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New instruments at ESS
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Process is a long one…

The more preparation done for the proposal the shorter phases 0-1

What is the process for proposing new instruments?
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Current phase for instruments 1-15

Phase 0-1: 
1-2 years

Phases 2-4: 
2-4 years or more

2 years 
preparation

Commissioning
~ 9 months

Loki
Instrument #1

Freia
Instrument #15



Instrument capability gap analysis
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In 2018 ESS wrote a gap analysis report. This identified a number of instrument types that would be 
needed to complement the existing 15 instruments

High-Priority Capability Gaps 
§ Particle Physics 
§ High-Resolution Neutron Spin-Echo 

Other Significant Capability Gaps 
§ High-Pressure Diffraction
§ Grazing-Incidence Small-Angle Neutron Scattering 
§ Very Fast Spectroscopy 
§ Wide-Bandwidth Spectroscopy 
§ High Magnetic Fields 

Lower-Priority Capability Gaps
§ Bio-SANS 
§ Hydrogenous-Sample Diffraction 
§ Wide-Angle Neutron Spin-Echo

What is missing from the current instrument suite?
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https://europeanspallationsource.se/instrume
nts/capability-gap-analysis

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


SAGA:  Surface Analyses using Grazing Angle neutron scattering
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Since 2015 the Swedish community has been building  
support for a Swedish led GISANS instrument at ESS 

- A Swedish Instrument for Interface Science at ESS

2021-05-12

Letter to VR in 2020



specular θr= θi

off-specular

Specular reflectivitiy (Qz) probes the vertical structure with Å-resolution
Off-specular reflectivity (Qx) probes μm-structures in the direction of the beam.
(limited by neutron coherence length)

Neutron Reflectivity and GISANS

D. James, A.M. Higgins, P. Rees, M. Geoghegan, M.R. Brown, S.-S. Chang, D. Mon, R. Cubitt, R. Dalgliesh, P. Gutfreund, Soft Matter, 11 
(2015) 9393-9403.

z/Å (specular)

Reflectivity (specular and off-specular) is 
measured with a divergent wide beam (cm) –
this averages lateral structure in y-direction

x/μm (off-specular)



Specular reflectivitiy (Qz) probes the vertical structure with Å-resolution
Off-specular reflectivity (Qx) probes μm-structures in the direction of the beam.
(limited by neutron coherence length)

Grazing Incidence SANS probes nm-structures in the y-direction.

Neutron Reflectivity and GISANS

y/nm
GISAS

x/μm (off-specular)

Reflectivity (specular and off-specular) is 
measured with a divergent wide beam (cm) –
this averages lateral structure in y-direction

GISANS data is measured with a narrow low-divergence beam in the y-direction to 
determine the 2D structure in the sample plane => Flux and background limited!

H. Frielinghaus, M. Kerscher, O. 
Holderer, M. Monkenbusch, D. 
Richter, Phys. Rev. E, 85, (2012), 
041408. 

z/Å (specular)



Below the angle of total reflection, an evanescent wave penetrates into the surface 
-> small angle scattering of reflected beam = surface sensitive

The penetration depth of neutrons is 
angle dependent:

P. Mueller-Busch-Baum, Polymer Journal (2013) 45, 34–42

effect of
dλ/λ: ----
(A.Rennie)

transmission 

Penetration depth:

H. Frielinghaus, M. Kerscher, O. 
Holderer, M. Monkenbusch, D. 
Richter, Phys. Rev. E, 85, (2012), 
041408. 



Time-of-flight GISANS
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True surface sensitivity only above 
critical wavelength/angle

P. Mueller-Buschbaum et al., J. Appl. Cryst. (2014). 47, 1228–1237

The penetration depth (~10-1000nm) of 
neutrons is also wavelength dependent:
- resolution dλ/λ important

dλ = 0.5Å 

dλ/λ = 4-25%
(2-12Å)



Requirements for a GISANS instrument
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What capabilities are needed?

A GISANS instrument

§ will require high flux
§ should be able to measure reflectivity up to about Qz = 0.35 Å

-1

§ should be capable of accessing samples with horizontal surfaces or in magnetic fields
§ have variable resolution (from around 7% to 1-2%)

§ have a low background
§ have a flexible and spacious sample area for complex sample environments

§ should allow for wide-angle detectors for GIWANS

2021-05-12
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Reflectometry requires a short minimum 
wavelength and / or a wide bandwidth
§ TOF Reflectivity curve is usually measured using 

3-4 incident angles.

§ For a bandwidth of 8Å
− 3 angles to cover 0.007Å-1 – 0.35Å-1 with !min = 2.5Å

− 5 angles to cover 0.007Å-1 – 0.35Å-1 with !min = 6Å

§ For a bandwidth of 3Å

− 6 angles to cover 0.006Å-1 – 0.35Å-1 with !min = 2.5Å

− >9 angles to cover 0.006Å-1 – 0.35Å-1 with !min = 6Å

For reflectometry

2021-05-12

Freia
25m

Reflectometry prefers a short 
instrument and short !min
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GISANS requires a longer minimum wavelength

§ This is essentially because GISANS needs high Q 

resolution both in-plane and out-of-plane.

− resolution improved for longer wavelengths

− some other advantages e.g. for accessing buried 

interfaces.

§ Define a Figure Of Merit:

− The peak flux from ESS cold moderator is ~2.6Å

− Multiply this by FOM => ideal wavelength ~6-8Å

§ GISANS also prefers a wide bandwidth but less 

important than for reflectivity 

§ Longer instrument gives better natural resolution

§ Wavelength frame multiplication? – big loss of flux

For GISANS

2021-05-12

GISANS prefers a longer 

instrument and longer !min

"#$ ∝ &×!(



Summary of requirements
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GISANS

§ Min wavelength = 6-8Å

§ Best Qz & Qxy resolution = 2-3%

§ Good horizontal & vertical collimation

§ High flux

§ Low-background

§ 4Å Bandwidth acceptable

§ Downward trajectory for liquid surfaces –
only 1 angle required

Reflectivity

§ Min wavelength = 2-3Å

§ Best Qz resolution = 2-3%

§ Good collimation in vertical plane only

§ High flux

§ Low-background

§ Bandwidth as long as possible

§ Downward trajectory for liquid surfaces – at 
least 3 angles required

A GISANS instrument will have to balance the needs for GISANS & NR

2021-05-12



SANS LoKI, SKADI
Reflectometry ESTIA, FREIA

Powder Diffraction DREAM, HEIMDAL

Single-Crystal Diffraction MAGIC, NMX

Imaging & Engineering ODIN, BEER

Direct-Geometry Spectroscopy CSPEC, T-REX

Indirect-Geometry Spectroscopy BIFROST, MIRACLES, VESPA

ESS Instrument Suite:

13

Where could a GISANS instrument go?

All the long positions are taken!

MAGIC
T-REX

VESPA

FREIA
ESTIA

ODIN

BEER
CSPEC BIFROST

MIRACLES

LoKI

DREAM

NMX

SKADI

HEIMDAL

ESS Instrument Layout (September 2017)



3700 m

Reference ISCS

Limitations at ESS
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The longest instrument possible (without modifying the guide hall)

§ Beam port S5 – max detector distance is about 70m allowing for a 
cave

For 6Å minimum wavelength at 70m

§ bandwidth = 4Å

§ natural ! resolution is 2-3%

Monolith has limitation on minimum                                                          
exit angle: approx. 1.8˚

What distance is possible?

2021-05-12

KEEP CLEAR

expect bunker 
wall to be 
extended

5

Considering beam height 5mm
Inner shielding

2m
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