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ESS is designed to be world leading 

24 2time (ms)

Br
ig

ht
ne

ss
 (n

/c
m

2 /s
/s

r/Å
) ×1013

0 1 2 3

5

10

λ = 5 Å

ISIS TS1
128 kW

ISIS TS2
32 kW

SNS
2 MW 

JPARC
1 MW

ILL 57 MW

Possibilities of pulse shaping

2013 ESS-TDR 5MW
updated engineering model

time average brightness
ILL≈ ESS



ESS is designed to be world leading 
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Impressive improvement during design phase
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ESS is designed to be world leading 
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Upgrade to 5MW will provide flux advantage to current and future instruments
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Neutron Instruments
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Instrument Beamport

LoKI N7

FREIA N5

Estia E2

SKADI E3

VESPA E7

DREAM S3

ODIN S2

NMX W1

BEER W2

CSPEC W3

BIFROST W4

MIRACLES W5

MAGiC W6

T-REX W7

HEIMDAL W8

West Sector

South Sector
East Sector

North Sector

15 instruments + Test Beamline

Diffractometers (DREAM, MAGiC, HEIMDAL)
SANS (LoKI, SKADI)
Reflectometers (Estia, FREIA)
Imaging (ODIN)
Engineering Diffraction (BEER)
Macromolecular Crystallography (NMX)
Spectrometers (CSPEC, T-REX, BIFROST, MIRACLES, VESPA)

Novel detector technologies and geometries
Complex pulse-shaping

Shared neutron bunker – common space for components
Common timing system for facility
Single controls infrastructure (EPICS)
Control and data recording running remotely from instrument

Andersen, K. H.; Argyriou, D. N.; Jackson, A. J. et al. The Instrument Suite of the European Spallation Source. 
Nuclear Instruments and Methods in Physics Research Section A: 2020, 957, 163402. 
https://doi.org/10.1016/j.nima.2020.163402.

https://doi.org/10.1016/j.nima.2020.163402


Large Scale Structures
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Small Angle Neutron Scattering (SANS) Reflectometry

SKADI: High-resolution versatile SANS
Lead scientist: Sebastian Jaksch (FZJ)
IK partners: FZJ (50%), LLB (50%)

FREIA: Kinetics reflectometer for liquid 
surfaces and soft matter
Lead scientist: Tom Arnold (ESS)
IK partners: ISIS (100%)

ESTIA: Small-sample reflectometer for 
magnetism and soft matter
Lead scientist: Open Position (PSI/ESS)
IK partners: PSI (100%)

Accessing length-scales up to µm 

LoKI: Broad-band SANS for soft matter, 
materials and bio-science
Lead scientists: Judith Houston (ESS)
IK partners: ISIS (100%)

Surfaces, thin films and interfaces

Selene neutron guide

X-ray technology for neutrons

a polarised focusing reflectometer
for small samplesEstia

Paul Scherrer Institut
Switzerland
Jochen Stahn

University of Copenhagen
Denmark
Marité Cardenas

for the investigation of the
chemical and magnetic depth-profile near surfaces
and of lateral correlations and structures

functional devices: spin-valves, spintronics

diffusion processes: Li batteries, corrosion protection

multifunctional materials: interface-coupled electric and magnetic properties

towards real materials: raster-scanning of bent, faceted or multi-domain surfaces

burning glass-like neutron guide

◦ point-to-point imaging

◦ decoupling of beam size and divergence

◦ new operation modes

◦ high flexibility

◦ low background

pushing the limits

by 2 to 3 orders of magnitude for

◦ tiny samples (< 1mm2)

◦ fast measurements (< 0.1 sec)

◦ in-situ studies during growth or manipulation

Instrument class coordinator: Tom Arnold

Macromolecular Crystallography

NMX: Macromolecular 
crystallography
Lead scientist: Esko Oksanen (ESS)
IK partners: Wigner/EK/BRC (38%), 
LLB/IBS (8%), UiBergen (19%)

Biomolecule Crystal Structure



LoKI
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SANS for Soft Matter, Materials and Bio-science

2022-10-10

Detector Tests
We collected calibration data on the LoKI rear detector 
panel using the full ESS software stack at ISIS. Excellent 

test for hot commissioning. 

From the latest measurements in 
March 2022 

NeXus file displayed in scipp

Detector tank installed 
Shielding walls under installation

Detector mechanics and 
modules awaiting delivery



SKADI
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Small-K Advance Diffractometer – Polarised SANS for Materials Science

2022-10-10

Quick Facts

Sector East
Beam Port E03
Class Polarized SANS
Moderator Cold
Length 58 m
Q-Range 10-4 – 1 Å-1

Flux at sample 
position

7.7×108 n s-1 cm-2

Start of 
operation

Close to BOT

Standard Mode (14 Hz)

Wavelength Band 5 Å

Wavelength Range 3 – 21 Å

Momentum Resolution ΔQ/Q= 2-7 %

Pulse Skipping Mode (7 Hz)

Wavelength Band 10 Å

Wavelength Range 3 – 21 Å

Momentum Resolution ΔQ/Q = 1-7 %



Estia
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Focussing Polarised Reflectometer for Tiny Samples

2022-10-10

Angle-Dispersive

Time
of

Flight

Estia



FREIA
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A neutron reflectometer optimised for soft matter and life sciences.

