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Neutron (and x-ray) scattering gives information on 
the molecular and atomic level

The wavelength of a neutron = the distance between atoms in a material 
=> diffraction pattern

Detector

source

sample

Neutrons tell us: Where are the 
atoms, and what are they doing?

Sample environment



Anatomy of a scattering experiment
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Scientific 
question

• What is going on inside a high 
temperature superconductor?

• How do self assembled lipid structures 
react to shear stress?

• What happens in a battery during a 
charging cycle?

Scattering 
technique

• Neutrons/X-rays
• Small angle scattering
• Polarised neutrons
• Inelastic scattering

Control 
parameters

• Temperature
• Pressure
• Magnetic Field
• Electric field
• Flow
• pH
• Gas concentration

…

Sample 
Environmen

t

Users

Facility

User/Facility



Sample environment turns a measurement 
into an experiment
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Ultra Low Temperature

Magnetic field

High temperature Soft matter
Pressure

T < 50mK

P > 100 GPa

B > 16 T

T > 1000°C
Complex fluids, colloids, interfaces



Line Organisation and Project Execution

The Scientific Activities Division delivers Science Support Systems:

Sample Environment, Scientific Laboratory and Sample Services,
Scientific Coordination and User Office

for first 8 instruments as part of NSS construction budget
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DEMAX
Deuteration & 

macromolecular 
Crystallization 

Group
(in operation)

SULF
Sample and 

User Labs Group

(ops in 2020)

TEFI
Temperatures 

and Fields

PREMP
High Pressure & 
Mech. Process.

FLUCO
Fluids incl Gases, 
Vapor, Compl. Fl.

MESI
Mechatronics & 
System Integr.

SCUO
Scientific Coord. 
and User Office

(in operation)

Scientific Activities Division

SAMPLE ENVIRONMENT GROUP          (operation in 2022) 



Neutrons for magnetic and electronic phenomena

Hunting for 
materials that 
make our 
technology  
smarter

Improving  electronic 
properties and 
exploiting quantum 
phenomena

The sensitivity of 
neutrons to 
magnetism and 
the unique ESS 
neutron flux 
makes it possible 
to study 
quantum 
materials ‘in-
operandi’ to  
understand them 
at a microscopic 
level.
Cryogenics is 
crucial for this!

Understanding 
quantum 
phenomena and 
novel states of 
matter in detail



Cryogenics - Why do we want to cool things?
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Translational motion
Credit: Sean Kelley/NIST

Collective motions (phonons).
Credit: Sean Kelley/NIST

Temperature kinetic energy

Translation, vibrations, rotations etc. of 
atoms, molecules, electrons…

Lower temperature allows other 
interactions to take over 

Phase transitions:

Classical (e.g.crystallisation)
or 
Quantum (magnetism, superconductivity)

Neutron energies match 
well with phonons and 
other excitations



Typical cryogenic sample environment planned for ESS

Pictures: ILL, HZB, STFC, other manufacturers are available…

Wet, dry, dilution, He3, 
Flow cryostats (not shown)
Typically Variable Temperature Insert into outer cryostat/cryomagnet
To allow rapid sample changeover



Delivering High pressure at the ESS

• Full suite of ‘conventional’ equipment (gas, clamp and PE)
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• Designs optimized for ESS instruments (sample volumes, cell materials, collimation)
• Benefit from strong collaboration with STFC, CSEC
• IK proposal with LLB
• Indirectly supported by activities such as Sine2020

Left to right: NiCrAl Bezaeva et al Geophys Res Lett 
(2007). ; Al clamp and TiZr Clamps R.A. Sadykov (ILL 
website)

Sine2020 website

gas cells Left to right: TiZr; Al; ISIS website



Delivering High pressure at the ESS

• State-of-the-art new cells (ultra-high pressure, ultra-low temperature)
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Low T Uniaxial clamp
(collaboration with P. Deen) 

Oak Ridge DACs
(collaboration with R. Boehler, B. Haberl, ORNL)

ESS DAC
(collaboration with J. Loveday University of Edinburgh) 



Neutron use per science topic 
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structure + 
chemistry

materials

liquids + glasses
magnetism

soft matter

Life Science

nuclear 
physics

applied + 
instrumental

theory
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ESS Instrument Layout (December 2016)

ESS In-Kind Partners also collaborate on 
sample environment, data management 
systems etc. 

+  
Nuclear Physics 

Institute

+  

NSS Neutron Instruments
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ESS Lead Partners for instrument construction

ODIN
DREAM

NMX

MIRACLES

BEER

C-SPEC

T-REX
MAGIC

BIFROST

HEIMDAL

FREIA

LoKI

SKADI

VESPA

ESTIA
+  



ESS instruments cater to many science topics

ODIN Imaging Instrument

SKADI General Purpose SANS

LOKI Broadband SANS

Surface Scattering

FREIA Horizontal Reflectom.

ESTIA Vertical Reflectom.

HEIMDAL Powder Diffract.

DREAM Powder Diffract.

Monochromatic Powder Diffract.

BEER Engineering Diffract.

Extreme Conditions Diffract.

MAGIC Magnetism Diffract.

NMX Macromolecular Diffract.

CSPEC Cold Chopper Spec.

Broadband Spectrometer

T-REX Thermal Chopper Spec.

BIFROST Xtal Analyser Spec.

VESPA Vibrational Spec.

MIRACLES Backscatt. Spec.

High-Resolution Spin-Echo

Wide-Angle Spin-Echo

Particle Physics Instrument
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life sciences magnetism & 
superconductivity

soft condensed matter engineering & geo-
sciences

chemistry of materials archeology & heritage 
conservation

energy research particle physics

Version 2/11/2017



Baseline schedule for Neutron Beam Instruments 
(NSS MS V4.2) 
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2016    2017      2018     2019     2020     2021     2022     2023    2024      2025    
2026

* NBI = Neutron Beam Instrument

West 
sector

North 
sector

East 
and 

South 
sectors

Current  
date

SOUP
(3NBI*)

BOT 
& HC

8NBI*  
in User 
Progra

m
FS

Preliminary Design
Detailed Design

Manufacturing & 
Procurement

Installation & Integration
Hot Commission/Early 

science 
Operation

March 2023:
• First Science (FS) 

with expert teams on 
some of instruments 
above 

FS



Special requirements for scattering 
experiments
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What do we need beyond usual laboratory type 
equipment

Reliability
• Beamtime 50k€/day
• Possibility for in-

house repair

Connectivity
• Remote monitoring
• Remote control
• SECOP (see later)

Interfaces
• Mechanical mounts
• Standard connectors
• Vacuum
• Motion control

Materials
• Activation
• Transmission
• Background scattering
• Magnetism

Portability
• Wheels
• Crane

Timing
• Fast sample change
• Time dependent 

properties

Geometry
• Shape & Size
• Detector coverage



SECOP
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The Sample Environment Communication Protocol

https://doi.org/10.3233/JNR-190143



http://www.sampleenvironment.org/

Synchrotron and XFEL facilities

Neutron facilities



Conclusions
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Routes into the sample 
environment business

High quality components
Esoteric specialisation – e.g. 
superconducting magnets
Close links with user groups 
(universities, industry, not just 
facilities) 
Turn a prototype into a “few-
off”
Don’t lose sight of the 

Future opportunities for ESS 
and elsewhere
Rapid automation
Fast parameter control
In-situ complex 
measurements


