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FORWARD

\ ver the last decades neutron scattering in Europe has seen a big step

\ forward both in capacity and capability. Apart from new sources,
progress has been primarily fuelled by technological improvements in neutron
delivery and neutron detection combined with computer aided instrument
optimization. At the ILL this process has led to a series of ambitious upgrades
managed under the Millennium and Endurance Programmes. The Millennium
M-0 phase has seen 14 projects completed by 2009 while the M-1 phase is
entering its final stage with the commissioning of WASP in 2018. In total, the
Millennium program saw 26 new or upgraded instruments with a financial

e volume (exclusive of in-house staff costs) of ~80 M€ over a period of 15

i years i.e. ~5 M€/year. The return on this modest investment is never the

less impressive and as a result the ILL can offer state-of-the-art experimental

facilities to the users. The constant high demand for beam time and

concomitant high-quality publication output demonstrates the attractiveness

of services provided.

Modernisation of the ILL instrument suite and support infrastructure continues
under the Endurance programme. It will be a considerable project challenge
to make this 60 M€ investment in 8 years i.e. 7-8 M€/year while continuing to
ensure a high level of availability of the scientific infrastructure at ILL.

This short brochure gives a brief overview of the Endurance programme at
the time of the ILL-ESS User Meeting in October 2018. It collects together the
posters prepared for the meeting, which describe the projects in more detail.
We hope that you will be able to discuss the projects during the User Meeting
and that this document will serve as a reference as the projects are delivered
in the coming years.

And for the future, all new ideas for instrumentation, sample environment,
data treatment, etc are welcome — please share them with us...

Charles Dewhurst - Endurance Coordinator - and the ILL directors

MILLENNIUM PROGRAMME: 2000 - 2018

The Millenium Programme delivered a large number of projects as shown below, with WASP currently
being finished. This investment is essential to increase capability in order to address new scientific
and societal challenges. and maintain our scientific output - bottom figure. (Note that the minimum in
publication output was due to the renewal of the reactor vessel).

Millennium Programme - instruments and budgets
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*(1) 0.1 M€ comes from ENEA - Italy
*(2) 2 M€ comes from EPSRC - UK
*(3) 1 M€ comes from EPSRC - UK
*(4) 1.4 M€ comes from EPSRC - UK
*(5) 0.4 M€ comes from the EU

*(6) 0.5 M€ comes from Spain

*(7) 0.2 M€ comes from the ILL

*(8) 0.5 M€ comes from the ILL

*(9) 0.6 M€ comes from the ILL

*(10) 1 M€ comes from the ILL

*(11) 0.5 M€ comes from the ILL ‘ —

Millennium Programme M-1
(on-going)
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1
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MILLENNIUM PROGRAMME: WASP

WASP, the Wide Angle Spin Echo spectrometer, is the last Millenium project. As
these photos show, installation is almost complete and commissioning can start

soon.

ENDURANCE PHASE 1: 2016 - 2020

The original Endurance project was split in two phases. Phase 1 includes the projects
listed below, with a focus on renewing the guide system H24 and its instruments. The
budget of Endurance-1 is 22 M€. Additional ‘CPER’ funding of 4.3 M€ from the French
state, region and city has enabled this part of the programme to be extended.

PROJET
FIPPS
FIPPS
RAINBOWS
D17
PANTHER
H16/IN5
SUPERSUN
D3 liquids
H24

D10*

IN13*

XtremeD

H1-H2
IN20
NESSE
BASTILLE

DESCRIPTION

New fission product y-ray spectrometer
Anti-Compton detectors

White-beam reflectometer option

Guide & chopper upgrade

Thermal neutron chopper spectrometer
Guide and beam focusing optics
Next-generation ultra-cold neutron source
Wide angle detector & polarization analysis
Thermal neutron guide renewal

Single cristal diffractometer
Backscattering spectrometer (CRG)

New extreme condition powder & single

crystal diffractometer

Beam tube renewal

Velocity selector

Sample environment equipment

Data treatment software

DELIVERY
2016

2018

2017 (Proof of principle)
2018

2019

2019

2019

2019

2020

2020

2020

2020

2020
2020
2016 - 2019
2016 - 2019




ENDURANCE PHASE 1: PANTHER

A THERMAL NEUTRON, TIME-OF-FLIGHT SPECTROMETER,
REPLACING IN4

ENDURANCE PHASE 1: FIPPS

GAMMA-RAY SPECTROMETER FOR THERMAL NEUTRON
INDUCED NUCLEAR REACTIONS




ENDURANCE PHASE 1: H24

NEW THERMAL GUIDE, A NEW POWDER AND SINGLE-CRYSTAL DIFFRACTOME-
TER — XTREMED - AND UPGRADED INSTRUMENTS - D10* AND IN13*

ENDURANCE PHASE 2: 2019

Endurance-2 projects were initiated with an open call at the start of
2017 and approximately 40 were received for a total budget of 60 M€.
Following careful evaluation by the Instrument Sub-committee, the
Scientific Council and the Steering Committee, two-thirds of the projects
were retained for a budget of approximately 40 M€. This set of projects
has been split into three parts, the first to be started in 2019 as detailed

below.
PROJET DESCRIPTION DELIVERY
D11 Large area detector 2021
XtremeD D22++ Wide angle detector 2021
D16 Wide angle detector 2021
D20c Replacement detector 2021
IN20 Monochromator and
multianalyser/detector 2021
LADI-B Second protein crystallography
station 2019
IM2020 -NeXT Public imaging beam line 2020 \
. H15 Guide design 2019
i “\\‘ WHARIAEIAREN TR, | NESSE2 Sample environment equipment 2019 - 2023
::-:-.:;&::zgzagz':g;::m:u;ll;'#m'“‘ [ BASTILLE2 Data treatment software 2019 - 2023
—-—

IN13*  XtremeD

D10* Cyclops

+ Orient Xpress




ENDURANCE PHASE 2: 2019 - DETECTORS

The photos below show 2 detectors developed in Endurance Phase 1. In Phase 2 there will be major

detector projects on D11, D22, D16, D20 and D19.
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ENDURANCE PHASE 2: H15

In the same way that the thermal guide H24 and its instruments are a
key focus of Endurance-1, the cold guide H15 and its instruments are
the cornerstone of Endurance-2. The guide which currently serves three
instruments will have multiple branches serving up to six instruments,
including two additional CRG instruments. This set of projects will be
delivered by 2023.