2022-10-10

FREIA Quick Facts
Instrument Class Reflectometry
Moderator Cold
Primary Flightpath 22.8 m
Secondary Flightpath 3.0 m
Polarised Incident Beam Available as a foreseen upgrade
Sample Orientation Horizontal
Representative Incident Beam
Angles*

0.45°, 0.9°, 3.4°
(full range 0.2 - 3.7° depending on angular resolution)

Standard Mode (14 Hz)
Wavelength Range 2-10 Å
Flux at Sample at 2MW* 1×105, 5×105, 7×106 n s-1 cm-2 [high res (WFM) mode]

1×106, 4×106, 6×107 n s-1 cm-2 [high flux mode]
Q-Range 0–1 Å-1 (solid samples)

0.0045 –0.38 Å-1 (free liquids)
Q-resolution* 3–3.5% [high res (WFM) mode]

5–23% (across free-liquid Q-range) [high flux mode]
Pulse Skipping Mode (7 Hz)
Wavelength Range 2-18 Å
Flux at Sample at 2MW* 5×105, 2×106, 3×107 n s-1 cm-2 [high flux mode]
Q-Range 0–1 Å-1 (solid samples)

0.002–0.38 Å-1 (free liquids)
Q-resolution 3–23% (across free-liquid Q-range) [high flux mode]

*All values quoted for the high resolution and high flux modes 
assume the incident angles stated, an angular resolution of 2.5% 
𝛥𝜃/𝜃 (this resolution could be improved for the high-resolution 
mode or relaxed for the high-flux mode) and a beam footprint of 
8cm x 3cm . 

precision
slits

fast shutters
for beam selection

t1

t2

t3

a1

a2

a3

one re!ection
arrives at detector

at a time

R1

R2

R3

3 pairs of movable
precision slits

t1

t2

t3

a1

a2

a3

R1

R2

R3

data at one re!ection
is collected sequentially

at each angle

1)

2)
split guide prevents cross-

talk

Fast-shutter project
Collaboration with Marek Jacewicz, Niklas Johansson & Tord Ekelöf (FREIA lab, 
Uppsala University), James Doutch (ISIS, STFC) and Tommy Nylander & Ben 

Humphries (Lund University)

• used to rapidly change angles in 
between source pulses

• prototype tested with beam at 
ISIS (ZOOM)

Carbon fibre, 1.3m chopper discs deliv
ered (Airbus)

In-monolith optics delivered (SD-H & Jü
lich)



NMX
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Macromolecular Diffractometer

2022-10-11

Fisher SZ et al. JACS 2012;134:14726-14729

Acetazolamide in HCAII

• Enzyme mechanisms
• Protein-ligand interactions
• Proton transport across membranes



Imaging & Engineering
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2 Instruments
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Instrument class coordinator: Robin Woracek

ODIN: Multi-purpose imaging beamline
Lead scientists: Aureliano Tartaglione (TUM), 

Manuel Morgano (ESS)

IK partners: TUM (55%), PSI (35%), ESS (10%)

Imaging: rapidly developing real-space 
technique, resolution down to few µm

Engineering: strains and structure of 
engineering components, in-situ materials 

processing

BEER: Engineering materials diffractometer
Lead scientists: Premek Beran (ESS), 

Gregor Nowak (Hereon)

IK partners: NPI (50%), Hereon (50%)



ODIN
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Optical and Diffraction Imaging with Neutrons

2022-10-10

ODIN Quick Facts
Instrument Class Imaging
Moderator Bispectral
Primary Flightpath 50 m (to pinhole)
Secondary Flightpath 2 – 14 m (pinhole to detector)
Wavelength Range 1 – 10 Å
Field of View 20 x 20 cm2

L/D Ratio Tunable 300 – 10000
Incident Beam Polarisation Optional
Polarisation Analysis Optional
Bandwidth at 14 Hz 4.5 Å

White Beam Mode

Flux at Sample at 2 MW 1.2 x 109 n s-1 at 10 m, L/D = 300
Spatial Resolution < 10 µm

TOF Mode without Pulse-Shaping

Flux at Sample at 2 MW 9 x 108 n s-1 at 10 m, L/D = 300
Spatial Resolution < 10 µm
Wavelength Resolution Δλ/λ = 10% at λ = 2 Å

TOF Mode width Pulse-Shaping

Flux at Sample at 2 MW 1 x 108 n s-1 at 10 m, L/D = 300
Spatial Resolution < 10 µm
Wavelength Resolution Adjustable <0.5% - 1% (constant for all  λ)

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



BEER
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Engineering & Material Science Diffraction

2022-10-10

BEER Quick Facts
Instrument Class Engineering Diffraction
Moderator Bispectral
Primary Flightpath 158 m
Secondary Flightpath 2 m
Wavelength Range 0.8 – 6 Å
Bandwidth 1.7 Å
d-spacing Range 0.6 – 7 Å

Pulse-Shaping Mode
Resolution Δd/d 0.15 – 0.6 %
Flux at Sample at 2MW 0.18 – 1.4·108 n s-1 cm-2

Modulation Mode
Resolution Δd/d 0.1 – 0.3 %
Flux at Sample at 2MW 0.18 – 0.87·108 n s-1 cm-2

v In-situ and in-operando experiments close to the 
real conditions

v Fast strain scanning
v Phase analysis of multi-phase and composite  

materials
v In-situ texture or grain growth evolution
v Long term experiments



Diffraction
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3 Instruments
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new routes to efficiently tune magneto-optical/magneto-electric multifunctional memory 
devices. Understanding the underlying physics and especially the intricate coupling of the 
magnetic and the lattice degrees of freedom is a continuing challenge for high-resolution 
neutron powder diffraction. 

