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Definition of scattering cross section and flux
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Interference (mathematical)
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Measuring atomic and molecular formfactors from gas scattering
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Home work: Verify (a few points) on curve for CF4
when Q is parallel or antiparallel to a CF4 bond p p
(bond length 1.38 Ang).  The CF 4 molecule is a tetraheder as shown.  Prove first that
OO’=1/3 of the bondlength. Hint:  ”Elements of Modern X-Ray physics”, Ch.4 p.115.
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Student :  look at the CF4 molecule as an example, and compare orientational average
with Q parallel  to a C-F bond         Q p



Absorption
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X-ray absorption 4 3( , ) ( )abs Z Zσ ω ω −∝ ⋅h h
I

( , ) ( )absI(z)0I

dz

abs
Avm

z

N
eIzIdzzIdI

σρμμ

μ μ

=

⋅=⇒⋅=−

−

−

   :lengthabsorption  the- 

)()(

1

0

z

absA
μμ gp

Easy to measure μ and thereby σ

F h l d d l d

K-edge for Kr is at 14 435 keV

Fine structure occurs here in solids and liquids
It is called EXAFS and contains information
about distances to near neighbors .

K-edge for Kr is at 14.435 keV

L-edges for Pb
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X-ray photon and electron in atom
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With interaction between photon-field and electron
transitions may occur
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Reflection and refraction

How is the index of refraction relatedHow is the index of refraction related

to the 2 basic processes

1.   scattering

2.  absorption
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index of refraction n

Index of refraction vs. scattering
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Homogenous wedge Inhomogenous plate
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Example :  The ”invisible” substrate

Si i l t l f f t All tt i d d i B i tSi single crystal wafer, perfect.  All scattering condensed in Bragg points.
Make a thin area (thickness ca. 10 μ) in a 300 μ thick wafer by etching
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Incident, reflected  and transmitted plane waves have index I, R, and T
General wavevectors are shown below BUT

Grazing incidence
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Reflectivity
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Thin plate reflectivity
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If reflectivity of one layer is 0.01

The bandwidth from Bragg reflection
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f f y f y
then about 100 layers will effectively reflect –
the deeper layers are not illuminated 

With fl ti it l N 1/With reflectivity per layer = g   N=1/g

wavefronts
Student problem:

Green path length = N 2d sinθ

N Determine the wavelengthband 
from a Si(111) monochromator.
Hint: Si has the diamond structure
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Reflectivity from fuzzy interface
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A and B + box model
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