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Available probes

Å2 MW pool-type research reactor

ÅUnique radiation available for research:

ÅNeutrons

ÅPositrons

ÅRadio isotopes (Ŭ,ɓ,ɔ)
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DIT IS EEN OVERGANG

DEZE DIA NIET VERWIJDEREN A.U.B.
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Neutron to see the invisable

ÅThe Nobel Prize in Physics 1994 was awarded "for pioneering 
contributions to the development of neutron scattering 
techniques for studies of condensed matter" jointly with one half 
to Bertram N. Brockhouse "for the development of neutron 
spectroscopy" and with one half to Clifford G. Shull "for the 
development of the neutron diffraction technique" 

ÅHow atoms/spins move and where atoms/spins are

10MLA style: The Nobel Prize in Physics 1994. NobelPrize.org. Nobel Prize Outreach AB 2023. Tue. 19 Sep 2023. <https://www.nobelprize.org/prizes/physics/1994/summary/> 

Bertram N. Brockhouse

The Nobel Prize in Physics 1994

Born: 15 July 1918, Lethbridge, Alberta, Canada

Died: 13 October 2003, Hamilton, Ontario, 

Canada

Affiliation at the time of the award: McMaster

University, Hamilton, Ontario, Canada

Prize motivation: ñfor the development of neutron 

spectroscopyò

Prize share: 1/2

Clifford G. Shull

The Nobel Prize in Physics 1994

Born: 23 September 1915, Pittsburgh, PA, 

USA

Died: 31 March 2001, Medford, MA, USA

Affiliation at the time of the award: 

Massachusetts Institute of Technology (MIT), 

Cambridge, MA, USA

Prize motivation: ñfor the development of the 

neutron diffraction techniqueò

Prize share: 1/2



Neutrons versus x-ray
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X-ray versus neutron



Neutrons magnetic contrast
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Magnetic moment

scattering



Neutrons are remarkable probes 
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Hydrogen from flowers clearly visible in lead ñshieldingò
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User facilities in Europe



16

Neutron:

ÅBattery materials

ÅMagnetism

ÅColloid science

ÅFood science

ÅPolymers science

ÅDrug delivery systems

ÅCultural heritage

ÅFundamental physics

ÅHydrogen economy

ÅCO2 storage

ÅEtc.

What type of field neutron users
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Delft game changer, cold source project



Neutron: length scale to analyse

Structure analysis length-scale:
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Instruments in Delft

Instruments for material research
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ROG SANS SESANS FISHPEARL

100 nm 100 nm 10 µm 10 cm1 nm

Polymers Proteins Colloids ObjectsMolecules
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Neutron diffraction
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Structure analysis length-scale 0.1 nm to 1 nm
Neutron powder diffraction, bulk

Crystal lattice 
planes



Powder diffraction, Pearl
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The PEARL calibration data for the 1.67AA (533) setting 

at room temperature. This data was measured for 1 hour 

on 1.22gr of NIST sapphire.
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Neutron diffraction
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Structure analysis length-scale
0.1 nm to 1 nm

Neutron powder diffraction, bulk

Palladium
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Neutron diffraction
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In situ of loading and unloading 
of Hydrogen

Time slice

2
ꜟ

/d
e
g

160

140

120

100

80

60

40

20

0 100 200 300 400Palladium



Powder diffraction, Pearl
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Å Induction based heating

Å Standard operating range RT-1200 

Å Max 1800 degrees °C

Å Used to study molten salts & uranium samples



Neutron reflectometry
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Structure analysis length-scale 5 nm to 150 nm

Neutron reflection, surface, layers
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Neutron reflectometry
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Structure analysis length-scale 1 nm to 200 nm
Neutron reflection, surface, layers



Neutron reflectometry
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Example: Hydrogen sensing materials

Ą Key to understanding the thermodynamics and sensor response is to know the hydrogen 

concentration in the sensing layer 



Neutron reflectometry
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Example: Hydrogen sensing materials

TaTi

PdAu

Bannenberg, L. J., Blom, L., Sakaki, K., Asano, K., & Schreuders, H. (2023). Completely elastic deformation of 

hydrogenated Ta thin films. ACS Materials Letters, 5, 962-969.



10-610-7

Colloids
Layered 

structure
Engine

Diffraction

10-4

Texture

Physics and Chemistry

10-5

Cell

10-8

Atoms

Radiography / Tomography

10-910-10 [m]10-3

Small Angle ScatteringReflection

Engineering

Aggregates Art

10-2

Small Angle Neutron Scattering (SANS)
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Structure analysis length-scale 1 nm to 500 nm

Å 



Small Angle Neutron Scattering
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Å Commissioning

Å New detector and electronics (50x50cm -> 

60x60cm)

Å New funded projects ï Steels (PhD Started)

Å Development of battery cell 

Å New software (epics)

Å Reduction software under development 
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Spin Echo Small Angle Neutron Scattering
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Structure analysis length-scale 50 nm to 20 µm

Å 

SESANS signal !
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Small Angle Neutron Scattering (SESANS)

Structure analysis length-scale 50 nm to 20 µm

Spin Echo Small Angle Neutron Scattering
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SESANS example
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Structure analysis length-scale 50 nm to 20 µm
Diameter of 

casein micelle
of milk

Length of 
óôyoghurt chainôô

pH
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Neutron imaging
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Structure analysis length-scale 50 µm to cm level
Radiography and tomography

Tomography

Rotation


