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PhD at Umversﬁy CoIIegeLondon
Investigation of frustrated Magnetic ™
Materials with neutron scattering l -------- ?

Current role:
Instrument Scientist on HB-2A (MIDAS) Neutron
Powder Diffractometer at HFIR

Research on magnetic materials e m oLl
Utilize the diverse neutron instruments at SNS/HFIR g ! “
Collected data on 8 out of 12 instruments at HFIR (Confinuous source)

and 9 out of 18 at SNS.
-
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Presentation Overview: Diffraction at TOF ¥ and CS

 General characteristics of TOF (SNS) and CS (HFIR)
— ORNL has both - use bothl!

« How the source impacts diffraction instruments

« Strengths for different experiments

o Consider which source is best suited to your science

Always talk to an instrument scientist
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Neutron Sources around the world
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Highest power research
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Most intense pulsed
neutron beam in the world
(2.0 MW, 60 Hz)




Neutfron sources:
Reactor (HFIR) and Spallation (SNS)

Small AN used, but source on all the time
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Each pulse of
neutrons contains a
broad spectrum of
energy (A)
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How do you like your neutrons?

| HFIR: Some of the neuiron wavelength all the time? |

|SNS: All the neutron of the time? |

SNS SNS

Select
nevutrons

HFIR HFIR HFIR HFIR HFIR HFIR HFIR HFIR HFIR

Neuiron Wavelength

Intensity

Time
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Neutron sources:
Reactor and Spallation

HFIR:
High flux over a chosen region.
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SNS:
Large coverage.




Diffraction experiments
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Neutron Diffraction: No change in energy of neutron

Detector

incident

Neutron neutfrons

source

Scattering triangle Bragg'slaw: A = 2dsin®

B 41 sin O B 2T
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Nuclear and Magnetic scattering

Scattering of neutrons from
nucleus via strong force is
used to determine crystal

Scattering of neutrons from
magnetic potential of

unpaired electrons is used to

sfructures q determine magnetic
) structures
S o MG , Orbital Magnetic moment Spin Magnetic moment
neutron —» \':;:/ ¥ e e | .

[0\ @ . . ] i ..1... electron electron
/ \\ .‘d — {1 ¢ ‘- ““..ui lllc..
SN gy U] @

strong force ‘* R '_' “ . .

 Magnetic/Nuclear scattering:

— Different processes, but fortunately have similar intensities.
— Can be distinguished in experiments
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What do the different
sources mean for
diffraction experimentse
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A typical diffractometer at HFIR
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A typical diffractometer at SNS

De Broglie wavelength: A =h/mv = ht/mL
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A typical CS diffractometer (HB-2A, HFIR) A typical TOF diffractometer (POWGEN, SNS)
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ilter —* o °
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HFIR and SNS: Factors to consider for a diffraction experiment

Intensity (HFIR) § Intensity (SNS)

High flux High peak brightness

Tune intensity with Balance of instrument distance,
monochromator, collimators bandwidth, coverage

Intensity

Q-range (SNS)

Q-resolution (SNS) Wide Q coverage

Highest resolution . o
Qmax CAN be very high (>100 A1)

a2

Complex asymmetric peak shape related
to moderator characteristics

Q-resolution

Q-resolution (HFIR)

Good coverage with even limited detectors

Q-range (HFIR)

Tunable over Q-range Q range limited, but tunable

Simple, symmmetric peak shape function Limited Qo (=20 A7)

Need wide/continuous detector coverage

SPALLATION
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SOURCE
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https://addie.ornl.gov/data viz hfirestimate

Do simulations. Lots of tools!

Simulated Neutron Powder Diffraction Pattern with Uncertainty
—— Total (Mt + Inc. + Can Bk, + Irst Bkg. + Farromag. + Noclear) —— Mult,
— bl + 1 —— Mol + Tne + Can Bk
Ml + nc, + Can Bkg. + Inst. Bk. —— oki, + In. + Can Bk, + Tnt. Bk, + Forroms.

- Home About ScatteringTools~ InstrumentTools~  General Tools~  External Link ~

aom

ExperimentSimulator

Given a cif file and necessary sample information, estimate the signal level (with uncertainties) for HFIR powder diffraction instruments.

