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Newly available/upgraded diffractometers at ILL

® SALSA neutron strain scanner (Ph.Withers, Manchester)

® FaME38 industrial support lab (N.James, Plymouth)

® Super-D2B high resolution powders (P.Attfield, Edinburgh)
® D20 high flux powder diffractometer (Higher Resolution)
® D19 2D position sensitive detector (J.Howard, Durham)

® VIVALDI neutron image plate (C.Wilkinson, London)

New Proposals
® DRACULA (Diffractometer for Rapid ACquistion)
® CYCLOPS (CYlindrical Ccd Laue Optics Photo-Scintillator)

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



Neutron Strain Scanning

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



Experimental Area

® Sunken marble floor

® Floor to Centre = 1.6m
® Area 6 x 4m

® Overhead 1 tonne Crane

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/
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ISO standard VAMAS ferretic steel weld measured in many labs for comparison
Relationship between fatigue and residual stress

3 perpendicular components of stress x=longtitudinal y=transverse z=perpendicular
BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/
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Sample Positioning and Alignment

Multi-zone furnace, other furnaces, ovens

ISO/VAMAS positioning plate
+ 100 microns and + 0.10° routinely
+ 10 microns and + 0.02° with care

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



Sample charactesisation & environmen

n L

. "

50KN hydraulic tension/compression machine

JCoor‘dma‘re Measuring Machine
(left)

-l’- I:"

X

CMM surface scans of a Euro coin and of a laser shock peened plate (above)
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DRACULA
high flux®

D20 high flux D19 xtals
®

®
D2B high res.



D2B high res.



D2B High Resc
J.P.Attfield, P.D.Battle
S.A.T.Redfern, B.Raveau




Array of 128 Collimators &
Linear-Wire PSD Detectors
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Fullerides & Framework Materials - S.Margadonna (Edinburgh)

Nearest-neighbour C, interactions

Network of NDeeep(6:6) interactions - orthorhombic [110] plane Strong effect on nn AF interactions along ferrorotationally
Influence of ND5-Cg, close contacts on magnetic exchange ordered Cg, stripes

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



Aurivillius Phases - E. McCabe (Birmingham)
Structure of Bi,Sr, ,La, ;Nb,MNnO,,

® Disorder of Bi and A site cations
® Ordering of B site cations

| ® Local rotation of octahedra

® Spin glass

} ® Ferromagnetic interactions

i
| f i
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Phase co-existence & charge ordering transition in CaMn,O,,

R Przeniosto, I Sosnowska, E Suard, A Hewat & A N Fitch
J. Phys. Condens. Matter 14, 5747-5753
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Neutrons measure small changes in M-O distances - charge transfer
BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



e Complex oxide structures containing
lithium were solved using both
ILL-ESRF neutron and synchrotron data

2B neutron data ILL
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Higher D20 resolution since 2003
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Very fast chemical and electrochemical kinetics

- 5.0

- 4.0

- 3.0

-2.0

-10

Seconds

(Ti,Si,C) reaction -> Ti;SiC,
University of Newcastle, Australia

e The explosive SHS reaction was
studied in real time with neutrons

e The reaction is exothermic, & heats
the sample to 2200°C in <1 sec

Angle e The complete diffraction pattern
(left) is collected at 300 ms
intervals - A World Record

D.Riley, E.Kisi, T.Hansen, A.Hewat (2002)

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



e 100 Kbar ILL Paris-Edinburgh cell
in He-cryostat (N. Kernavanois et al.)

e D20 Radial Oscillating Collimator
(H. Fischer, Th. Hansen, P. Henry)



Radial Collimator = 95% transmission, 3% background

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/
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Large detectors + high flux on the sample

Efficiency for a given resolution = * time averaged flux on the sample

* sample volume
* detector solid angle
* detector efficiency

Jorgensen, J.D., Cox, D.E., Hewat, AW., Yelon, W.B.

“Scientific opportunities with advanced facilities for neutron scattering”

Shelter Island Workshop, 1984
Nuclear Instruments and Methods in Physics Research B12 (1985) 525-561

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



The time-averaged Flux*Detector criterium

The time-averaged flux is very high on a CW machine (D20)
The detector is very large on a TOF machine (GEM)

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/
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A: Large vertically focusing monochromators ?

No ! Focusing in real space only
gives a factor of x2 to x4

Sample Source

!

Focussing
monochromator

cf use of convergent guide with TOF

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/
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A: Large wavelength-band focusing monochromators ?
Yes | Focusing in reciprocal space can give a factor of x10

Monochromator Source

A+AM LA

Detector Sample

Ad/d ~ 0.1% for AMA ~ 1%

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/






New D19
The Future for ILL
DRACULA, D9, D16

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



Transition metal hydrides

® Organometallic catalysts

® RuH,(H,).((PCyp)s).

® NMR, X-rays already done
but

® Need Ru-H coordination

G cometry of a key Ru precursor

complex for hydrogenation
catalysis as a function of T

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



New insights into the structure of poly(p-phenylene terephthalamide)
from neutron fiber diffraction studies.
Gardner K H, English A, Forsyth V T, (2004) Macromolecules

How do H-bonded sheets Models since 1970s Correct model
stack along the c-axis ?