PROJET DESCRIPTION
H15 Guide renewal
D7+ Primary spectrometer
D11 Beam collimation
RAMSES Primary spectrometer of SHARP (ex. IN6)
SAM SANS instrument (CRG)
GAPS TAS instrument (CRG)
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ENDURANCE PHASE 2: 2020-2023

The remaining projects in Endurance-2 will be executed in the period 2020-2023.
They are a set of projects which generally are not mature enough to start before
2020. In any case, available resources for projects at ILL mean that there is a clear
limit to the number of projects that can be conducted at any one time, as well as
the amount of money that can be spent per year!

PROJET DESCRIPTION

FIPPS Gas filled magnet: mass spectrometer

D19 High count rate detector

RAINBOWS Implementation on D17/FIGARO

WASP Extra detectors & time-of-flight option
LAASI311 High-Q, Si311 analysers for IN16

MARMOT Multiplexing analyser and detector for ThALES

Endurance performance gains: Many factors contribute to instrument performance
like flux at the sample, detector coverage, signal-to-noise ratio and also reliability.
The performance of the experimental programme at the ILL is influenced by a
broader range of factors, including sample environment and data treatment, both
of which are the subject of Endurance projects.

ENDURANCE PERFORMANCE GAINS

Many factors contribute to instrument performance like flux on sample, detector coverage,
signal-to-noise ratio and also reliability.

Combining all these factors, the biggest gain is expected for PANTHER which should be

60 times better than IN4. A gain factor of 30 is expected for D7* by matching the primary
spectrometer to the secondary, which was upgraded in the Millenium programme and gave
a 100-fold improvement at the time. The case of D7 illustrates that big gains are possible, for
a given source, by ensuring that the instruments are optimally coupled to the source.

A gain factor of 30 is also expected with the implementation of RAINBOWS demonstrating
that new measuring techniques can give very significant improvements.

An apparently modest gain factor of 2 will result from the creation of a second measuring
station for LADI. For a low throughput technique, like protein crystallography, with limited
capacity world-wide, this will be a highly significant improvement in capacity.

On average, it is estimated that each project will lead to a factor 10 improvement on each
instrument.

Performance gains can affect capacity (e.g. flux) and capability. The public imaging
instrument, the first of its kind at ILL, which will be created by the IM2020-NeXT project,
will provide new capability at ILL. The very high, continuous flux at the ILL will provide
world-leading capability in imaging.

The performance of the experimental programme at the ILL is influenced by a broader range
of factors, including sample environment and data treatment, both of which are the subject
of Endurance projects, NESSE and BASTILLE respectively.

Guide upgrades and focusing optics have, in the past, led to significant flux gains at the
sample. H24 (thermal) and H15 (cold) guides and their instruments are the two, major guide
projects in Endurance.



Endurance phase 1
CPER package
Endurance phase 2
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g FIPPS - Fission Product Prompt y-ray Spectrometer

C._Michelagnoli,Y-H. Kim, F. Kandzia, E. Ruiz-Martinez, H. Faust, L. Koster, A, Blanc,A. Chebboubi, E. Froidefond, M. Jentschel, G. Kessedjian, P Mutti, G. Simpson
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Extract nuclear information useful for
the understanding of the sites of heawvy-
elements nucleosynthesis

Examples:

High sensitivity nuclear studies after neutron-induced

fundamental nuclear science and applications
(astrophysics, nuclear medicine, nuclear waste)
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Physics possibilities:

(n,y) reactions on stable or radioactive
targets: low and medium spin structure
below neutron separation energy

neutron-induced fission (with fission
tag): structure of neutron-rich nuclei

efficiency and granularity: reconstruction
of nuclear level schemes through multiple
y-ray coincidences

measurement of nuclear level lifetimes via
fast-timing techniques: determination of
transition strenghts
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Future perspectives
(FIPPS phase ll):

fission fragment identification via a Gas-
Filled-Magnet:

structure of neutron-rich nuclei and fissior
studies
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PANTHER - the new thermal TOF spectrometer @ ILL

The Panther Team
5. Rals, B: F3k, G. Manzin, B. Jarry, 0. Meulien, B. Jarry and the SPECTROSCOPY group + ILL departments (SDN, BE, SON, SAE, SAME, 5CI, DA}
el
Hybrid TOF (Large focusing monok. General thermal spectrometer
coupled to a fast rotating Fermi chopper)
Measure of Magnetic excitations, lattice

dynamics, molecular spectroscopy

High Flux (~ 5 10° n/cm?/s) - Medium resolution (~4%
AE/E) will replace IN4C (expected signal to noise
ratio x60)

Modern magnetism (new quantum states of
matter, frustration, ...)

Materials for energy (superconductors,
multiferroics, thermoelectrics, ...)

Complex molecular systems (nano scale
organization, confined water, quantum
confinement...)

