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World’s brightest pulsed neutron source, one of the biggest and most advanced research infrastructures.
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ESS — schematic site layout

Target station
where neutrons
are emitted and led
to neutron beam
guides.

Clystrons and
modulators
provide the power
to accelerate the
protons.

Superconducting
linear accelerator
where protons
are accelerated.

Laboratory for
sample preparation.

ESS Dat
Softwal
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Instrument hall
with instruments
for different

measurements.

Instrument, where
the neutrons scatter

off the sample, hitting
detectors and generating
experimental data.

Data management
centre, where
experimental data is
gathered, analysed
and disseminated.

Illustration: ESS, Lonegard



ESS designed to meet the present and future research needs in:

Physics

Chemistry
Materials sciences
Engineering of modern machinery
Energy production and storage
Environmental sciences
Life and health sciences

In Operandi Advanced
Energy Devices

Poland contributes 1.8% of the ESS building budge1.t
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What would we need for a shot-pulse source?
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ESS — how it works
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ESS — how it works
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Linac delivers 2—2.5 GeV protons at the target

Complete target station installation — shematic drawing



ESS — target station

Target station — shematic drawing




ESS — target wheel and the moderator housing




ESS — target monolith

7000 tungsten bricks ready
for mounting on the ESS
target wheel prototype.




Moderator test installation

ESS moderators
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Brightness (n/cm?/s/sr/A)

ESS 5 MW

2013 design (TDR

ISIS TS2

ISIS TS || S2 WV
128 kW

ESS 5 MW
2015 design

1-2 MW 10.3-1 MW

ILL 57 MW

ESS — the long pulse source

Average power
Pulse length

Peak power

Energy per pulse
Pulse repetition rate

4 time (ms)

SNS ESS
1.4 MW 5 MW
695 ns 2.86 ms

34 GW 125 MW
24 kJ 357 kJ
60 Hz 14 Hz

Time-averaged
brightness:
ESS ~ ILL
Peak brightness:
ESS ~ 30 x ILL




ESS — the long pulse source

Intensity
y 3

Use as much as possible of the whole pulse:

Good for low wavelength resolution instruments.

SANS, Reflectometry, single crystal diffraction.
Estimated gains 10—100 times the currently available.

0 1 2 3 4 time (ms)

Cut the long pulse into smaller pulses:

Good for higher wavelength resolution instruments
Diffraction, cold/thermal spectrometers.

Long Instruments (80-100 m)

Estimated gains 10-30 times than currently available.
Thermal gains lower.

1 T 1 >
0 1 2 3 4 time (ms)
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ESS — secondary pulse shaping (Mezei)
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ESS — repetition rate multiplication
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Instrument classes

» Imaging (ODIN)

SANS (LoKl)

Reflectometers (Estia)
Spectrometers (BIFROST)
Diffractometers (NMX, DREAM)
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The first 15 i
at the ESS




ESS instrument suite
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DREAM — Bispectral Powder Diffractometer

Diffraction Resolved by Energy and Angle Measurements

o

EUROPEAN
SPALLATION
SOURCE

@ HZB Helmholtz
Julich Centre for Neutron Science

Zentrum Berlin

& s, gy
et ® NTNU
= T
7’% Sq«“o Norwegian Universily of
* . . Science and Technology
Stockholm university of

University groningen RWTH UNIVERSITE de Liege

[

MAX-PLANCK-INSTI
FUR FESTKORPERFORSCHUNG

Chopper m=5.5 3.5 2.5 : m=2 : m=2.5 : 3.5 Laug
Moderator PS i 5 ;0.0 Detector station
lsr;]sttr:ment . elliptic - ballistic guide |  variable «Beam
. uter i 60 mm x 60 mm ! : collimation Sto
— _ | N ] e |
HOY l;: ] : | [ :
light u (_r : Monitor onitor
shutter | BC BC ; |
bispectral ¢ 10 m 8.00 m 12.75m | | i | ;
switch 56 “M1m ! v 77.75m
0m 615 m 23.70 m 58.90 m 71.84m 76.50 m 79.00 m

6.25-6.95m



DREAM — Bispectral Powder Diffractometer

New high efficient 1°B detectors
(initial coverage is 1.82 sr)
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DREAM — Bispectral Powder Diffractometer