In an interesting family of systems, multiferroicity is related to incommensurate spiral 
magnetic ordering in S=1/2 quantum spin chains which, for example, can favorable spawned 
in frustrated magnetic chain systems featuring a competition of nearest-neighbor and next-
nearest-neighbor spin exchange interactions along the chains. Recently, we have 
demonstrated that anhydrous CuCl2 and CuBr2 constitute such multiferroic materials, the 
latter with a remarkably high critical temperature of ∼75 K. 

Several attempts to grow single crystals of CuBr2 were unsuccessful and the magnetic 
structure and the temperature dependence of the magnetic order parameter and structural 
anomalies had to fully rely on neutron powder diffraction experiments. 

 
Fig. 2. Neutron powder diffraction patterns of CuBr2. (a) Main frame: difference between the 2 K and 
80 K patterns.  The inset displays the powder diffraction pattern l = 2.4 Å at 2 K together with a 
FULLPROF profile refinement (solid line). Note that the intensity of the strongest magnetic Bragg 
reflection near 20° amounts to ∼1% of the strongest nuclear Bragg reflection.  (b) Magnetic structure 
of CuBr2 at 2 K. The Cu and Br atoms are represented by blue and yellow circles, respectively. (c) 
Magnetoelastic anomaly of the Cu - Cu distances in the Cu2+ chains near the phase transition (l =1.9 
Å). 

Currently, neutron diffraction studies on low-dimensional quantum are still challenging due to 
the small magnitude of the S = 1/2 moments (typically 0.5 µB or less) and the very small 
magnetostructural anomalies associated to the quantum phase transitions. Studying 
simultaneously magnetic and lattice degrees of freedom of such systems by neutron powder 
diffraction requires incisive compromises and careful - and at current often mutually 
exclusive - optimization with respect to intensity and resolution of the neutron powder 
diffractometer.  

References:  

Banks, M.G., R.K. Kremer, C. Hoch, A. Simon, B. Ouladdiaf, J.-M. Broto, H. Rakoto, C. Lee, 
and M.-H. Whangbo. Physical Review B 80, 024404 (2009); Seki, S., T. Kurumaji, S. 
Ishiwata, H. Matsui, H. Murakawa, Y. Tokunaga, Y. Kaneko, T. Hasegawa, and Y. Tokura, 
Physical Review B 82, 064424 (2010); Zhao, Li, Tsu-Lien Hung, Ching-Chien Li, Yang-Yuan 
Chen, and Maw-Kuen Wu, R.K. Kremer, M.G. Banks, A. Simon, M.-H. Whangbo, C. Lee, J.S. 
Kim, I. Kim, K.H. Kim. Advanced Materials 24, 2469 (2012); Lee, C., Jia Liu, H.-J. Koo, M.-H. 
Whangbo, R.K. Kremer, and A. Simon. Physical Review B 86, 060407(R) (2012). 

 

Instrument class coordinator: Werner Schweika

Structural characterisation of materials Determination of complex structures

Powder Diffraction Single-Crystal Diffraction

HEIMDAL: Thermal powder diffractometer
Lead scientist: Dan Mannix (ESS)
IK partners: ÅU (30%), PSI (35%), IFE (35%)

MAGiC: Magnetism diffractometer
Lead scientist: Xavier Fabrèges (LLB)
IK partners: LLB (61%), FZJ (23%), PSI (16%)

DREAM: General-purpose powder 
diffractometer
Lead scientist: Mikhail Feygenson (ESS)
IK partners: FZJ (76%), LLB (24%)

  

 

11(47)!

 

The study of the magnetic properties of unconventional superconductors holds great opportunities when 
neutron diffraction experiments become possible on small single crystalline materials. The interplay 
between magnetic and superconducting properties can lead in principle to many coupled order parameters 
and MAGiC with its focus on small samples, neutron polarization and low background will undoubtedly 
be able to contribute greatly to this field.  
 
  
Magnetism in frustrated and quantum magnetic insulators 
 
Magnetic order in materials close to a quantum critical point often features small magnetic moments. As a 
result, it has been inherently difficult to track down these crucial order parameters and measure critical 
exponents. Quantum critical points are strictly speaking located at zero temperature, and are driven by 
quantum fluctuations that are tuned with magnetic or electric fields, hydrostatic pressure or stress. The 
typical sample environment for the investigation of magnetic quantum critical points consist of low-
temperature cryostats with a dilution refrigerator, high-field magnets and high-pressure cells. Often it is 
desirable to combine some of these capabilities, such as high-pressure cells cooled by a He3 cryostat and 
exposed to high magnetic fields.  
 
