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Why Neutrons?
Neutrons have special properties …

2023-04-19

Charge neutral
Deeply penetrating 

Hydrogen and water 
distribution in fuel cells

Nuclear scattering
Sensitive to light 

elements and isotopes 

Understanding drug 
binding and enzyme 

action

Magnetic moment (spin)
Probe of magnetism

Understanding 
supercondutors
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X‐Ray Neutron

Mass None 1.674928 x 10‐27 kg  (1839 electrons)

Speed Fixed Energy dependent

Spin 1 1/2

Magnetic Moment None ‐1.9130427 μn

Energy 10 eV – 100 keV 0.1 meV – 0.5 eV

Wavelength 0.01 nm to 100 nm 0.01 nm to 3 nm

Source brightness 106 – 1020
(photons/mm2/s/mrad/0.1%
bandwidth)

1010 – 1014
(neutrons/cm2/s/sr/Å)

Type of radiation Ionizing Non (directly) ionizing

Source “point‐like” Macroscopic

X-Rays and Neutrons



X-Rays and Neutrons
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Different views of the same thing
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Courtesy of the NIAG group, PSI, Switzerland.

neutron

x-ray neutron

x-ray

Due to the different interaction and 
cross sections, neutrons and x-rays 
provide complementary information



TOMCAT beamline at PSI ANTARES beamline at 
TUM

That’s one of the main differences between x-ray and neutron imaging
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TOMCAT beamline at PSI ANTARES beamline at 
TUM

That’s one of the main differences between x-ray and neutron imaging

𝐹𝑙𝑢𝑥 ൌ 10ଵ଺
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X-Rays and Neutrons

practical



X-rays:
• Interacting with the electron shell

Neutrons:
• Interacting with the 

nucleus
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X-rays:
• Interacting with the electron shell

Neutrons:
• Interacting with the 

nucleus

Already this creates a clear domain for neutron imaging!

X-Rays and Neutrons



X-rays:
• Interacting with the electron shell

Neutrons:
• Interacting with the 

nucleus

Already this creates a clear niche for neutron imaging!

NeutronsX-raysPhoto

X-Rays and Neutrons



Contrast Variation

The most valuable contrast 
variation mechanism makes 
use of H vs D contrast –
primarily H2O vs D2O and 
mixtures.

Selective deuteration in 
combination with neutrons 
lets us investigate selected 
parts of complex 
assemblies.
Combining X-Ray and 
Neutron measurements 
provides more information

I. Grillo, ILL



Applications of Neutron Imaging
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Fly



Drugs in syringes
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Drugs in syringes
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Drugs in syringes

18



Examples: dual mode imaging
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From: Elin TÖRNQUIST, Biomedical Engineering, Lund University



Examples: dual mode imaging
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Examples: dual mode imaging
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From: Elin TÖRNQUIST, Biomedical Engineering, Lund University



Examples: contrast matching
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From: Elin TÖRNQUIST, Biomedical Engineering, Lund University



Examples: Mg-Gd screw corrosion
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Neutron imaging investigations
Neutron imaging offers different types of investigations:

• Radiography 2D
• Tomography 3D
• Dynamic neutron imaging

• Realtime 

Page 24

Soil science
Water droplet on 
sand; 
sequence taken with 4 
fps;
time difference 
between first and last 
image 2.75s

•in-situ neutron imaging of metal hydride
composites swelling upon hydrogenation

Slide courtesy of D. Mannes



What is ESS (in brief)
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What is ESS
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ESS will be the next generation spallation source

Located in Lund (Sweden)

~2.5 B€  total budget

2 GeV linear proton accelerator, up to 5 MW 
power

14 Hz repetition rate with 2.86 ms pulse duration
(~4% duty cycle)



The Road to ESS

2014
Construction Starts on 
Green Field Site

2009
Decision to Site ESS in 
Lund

2027
ESS Construction Phase 
Complete

2003
European Design of ESS 
Completed

2012
ESS Design Update Phase 
Complete

2019
Start of Initial Operations 
Phase

2027
ESS Starts
User Program

2025
First Neutrons



A European Project …
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… built by teams across Europe

2023-
04-19

Laboratory, Oxford(ISIS)
Kopenhagen University
Laboratoire Léon Brilouin (CEA/CNRS/LLB)
Lund University
Nuclear Physics Institute of the ASCR
Oslo University
Paul Scherrer Institute (PSI)
Polish Electronic Group (PEG)
Roskilde University
Tallinn Technical University
Technical University of Denmark
Technical University Munich
Science and Technology Facilities Council 
UKAEA Culham
University of Tartu
Uppsala University
WIGNER Research Centre for Physics
Wroclaw University of Technology
Warsaw University of Technology
Zurich University of Applied Sciences (ZHAW)

Aarhus University
Atomki - Institute for Nuclear Research
Bergen University
CEA Saclay, Paris
Centre for Energy Research, Budapest
Centre for Nuclear Research, Poland, (NCBJ)
CNR, Rome
CNRS Orsay, Paris
Cockcroft Institute, Daresbury
Elettra – Sincrotrone Trieste
ESS Bilbao
Forschungszentrum Jülich
Helmholtz-Zentrum Geesthacht
Huddersfield University
IFJ PAN, Krakow
INFN, Catania
INFN, Legnaro
INFN, Milan
Institute for Energy Research (IFE)
Rutherford-Appleton 



What is ESS
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ESS will be the next generation spallation source

Located in Lund (Sweden)