Added capabilities: Single crystal and magnetism

2.5m radius cylindrical Flight Box
equipped with 9*32 2m high PSD 3He tubes @ 10 bars

continuous coverage from 2° to +135°
scattering angle range (-15° - 135°)

Polarisation Analysis (PASTIS3)
10T « IN5 » magnet

Low Background

5 Choppers (composite material: carbon fibers and
epoxy resin, 6 windows, 10 cm thickness)

Thick protection of the secondary spectrometer +
Triple axis type Monochromator tourelle
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USER MEETING
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2076

g SuperSUN = Superthermal Source of Ultracold Neutrons

Skyler Degenkolb, Oliver Zimmer.
Eddy Leliévre-Berna, Xavier Tonon, Eric Bourgeat-Lami, Michael Kreuz,Yves Gibert, Michel Thomas, ...

SCIENCE CASE: FUNDAMENTAL PHYSICS
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THE INSTRUMENT IN BRIEF
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Using a prism to determine the wavelength we get sufficient
resolution with considerably higher transmission than choppers.

THE ILL ENDURANCE
PROGRAMME

I/ /|
NEUTRONS
FOR SOCIETY

RA BOWS - Refractive Analysis of the ncoming

eutron Beam Over the VWhite Spectrum

R, Cubitz, |.Segura & W. Jark

THE INSTRUMENT IN BRIEF

‘We use the full mean flux of the ILL which is the same as the ESS.

counts/sfine
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SCIENCE

o o E
Faster kinetics <<1s :Q\
Smaller samples E ".{'\\
Electrochemistry k- -}5\:%
Photochemistry o
Reactions =] o
Oxidation... o e

: i

A History of TOF Performance
gains on D17

In the future....
Gain of “3x to come in 2018 with
new guide

Gain of 19x to come with the prism

Note: with 19 flux gain for the same resolution, the data
on the left would have the same stats at 30 ms measured
with the prism with only one angle. ESS has a 71 ms pulse
period and would need a minimum of 3 angles/pulses
{213 ms) to measure the same g-range.

10°

Reflectivity
3
£

104
10°

10°

—Fit ‘
- RAINBOWS 4
* Time-of-flight

.01

a (A’

0.1

Cubsitt A, Segueal. & Jark W, J. Appl.
Cryst. (2018] 51 257-263
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g D10+ A new 4-circle, triple-axis diffractometer

B. Quladdiaf, N. Qureshi, |. Archer, |. Allibon, P. Decarpentrie and L. C. Chapon

THE INSTRUMENT IN BRIEF SCIENCE
010 is a 4-circle diffractometer with optional energy analysis situated on The wvarious configurations of D10 associated
the H24 neutron guide. It possesses a unique four circle dilution cryostat with the different sample environments available,
for temperatures down to 01K, and offers high reciprocal-space e.g. the unigue 4-circle dilution ecryostat,
resolution and low intrinsic background, to medium real-space resolution, cryomagnets and pressure cells, allow the study

of a wide range of materials like shape memory
alloys, high-T. superconductors, molecular

INSTRUMENT LAYOUT CHARACTERISTICS : - I —
o g ., magn orics and functional :......;.““:m o
g g ol i oo DU e R taterials sueh as multiferreies which are of great =~
|: [ﬁf = ettt - wen importance for future industrial applications.
- SR Rl e £
i sieeh et e -
-0 Ny o e = ;
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INSTRUMENT AND NEUTRON GUIDE UPGRADE

ST

t"ﬁ_";"‘
- W

ok
=5

k
5

New neutron guide with New dedicated end-of-guide  New and bigger detector with better ~ New monochromator with New sample lable free of
higher supermirror position (at present IN3 position) spatial resolution and efficiency (in motorised vertical cur- magnetic materials allowing

coating will increase the normal operation since March 2018) vature adapted to the the use of 15 T magnetic
flux with moderate guide cross section and fields. Completely rebuilt
losses in resolution. neutron beam divergence.  analyser stage

ESTIMATED GAINS

FLUX AT SAMPLE (1 CH3) RESOLUTION FUNCTION DETECTOR EFFICIENCY COMNCLUSION

The ‘instrument and neutron guide
upgrade will increasa the instrument's

7 A : " parjwm!nca by an order of magnitude.
SN ! i L / = — This will enakle the siudy of the
] ng\'\ W Al 3 i " . | magnetic properties of smaller single
— e :.%-u— [ et . crystals (below 1 mm?) and thinner films
) ¥ % {down te 100 A with respect to the
v M guide new guide = higger menechremator UPTO 5 TIMES MORE FLUX PTG 2 TIMES BETTRR current stata of art ~200 A),

EFFICTENCY

- ]
A
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IN13* - New perspectives for the high resolution thermal
backscattering CRG spectrometer at ILL

F. Natali'?, J, Peters*?, L. Didier?
ICNR-IOM Italy; 2Institut Laue-Langevin, Grenoble; 3LiPhy-UGA, Grenoble

SCIENCE

The time-length window of IN13 is of particular interast for the study of
the internal dynamics of biological macromolecules in solution,

THE INSTRUMENT IN BRIEF

ES

Italian-French CRG operating since el e Rt T
- oy J . powder or cell samples. Applications are found in biclogy, but also in
’ medical science. chemistrv. phvsics and cultural heritaae.

1998 at ILL.