Some of the simplest systems to study quantum 
critical points are insulators with localized low-spin 
degrees of freedom. A good example is the S=1 
antiferromagnetic chain that features a quantum spin 
liquid ground state, avoids antiferromagnetic order 
and features a gap in the excitation spectrum (called 
the Haldane gap) which was discovered with neutron 
spectroscopy.26 In contrast, S=1/2 antiferromagnetic 
Heisenberg chains have a gapless excitation spectrum 
consisting of fractional spin excitations,27 but do not 
adopt long-range order even at zero temperature, but 
instead have a quasi-long-range ordered ground state. 
The slightest spin anisotropy orders a S=1/2 
Heisenberg chain – a reflection of the fact that it is 
located exactly at a quantum critical point. 

 
In the last 30 years, there has been tremendous 
progress in our understanding of magnetic quantum 
phases and quantum critical points in insulating 
materials. The notable examples include gapped systems, such as the Haldane chains or materials that are 
strongly frustrated, of which pyrochlore magnets are probably the best-known examples. In the simple 
case of weakly coupled quantum states that carry a magnetic moment, long-range magnetic order can be 
induced when the excitation is closed with the application of magnetic fields or hydrostatic pressure, as 
demonstrated for TlCuCl3. 28  At the critical point, the material is completely governed by quantum 
fluctuations, features longitudinal fluctuations corresponding to the Higgs mechanism, and its ground 
states and its physical properties have no energy scale other than the temperature. It is interesting to study 
such phenomena in simple model systems because quantum critical points are believed to have a strong 
effect at non-zero temperature as well. In fact, in many materials, quantum criticality is thought to be 

                                                
26 W. Buyers et al, Phys. Rev. Lett. 56, 371 (1986). 
27 D.A. Tennant et al, Phys. Rev. Lett. 70, 4003 (1993).  
28 C. Rüegg et al, Nature 423, 62 (2003). 

Figure 7: Higgs transition from an exotic 
magnetic Coulomb liquid to a ferromagnet in 
Yb2Ti2O7.32 
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Diffraction Resolved by Energy and Angle Measurements

2022-10-10

Moderator Bi-spectral
Primary
Flightpath

76.5 m

Secondary
Flightpath

1.1 m (end-cap and mantle
detectors)
2.5 m (high-resolution and low-
angle detectors)

Wavelength
Range

0.5–4.1 Å

Flux at sample
at 2MW

1.4×107ns-1cm-2 (∆d = 3×10-4 Å)
1.0×109ns-1cm-2(∆d = 2.5×10-2

Å)
Q-Range 0.01 – 25 Å-1

Detector
Coverage

1.82 sr first day operations
5.12 sr full scope

d-spacing
Resolution ∆d

Adjustable 3×10-4 – 2.5×10-2 Å
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Magnetism
superconductors
multiferroics
weak moments
orbital ordering
charge ordering

Large Unit Cells
MOFs
catalysis
thermoelectrics
molecular sieves
H2- storage

Nanostructures
magnetic nanoparticles
core-shell structures
real-time synthesis

Energy Materials
Li, H -materials
in-situ measurements
multiphase
small coin cells



HEIMDAL
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Hybrid Diffractometer: Combined Diffraction and SANS and Imaging

2022-10-11

• Real time chemical synthesis
• Fast chemical reactions and kinetics
• 2D Rietveld Neutron Powder Diffraction
• In operando fuel cells and batteries
• Texture studies
• Magnetic Materials
• Superconductor Materials
• In situ catalysis
• Single crystal diffraction of small samples
• Nano-particles and core-shell structures

Institute for Energy
Technology (IFE)

Aarhus 
University (AU)

Paul Scherrer 
Institute (PSI)

Full Technical Scope
• Bispectral Instrument
• Thermal + Cold Neutron Guides 
• Optimised Diffraction & SANS 
• 3D Neutron Imaging
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Polarised Diffractometer for Magnetism

2022-10-10

MAGiC Quick Facts
Instrument Class Diffraction
Moderator Bispectral
Primary Flightpath 159 m
Secondary Flightpath 1 m
Wavelength Range 0.6 – 6 Å
Bandwidth 1.7 Å
Flux at Sample at 2MW 8.0x108 n/s/cm2 (0.6 – 2.3 Å)

1.5 x109 n/s/cm2 (2.0 – 3.7 Å)
Polarised Incident Beam Permanent

Flipping Ratios Detector Bank
Q-Range 0.2 – 21 Å-1

Q-Resolution ∆d/d Adjustable 1 – 12 %
Detector Coverage 60°(H) × 48°(V)

Polarization Analysis Detector Bank
Q-Range 0.2 – 6 Å-1 (2.0 – 6.0 Å)
Q-Resolution ∆d/d Adjustable 0.2 – 4 %
Detector Coverage 120°(H) × 6°(V)

Det. B

Solid state PA

• Local susceptibility and spin 
densities;

• Exotic magnetic structure (long 
range, non-collinear, anisotropic 
Hamiltonian);

• Multifunctional materials;

• Superconductivity;
• Frustrated magnets and quantum 

spin liquids;
• Magnetism in thin films and at 

interfaces;
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5 Instruments
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Direct-Geometry Spectroscopy
Coordinator: Pascale Deen

Indirect-Geometry Spectroscopy
Coordinator: Pascale Deen

T-REX: Bispectral chopper spectrometer
Lead scientist: Christian Franz (FZJ)
IK partners: FZJ (75%), CNR (25%) VESPA: Vibrational spectroscopy

Lead scientist: Daniele Colognesi (CNR)
IK partners: CNR (75%), ISIS (25%)

