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® Neutrons as a tool for science
® Unique ESS capabilities

® Neutron Scattering Systems and Neutron Science
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Neutrons

1932: Chadwick discovers "a
radiakion with the more

pecuum Proper&ies“ , the
neubtron,



publications

european

5000 - 6000 researchers
2000 publications per year
| 000 visitors

T
1000 experiments Av

650 publications data: ESFRI, KFN

ILL (80OM<€, 500p) per year:
7500 days requested
3500 days allocated



applied + instrumental

magnetism

soft matter

data: ILL




T, Length and energy scales
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e Neutrons are special

SOURCE

charge neutral: deeply pene-
trating ... except for some isotopes

nuclear interaction: cross
section depending on isotope
(not Z), sensitive to light elements. W
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spin S = 1/2: probing magnetism

unstable n — p + e + v. with life
time T~900s,| = lp e ¥T

mass: n ~p; thermal energies
result in non-relativistic velocities.
E =293 K=25meV,

v=2196m/s, \=18A



neutron radio-
and tomography

® neutron absorption p is
different to x-ray:
| = lp e ¥d

® Strong contrast for
hydrogen and deuterium.

® not increasing with Z?

Shforum/talks/TUM-Industrietag Schillinger.pdf
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Bragg law
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2 neutron diffraction:
elastic scattering
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s neutron spectroscopy:
inelastic scattering

I(q.,E) < S(q,E) = <n> X"(q,E)

® |[(q,E): observed neutron intensity.
® S(q,E): scattering function; FT(spin-spin-correlation function)
® x"(q,E): microscopic magnetic susceptibility.

® <np>: temperature (Bose) factor.

p momentum (Q) and energ
information on the dynamis



— dancing benzene
on graphene

SOURCE

® Does the benzene hope
from position to position
or move freely ?
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gy e ESS project: key facts

5MW long-pulse neutron source.

First neutrons in 2019 on 7 instruments.
22 instruments by 2025

ESS will be user facility.

Total cost 1478 ME; funding negotiation
MoU agreed with 17 european countries
currently in pre-construction phase

Intensity
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FAST MEASUREMENTS LONG-WAVELENGTH ADVANTAGE

DETECTION OF WEAK SIGNALS FLEXIBLE INSTRUMENTS

LOW BACKGROUND WIDE DYNAMIC RANGE

POLARIZED NEUTRON CONTRAST TUNEABLE RESOLUTION

ADVANCED

NEUTRON TECHNOLOGIES HIGH UNIQUE

NEUTRON LONG PULSE
BRIGHTNESS STRUCTURE

HIGH RELIABILITY

ADVANCED REAL WORLD
COMPUTATIONS SAMPLES,
& SOFTWARE REAL WORLD
(DMSC) CONDITIONS

SMALL SAMPLE VOLUMES
REAL TIME
DATA VISUALISATION

OILUTE SAMPLE

EFFICIENT DATA REDUCTION EXTREME ENVIRONMENTS (PH.T)

REAL WORLD SAMPLE ENVIRONMENT
COMPUTATIONAL SUPPORT
IN-SITU PROCESSING

INTUITIVE DATA ANALYSIS DEDMCATED SUPPORT LABS

| A



Time distance diagram
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* Time distance diagram of white beam instrument with Pulse
shaping chopper .

distance

time




Instrument Reference Suite

(A
]

1. Colo Chopper Spectrometer
2. Backscattering Spectrometer
3. Materials Science & Engineering Diffractometer
4. Thermal Powder Diffractometer

5. Thermal Chopper Spectrometer

6. Extreme Condtions Instrument

7. Single-Crystal Magnetism Diffractometer
8. Cold Crystal-Analyzer Spectrometer
9. Macromolecular Diffractometer :

@ @ General-Purpase Polarized SANS
Multi-Purpose Imageng Surface Scattering
8-Spectral Powder Diffractometer 543 & Vertical W

Vibrational Spectroscopy
Fundamental & Particle Physics Pulsed Monochromatic Powder Diffractometer
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ot users and sample

generally done by user, but
ESS support when justified




ggmN Neutron Scattering Systems
and Neutron Science

 BUILDING Neutron Scattering Systems

— Instrument Concepts: define the ‘best’ instruments to be build
— Instrument Construction:  build the ‘selected’ instruments
— Neutron Technologies: detectors, chopper, optics, sample

environment, electrical engineering
— Data Management and Software Center
— Neutron Science Support Facilities

 DOING Neutron Science Activities

— Science Focus Areas: life science, chemistry, magnetism, engineering,
geo-science, fundamental physics

— Community: science symposia, ES
— Industrial R&D using neutrons
— Ext. funded Research
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Science Symposia

13 Science Symposia
More than 300 people participating
Real Input into the planning of ESS

\° rirst Annual NBIA Meeting on ESS Science

from 27 June 2011 to 01 July 2011 (Europe/Copenhagen) The Niels Bohr International 9 ]
Academy IS/SN"""&.

Europe/Copenhagen timezone

Overview
Confirmed Speakers

UPDATED Scientific
Program

Abstract Book
MOLARIS Compendium
Registration

Picture

Picture_B&W
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Science Symposia
heutrons energy )
and art materials energy strategies
engineering heutrons
processes and NMR sty buildingmaterials
materials chemistry
engineering
neutron neutrons  Protein xtalo
echnology imaging ’ and food
.
spin dynamics i
P ey science non-equilib-
rium SANS
topolqgical thin films biomedical research
materials 2D & 3D ageing
fundamental physics con

others ...
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oo Key findings
from symposia

® Where is science going and what are the
experimental challenges ?

® Which instruments are needed ?