The high energy resolution (8 ueV,
FWHM), together with the
availability of high momentum
transfer (Q=4.9° A') makes the
spectrometer particularly useful for
the microscopic study of particle
mations such as jump reorientation,
rotational and translational
diffusion, wnnelling, observed by
incoherent neutron scattering,

End guide posiﬂon: the insertion of a ternperéture gradient monochromator togalﬁer
with plastic mosaicity induced on the monochromator crystals will further optimize the

neutron flux at the sample positian,

Cl

GAIN IN FLU}

'.—-::":’_..»;;;;’
| ==
] tha AF funet. e AF Bunet.
E] » = E W
Plastic mosaicity i it |
Current situation: Wanted situation:
Temperature gradient monochramator - Guide m=1 and old - Guide m=2
- Crystal mosaicity: 2-4 arcmin - Crystal mosaicity: 10 arcmin
Slemslation studies: A.E. Dennison, F. Natal, £. Farhi, G. Mangin, P. Countcis, L Petars - INI3 Meatran guide and primory - NoT gradient - 14 C T gradient

upgiode < Nuclear heds A Accelerators {2018). Submitted
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g XtremeD - A new diffractometer for extreme
conditions of pressure and magnetic field

J.A. Rodriguez-Velamazan, G. Manzin and all the XtremeD team

THE INSTRUMENT IN BRIEF SCIENCE

“2)

Neutron iffcaction observations of istersiial protans —— "1
in derse ice o

B
L

A powder diffractometer with single-crystal capabilities
- High pressures (- 30-50 Gpa)
. High magnetic field up to 17 Tesla / pulsed field option)

Requires high neutron flux and low background = guide hall position,
new branch on thermal guide H24

i 4 L —— ]
Giant spin-driven ferroslectric palarization
2550Ga8 in TeMnO3 under high pressure
y B Ko, e L a1 Bt Wt
PPRAL B B 9

Flux ~ D20, with higher detector coverage. Dedicated.

vt il it o Bhe angiethe st o of TNy

. 5 L Mok b1, K Bt e . o
Special sample environment = in a second phase 0. w._ty
AR 8 .8
Joint project between ILL and Spanish CSIC. CRG instrument. _“":‘. =P P 6’"
e
Monechromator protection i : DETECTOR
. New 2D curved detector: high resolution,
high counting rate, large solid-angle
- *He-MWPC (multi-wire propertional chamber)
. 130 deg. horizontal,
+ 15 deg, vertical, F t
76 cm radius '
. 9 modules, 14.4 deg. each.
- = 200 kHz/module l .

TOURELLE, OPTICAL BENCH, DIAPHRAGMS,
AMAGNETIC SAMPLE STAGE, ROC...

MONOCHROMATORS MILESTONES

Si double-focusing bent HOPG double-focusing erystal

crystals monochromator array monochromator . May. 2016: Launch of execution phase
. 2016-2018: Calls for tenders and fabrication of different components
* End 2018: Detector delivery
L End 2018: Start of component commissioning
* End 2019-2020 (?): new H24 guide installation
. Mid 2020: Instrument assembly and installation. Commissioning

-
J ¢ “4/icma
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INS5 - Hi6 optimised replacement guide

1. Ollivier, B. Giroud, M. Kreuz; M.M. Keza, E. Farhi, ). Beaucour, Ch. Dewhust

THE INSTRUMENT INBBIEF SCIENCE

Y

LI
L8, s o, o . 0
A2 0015 SA021
e L

Encitations in quantum Equids

i @

H16-IN5 GUIDE PROJECT

IN5 is a high precision direct geometry Time-of-flight (ToF) spectrometer. Itis ey
used to study low-energy transfer processes as a function of momentum £ Bevwno ool PRST IR
transfer.

Goals;
o Extend wavelength range; 2 — 15A —+ 1.5 - 15A
o |ncrease flux at any wavelength
o Extend configuration range (Q-E) space
@ |mprove signal/noise

® Recent supermirror guides with higher M-index
@ Optimised guide geometry for better transport
o |mproved neutron shielding around the guide

Gain at sample

e T

L Mabe tew ' resenee

O )
[ ]

Gainsare>2 below7 A, =3at4 A, 5at2 A,
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D3 Liquids - “Direct” measurement of the coherent
coherent cross section in liquids and glasses

Anne Smnault, Sebastien Vial, Gabriel Cuello,, David Jullien, Bruno Guérard, Jean-Claude Buffet

[/ §

THE INSTRUMENT IN BRIEF

The paolarised hot neutron diffractometer D3 is a unigue instrument o
determine the coherent structure factors of disordered materials with a

SCIENCE

The studied disordered materials include liquids, glasses. quasi-
crystals and nano-sized systems.from fundamental research to health
and environmental sciences, or applied research

high hydrogen contents, thanks to 2 main features:

1/ Polarised neutrons. B ineiisiiorans (@D 1 1 3 0000 = spin - flip
2/ 3spin = flip
I [(e)] nen = spin - flip

Hirpesncoteres (2D : 1wt = spin— flip

2/ Hot neutrons: structural information need data at high Q (Fourier
transform), hence the need for short wavelengths.

Such studies are routinely achieved on D3 (initially a single crystal
diffrcatometer), scanning a single detector (2-3 days/sample). Within
the Endurance project, D3 will be equipped with a small 1D
multidetector (2-3 samples/day).

of1 A}

TECHNICAL DETAILS

The instrument upstream from the sample has already been commissioned.
The project includes the development of a new large paralielepipedic *He spin filter and a new
muitiwire inear detector, with 4 rows of tubes for high efficiency at short wavelengths

= — =

Large *He spin filter
160 x 200 x 65 mm?

