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Shielding

Materials, that prevent
radiation to leave restricted
areas.

Often used:

e Heavy concrete
e Bor plastic




Sample
interaction

Different types of
Interactions can give us a
variety of information.

e Absorption
e Scattering




Neutron wavelength -
energy correlation

de Broglie equation relates Kinetic energy equation
energy to wavelength of combines particle mass and
massive particles velocity
h 1
A= E = :mv?
P 2

_ h
A= V2Em




Cross-
sections
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Neutron/X-ray difference

Neutron interaction X-ray interaction
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Absorption
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Absorption

Electromagnetic  Charged  Neutral Fission

(ny)

-----
v * Y e

(n,p) (n,2n) (n,f)
(n,Q) (n,3nN)
(n,d) (n,4n)
etc... etc...
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Fission (n,f)

Nuclear power source:

U?® +n — U — Kr?2 + Ba'®! + 3n

"NuclearReaction" by Michalsmid - Own work. Licensed under CC BY-SA 3.0 via Commons



Neutral (n,2n)

H? +n — H!' +2n

Neutron gets kicked out of nucleus.

Can be more than two neutron -> (n,3n), (n,4n),...



Charged

Emitted particles Example
(n,p)
(n,a) 14 | 14
(n,d) N TN C T p
etc...

Equilibrium C14 amounts on earth

Usually needs very high energies, with one exception!



Electromagnetic (n,y)
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Can lead to image artifacts
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Incident neutron data / JENDL-4.0 / Al27 / / Cross section
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Scattering

Elastic Inelastic

(n,N) (n,N")

Coherent Incoherent

Q-dependent Uniform in all directions
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What is the Q-vector?

Scattered neutrons

Inudent neutrons

U nscattered neutrons



Scattering

Scattered neutrons

ky
Incident neutrons 50
> >
E. Unscattered neutrons
(/

Elastic: Inelastic:

kil = [k kil # Ky

Inelastic

(n,n’)

Elastic

(n,n)

..
''''

.
.
----



Coherent and incoherent
scattering

Q-dependent coherent scattering Incoherent scattering




Calculating scattering
cross-sections

Scattering length (b) Spin dependent scattering length

Is used to calculate cross-
section

beor = b = > c.(wibl +w,b,)




Calculating scattering
cross-sections

beoh = b =", cr(wiby + w;b)

v I+1
W, = 37771

Example

I

Ocon, = 4mb %, = 4mb?

W, = 3111
spin| |b+ b-
H 1/2 10.82 |-47.4
D 1 9.53 10.98




Calculating scattering
cross-sections

Total scattering cross-section
oot = A1 Y, er{w} (b5)? + wy (b;)?} = 4nb?

Averaging separate cross-sections for each isotope (r) in both spin states.

Incoherent scattering

_ _ X 7.2
Oincoh — Otot — Ocoh — 47T(b2 — b )




Example molecules

https://www.ncnr.nist.gov/resources/n-
lengths/

H20 and D20



Macroscopic cross-
sections

Microscopic cross-sections

H:O D-O
Otot — Og ‘|‘ Oq Doy = (),()()4% Y ooh = 0.513%
2'incoh — 5366% Eincoh — 0137%
Interaction with single particle Yabs = 0.022 1 Sabs = 0.000L

_ Otot

tot V.,




Macroscopic cross-
sections

Microscopic cross-sections

H-0O D-O
Otot — Og ‘|‘ Oq Doy = (),()()4% Y ooh = 0.513%
2'incoh — 5366% Eincoh — 0137%
Interaction with single particle Yabs = 0.022 1 Sabs = 0.000L

_ Otot

tot V., Attenuation coefficients




Calculations vs. reality

Thermal neutrons Measured [1/cm] Calculated [1/cm]
H20 3.75 5.392
D20 0.51 0.65
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Plot of light and heavy water linear attenuation coefficient data based on the MCNP cross section
Dissertation R. Hassanein library



Energy dependence of
cross-sections




Energy dependence of
cross-sections




Scattering
from structures

Crystal Layers

e

nA = 2dsin(6)




Interactions and their
Impact on images

Attenuation coefficient is probed.

Beer-Lambert Law:
I =1 - et




What does that mean?

»I—»

H:0 D.O
Ditot = 5392% Ditot = ().65%

I = I() . @ Hitott




Mean free path

»I—»

H:0 D:O
Ditot = 5392% Ditot = ().65%




Interactions and their
Impact on images

Sources of error:

e |nelastic scattering
e Gamma spots
e Sample thickness

Transmission



Interactions and their
Impact on images

Transmission Dark-field Phase change



Things to remember

Absorption

. .

L C oSy Attenuation
I =1 0° e_ztot-t

Scattering

Activation