Intensity (caunts per 20000 5)

The underlying GSAS-Il engine can ONLY process properly structures with origin choice 2. Please make sure your uploaded structure is with the proper choice of origin.

som

Upload Data

o A a
Select CIF file: | Choose File | MnO_Fm-3m.cif

2Theta (degree)

Select an instrument config: | HBE2A-Ge113-WLZ2p41-CollQut v |

Container Inner Diameter (Cm). |0 6 | Show/hide notes Simulated Neutron Powder Diffraction Pattern with Uncertainty
s Total (Multi. + Inc. + Can Bkg. + Inst, Bkg. + Ferromag. + Nuclear) Multi.
Multi. + Inc. Multi. + Inc. + Can Bkg.
Container Material® Multi, + Inc. + Can Bkg. + Inst. Bkg. —— Multi. + Inc. + Can Bkg. + Inst. Bkg. + Farromag.
Sample Mass (g): |20 |
Counting Time (hour): |1 | 120M
Number of Magnetic Atoms (per unit cell): |4 | Show/hide notes
Magnetic Moment (per atom, in muB):|5 | 100M
*The backend engine for current interface is developed by Dr. Joe A. Paddison. Frontend interface is implemented by Dr. Yuanpeng Zhang. g ™
:: 60M.
Ask an instrument scientist
40M
what tools are available
20M
OAK RIDGE HIGH FLUX | SPALLATION
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2Theta (degree)


https://addie.ornl.gov/data_viz_hfirestimate

Some other strengths for diffraction experimentse

Diffractometer at HFIR Diffractometer at SNS
Main: High Flux beam, versatility Main: Resolution and wide Q-range
_C:Z'ecﬁozsa ™ Profile s Count rate
Sorbin instruments bp'\gh"'“e's ~ Typic /
a”enUarin - e ariable sample High peak deTecroa " lar ge
Qndh QSam / Wl"'h v ODh+:0. - r'COVe
Olders ~Ples environments A f fimizeq e rage,
"avelengppg > lots
. \ YS OY\ u
am S . n . e . . mp pr
B’e_\_.\me dezre\:\de Polarization is easier asU,.e:'Zf"s Newer facility. STS
measure™
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Sample Environment considerations

An instrument is only useful if the sample can

be measured under the desired conditions.

https://neutrons.ornl.gov/sample

Equipment

Low Temperature & Magnetic Fields

High Temperature & Engineering Materials

High Pressure & Gas Handling

Special Environments

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE
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To only show available items for specific beamline, use this filter.

(v}

ULT-E

ULT-G

ULT-H

ULT-J
ULT-K

ULT-M

Sample Space Dia. Temp Range

40mm 0.03 to 300 K
40mm 0.3t0 300 K
40mm 0.03 to 300 K
60mm 0.03 to 300 K
40mm 0.3to 300 K
0.3to 300 K

Instruments

CG-2, CG-3A, CG-4C,
HB-1, HB-1A, HB-2A,
HB-2C, HB-3

CG-4C, HB-1, HB-1A,
HB-2A, HB-2C, HB-3,
HB-3A

CG-2, CG-4C, HB-1,

HB-1A, HB-2A, HB-2C,

HB-3, HB-3A

CG-4C, HB-1, HB-1A,
HB-2A, HB-2C, HB-3

CG-2, CG-4C, HB-1,
HB-1A, HB-2A

HB-2A, HB-2C, HB-3,
HB-3A

Associated Resources

CRYO-A, CRYO-C, CRYO-0,
MAG-B, MAG-E, MAG-G

CRYO-A, CRYO-C, CRYO-N,
CRY0-O, MAG-B, MAG-|

CRYO-A, CRYO-C, CRYO-N,
CRYO0-O, MAG-B, MAG-E,
MAG-G, MAG-I

CRYO-D, CRYO-J, CRYOK,
CRYO-L, CRYO-M

CRYO-A, CRYO-N, CRYO-O,
MAG-E, MAG-G, MAG-I

Subcategory

Insert

Insert

Insert

Insert

Insert

Bottom Loading

Other
factors

Description

Dilution Refrigeration Insert
Helium-3 Insert
Dilution Insert

Dilution Insert

Helium-3 Insert

Ask an instrument scientist what is available


https://neutrons.ornl.gov/sample

N soxree:  Types of Sample Changers

External Sample - External
Manipulation ,

Internal Sample - Internal
Manipulation

Internal Sample - External
Manipulation

—— Gripper Drive Assembly

Vertical Linear Drive

Probe Assembly
- Storage Carousel

Isolation Valve

sampling Position

« 10K -300K

« 920K 10 573K « 0.04Kto 700K

« Only CCRrange (not below
: : 1 K)
« Open air environments « Fullrange plus magnets

» + Fastto load * slowertoload . Slowest fo load, do it offline



Lots of diffraction
INnstruments at HFIR/SNS
(almost any instrument is
partly a diffractomer...)
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S

