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Basic Scattering Theory
SANS



2θ

incident beam transmitted beam:
unscattered beam

forward-scattered beam
+

k

sk
detector

neutron
source

scattered beam

element



θk

sk

neutron
source θ

θ
2θ

detector
element



2θ

incident beam transmitted beam:
unscattered beam

forward-scattered beam
+

k

sk

neutron
source

scattered beam

2
sk k π

λ
= =

Elastic scattering

sQ = k - k k

k 42 sinQ k πθ θ
λ

=

detector
element



2 2 2
2 ( , ) ( , )) ( ,

2 2
( )V k

m m
k r krr k rψ ψ ψ− ∇ + =

( )
22( ) ( )i i

i

V b g
m
π δ= − +∑r r R µ B ri

Fermi scattering length
sum over all nucleii at positions 
i

i

b =
R

positive (repulsive interaction)
 =

negative (attractive interaction)ib
⎧⎪⎪⎨⎪⎪⎩

neutron

nucleus

Shrodinger Equation

nuclear interaction: magnetic interaction:
nucleus spin
electron spins

Fermi "contact"



2 24 ( )( , ) ( , ) ( , )kk r k r k rrψ π ψ ψρ−∇ + =

scattering length density (S( ) ( ) LD)i i
i

br r Rρ δ= − =∑
[ ]L 3L−⎡ ⎤⎢ ⎥⎣ ⎦

2L−⎡ ⎤⎢ ⎥⎣ ⎦

2
2

2( , ) 4 ( ) ( (
2

, ) , )k
m

ψ πρ ψ ψ⎡ ⎤−∇ + =⎢ ⎥⎣ ⎦k r r k r k r



incident beam

scattered beam

2 2( , ) 4 ( ) ( , ) ( , )kψ πρ ψ ψ−∇ + =k r r k r k r

( , ) ieψ ⋅= k rk r

i

( ) e( , )
sk r

s sf
r

kk rψ =

spherical wave

sk

i 3( , )( ) ( )e
s

s
V

f d rk rk rk rψ ρ − ⋅= ∫

transmitted beam

plane wavefront

Exact  in scattererψ

sV



i 3( , )( ) ( )e
s

s
V

f d rk rk rk rψ ρ − ⋅= ∫

k sk

ie inside( ,  scatt) erers rkk rψ ⋅≈

Born approximation ("Kinematic theory")

3ie( ) ( )
s

s
V

f d rQ rk rρ⋅∴ ≈ ∫

ˆ( )  FT ( )QQ rρ ρ= =



When is the BA valid?
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What's measured?
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What's calculated?

* *
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What's measured/calulated?
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Coherent & Incoherent Scattering
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"Fundamental Theorem of Diffraction"
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Shrodinger Equation
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What's calculated?
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Two prototypes
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Enjoy the rest of the course!
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