BIFROST: Single-crystal spectroscopy
Lead scientist: Rasmus Toft-Petersen (DTU)
IK partners: DK (24%), PSI (28%), LLB (21%), 
IFE (24%), Wigner (3%)

General-purpose chopper spectrometers

CSPEC: Cold chopper spectrometer
Lead scientist: Pascale Deen (ESS)
IK partners: TUM (50%), LLB (50%)

Crystal-analyser instruments

MIRACLES: Backscattering spectroscopy
Lead scientist: Felix Villacorta (ESS-Bilbao)
IK partners: ESS-Bilbao, KU

the orientation changes during coherent motions of spins in
space and time. Its statistical average is proportional to the
antisymmetric off-diagonal dynamical magnetic suscepti-
bility [16,17]. We thus conducted experiments on the
triple-axis spectrometer IN20 at the ILL (France) in its
polarized neutron setup, with polarizing Heusler crystals as
monochromator and analyzer. We used the CRYOPAD
device, to obtain strict zero-field environment at the sample
position, and to prepare incoming and outgoing neutron
polarization independently. Ef ¼ 14:7 meVwas kept fixed

yielding an energy resolution of ’ 1 meV, and second
order contaminations were removed by a PG(002) filter.
The crystal, aligned with ð0; k; ‘Þ as scattering plane, was
cooled down to 1.5 K in an Orange cryostat. Different cross
sections were measured, !"", !"#, and !#", where the sub-
scripts indicate the incoming or outgoing neutron polariza-

tion parallel " or antiparallel # to the scattering vector ~Q.
Additional cross sections were measured at selected points

in ~Q and energy transfers @!, allowing us to separate the
magnetic signal from background, and to verify that
phonon and incoherent scattering are negligible in the
investigated region. !"" could therefore be used as
background above $ 1:5 meV. The magnetic dynamical

structure factor was then obtained by Sð ~Q;!Þ¼
1

2"@RhMyð ~Q;0ÞMyð% ~Q;tÞþMzð ~Q;0ÞMzð% ~Q;tÞie%i!tdt¼
ð!"#þ!#"Þ=2%!"" and the chiral magnetic dynamical

scattering by Cð ~Q; !Þ ¼ 1
2"@ RhMyð ~Q; 0ÞMzð% ~Q; tÞ %

Mzð ~Q; 0ÞMyð% ~Q; tÞie%i!tdt ¼ ð!"# % !#"Þ=2. Here,

My;zð ~Q;tÞ are the Fourier transformed spin components at

time t perpendicular to ~Q within (y) or perpendicular (z) to
the scattering plane.

To get first a global overview of the spin waves, an
experiment using unpolarized neutrons was performed on
the time-of-flight spectrometer IN5 at the ILL on a single
crystal in rotation around the vertical zone axis a [18]. The
incident wavelength was fixed to 4 Å, the chopper speed
to 16000 rpm, yielding an elastic energy resolution
’ 0:1 meV. Standard corrections and a background (high
temperature scan) subtraction were performed. The data
were then reduced with the Horace suite software [19] to

obtain the excitation spectra as function of ( ~Q, !).
Figure 2 summarizes our inelastic unpolarized neutron

scattering results obtained on IN5. Two spin-wave
branches emerging from the '# magnetic satellites are
identified [20]. They form delicate arches, with different
maximum energies (lower branch clearly visible on IN5,
maximum of the upper branch only observable on IN20).
One of the branches is gapped with a minimum at around
0.4 meV whereas the other branch is found ungapped down
to the resolution (0.1 meV). A first unusual observation is
the difference of intensities of the excitations emerging
from the'# satellites associated to a node of the reciprocal
lattice. This effect strongly depends on the considered
reciprocal lattice node and is clearly visible for instance

around ð0;%1;%1Þ in Fig. 2. This is a signature of the
structural chirality as detailed below.
Figure 3 gathers our inelastic polarized neutrons scatter-

ing results of IN20. Energy scans at constant ~Q were per-
formed for different ‘ values along ð0; 1; ‘Þ with ‘ ranging
from%# ¼ % 1

7 to 1.7 (see sketch in Fig. 2). The magnetic

scattering Sð ~Q;!Þ [light gray (red) lines in Figs. 3(a)–3(d)]
confirms the magnetic origin of the two modes, although
they are not as well separated as on IN5, due to the lower
energy resolution. By extracting the chiral contribution

Cð ~Q;!Þ [in dark gray (blue)], it is found that the lower

mode is achiral [Cð ~Q;!Þ ¼ 0] whereas the upper mode has

finite chirality [see Figs. 3(d) and 3(e)]. In addition,Cð ~Q;!Þ
is positive and has a tendency to become negative for
negative ‘ [compare Figs. 3(a) and 3(c) at low energy].
This change of sign is due to the fact that the neutron probes

the moment component perpendicular to ~Q, Cð ~Q;!Þ
corresponding then to the projection of the Fourier trans-

formed dynamical chirality onto ~Q. This result actually
perfectly reflects a globally unchanged chirality of the

FIG. 2 (color online). Inelastic neutron scattering intensities at
1.6 K in the (b(; c() scattering plane on the time-of-flight spec-
trometer IN5. Displayed are intensity maps at constant transfer
energy (energy cuts) and intensity maps along (0; k;%1þ #) and
(0;%1; ‘) lines in the reciprocal space ( ~Q cuts). In the bottom
right-hand sketch, the green outlined area and arrow show the
probed reciprocal vectors on the IN5 and IN20 spectrometers.

