
Scattering (Experiments)



Photoelectric Effect



Thermionic Emission
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Thermionic Emission



Fermi Function

Boltzmann Distribution: N2/N1 = exp{(E(N1)-E(N2)/ kBT}



Photoelectric Effect as explained by A. Einstein (1905)

Fermi Function



Electron Gun
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LaB6 crystal

www.kimballphysics.com





Let us take a 20 eV electron:

p = mv = sqrt(2mE) ..... = 2.4 x 10-24 kg m / s

l = hc / E = 2.7 Å



LEED – Low Energy Electron Diffraction

www.scientaomicron.com



wikipedia



Two - Dimensional lattices (1 oblique + 4 special )

Four special lattices in two dimensions

Primitive cell; Conventional rectangular cell

Chapter 1





Cu(100) (fcc)

a’

a = √ a’

b = 2/a



Cu(100): p(2x1)O

2 domain structure



Cu(100): c(2x3)O

O1 = (3/2 a1 + a2)
O2 = (3/2 a1 – a2)

O1* = 1/3 b1 + ½  b2
O2* = 1/3 b1 – ½  b2

b1* = (2/a x)
b2* = (2 /a y)

a1 = (a x)
a2 = (a y)

b = 2/a

2 domain structure





RHEED – Reflected High Energy Electron Diffraction









LEEM – Low Energy Electron Microscopy











TEM – Transmission Electron Microscopy

wikipedia





XRay Scattering (see previous lectures)
vs.

Neutron Scattering

Looks like sc with a/2 unit cell !

Looks like fcc !



Wavelength of Neutrons

Room Temperature Neutrons

Ktranslation = ½  mv2 = 3/2 kT = 6 x 10-21J (@T= 293K)

v = 2.7 x 103 m/s

p = mv = 4.5 x 10-24 kg m / s

de Broglie Wavelength

l = h/p = 0.147 nm



Neutron Source

Nuclear Fission

Nuclear Fusion

Spallation Source(a) pulsed source
=> time correlates with v

(b) scattering at crystal
 Bragg Reflection to
select wavelength
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Last but not least

Neutrons have a magnetic moment – and can image magnetic ordering



Let us go back to XRay Scattering





Ewald Construction:

Incoming XRay

choose 1 point (0,0)
calculate: |k| = 2/l

draw scattering sphere

find crossing points (here -7,0)
Scattering Direction

Problem: Not many crossing points can be found !







Powder Diffractometer



• Rotate Sample in plane

• Rotate Sample along a scattering axis 
(azimuthal scan)

• Use a wavelength range (Laue method)



EXAFS - edge X-ray absorption fine structure  

NEXAFS - near edge X-ray absorption fine structure / 
XANES - X-ray absorption near edge structure

wikipedia





EXAFS