NS (TOF

POWGEN
NOMAD
TOPAZ
CORELLI
MANDI
SNAP
VULCAN
EQ-SANS

- HYSPEC
- ARCS
- SEQUOIA
- CNCS

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE

%OAK RIDGE SPALLATION [y f World’s most intense pulsed, aceelerator-based neutron source

. National Laboratory | SOURCE ‘ B 3 NEUTRONS.ORNL.GOV

g W
BASIS - BL-2 NOMAD-BL-1B USANS -BL-1A ARCS - BL-18 SEQUOIA - BL-17

Backscattering Spectrometer Nanoscale-Ordered Ultra-Small-Angle Wide Angular-Range Fine-Resolution Fermi Vibrational Spectrometer | @
Dynamics of macromolecules, constrained Materials Diffractometer Neutron Scattering Instrument Chopper Spectrometer Chopper Spectrometer, 1 Vibrational dynamics in molecuiar a
molecularsystems, polymers bology, Liquids, solutions, glasses, polymers, ife sciences, polymers, materials science, earth Atomic-level dynamics in materials l Dynamics of complex fluids, quaanl systems, chemistry
chemistry, materials science nanocrystalline and partially ordered and environmental sciences . science, chemistry, condensed matter fluids, magnetism, condensed matre‘ neutrons.ornl.gov/vision L
neutrons.ornl.gov/basis complex materials neutrons.ornl.gov/usans sciences materials science 4

neutrons.ornl.gov/arcs neutrons.ornl.gov/sequoia

Agupnt®

eutrons.ornl.gov/nomad

NSE - BL-15

Neutron Spin Echo Spectrometer
High-resolution dynarics of slow processes,

SNAP « BL-3 . _ - -.1" . . y polymers, biological macromolecules
5,

neutrons.ornl.gov/nse

Spallation Neutrons and
Pressure Diffractometer

Materials science, geology, earth and
environmental sciences

P LBl I

. HYSPEC - BL-14B ‘

'_ Hybrid Spectrometer

Dynamics of quantum materials with optional
polarization analysis

@ neutrons.ornl.gov/hyspec
Emmn

neutrons.ornl.gov/snag

MAGREF « BL-4A

Magnetism Reflectometer

Condensed matter, materials science and
magnetism of interfaces

FNP - BL-13

Fundamental Neutron
Physics Beam Line
Fundamental properties of neutrons
neutrons.ornl.gov/fnpb

TOPAZ - BL-12
Single-Crystal Diffractometer

Momic-level structures in chemistry, biology,
earth science, materials science, condens
matter physics

neutrons.ornl.gov/topaz

neutrons.ornl.gov/mr

LIQREF - BL-4B

Liquids Reflectometer

Interfaces in complex fluids, polymers,
chemistry

neutgong@rnbgov/Ir

CNCS - BL-5

(old Neutron Chopper D}

Spectrometer a

Condensed matter physics, materials science, I~
L 4

Versatile Neutron Imaging Instrument

Energy selective imaging in materials science, engineering, |
materials processing, environmental sciences and bialogy
neutrons.ornl.gov/venus

||
s =,

chemistry, biology, envimnmental science

neutrons.ornl.gov/cncs
e
EQ 5FN°-1L-6
Extended Q-Range
Small-Angle Neutron
Scattering Diffractometer

Polymers, soft materials and colloidal
systems, materials science, life science,
earth and environmental sciences

Powder Diffractometer

' Atornic-level structures in chemistry, materials science, and
condensed matter physics including magnetic structure

neutrons.ornl.gov/powgen

Macromolecular Neutron Diffractometer
Atomic level stuctures of proteins, macromolecules and DNA
neutrons.ornl.gov/mandi

Elastic Diffuse Scattering Spectromete \
Detailed studies of disorder in crystalline materials
neutrons.ornl.gov/corelli

Engineering Materials Diffractometer
Mechanical behaviors, materials science, materials processing
neutrons.ornl.gov/vulcan

I Operatig - user program
gitrons.oml.gov/eqsagg | [ Under construction

#tion Neutron Source is a faciliTy Caboratory,
managed by UT-Battelle for the US Department of Energy.
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OAK RIDGE gg?OFPLEUX " ' The United States’hig&st flux reactor-based neutron source

H Fl R ‘- National Laboratory | REACTOR NEUTRONS.ORNL.GOV

g Wy
FIE-TAX « HB-1A
Fixed-Incident-Energy

(Continuous
Source

« HB-2A

« DEMAND

 IMAGINE

° WAN D2 POWDER - HB-2A * W ) = : , ' S 41 | Biological Small-Angle Neutron
Neutron Powder : . . T 3 i . - Scattering Instrument
Diffrlactomelter Pmteinsand(obrir:%:ﬁ,iaplzlarmacemi(als,