Double-walled vanadium
sample container.
Accommodate 3-containers

Multiwire finear detector
with 4 rows of tubes,
spanning 20°

USE and PERFORMANCES

Polarization loss along the beam path < 1%

(currently = 5%) ——
Fiux x 10 ; 2-3 samples / day bl ki
(currently 2-3 days / sample) D7: low Q (up to 2.6 A')

D4: deuterated samples
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a IN20 Upgrade

Mechthild Enderle, Tobias Weber, Philippe Chevalier, Frederic Thomas

THE UPGRADE IN BRIEF

1N20 Hewsler higher arder Mux

SCIENCE
Supercanductivity, high-Tc/pnictides multiferroics
orbital/charge transfer phenomena polarised overview

exotic excitations/quantum magnets

800 Fludki . 1. translatable higher order filter
7000 * FluxZki) P (velocity selector) strong spin-orbit coupling phenomena
00~ _ t |
e suf s+ 2. double-focusing PG monochromator o Y i o i
B0 et __ a=(1.9) _ z %
300 = 3. double-focusing PG analyser i “Higgs F 55
E % £ =0 bason” 1 50 £ : E
e & .a % E 2, i
w4 : 4, wide-diameter low-background = L
[ faln g thermal multi-analyser 0 0 i<
3 ! {for PASTIS, Cryomagnets) | . = =
2 A 8 e 5 AN & o 18 2 2% 5 £
ki [1A] Enougy fme) Enargy (mev] 8=
Present IN20 strengths IN20 Upgrade
— 1 3
» small samples « present possibilities untouched s 2
* weak signals = progress in modular form — no down time —_— - f—]
* large horizontal and vertical cryomagnets - Lo

= zero-field polarisation analysis

Present IN20 limits

&5 =
’Q\ /,;-:'/

jl 1 Velocity Selector !
— 2 PG Monochromaior s

mediled 4 yice-dizme

* weak signals # clean flux = 3 PG Analyze -
* higher order leads to spurions and background » signal gain {PG monochromator/analyser) il le;m
= only 2 choices of kf * gain in versatility (choice of kf) (PASTIS, Gryomagnets) 4

» gain in resolution via PG(004)

* polarised overview difficult

» overview with cryomagnets or PASTIS:
signal gain and background suppression

]

L
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a RAMSES# - a multi-purpose time-of-flight

spectrometer

Michael Marek Koza, Jean-Marc Zanotti, Benjamin Giroud

RAMSES# IN BRIEF

RAMSES#H is a time-of-flight spectrometer projected as a successor of
the cold-neutron ING instrument. its functioning is based on a multiple
monochromator unit and a Fermi-chopper for monochromatisation,
beam pulsing and thus analysis of the scattered neutron spectrum,

Foeiniitiz Dheoctiading Nome

s Design targets :
Gkl ext * Incident wavelength range 2 - 16 A
* Scattering angle coverage -5" - 135°
'« Position-sensitive *He detector unit
+ Highest flux in 10x10 mm? beam spot
+ Beam compression by multichannel guide

+ Freely accessible sample box

SCIENCE COVERAGE

Extended dynamic and spatial range coverage, higher flux with
smaller beam size and optional beam compression aim at an optimum
service of contemporary science.

* C4: magnetic excitations | Tima sealg (pe) o
W S LI 10

* C6: Structure and dynamics of

10F
liquids and glasses

* C7: Spectroscopy in salid state 1 ¢
physics and chemistry

QAT
=

* C8: Structure and dynamics of
biological systems

* C9: Structure and dynamics of

107 1 10" 10" 10"
soft-condensed matter fus ()

ootk

fLocal and long range Diffusion [ymamics in composite d Phonons, vibrations and| |Matter at Extreme conditho
in membrane and energy materiaks: imaterials, e.g. hydrate SPECIFIC SCIENCE TARéETs magnetic excitations in| s, small samples, and In-situ |5
lathrates for: thermodlectric and multiferrs|  (Imultaneaus and pump-probs
\ % Localizad spin and correlated ic compounds | |expariments:
~Zeolites ' 3 rEnergy resource - CHy recovery magrete sucitations:
*Perovskites = rGeo-enginearing - C0; sequestration 2 e
*Clathrates i = dustrial risks - pipeling cogging QAR MAgHeLs e Dislectric
B i o s “Magnons g ow-field NMA
e 5 © Methine afision i | | HHEMTE superconductivity |
PCCP  rreton dynamics in perovssies :’ st o | e clathoate 2t Magivon disgaeiion of HFS
Toel cell membrane materisl - i o - metastable conditon
! i a=ite | . e
A o axidh
e BEF
L2l oty
Quantim 7= 50 o
sertes of W2 S i
inahydrate  © il y
L)
‘_}_’ = 0. Hokrin V. Raniesi e S e
elal 2012 ool F0IA 3 © T e WAL Lidre ot sl PRL 3001
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Inst.

Call for tender and designation of the contractor (SDMS) for design study and ca
nstruction of a new PSD equipped vacuum detector box.

allation of a marble ground at INE for the new detector bok.
Dec ioning of ING and installation of the new s dary spectrometer.
Normal with the new y spectrometer at ING position

{operated by LLB personnel 2 Scientists, 1 Technician as CRG-A instrument)

H15 gulde upgrade, installation of the new RAMSES# primary spectrometer at
an end position of H15, and lidation with the dary spectrometer.