PRL 106, 207201 (2011) P HY S I CA L R EV I EW LE T T E R S
week ending
20 MAY 2011

207201-2
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Cold Chopper Spectrometer

2022-10-11

CSPEC quick facts
Primary flight path 160 m
Secondary flight path 3.5 m
Moderator Cold
Wavelength range 2-20 Å
Bandwidth 1.72 Å
Flux at sample (2 MW, 
𝜆 = 5 Å, 𝛥E/Ei = 3%,
no RRM, with RRM ~ x6) 

9 105 n s-1 cm-2

(4 x 2 cm2 standard beam)
4 106 n s-1 cm-2

(1 x 1 cm2 focussed beam)
Full detector coverage 5ᴼ – 140ᴼ [H] ± 26ᴼ [V]
Energy resolution 1% - 5% Ei

Polarisation analysis Foreseen upgrade

• Collective and quasiparticle excitations in frustrated 
compounds.  

• Low lying excitations of quasiparticles in quantum 
materials.

• Magnon -phonon hybrid excitations in multiferroic 
materials.

• Time dependence of the rotational and translational 
diffusive processes in enzyme catalysis.

• Dynamics of hydration processes and the structural 
relaxation of the glassy water.

• Time dependent phenomena of hydrogen storage in 
clathrates.

• Proton diffusion in metal organic frameworks.
• Operando studies of proteins such as those involved in 

photosynthesis.

ΔE
/E

i
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Polarised Bispectral Chopper Spectrometer 

2022-10-11

T-REX Quick Facts

Instrument Class Spectroscopy

Secondary Flightpath 3 m
Moderator Bispectral
Primary Flightpath 164 m
Wavelength Range 0.7–6.5 Å
Bandwidth 1.7 Å
Incident Beam Polarisation Optional
Polarisation Analysis Optional
Flux at Sample at 2 MW (Ei = 8 
meV) 

0.8–5 × 106 ns−1cm−2

Flux at Sample at 2 MW (Ei = 50 
meV)

0.3–2 × 106 ns−1cm−2

Detector Coverage 1°– 72° [H] × −25°–15° [V]
(−36°–144° [H] × −25°–15° [V]a)

Energy Resolution (Ei = 2 meV) Adjustable 1%–2.5% of Ei
Energy Resolution (Ei = 100 meV) Adjustable 4%–7% of Ei
a) Available as a foreseen upgrade.

• Understanding the effect of spin–orbit coupling in the 
classification of quantum spin liquids

• Magnetic excitations of emergent phenomena in 
magnetically frustrated materials

• Time dependence of the rotational or translational 
diffusive processes in enzyme catalysis.

• Time dependent phenomena of hydrogen storage in 
clathrates.

• Proton diffusion in metal organic frameworks.
• Diffusion dynamics and the relation to the ordering 

mechanism of solidification.
• Understanding light induced dynamics of antenna 

pigment/protein complexes.

XYZ Polarisation Analysis
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Multiplexing Indirect Spectrometer for Extreme Environments

2022-10-11

• Low-D magnets
• High-Tc superconductivity
• Functional magnetic materials
• Geoscience
• Parametric studies
• Weak signals & small samples

E
1

E
2

E
3

Detector 
tubes

Analysers
Sample



VESPA
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Vibrational Excitation Spectrometer with Pyrolytic graphite Analysers 

2022-10-11

• NVS is used to investigate solids and liquids, 
soft matter, complex fluids, and bio-materials, 
permitting the identification of bonds and 
functional groups.

• NVS exploits the large incoherent scattering 
cross section of the hydrogen nucleus. Proton 
dynamics or vibrations connected to the 
movement of H atoms can be easily detected 
spectroscopically, even if hydrogen is dissolved 
at very low concentrations in materials 
composed mostly of heavier atoms.

NBOA/NBPI



MIRACLES
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Backscattering Spectrometer

2022-10-11

• Life sciences: degenerative diseases, protein 
dynamics and enzyme catalysis

• Pharmaceutical studies, drug delivery.
• Energy sciences: catalysis, fuel cells and H2 

storage, CO2 capture, proton diffusion.
• Polymer sciences: organic electronic devices, 

viscoelasticity.
• Climate change: waste containment, ice 

formation, Portland-alternative cements.
• Next-generation magnetic materials: 

molecular nanomagnets. 



Instrument Project Lifecycle

Deliverables

• Science case 
covering 
scientific 
relevance, 
impact and 
usage

• Conceptual 
design with 
credible 
estimates of 
performance

• Preliminary 
costing.