® What else (alternative techniques, infrastructure) ?
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- | scientific Instrumental Other techniques Scientific Instrumental | Other techniques Scientific Instrumental Other techniques
challenges requirements and infrastructure ) challenges requirements and infrastructure challenges requirements and infrastructure
requirements requirements requirements
Spin dynamics of Emergent quasi- Cold direct geometry Central support | Off-specular Separating bulk and Several Advanced analysis Non-equilibrium Sample in more Instruments for small | Requires external
correlated systems | particles chopper spectrometer | facilities. neutron scattering | surface properties in ;omplementary SANS | tools. SANS complex situ_a_tiops samples but complex | time- and space-
A Boothroyd Small samples under (super-LET/INS). Advanced data i M. Sferrazza 2D and 3D; instruments; S. Egelhaaf and nonjeq_ulllbnum (Iarge) sample dependent ‘fields' such
Abingdon, UK extreme conditions Thermal direct analysis. Leuwen, BE nanoscale magnetism | one GISANS; Lund, SE as used in 'nféU_SU’Y environment. as T( B, F, Shear-
Feb. 2012 (high B, low T, high geometry chopper Neutron spectroscopy ‘ Jan. 2012 and soft matter. Sergis-type Feb 2012 Ei’;f)egsies andin Combine SANS with Provide in-situ )
p). spectrometer (super- | remains 'standard tool } Lateral structures reflectometer with [ o other techniques (light | techniques and ex-situ
Users will not all be Merlin). only complemented by TOF option; Contrast_varlatlon by scattering) and _support labs close to
‘professional users'. Extreme environment | RIXS, IXS and ARPES. polarised neutrons; Sgr":]telr:r:zgtg"d '("ﬁ’atr?: m‘;thOds 'nStrur_"e"ts'
Mapping single crystal | SPectrometer. small samples; techﬁi ues v 9ing.-.)- Rohotics for sample
ot ; o q Large Q range and change.
excitations. peV resolution SANS. Optimise signal to \
A ; resolution Reliability and
Polarised neutrons as noise. reproducibility in
option on all Dedicated instruments measurements
instruments. ises i | .
(no compromises in - - n - -
Focus on what ESS is combining too much) [ :a'::zlr?agll:al #ﬂx;:gzy‘if::;s in EIXhS might c_over;) "
i doi X i i igher energies, bul
Igood a;&av'ond doing Materials Nuclear Power Better penetration Automated sample T Fennell Quantitative lifetime ngzse signal to neutrons for 'sténdard
everything’). | | Engineering Research i handling . ) i i
Avoid niche' Better spatial Grenoble, FR measurements. Optimse on current and high resolution
Avoid ‘niche Shu Yan Zhang Advanced materials resolution More lab space " P measurements.
instruments. investigati ) Oct. 2011 Smaller samples (for science case but keep .
Envisage event-mode RAL, UK Investigations Faster dynamics new materials); flexibility Advanced analysis and
recording Dec 2011 Strain and imaging Detectors: coverage, extreme environment. modelling support
. . Industrial user resolution, small angle Many experiments wil . ., | (theory consortium).
NMR meets Inelastic: Backscattering and Scientific support . ) ) ny experir Survey and ‘zoom in Flexible access and in-
tron scatterin: i i NSE instruments to facilities (deuteration). Diffraction & Imaging be 'standard
neu 9 | rotational tunneling independent of house research to
H. Bordallo spectroscopy; low complement TOF In-situ analysis (x-ray, | 'scientific fashions'. Flexible test beamlines | liaise with university
Copenhagen, DK frequency excitations | instruments for high E | thermal analysis, bulk | for new concepts, groups.
June 2011 in glasses and resolution. measurements). non-standard, training | promote student
molecular magnetism. | Vibrational MD modelling efforts. access and long term
Quasi-elastic spectroscopy visits.
scattering: diffusion | (Lagrange or TOSCA | Expert groups required
in soft matter and bio- | type) for high for instrument
related molecules; energies. Neutron Imaging Plant soil systems Flexibility for broad Various sample | developments
iquids; criti user communi environment i
lslg:tlf:rli :I’ltlca| Lehmann Concrete and water ° " tY_ | Sociological study to
9- Bad Zurzach, CH Battery Research High cold intensity get outside view.
Neutrons and food | Nano- to millimeter Variety of neutron Deuteration required. April 2012 Highest spatial l
W. Bouwman structural information | techniques: SANS, Labs close to resolution
Delft, NL as a function of reflectometry, instruments. Energy resolution
! external parameters. SESANS, INS, .
Feb 2012 o h Sample environment.
Dirty systems’ tomography. Inesitu
Incorporate flow set- characterisation.
up & complementary i
techniques Analysis support.
Rapid access.
Try first experiments
T —————— -




Science and
experimental challenges

® ‘real’ samples: diluted, complex, small, bad.
® several length and energy scales; hierarchy
® fast ... reactions, processes, non-equilibrium.

® measure in extreme environment: T, B, p, humidity

® in-frequent and strongly engaged users.




EuRopEAt Which instruments
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optimize for signal-to-noise -
¢

optimize (not only) for small samples &
polarisation as option (only)
avoid ‘eierlegende Wollmilchsau’
avoid niche-only instruments
focus on what ESS is good at: cold and cold/thermal neutrons'
provide necessary suite for user needs; enable ‘integral’ science.
easy-to-use and increased flexibility; tune resolution by chopper

sequential or parallel coverage of S(E
mapping and ‘zooming’ instrume

combine other exp. technique



—] What else ?

® reliability and reproducibility of
experiments

® adequate access modes (rapid, long
term, with additional support)

® data reduction, analysis, modeling ...
accessible for users in need

® additional scientific support labs

® more support for in-frequent users |

}

by

® encourage users to get iny
(students, visiting scientistsy)