0

rrhée

Lobomioee Lacn Briloun
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a D7 - Permanently-polarized diffuse scattering spectrometer

Lucile Mangin-Thre, Benjamin Giroud, Charles Dewhurst, Garan Milsen, Katherine Brown, Wayne Clancy and Andrew Wildes

THE INSTRUMENT IN BRIEF
+ Dedicated guide with large divergence

* In-guide polarization with a deflector

« Double-focusing monochromator,
3AsAs6A

+ Fermi chopper for spectroscopy
« Evacuated flight path

« Supermirror analysers with coverage of
0.41 steradians

+ Position-sensitive detectors

D7+ schematic;
*  Flux = 10% current D7
= Resolution = current D7

SCIENCE

* Magnetic short-ranged order
(frustrated magnets, spin glasses, paramagnetism)
+ Separation of magnetic / nuclear
scattering
(superconductors, weak magnetism, disordered compounds)
+ Separation of coherent / incoherent
scattering
(hydrogen-containing compounds)

* Spectrometry

(magnetic dynamics, quasielastic scattering)

RF flipper

\

=

Source € ~60m

In-pile guide concept

m = 1 stralght quide

Deflector
quide

Transmitting mirrors m=1

'/
Polarizing m ~ 7 mirror
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a Marmot - Multiplexed Array for Mapping on ThALES

M. Boehm', B Steffens', M. Valeska "%, E Villard', K. Lefmann®, F. javarsky?
sttt Lave-Lengevin, JE042 Grenobie_Frnce
Maculey of Mithematics and Physics, Chustes Universing 131 16 Praba 2. Crech Repoblic

Ingiets ahr {nstivre, Univeristy af Capenhagin, 21000 Ksbentuern, Denmrk

THE INSTRUMENT IN BRIEF SCIENCE

MARMOT is a multiplexed anahyzer-detecior stage for the cold three axis-spectrometer ThALES MARMOT |5 foreseen as an efficlent method for analysing the dynamics of correlated electranic
covering a scattering angle of mayimum 100 degrees and up to maximum 7 separated energy systems and exotic spin qlumum systems with broad features in the scattering function S{Q,w)
channels. &s its predecessor FlatCone it s foreseen as an interchangeable analyser-detector such as non. s, stongly fi d, low dimensional or disordered
unit replacing the dassical secondary spectrometer of ThALES for applications necessitating a systems. ThALES with MARMOT combines the momentum (@) and energy w) range, the typical
coverage of about 1 to 2 Brillouin zones with data collection in several energy channels in cokd TAS energy resolution and the unrivalied cold neutron flux of ThALES with the routine
parallel. The data acquisition rate should increase by abowt a factor 50 with respect to the ‘operation of complex sample environment {such as high Felds, very low temperature devices and
standard unit. pressure cells).

The example below shows the magnetic response SIQ.@) in the spin 4 compound YbMgGad, ak
five different constant anergy transfers £ = hi = 0.3, 06, 1.0, 1.2 and 1.5 meV. YbMgGa0, is
‘handied as promising candidate for a 20 spin liquid system (Y. Shen et al., Mature 540, 553 {2016)).
The measurements have been done on FlatCone with about 12 hours / energy transfer. With
MARMOT ail five transfers can be measured at once.

s Eatime B Filkme @ Eotbmed M et # E-tume

LT ]
L T T T Y 1 i

AL the MaiCone snatyser yysbem bs routinely used on the thres TAS {INB, N30 and
mﬂnﬂ 2005 (M. Kempa et ol, Physica 35-386 (2006] 1080-1062),

5 of
mmmnmmmmmbnumwﬂlmmmmu
E=4.5 meV for Thales. its analyrers tonsist of bent Sil11 erystals scattening the

newtrans from the semphe into horizontally aligned detector tubes, about 50 cm Nerury Comen (031 16,
s et Wapping anahyier dcocior sysiomns wih snge crystal snabiers howe been constantly
A Bhiracterifics of FlatCone ki the BMing opbon Ior heeeiisng out-al-plans
ifars, paralisl b3 i develogied and improved an various TAS a; different newiron cenners. Several energy channals
FisiCons iy mabnly weed foe ping diffuse scattering cver lerge parts of the alignad in ane sngular channed, smilar to the future MARMOT, haws been impiemsented as
: MuliFiex at FLEXY, WZ8: 5 energy chanmels, 11 angular charnel, teal angular coverage 75° IF.
Brilicwiin: tones, typically encounteied in disordered materials or Guantum magnetic Grost et al. Scienite Regorts 7 (3017), 13637,

—— Bamnbaiz 3t Pands, FAM-L S energy channsls, 25 angulss channel, total sngular coversge 75° (1L
- A Um geol, ). Phys.: Conf. Ser. 552 (2015) 012145},

Far CAMEA as RITA, P51, iﬂ'fm ant arranged on arcs covering 607 of the scattering plane
for & different 20 PSD detector (F. Groml es al, Rev,
mnmwlznlaruﬁml

For the future BIFROST spectrometer at ESS, Lund, o mutliplesed Secondary spectiomietes
based on singlescrystal PGDOZ analyleis i4 equally foreseen: (hitps./J
P pallaTiOnEOUEC. S8/ aTicle THrOsT DS MaTic-00raChr IUTTON-SpT0SCopY. ).

e - T e

€ Btz o, Wiemi smerion of 3 quarm i ot 4. ikt . ‘Moo Giipersies in Dvevied Bl
e o ¢ i rstraon s Pltarn Ptk {ovaredt basganiey’ Pl e Lan. 108 IR 33
10U, 3

PROJECT OVERVIEW

Feasibility phase until spring 2019 Cost estimates and timeline
o

AR i presently in the feastbility phase of the project: Jume 2015 End of feasitility phase: Design, detalled cost-
esTimates.

Varoug nairon tegts Wil Be performad on 3 gingle angular T, Kick-edl.

tesBing charmel comprising S analyer cryibith [see pieture 1o the i

it} with the folowing aima: Te for tander,

proqurement of off-the-shelf components, start
manuAaETng.

 Comparison PEO02 and SIL11 a5 analyner material in terms of
signd 10 nolse Fy+ 18 eemths. phase,

F Emmmﬂulwﬂluwm [equivalent of 1 reactor cyce].

