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Science with neutrons

In Operandi Advanced
Energy Devices




Evolution of neutron sources
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Neutrons are special
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charge neutral: deeply pene-
trating ... except for some isotopes

« nuclear interaction: cross
section depending on isotope
(not 2), sensitive to light elements.

« spinS = 1/2: probing magnetism

« unstable n — p + e + ve with life
time 1~900s,| = lp e

« mass: n ~p; thermal energies
result in non-relativistic velocities.
E =293 K =25 meV,
v=2196m/s,A=18A

WHERE ARE THE ATOMS
> AND WHAT DO THEY DO?
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Neutron use per science topic ) source

applied + theory
instrumenta

nuclear

physics structure +

chemistry

magnetism

Liquids + glasses
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Real-time neutron diffraction studies of electrode materials for Li-ion batteries.
Neutrons are sensitive to light elements light lithium.

High intensity powder diffraction reveals lithium extraction / insertion in electrode material.

Operando charge of a LiIFePO, positive elecirode
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Bianchini and Suard (ILL 2014)



Neutrons solved structure
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enigma of DNA-restriction enzyme SFD) ) ™
type |
2D difference EM image Protein structure EcoR1241+DNA model,
of EcoRI24| prediction modeled SANS data, and 2D
from EM map of EcoRI24| difference imaging

< >

220 A
Restriction enzymes cut pieces of DNA at specific sites.
Used to cut and paste genes for different purposes.

EcoRI24l is a bacterial restriction enzyme that controls the influx of foreign genes into
the genome of many bacteria.

Until 2012, the exact molecular structure was unknown. Here, the authors have

combined EM, SAXS and SANS to determine the structure of this enzyme
Kennaway, C.K. et al. Genes Development (2012) p. 92-104
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Stress around fatigue cracks

Fatigue + Creep Crack in 25mm Austenitic steel

from figament / mm
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Exploring the boundaries of spatial 4
resolution achievable in real materials
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techniques: imaging & diffraction, in-
situ loading, high-temperature...
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A Steuwer et al, J Appl Crysts (2004)
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The unique ESS long pulse

ESS 5 MW
2015 design

Possibilities of pulse shaping

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

4 time (ms)
more neutrons per second than any steady state source ...
... with higher brightness than any other spallation source
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ESS In-kind Goals EPALTOK

€ 600 | Construction cost: € 1,84 Billion

In-kind: € 750 Million €509 M
€ 500 mIKC m Cash
€350 M
€ 400 .
€ 300
€155 M I

€ 200

€ 47 o
€ 100 €71 M 65%

4 .
€ 42
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Controls Target Instruments Accelerator



Neutron Scattering Systems Project

Construct 22 world-leading neutron beam instruments

Build the technical and scientific support infrastructure
needed for delivering world-leading science

16 Instruments Sample Environment Science Support
Laboratories
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Visualisation Software
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-~ HEIMDAL — Powder Diffractometer
-+ C-SPEC — Cold Chopper Spectrometer
— MIRACLES — Backscattering Spectr

: N
ESTIA — Focusing Reflectome
SKADI — Low-Q SANS
VESPA — Vibrational Spectroscopy

NMX — Macromolecular Crystallogral

+ BEER — Engineering Diffractometer
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+ DREAM - Powder Diffractometer
ODIN — Imaging



Current status of Instrument delivery

Large scale
structures

Diffraction

Engineering

Spectroscopy
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cost .
Instrument - In-kind Partners
category

LOKI broadband SANS

SKADI general-purpose SANS (note 1)
ESTIA focusing reflectometer
FREIA liquids reflectometer

NMX macromolecular crystallography

DREAM powder diffractometer (bispectral)

HEIMDAL hybrid diffractometer

MAGIC magnetism single-crystal
diffractometer

BEER engineering diffractometer

ODIN multi-purpose imaging

C-SPEC cold chopper spectrometer
BIFROST extreme-environments
spectrometer

T-REX bispectral chopper spectrometer
VESPA vibrational spectroscopy

MIRACLES backscattering spectrometer

6th Spectrometer (unassigned)
16 instruments
neutron guide bunker
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ESS (30%) + ES (Bilbao ~32%), IT (CNR ~24%), UK (STFC

0,
~8%), CH (PSI ~3%), HU (Wigner ~1%) 121 68%
DE(FZJ 50%) + FR(LLB 50%) 12 95%
CH(PSI) 9  95%
ESS (<30%) -> UK (ISIS)? or DE(FZ)) ? 9 90%
0, 1 0, ~A0, ~ 0,

ESS (<30%) + HU (Wigner 16% ) + FR (LLB~4%) + NO (“17%) ., 5 o5
+ IT/UK (~15%)

DE(FZJ 75%) + FR(LLB 25%) 12 95%
DK(AU <30%) +CH(PSI ~ 30%) + HU (~5%) +UK? (~20%) + ? 12 70%
FR (LLB 75%) + DE (FZJ 25%) 12 100%
DE (HZG 50%), CZ (NP1 50%) 12 100%
ESS -> DE(TUM 50%) +CH (PSI 50%) 9  95%
DE(TUM 50%) +FR(LLB 50%) 15  100%

DK(DTU/KU <30%) +CH(PSI ~ 20%) + HU (~20%) +NO

(~15%) + ? 12| 70%
DE (FZ) 75%) + IT (Perugia) -25% 15 95%
IT (CNR) + UK (ISIS)? 12 100%
DK (KU) -> ES(Bilbao ~70%?) +FR(LLB ~20%?) +HU 12 | o5%
(Wigner~5%?) + ESS (~5%)

12 90%

cost 188.77 88.1%

CZ (Skoda?, Envinet?) 14  80.0%

total cost (with bunker)

202.77 87.7%
15



Schedule for Instrument construction .)

Instrument 2014 | 2015 | 2016 | 2017 | 2018 | 2019 [ 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030

Instrument 1 e S S S

Instrument 2 % Fi rSt 1 6 -
Instrument 3 W -
Instrument 4 E———————
Instrument 5 %
Instrument 6 %
Instrument 7 %
Instrument 8 W
Instrument 9 %
Instrument 10 S
Instrument 11 W#
Instrument 12 %
Instrument 13 %
Instrument 14 %
Instrument 15 %
Instrument 16

Instrument 18 %
Instrument 19 %
Instrument 20 %
Instrument 21 %
Instrument 22 W

messssssmn Construction Project messssssss Hot Commissioning Beam on Target
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Neutron beam guides
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Disc choppers
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Stackable Shielding

. 2010/07/23




Shielding @ o

20%2/01/79
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Conclusion

e Opportunity for academia and industry to contribute
to construction
— Instruments

— Support infrastructure: sample environment, labs,
software

* Opportunity for academia and industry to perform
science at ESS
— World-leading user facility
— Understanding materials for a knowledge-based economy
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