Proposal and Planning

Instrument 
Proposal

Phase 0 
Preparation for 

Design

Deliverables

• Conceptual 
design updates

• Prototyping

• Definition of 
facility 
requirements 
and interfaces

• Clarification of 
institutional 
responsibilities

• Resource 
planning

Deliverables

• Scientific and technical 
requirements

• Technical design concept

• Delivery plan for all 
phases (including hot 
commissioning)

• Delivery Schedule 
covering all phases

• Resource plan

• Staging plan for later 
enhancements

• Budget with contingency 
at 10% of cost to complete

Phase 1 
Preliminary Design

Design and Construction

Phase 2 
Detailed Design

Phase 3 
Manufacturing and 

Procurement

Deliverables

• Complete definition of all 
major technical 
components

• Completion of detailed 
plan for Phase 3

• Refined plan for phase 4

• Refined Resource plan

• Refined delivery schedule, 
with critical path items and 
dependencies

• Refined budget with 
contingency at 10% of cost 
to complete

Deliverables

• Procurement and 
manufacture of all major 
technical components

• Completion of detailed plan 
for phase 4

• Site preparation

• Refined plans for phase 5 
and for staging

• Refined Resource plan

• Refine instrument delivery 
schedule

• Maintain budget with 
contingency at 10% of cost 
to complete

Installation and Commissioning

Phase 4 
Installation and Integration

Phase 5 
Hot Commissioning

Deliverables

• Construction of physical 
infrastructure on site.

• Assembly and installation of 
technical components

• Integration and testing of 
technical components

• Installation, integration and 
testing of Personnel Safety 
System

• Submission of application 
for approval to hot 
commission

• Formal project completion

Deliverables

• Verification of performance 
of Personnel Safety System

• Proof of compliance with 
radiation dose limits

• Critical performance 
demonstration of basic 
functionality

• Scientific performance 
demonstration

• Friendly user experiments

• Completion of technical and 
user manuals

Tollgate 1
Proposal Approval

Tollgate 2 (PDR)
Preliminary Design Review

Tollgate 3 (CDR)
Critical Design Reviews

Tollgate 4
Installation Readiness 

Reviews

Tollgate 5
Instrument 

handover to NSS

Operations 
Readiness 

Review

TRR
SRR
SAR

TRR



Overall Instrument Timeline
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Estimates as of August 2022 – with BOT in Q2 2025

2022-10-10

SOUPBOT



Component 
Commissioning 
with Neutrons

Testing and 
Calibration

Standard 
Samples & 

Round Robin

Testing End-to-End 
Experimental Chain

Early Science with 
Expert Users

Instrument Commissioning
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Towards the User Programme

2022-10-10

BOT+3-6 months

Cold Commissioning Hot Commissioning Early Science User Programme

BOT+10-12 months BOT+18-24 monthsTimeline for Early Instruments

Instrument 
Enters User 
Programme

Safety Readiness 
Review

Potential 
Involvement 

of 
External Experts

Tollgate 5



Science: Capability Gap Analysis
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https://europeanspallationsource.se/instruments/capability-gap-
analysis

2022-10-11 29

1. High-Priority Capability Gaps
§ Particle Physics
§ High-Resolution Spin-Echo
2. Other Significant Capability Gaps
§ High Pressure Diffraction
§ Grazing-Incidence SANS
§ Very Fast Spectroscopy
§ Wide-Bandwidth Spectroscopy
§ High Magnetic Fields
3. Lower-Priority Capability Gaps
§ Bio-SANS
§ Hydrogenous-Sample Diffraction
§ Wide-Angle Spin-Echo

2015 Round Instrument Construction Proposal 

Revision Date 16/04/2015 
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velocity as the dependence of the scattering amplitude cancels with that of the 
interaction time. These are examples where signal and systematic effects can be 
separated by their different dependence on the neutron velocity. This is particularly 
important for measurements of the small asymmetries or rotation angles predicted in 
hadronic parity violation experiments, see [Sno00] for the characteristic time-of-flight 
dependences of several systematic effects in the NPDGamma experiment. Last but not 
least, the neutron wavelength band can be selected by choppers without losing intensity 
in the region of interest, which allows, for example, suppressing very slow neutrons that 
are not well-polarized by supermirror benders and are deflected more strongly by 
gravity. 

x Localization of the neutron pulse in space (see Figure 2): Spectrometers usually 
observe decays or reactions in a region of well-defined spectrometer response, for 
example defined by a homogeneous magnetic or electric field or good detector 
coverage. However, the neutron beam unavoidably passes transition regions where 
spectrometer response is not well-defined. This creates important systematic 
uncertainty. Some experiments [Las88, Kos89, Dub08, Mar09, Mar14] have used or will 
use pulsed beams at continuous sources, in spite of the related loss in count rate of at 
least 2 orders of magnitude, in order to measure only if the neutron pulse is completely 
inside the region of well-defined spectrometer response. Furthermore, pulsed operation 
allows removing beam-related background by measuring only during periods where the 
neutron pulse does not touch any material (as beam defining apertures or beam stop). 
Thanks to the pulse structure of the ESS, this approach will be standard at the proposed 
instrument, without large loss in statistics (less than one order of magnitude depending 
on the experiment). 

x Localization of the neutron pulse in time: A high signal-to-background ratio is very 
important for statistical sensitivity and background-related systematic effects. In pulsed 
beams, the signal arrives during a short time span which increases the signal-to-
background ratio compared to a continuous beam of the same time-averaged intensity 
(assuming similar background levels). Some background components have a time 
constant long compared to the period of the pulse structure. Examples are the beta 
decay half-life of activated nuclei (aluminum windows of spectrometers or target 
chambers) or the storage time of ionized particles in electromagnetic traps of retardation 
spectrometers as aSPECT [Zim00, Glu05]. For these components, the background level 
is proportional to the time-averaged flux whereas the prompt signal is proportional to 
the peak flux. Hence, the signal-to-background ratio increases substantially. 