~2.5 B€  total budget

2 GeV linear proton accelerator, up to 5 MW 
power

14 Hz repetition rate with 2.86 ms pulse duration
(~4% duty cycle)
Integrated flux = 30 * ILL

TNT SCHOOL 2022



Neutron Science Instruments at ESS
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1 Imaging, 2 SANS, 2 Reflectometers, 5 Spectrometers, 5 Diffractometers, 1 Test Beamline 

DREAM

NMX

T‐REX

MAGIC

HEIMDAL

SKADI

VESPA

FREIA

ESTIA

ODIN

BEER
CSPEC BIFROST

MIRACLES

LoKI • Expertise from all around Europe
• Instrument components designed, built, and 

tested at partner institutes
• Instruments assembled and integrated at ESS
• ESS provides core - labs, data acquisition, 

processing and management, engineering 
support, electrical, utilities, safety systems, 



ODIN @ESS
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ODIN beamline in brief
ODIN will be the only imaging instrument installed at ESS 
initially
Planned to receive first neutrons in 2025 (day-1 instrument)
Optical and Diffraction Imaging with Neutrons: ToF imaging 
with variable wavelength resolution
Joint project between TUM (A. Tartaglione and E. Calzada, 
~65%) and PSI (M. Strobl and M. Morgano, ~35%)
Budget of 11.6M€.
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ODIN team

Aureliano Tartaglione
ODIN Scientist

Elbio Calzada
ODIN Lead Engineer

Virginia Martinez Monge
ODIN Installation 
Engineer

Michael Schulz
Head of Imaging group 

Manuel Morgano
ODIN Scientist

Markus Strobl
Head of Imaging
group 

Robin Woracek 
Instrument Class 
Coordinator

ODIN Extended Team

Jan Hovind
Technician of 
Imaging Group Søren Schmidt

Instrument Data 
Scientist for 
ODIN, BEER & 
TBL

ODIN construction core team
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Alexandre 
Gonçalves Gerk
MCA Engineer for 
ODIN



ODIN overview

34

In‐Bunker

Bunker wall

Ex‐Bunker

WFMC 1&2

FO&BP 1

FO&BP 2

T0

FOC3

Heavy shutter

FOC4

BWI

FOC5

Guide shielding

Cave

Control hutch



Full scope of ODIN
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Full scope of ODIN
-White beam imaging with best spatial resolution and variable FoV:

 Of big objects thanks to the 25 x 25 cm2 FoV and thermal spectrum…
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Full scope of ODIN
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- White beam imaging with best spatial resolution and variable FoV:
 Of big objects thanks to the 25 x 25 cm2 FoV and thermal spectrum
 And small objects thanks to the high flux and cold spectrum



Full scope of ODIN
-White beam imaging with best spatial resolution and variable FoV
-Polarized neutron imaging

 To visualize (and quantify thanks to ToF information) 
magnetization in bulk samples and magnetic field outside
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Full scope of ODIN
-White beam imaging with best spatial resolution and variable FoV
-Polarized neutron imaging
-Dark field imaging

 To visualize magnetic domains
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Full scope of ODIN
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- White beam imaging with best spatial resolution and variable FoV
- Polarized neutron imaging
- Dark field imaging

 To visualize magnetic domains
 Microstructures beyond the image resolution qualitatively



Full scope of ODIN
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- White beam imaging with best spatial resolution and variable FoV
- Polarized neutron imaging
- Dark field imaging

 To visualize magnetic domains
 Microstructures beyond the image resolution qualitatively
 And quantitatively



Full scope of ODIN
-White beam imaging with best spatial resolution and variable FoV
-Polarized neutron imaging
-Dark field imaging
-Wavelength resolved Bragg edge imaging

 To visualize grains, phases, strains and texture

Page 42M. Strobl, Physics Procedia, 69 (2015) 18‐26



Cave interior
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Variable 
pinhole Flight 

tubes

Detector 
box

Crane

Fast 
shutter

Beam 
limiter

Small sample 
stage

Large sample 
stage



ODIN Timeline
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2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Preliminary design
Detailed design

Manufacturing/procurement
Installation/Integration

Hot commissioning/early science
User operation

Today
1st beam 
on target

Start of user 
operation

Cold commissioning/x‐ray science

2026 2027 2028 2029



Advanced Neutron Imaging (just a taste)
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Neutron imaging with energy resolution
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𝜎௧௢௧௔௟ ൌ 𝜎௖௢௛௜௡௘௟ ൅ 𝜎௜௡௖௢௛௜௡௘௟ ൅ 𝜎௖௢௛௘௟ ൅ 𝜎௜௡௖௢௛௘௟ ൅ 𝜎௔௕௦



Bragg Edges
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Bragg’s law:



Neutron imaging to map phases: principles 
of Bragg Edge imaging
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Absorption range

Strain Imaging

Texture

Increased
penetration

Increased
sensitivity

Phase information



Concept of ToF imaging (in brief)
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Wavelength Speed (m/s) ToF @10 m (ms)
1 Å 3956 2.5
2 Å 1978 5.1
5 Å 791 12.6
10 Å 395 25.3



Use of ToF neutron imaging: an example

EARLY SCIENCE AT ODIN 50Apri l  23,  
2020

Medium resolution: phase fraction mapping of steel

High resolution: residual strain mapping in AM steel

Polatidis et al.  (2020) Materials

Morgano et al. (2020) Additive Manufacturing



Thanks for your attention!


