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Content
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Recapture: Scattering problem

Scattering at small momentum transfer

Specular reflectivity

Off-specular scattering

Gracing incidence scattering



What do we measure?

 = number of incident particles per area and time

 = total number of particles scattered per time and 

d/d = number of particles scattered per time into a certain direction per 

area and 

d2 /ddE = number of particles scattered per time into a certain direction per 

area with a certain energy per energy interval and 



The scattering problem

Schrödinger equation:



Potential

For neutrons (scattering at the core) wave length (10-10 m) is much larger than the size of 

the scattering particle (10-15 m). This implies that no details of the core can be seen and 

the scattering potential can be described by a single constant b, the scattering length:

This is called the Fermi pseudo potential. b is a phenomenological constant and 

has to be determined experimentally.

This equation is also known as scattering law or dynamical structure factor. It 

completely describes the structural and dynamic properties of the sample.



Small momentum

Example: Wavelength 1 nm scattered at an angle of 0.6°.

Q = 0.0658 nm-1, 

and a length scale of approx. 100 nm is probed

No details on the atomic ordering seen anymore 

Continuum theory



Scattering length density
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Reflection and refraction
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Medium 1

Medium 2 n2

n1 Medium 1

Medium 2 n2
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Evanescent waveGeneral case

For n1 = 1:

Snellius law:



Fresnel reflectivity
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Medium 1

Medium 2 n2

n1

Above the surface:

Below the surface:

Continuity of

wave functions:

Specular

condition:

Reflection

coefficient:

Transmission

coefficient:

For Qz >> Qc:



Density profil

12

z

r

SLD

SLD

r

z

SANS

Reflectometry



Non sharp/multiple interfaces - Layers
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Non sharp interfaces (Born approximation):

Layers:

tm-1 rm-1

tm rm

tm+1 rm+1

Parratt 1954, Phys. Rev. 95, 359 (1954)

Fresnel amplitude for the interface m, m-1:



Rough surface
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Gaussian roughness
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Roughness length scales
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Reflectivity

Braggs law:

10 nm

Optical correction needed:

Huge

dynamic

range



Rough surface and interface
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Reflectivity - Bragg range



Roughness or interdiffusion
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The reflectivity is the same!



Diffuse scattering

21



Diffuse scattering from multilayers
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Resonant diffuse scattering
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Grazing incidence scattering
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Coherent and incoherent sum
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Length scales

ΔQx ~ 10-5 Å-1

⇔ ~ 65 µm
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Qy [10-2 Å-1]

ΔQy ~ 4*10-3 Å-1

⇔ ~ 150 nm
ΔQz ~ 7*10-4 Å-1

⇔ ~ 850 nm



T
y

p

e 
t

o 

e
n

t

e
r 

t

e
x

t

Crystallisation
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Penetration depth
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Depth sensitive information



Main contribution to scattering
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Distorted wave Born approximation
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Summary
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Scattering at small momentum transfer can be described by plane waves

The scattering potential become continuous

Reflectivity measurements assess the scattering length density profile

Small angle scattering can address single particles form factors

Gracing incidence scattering probes in-plane corrections at surface
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Super-ADAM instrument

Electromagnet: 5 T, 0.02 - 1200 K Gas loadingSolid-liquid cells

Data processing and visualisation

Fitting and simulations (BoTofit/Sim):
GenX: https://aglavic.github.io/genx/

Example of high 
resolution 
measurement:

100 nm thick layer
0.2 % spin leakage

Sample environment

Beam time
User training

Design of the experiment

Conducting the experiment 
(24/7 support)

Data processing

Fitting
Answer to the scientific 

question

The core of Super-ADAM is the 
instrument @ Institut Laue-Langevin 
(Grenoble, France):

Super-ADAM is one of the approx. 30 
neutron reflectometers world wide and 1 out 

of 3 @ ILL, 2 @ ESS

Super-ADAM is unique in terms of resolution 
and polarisation analysis for science on 

quantum technology

Demand is twice of what Super-ADAM can 
accommodate

Community on surface science using 
neutrons is one of the fastest growing

Support for
users:

Neutron optics/detectors
Characterised @ Super-ADAM

GISANS 
beamline
for ESS

Port-GISANS (RÅC 
project)

Optimisation of 
reflectometry
/reference layers (ESS-ISIS 
project)

Projects 
benefiting 
from Super-
ADAM:


	Slide 1: Neutron and x-ray reflectometry Neutron reflectometry
	Slide 2: 10th anniversary
	Slide 3: Reflection from interfaces
	Slide 4: Content
	Slide 5: What do we measure?
	Slide 6: The scattering problem
	Slide 7: Potential
	Slide 8: Small momentum
	Slide 9: Scattering length density
	Slide 10: Reflection and refraction
	Slide 11: Fresnel reflectivity
	Slide 12: Density profil
	Slide 13: Non sharp/multiple interfaces - Layers
	Slide 14: Rough surface
	Slide 15: Gaussian roughness
	Slide 16: Roughness length scales
	Slide 17: Reflectivity
	Slide 18: Rough surface and interface
	Slide 19: Reflectivity - Bragg range
	Slide 20: Roughness or interdiffusion
	Slide 21: Diffuse scattering
	Slide 22: Diffuse scattering from multilayers
	Slide 23: Resonant diffuse scattering
	Slide 24: Grazing incidence scattering
	Slide 25: Coherent and incoherent sum
	Slide 26: Length scales
	Slide 27: Crystallisation
	Slide 28: Penetration depth
	Slide 29: Depth sensitive information
	Slide 30: Main contribution to scattering
	Slide 31: Distorted wave Born approximation
	Slide 32: Further reading
	Slide 33: Summary
	Slide 34
	Slide 35: Super-ADAM instrument