P Dutartr g T+ 24 monthy  Entering ints user program.

Total: 1.1 ME
The cost estmane is based om 30 angul channels with
S SIE11 crystals Bach and Indiual dsteciors for every
angular and energy channel.
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LADI-B - Extending the capacity and capability for
neutron macromolecular crystallography

M.P. Blakeley, N. Coquelle, W. Clancy, R. Cubitt, C.D. Dewhurst, B. Giroud, G. Fragneto

THE INSTRUMENT

LADI-B w

THE SCIENCE

Combings quasi-Laue data callection with a large eplindrical detectar

Utifizes a narrower neutron bandwidth (BA/A=15%) compared to LADI{BAA=30%)

- Data eollection will be possible at Fabim- of low-temperatures (down ta 80K)

AT (V3 55074 e D

A 3 A e DA

pirmuarias 1533 b misisncn

W T et

Beckcad mamber i+ 118 of vty
ot

AN EXPANDING FIELD

- Improvements to LADI at H143, along with new instruments online (MLZ, ORNL ete) has led

o an expanding field with >81% {1 157142} swructures determined since 2009

iz n wa 3 § " E
1344 7 357 26 ‘i L
16 50 73 9 i |."
Z L
= LADI continues to be warld-leading «g most =
i 25k0a] g
sructanes [6], rgest coll [125kDa koweait crysmab-to-cell 01 @l \.0 IU 0
sociluma ragies (15 3 10°%), fastane dars collection [14h] Cryuzal vokama mmly

4 neutron guide HI41

+ H-atoms & protons (H*)

Engwledge of their pesitions is essential 6.¢ in elucidation of snzyme mechanisms and for
improving drug-design

= MNeutron crystallography i the only approach to locate mobile H-atomsiprotons and
without radiarion damage issues

o v W g pari ey ond N o Drug e ot B
rorasass by g !
e i PR
b 1 v b s

¥ J Med Chem, (301 3y S0, 3631
ROL6) 554534
. Jma... {Ba1 )80, 2008

Refiected by publicavions m high-impact journaks eg Soence, Moame Gammun, Anpowonee Chem.
- Auverage impact-factor pér publication = 8.8

Vitamin Bé-dependant enzymes Cryo-rrapping heme enzyme intermediates
- Dmsaresiomd s v o 1w e v Crargs |
Lompound 1w bore persaidon o dm bz w100

i
j‘i‘
Scasace (3014) W5 191
Pature Communt: (30161 7, 13445

Mo Conm {01V 955 |

EXTENDING THE LIMITS

LADI-B will o extend the capacity and capability for newtron MX

Redused bandwadth of LADH-B (<f LADI) will {i) improve data completeness for large
eells (ie. 80 - 100A on edge) and (i) allow us to extend the limits to >100 A on edge

DNA polymerssas Acatylenolingsterats
DM prebpreraacs iy contral robe In ol divisken, Acetiycholinesteraves catalyie the Braadedown of the
Sugicacing DA and gausing it rmw ool meuntranaimituss soetykholing. They ars the tar of ribbisos by

s gy and priesben

Unit-sal= 93, 108, 158 A (22,3
% Wnie-coli = 126, 128, |:|4Mo,m

BN 5 E I o o
spamialty el

BT I5% #15% ol pellection.
e —
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IM2020 - NeXT - The Neutron and X-ray Tomograph of ILL

A Tengattini, M. Lenoir, E. Andd, R. Cubite, N. Kardjilov, C. Dewhurst, B. Giroud, D.Atkins, . Beaucour, G. Fragneto, M. Johnson, G.Viggiani,

THE INSTRUMENT IN BRIEF
G- HEB

MeXT-Grenoble will be
ILL's first public Meutron
and X-ray Tomograph,
born from a collaboration
with the Université
Grenoble Alpes (UGA)
and Helmholtz-Zentrum

Berlin (HZB)

eading imaging instrument. taking full advantage of the unique flux of
lar importance in tomography),and employing state-of-the-art technical
solutions to offer a broad portfolic of options and centrast mechanisms.

SCIENCE

Tomography measures 2 3D amenuation field of a
scanned object by acquiring a number of prejections
at different angles followed by 2 recenstruction. It is ac
the heart of a weritable revelution in a growing
number of fields.

It enables quantiative geometrical measuremencs
bined with plex sample envir Given

its no-destructive nature, processes can be studied by

repeating 3D measurements while a sample evolves.

These time series data provide another key route for
quantitative measurements of sample evolution: the
most powerful technique being Digital Volume
Carrelation which allows material displacements far
below the pixel size to be measured,

(FEW) EXAMPLES OF APPLICATION
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3He Detector development in Endurance

Jean-Claude Buffet, Jean-Franceois Clergeau, Sylvain Cuccaro, Brune Guerard.ju{ien Mmthn\.jer'&mc Pentenero

Several proj in the End prog rely on new detectors to enable new science or to improve performance on existing instruments

Endurance projects with in-house development of *He detectors

- XtremeD: Large area 2D curved MWPC for very high counting rate

- PANTHER: Large area MultiTube

- D03: Monoblock Aluminium MultiTube (MAM) for Improved sensitive
area and high detection efficiency

- D20: 1D curved MWPC to replace the old MSGC detector for improved
rellability

- D16:: Large area 2D curved MWPC to replace the old MWPC for larger
sensitivity area, and Improved rellability

- D19: XtremeD-type MWPC to replace the old MWPC for improved
counting rate and improved rellability