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/
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PPTA: poly(p-phenylene terephthalamide) KEVLAR

Two rings, similar scattering Selectively Fully
Deuterate one ring to label it deuterated hydrogenated
BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



DRACULA
high flux®



Based on new 1209x30° 2D-detector for D19
S. Mason, T. Forsyth, J. Howard et al.



The time-averaged Flux*Detector criterium

DRACULA

~108
1.5 sr*

18

TOF machines already have big detectors
With big detectors ILL can compete with SNS intensity

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/
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New science with a very high intensity neutron diffractometer

® High Pressure and Extreme Sample Environments
® New Materials from High Pressure Synthesis

® Tsotope replacement contrast

® Strongly absorbing elements

® Tn-situ chemical kinetics

® Very fast reactions

® \/ery weak magnetic order and polarised neutrons
® Texture

® Even Single crystal diffraction

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/
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Recipe for a High Flux Neutron Diffractometer

® A large incident solid angle (focusing)
® A wide band of wavelengths
® A very high flux on the sample

® A very large area detector

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



Focusing neutrons to Study small Samples Kirkpatrick-Baez microfocusing optics for thermal neutrons

Gene E. Iee™*, Camden R. Hubbard®, Bennett C. Larson®, Judy W. L. Pang®,
I.N. GDHCh&fﬁHkOa’b’*, L Mirebeaua, P. MOlil'lElc, P. Bi‘jflid John D. Budai®, Stephen Spooner®, Sven C. Vogel®
“Quak Ridge National Laboratory, Rm B260, P.O. Box 2008, Bldg. 45008, MS-6118, Oak Ridge, TN 378316118, US4
*Labaratoire Léon Brillowin, C. E. A-C. N. R. 8., C. E. Saclay, 91191 Gif-sur-Yvette, France "Los Alamos National Laboratory, USA
®Russian Research Center Kurchatov Institute, 123182 Moscow, Russian Federation Received § April 2004; received in revised form 19 July 2004

. Available online 18 November 2004
tEcole Centrale de Nantes, 1 rue de la Noé, 44000 Nantes, France

d Laboratory for Neutron Scattering ETH&PSI, CH-5232 Villigen PSI, Switzerland
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"SXD" ISIS single crystal diffractometer

11 Position-sensitive scintillator detectors
192 x 192 mm2 active aE@um.3-Mm L&SQIUFION/ait/alancwat/



Multiple reflections
sorted by the Crystal itself

“Niimura Special”
Neutron Image Plates (NIP)

\ NIPs inside cylinder, Laser readout

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/
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SXD (pulsed source) & VIVALDI (continuous source)

® SXD uses energy discrimination (lower background, better resolution)
® VIVALDI uses continuous white beam (flux 2 to 3 orders of magnitude)
® SXD uses PM tubes & co-incidence logic (~3mm detector resolution)

® VIVALDI uses Neutron Image plate (~150 micron resolution)

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



Vitamin B12. Nearly 10,000
measurable reflections
8-hour exposure, 10mm3 crystal.

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



Vitamin B12. Nearly 10,000
8-hour exposure, 10mm3 crystal.

measurable reflections

Data reduction of
conventional structures
(mostly) by programs of
the CCP4 X-ray Laue suite

Min 1100

ter April 2006 http://www.ill.fr/dif/AlanHewat/
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Examples of experiments on VIVALDI

aster April 2006 http://www.ill.fr/dif/AlanHewat/
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Rapid data collection and a global view of reciprocal space

Symmetry and structural parameters as a function of e.g. temperature
N-oxypicoline (Fillaux, Cousson, Nicolaii, Le Toquin, Paulus, Carlile & McIntyre, 2004)

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/
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LADI image plate VS D19 proto detector

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



. e T | :

—_— s — =

LADI image plate (12 hours dbove) VS D19.pro’ro detector (1 hour below)

W R 5 °
¥ e &5 3
i,, L
ol [ ] | a .
= n. - | l:l.
- -
4 g,‘ ; Ilﬂ
* ]
& o
L ® - e
L)
i k]
] ﬁ" 1~



Orient Express
On H24 thermal neutron guide
Dual lens-coupled chilled CCD's

/ CCD detectors in backscattering

— Neutron beam

\ TV camera for crystal alignment

Crystal on goniometer

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



Image Intensifier

Lens

e
IlI

[ |
| e /I

Sealed Tube Scintillator
Fibre-optic taper




10 minutes film
10 seconds CCD camera

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/
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CYCLOPS

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/
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Double octagonal array of CCD neutron cameras

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/



CYCLOPS, a new type of neutron CCD detector

® Double octagonal array of CCD neutron cameras

® 70% of 4n

® 25% neutron efficiency (best image plates ~20%)
® 170x170 micron resolution

® 20 million 16-bit pixels

® Read out time of <1 second

BCA Lancaster April 2006 http://www.ill.fr/dif/AlanHewat/
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