The DREAM Detector

VITESS I =i

20(°)

Fig. 5 Diffraction diagram of a reference sample (0.4 cnt® Na,CasAl-Fy4 ) in high resolution mode (left).
In backscattering, the asymptotic limit is essentially determined by the time resolution, see enlarged
regions (right)




MAGiIC — Magnetism Single-Crystal Diffractometer

Polarized time-of-flight single-crystal diffractometer

ESS MAGIC 28 m Sample at 159 m

Monolith G DO3




MAGiIC — Magnhetism Single-Crystal Diffractometer
Ghe magnetic moment 1S a vector T — \

Usually intenstities are only measures of scalar products.
The neutron dipolar interaction probes magnetic moments

— —

perpendicular to the scattering vector <
S 1lQ S 1Q

Polarized neutrons measure vector properties,

(ector products and vector directions  §
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BEER — Engineering Diffractometer

Beamline for European Engineering Materials Research

monolith bunker guide hall experimental hall
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bi-spectral source
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BEER — Engineering Diffractometer

retractable detector banks allowing for large sample environment
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CSPEC — Cold Chopper Spectrometer

ESS CSPEC 28'm Sample at 160 m

140 /
Monolith E02 EO1 . o 0 2
ol ’ FO/M<chopper
s
CSPEC will be used in a wide variety of scientific applications, % 80+
spanning the life sciences, functional materials and chemistry. = o
Its key capability is to follow kinetic events in situ or in operando,
enabled by very high flux. = BW-chopper (1/2)
20 41— 1 [ £ -
CSPEC is a direct geometry time of flight spectrometer developed N7 — . | . , P_?hOpp?r ,
as a German/French collaboration between FRM Il and LLB. ° 20000 100000 10000 200000

time [us]



BIFROST — Extreme Environment Spectrometer
(evolved from CAMEA)

BIFROST — inverted geometry spectrometer
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BIFROST — Extreme Environment Spectrometer

Counts during ~12 hours
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BIFROST — the concept of prismatic spectroscopy
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LoKIl — Broadband SANS
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Instrument Shielding '
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LoKIl — Broadband SANS

A broad Q range, high flux SANS instrument for soft matter, bio-science and materials science
ESS LOKI 15 m Sample at 23.5m

™ -
ol
-
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Monolith RLEs

LoKI is the shorter of the two SANS instruments being built at ESS. The sample position is located at
23.5 m from the source and the maximum sample-to-detector distance is 10 m.
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FLOW

KINETICS

Shear Banding in CTAB wormlike LOKI — Broadband SANS

micelles providing confirmaCon of
rheological model. (Helgeson et al.
(2009) J. Rheol 53, 727)

The flow of complex fluids through complex
geometries is relevant to many industrical
processes. There is a need to understand structur
effects of flow both for pracCcal purposes and to
compare with fluid flow models.

Gel structure forms over mulDple length
scales. KineDcs of gelaCon can be rapid
needing sub-second time resolution.
Neutrons provide the structure of each
component in the presence of the other.

Swelling of a double network
hydrogel designed for use as a
cornea replacement. (Frank Group,
Stanford)




MULTI
SCALE

DEVICES

Small

Organic Solar Cells promise to provide cheap and
accessible solar energy. The lifespan and efficiency
of the devices depends on the nano-structure
polymer mixture. Understanding the structural
evolution under operation guides development of
new devices.

LoKIl — Broadband SANS

Amyloid fibril formation and growth is a multi-
length scale problem and to understand
methods of formation and inhibition the
structural evolution must be observed.

CH
. S £ - S
Aluminum N\
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Fullerene derivative, PCBM

ITO coated glass
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ESTIA — Focusing Reflectometer

ESS ESTIA Sample at 35 m
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ESTIA — Selene guide concept

Selene guide concept

point-to-point focusing with 2 subsequent
elliptical reflectors for horizontal
and vertical direction




ODIN — Multipurpose Imaging

ESS ODIN 28 m Sample at 52 - 64 m

Neutron imaging is a real-space technique examining the inner structure
of potentially highly complex components and samples by detecting
the transmitted beam.
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ODIN — Multipurpose Imaging
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