Figure 2: Illustration of localization of the neutron pulse in space with PERKEO III: A 
magnetic field (blue) collects charged neutron decay products and guides them to 
the detectors (grey). Signals are only counted if the neutron pulse (green) is in the 
homogeneous region of the magnetic field, with well-defined spectrometer 
response. Beam related background due to beam collimation and beam stop 
(black) is absent, see [Mar09]. 
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Figure 7: Possible layout of the ep/n separator (overview). 

 

 

Figure 8: Possible layout of the ep/n separator: Detail of ep/n separation, magnetic filter, 

and adiabatic collimation region. The decay volume is not shown. 

 

A potential layout of the ep/n separator is shown in Figure 7 and Figure 8. The ep/n 

separator’s main component is a large assembly of superconducting coils in a single cryostat. 

Neutron decay is observed over a length of the order of 10 m within a long solenoid, the so-

called “active volume”. Electrons and protons from neutron decay are guided by the strong 

longitudinal magnetic field towards either end of the solenoid. At the upstream and 

downstream end the charged decay particles are magnetically separated from the neutron 

beam and guided towards detector systems. The neutron beam is allowed to pass straight 

through which enables precise characterization and monitoring of polarization and intensity 

simultaneously to ep measurements, improving the systematic compared to PERC. 

At the downstream end, user supplied specialized experiments will be installed at the 

charged particle beam. User spectrometers designed for PERC, like the R×B spectrometer 

NoMoS, can be coupled to the ep/n separator. Envisaged spectrometers include 

x thick silicon detectors for electron spectroscopy, 

x magnetic spectrometer for electrons and protons, 

x Wien filter for proton spectroscopy, 

x retardation spectrometer for proton spectroscopy, 

x R×B spectrometer NoMoS for electrons and protons. 

The upstream detector on the other hand is mainly required to improve systematics, but can 

also be equipped by the user to obtain a symmetric setup. In electron spectroscopy 

backscattering off of detectors is a major source of systematic errors. With this upstream 

detector backscattered electrons from the downstream detector (or any apertures) can be 

detected and corrected for. In the setup shown in Figure 7 both, upstream and downstream 

ANNI ep/n separator

• Report distributed
• Input received: 

– ESS instruments teams
– ILL-ESS user meeting 2018
– ESS advisory panels: STAPs & 

SAC
• Presented to ESS Council
• Open to further ideas
• When open call for proposals?

trade-off between building instruments 16-22 and
upgrades on instruments 1-15

https://europeanspallationsource.se/instruments/capability-gap-analysis


Staff in Hot Commissioning
Science + NSS
§ 3 scientists/scientific associates for each instrument in hot commissioning – mixture depending on need, working across 

instruments.

§ Core team of technicians

§ 1 data scientist for each instrument in hot commissioning

§ Support from relevant parts of ESS for:

− Sample environment

− Detectors

− Choppers

− Motion Control and Automation

− Instrument Controls

− Data Management and Software

− Polarisation

− Laboratories and sample handling

§ Total effort per instrument 5-8 FTE during Hot Commissioning – similar to our operations staffing level. 

− SNS experience was 12 FTE per instrument

§ Number of instruments that can be commissioned simultaneously will depend on overall staff profile

§ Includes in-kind staff from instrument partner institutes



Comparison with Other Facilities
Operations Staffing SOUP => 2MW steady state

Table shows FTE working directly on experiment operations. The total staff headcount is required to be 
higher to provide 24/7 support, and a core staff is needed for maintenance, installation, development, 

calibration and testing, and management.

ESSa ILLb ESRFc ISISd SNSe

Instruments (incl. CRGs/3) 15 31 35.6 30 18.3
Beam days for user programme 2400 3899 4404 2678 2525

per instrument 160 126 124 89 138
Number of operational days 200 158 225 130 184
Number of experiments 600 785 1358 766 681
Average Experiment Length [days] 4.0 5.0 3.2 3.5 3.7
Local Contacts / Instrument 2.5 2.2 3.4 2.2 2.6
Instrument Support Staff / Instr. 1.0 1.0 1.6 0.9
Sample Environment Staff / Instr. 0.5 0.5 0.6 0.9
Other Tech. Support / Instrument 4.0 3.6 4.1 3.0 6.5
Total Staff / Instrument 8 7.2 9.0 5.9 10.8
Total Staff / Experiment 0.2 0.28 0.24 0.23 0.29
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Introducing the Team
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Pascale Deen
Deputy Group Leader
Senior Scientist for Spectroscopy
Spectroscopy Co-ordinator

Dan Mannix
HEIMDAL

Manuel Morgano
ODIN

Rasmus Toft-Petersen
BIFROST 
(Seconded, DTU)

Werner Schweika
Diffraction Co-ordinator
(Seconded, FZJ)Daria Noferini

CSPEC

Esko Oksanen
NMX

Robin Woracek
Test Beamline
Imaging/Engineering Co-Ordinator

Tom Arnold
FREIA
LSS Co-ordinator

Premek Beran
BEER

Judith Houston
LoKI

Mikhail Feygenson
DREAM

Thawatchart ”Toon” 
Chulapakorn 
Postdoc – Test Beamline
Lund University 

Milán Klausz
Postdoc simulation/LoKI
Centre for Energy 
Technology, Hungary

Andrew Jackson
Group Leader
Acting Head Neutron Instruments
Division


