL(ω)
−

β2q2
⊥

q2 − (ω
c )2εL(ω)

]
[E. Kröger, Zeitschrift für Physik A Hadrons and Nuclei 216, 115 (1968)]



Silicon: unretarded
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Silicon - Dielectric function at q=0



Silicon: retarded (200 keV)



Silicon: retarded (200 keV)

• acceleration:
E0 = 200keV, β = 0.7

• photon energy:
E < 5eV, q|| < 0.004Å−1

• photon momentum:
θ < 0.04mrad, q⊥ < 0.01Å−1

• very sharp ω-q dispersion:

ω2(q) =
c2q2

⊥
<ε(ω)− 1/β2



Silicon: retarded (200 keV)

• finite q-resolution:
θmax = 0.05mrad,
qmax
⊥ = 0.013Å−1

• integration:
qmax
⊥∫
0

dq⊥q⊥S(q⊥, ω)



Transverse Waves in ε ?

• longitudinal Dyson equation (RPA) for ε−1
LL = 1 + vχLL:

χLL = χ0
ρρ + χ0

ρρ v χLL

• full Dyson equation for tensors χ = χαβ

GG′ =
( χLL χLT

χTL χTT

)
:

χ = χ0
jj − χ0

jj O
−1 χ, O = ∇× (∇× · )− ∂2

t



• optics for q > 0 (beyond dipole approximation)
• LFE in optics (mixing of T and L ?)
• LFE in EELS (beyond Köger)
• other applications of CDFT