Development of *He detectors

trench-MWPCs for XtremeD, D16 and D19

2-dim position sensitive
A 20 curved detector with an horizontal aperture of 130° i5 under fabrication lor
XtremeD. This detector will be duplicated for D19 in a further ctep. An other
detector is under study for D16 with an harizontal aparture of 357, The radius of
curvature will be 115 cmi for D16 and 85 om for XtremeD and D19, These 3
detectors are based on the trench technigue which enhance the counting rate
capability of MWPCs

(25%)

Thie Xererme 0 wessed aftes its arrival a1 the UL (keft), and
i whaw o the trench cathade (righs) in the pronotyps

The sensing electrodes of KiremeD are ghven by 1152 Aluninksm
plates {sce abowe], and 864 connected
indhidually 1o the fromt-end eléctronici. Each ancde wire being
mpunted between 2 novwe of cathode teeth, the short anode- " am
cathode di s Counting Tate curve Measunsd with the Xorems 0 prototype

MAM for D3
1-dim pogition sensitive

Technical vidw of the Aluminiam Monablodk |7 Etiet 0% Ditbechind, ané dngulas

T e urrder fabricarion, The pressure vessel channed corresponds to 4 tubes

will 15 bur of gas. P eonnected topethir, Tro

s been optimized 1o provide Mamimum s, 32 channeds
etticiency [ d e rachasical wach, will be use o read cut the

s, The expected efficiency i > 0% it 0.5.4 workibog of the Ll 64 channels

Other detector projects in Endurance

- D10+: New MultiWire Proportional Chamber (MWPC) to replace the
old MSGC for improved counting rate {already operational)

- Rainbows: The ILL Multiblade "9B-film detector technology, currently
developped at ESS, is considered

- Thales, WASP, and D7+: standard *He PSDs

D22: 100 *He PSDs will equip a high angle detector bank

- D11; The old 2D MWPC will be replaced by a fast detector covering a
sensitive area 2 times larger made of 272 *He D22-type PSDs

For D11 and D22, one challenge is to design the mechanics for
mounting the PSDs with high precision and minimum dead zone

trench-MWPC for D20

1-dinv position sensitive
‘The M5GC detector of D20 is operational witheut
Interruption since 2000. Due to the complexity and
duration of an intervention in case of failure, and
considering the age of the detector, a new one, based
on the trench-MWPC technigue will be fabricated, T

" i JL

D20 prosetyps will b equipped with 3 trench-MWRC sector and
tested with & Peidren sowrce by validate the design

MultiTube for PANTHER

2=dim position sensitive
The irstrument of
‘them i made of 32 stainless steel tubes welded on both sides on s
Alanges. Tubes have 3 sansicve keagth of 2 m, and 3 diameter of 2.2 om

One of the FANTHER madules. in the L3
detector Lab, Carsmics insulstors are maunted
o0 bsth énds af the tubes 15 wuppsrt the mode
wiich, Thse wites dre efimped with small
copper wubes, and connéoed 1o the readout
lectronics via PCBs and 32-pins feodthroughs.
Testimages measured with an AmBe newtron
+owrce Migeas 10werify that the detectons ane
‘opuratanal,

The fabrication of the 9 modules is already wel
advanced. Each module will be tested with 15 bar of
8 for pressure vesel oertification.
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Better Analysis Software to Treat ILL Experiments Sample Environment is essential in ensuring innovative, successful and % . ° %
cost-efficient use of beam time Ve are glad to announce that we have é 2} o~
Goals introduced: 3 2 o.... %
@ w =
Provide a coherent approach to data reduction and analysis x > &
c p T 3 full-range humidity chambers for D16 oz N 3
freal:ef 5 L:cngn r;amewnr it e 4 Goniosticks to orient crystals inside zero-field polarimeters and 2 o
of professional developers high-field cryomagnecs, Py @ s
Develop and support analysis software for SAMS, reflectometry, 2 automated | GPa liquid pressure regulators, P

QENS, INS, powder and liquid diffraction 250 and 600 MPa pressure cells for membrane layers and systems
Incorperate computer modelling in analysis workflow in solutions up to 100°C,
Share effort and software with partner facilities (ISIS, ESS, SNS, 50 and 300 MPa sapphire-window cells with separators for SANS

MLZ, PSI, SINE 2020 and NSE,
: ) An ex-situ T-controlled Dynamic Light Scatering (DLS) system for

SANS

IN5

Phase | (May 2016-April 2019)
Focus on implementing Mantid at ILL

Mantid running on IN4, IN5, IN6é (TOF), IN | 6B (Backscattering),
D20, D2B {Powder diffraction), D |7, Figaro (TOF reflectometers),
D11,D22, D33 (SANS)

Prototype for live-data analysis Ex-5itu DUS for SANS Goniostick 600/ MPa cell

D17 FIGARO

We have also upgraded |2 cryostats and cryofurnaces to speed up
temperature changes (x3) and reduce neutron background. The cool-
down time of samples in furnaces will also be reduced by a factor 4,

Partners

MANTID
We are now ﬁnalising the design of multi-sa mple adsorption and

Langmuir troughs for horizontal reflectometry. Ve are also preparing
an in-situ DLS setup for SANS and commissioning five 30 mK — 320 K

Contributors hLZ - AT
automated gas handling racks for dilution inserts.

th 2 (20 | 9_} New adsorption troughs for FIGARG

The use at cryogenic temperatures of the 700 MPa liquid pressure
sticks and of the Paris-Edinburgh cells is also being automated and
* Automatic and live data reduction two | GPa fully automated helium pressure regulators are in

* Dara analysis and computer modelling construction.

IN8 o D19 STEREO

* Mantid in new Endurance instruments

Super ADAM oo

GAMS 6
DIGRA
INT-LAGRANGE /'

NEUTRON GUIDE HALL/ILL22
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