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Outline

• Neutrons vs. X-rays

• Pinhole Geometry: Resolution, Intensity, Field of View

• ANTARES as an example instrument

• Neutron Transmission / projections

• Basic data processing steps

• Tomography reconstruction

• Overall data workflow



Neutrons vs. X-rays

150keV X-rays Neutrons

3



Neutrons vs. X-rays

M.Strobl, J. Phys. D, 42, 243001 (2009) 
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Where do we get neutrons from?

© Andreas Heddergott / TUM
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Neutron Imaging Principle
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S. Scheler, et al., E. J. of Pharmaceutics and Biopharmaceutics 176 (2022) 188-198 8

Neutron Imaging - Examples

A. Gustschin, et al., J. Imaging 7 (2020) 701001

M. Schulz, et al., J. Phys. Conf. 211 (2010) 012025
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Spatial Resolution
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𝑑 = 𝑙/
𝐿

𝐷

• L/D ratio defines geometrical resolution

• Higher L/D is better resolution

• Difference between local and global divergence!
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Pinhole camera geometry in detail
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Distance source-pinhole

Source

Pinhole

Detector

Intensity

D‘D

L

L‘

𝐿‘/𝐷‘ = 𝐿/𝐷 = 𝑐𝑜𝑛𝑠𝑡

• Flux only depends on source brilliance and collimation

same L/D is always same flux at a given source!

• Fully illuminated area increases when pinhole is closer to source
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Collimator instead of pinhole

Source

Pinhole

Detector

Intensity

• Massive collimator to reduce penumbra

• Reduction of background

• 3D shape of collimator is complicated to machine

Collimator
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ANTARES – Imaging with cold neutrons

Shutter(s)

Collimator(s)

Flight Tubes Beam Limiters
Motorized

Stages
Detector(s)

optional:

- Beam Filters

- Monochromator / Selector

- Neutron grating interferometer

Beam Dump
Shielding

plus:

- Access Control

- Media Supply (electricity, gas, water, …)

- IT (network, storage, servers, software, …)
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ANTARES – cold neutrons
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initial beam

Io

transmitted beam

I

detector

plane

sample

µ · dmaterial properties

(density, composition)
thickness

Courtesy of E. Lehmann, PSI

Attenuation in transmission mode

𝑇 =
𝐼

𝐼0
= 𝑒−𝜇 𝑑
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Neutron transmission – more general

https://en.wikipedia.org/wiki/Tomographic_reconstruction

𝑇 =
𝐼

𝐼0
= 𝑒−∫ 𝜇(𝑥,𝑦)𝑑𝑠 = 𝑒−∫ 𝜎(𝑥,𝑦)⋅𝑁(𝑥,𝑦)𝑑𝑠

𝑝𝜃 𝑟 = ln
𝐼

𝐼0
= −න𝜇 𝑥, 𝑦 𝑑𝑠

𝜇 𝑥, 𝑦
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Data processing - normalization

• Image data requires pixelwise treatment

• „Open Beam Image“ contains structure introduced by beam, scintillator, optics, camera, …

• „Dark Image“ contains offset of detector electronics, high-energy background, …

T=I/I0= =

-

-

DIIM

OB DI



Influence of the neutron spectrum

⚫ Cold, thermal, hot, (fission) sources

⚫ General 1/v law

⚫ Plus Bragg edges

⚫ Beam Hardening effects
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Scattering effects

06.10.2014 19

C. Carminati, et al., PLoS ONE 14 (2019) 0210300

M. Wissink, et al., J. Imaging 8 (2022) 164



Data processing – gamma spot removal

⚫ Gammas directly hitting the CCD produce sharp, bright spots

⚫ Can be removed by different filters (Median, Gauss, Search & Replace filters, …)

⚫ Goal: remove as many spots as possible but no object structure

⚫ Check by subtracting filtered from original image

02.08.2015 20

original filtered difference difference - filter too strong!



Wie funktioniert eigentlich Computertomographie?
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Foto von Accuray auf Unsplash

© Kolibril13 / CC BY-SA 4.0 (via Wikimedia Commons)

https://unsplash.com/de/@accuray?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/de/fotos/ein-mann-und-eine-frau-in-einem-raum-mit-einem-computer-jEC4Tco8I9E?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://creativecommons.org/licenses/by-sa/4.0/


Wie funktioniert eigentlich Computertomographie?
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Foto von Accuray auf Unsplash © Kolibril13 / CC BY-SA 4.0 (via Wikimedia Commons)

https://unsplash.com/de/@accuray?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/de/fotos/ein-mann-und-eine-frau-in-einem-raum-mit-einem-computer-jEC4Tco8I9E?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://creativecommons.org/licenses/by-sa/4.0/


Wie funktioniert eigentlich Computertomographie?
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Foto von Accuray auf Unsplash

© Kolibril13 / CC BY-SA 4.0 (via Wikimedia Commons)

https://unsplash.com/de/@accuray?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/de/fotos/ein-mann-und-eine-frau-in-einem-raum-mit-einem-computer-jEC4Tco8I9E?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://creativecommons.org/licenses/by-sa/4.0/
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Tomography – acquisition scheme
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= −න𝜇 𝑥, 𝑦 𝑑𝑠 sinogramprojection
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Basic data workflow in neutron imaging – 2D
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• ImageJ / Fiji

• MuhRec / KIPtool

• Python scripts

• …
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Basic data workflow in neutron imaging – 3D
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• MuhRec

• Python (tomopy)

• ImageJ / Fiji

• …

• KIPTool

• Python (tomopy)

• ImageJ / Fiji

• ImageJ / Fiji • VGStudio Max

• Avizo

• Dragonfly (free academic use)



The „holy grail“ – A beautiful animation
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Thank You!

06.10.2014 WCNR10, Grindelwald 28