Py VE R I TAS (H B_ 1 A) Structural studies, magnetic structures,

« HIDRA

« GP-SANS

IMAGING +» CG-1D
Neutron Imaging Facility

Development Beamline Sample Alignment Beamline

Triple-Axis Spectrometer
Lm\Eenerg Mafm magnetism Reactor Cold ,‘ Detector development and testing Sample alignment and optics Transmissio.n imaging of namral and
stnftrural transitions ' Pressure Neutron /’ . neutrons.ornl.gov/ntd neutrons.ornl.gov/ntd engineered materials

neutrons.ornl.gov/imaging

neutrons.ornl.gov/fietax Vessel Source
N, & U

g Ny
GP-SANS - CG-2
General-Purpose Small-Angle

Neutron Scattering Diffractometer

Materials structure and processing, metallurgy,
palymers, geophysics, high-Tc superconductors,
complex fluids, magnetism and spin textures

neutrons.ornl.gov/gpsans

PTAX - HB-1

Polarized Triple-Axis
Spectrometer

Polarized neutron studies of magnetic
materials, low-energy excitations,
structural transitions

w
«* Y

neutrons.ornl.gov/ptax

texture and phase analysis neutrons.ornl.gov/biosans
neutrons.ornl.gov/powde)

o

g
WAND? . HB-2C

Wide-Angle Neutron
Diffractometer

Diffuse-scattering studies of single crystals
and time-resolved phase transitions

neutrons.ornl.gov/wand

g W
HB 1 HIDRA. HB-2B TAX » HB-3 DEMAND « HB-3A CG-4B CTAX+«CG-4C ~ IMAGINE .« CG-4D
Polarized Neutron High Intensity Diffractom@ter Triple-Axis Spectromete ensional Extreme Magnetic Rolarized Neutron (old Neutron Triple-Axig | @ Laue Diffractometer =
Development Station for Residual stress Analggis Medium- and high-tesolution inel Veutron Diffractometer D elopment Statio Spectrometer fipmic esolutonsructes nbioogy, | 5
— H B - 3 Development of new components and Strain, texture, and phase mappin“ scatteting at thermal energies Bl nit-cell nucear& magnetic Development of lammor High-resolution inelastic scattering chemistry and complex materals &
techniques for utilizing polarized neutrons engineering materials neutrons.ornl.gov/tax structural studies precession techniques cold neutron energies ’eutrons.ornl.govfimagine g
[u]

neutrons.ornl.gov/ntd neutrons.ornl.gov/demand ‘eutrons.ornl.gov/ntd

neutrons.ornl.gov/ctax

...-“

eutrons.ornl.gov/hidra Y,

- CTAX

..lnnl‘

%OAK RIDGE HIGH FLUX | SPALLATION Coerating inet .
R ISOTOPE | NEUTRON I Cperating instrurnent in user program . . . . .
National Laboratory REACTOR | SOURCE The High Flux Isotope Reactor is a facility of Oak Ridge National Laboratory,

Il Operating development beamline managed by UT-Battelle for the US Department of Energy.




POWDER DIFFRACTION INSTRUMENTS

Instrument Type

HFIR HB-2A constant
POWDER wavelength
HFIR HB-2C constant
WAND 2 wavelength
SNS BL-11A t-of
POWGEN

SN5 BL-1B t-o-f
NOMAD

SNS BL-3 t-o-f

SNAP

Methods

Rietveld

Rietveld,
single-
crystal

Rietveld,
PDF

PDF,
Rietveld

Rietveld

https://neutrons.ornl.gov/suites/diffraction

Applications

Magnetic structures

General purpose
powder / single-crystal

General purpose
powder

Disordered materials,
glasses, liquids; high
flux powder

High pressure
studies powder/ single-
crystal

T(K)

0.05 - 1800

0.05 - 1800

10 - 300 (PAC)

2 - 300 (Orange cryo &
Slim Sam)

5 - 500 (JANIS)

30 - 750 (JANIS)

300 - 1450 (MICAS)
300 - 1100 (with gas
insert) (MICAS)

90 - 1500 (Ar cryostream)
2 - 300 (Orange cryo)
425 - 11450 (ILL furnace,
limited measuring time
above 1100C)

1000 - 3500 (levitator)

85 - 1350 (Paris
Edinburgh)

300 - 1500 Paris
Edinburgh (high T insert)
2 - 350 Clamp cell
(Orange cryo)

10 - 1350 Diamond Anvil
Cell (DAC) (bottom
loader cryo)

10 - 350 Gas cell / Clamp

P (GPa)

<06gascell <2
clamp cell

<06gascell <2
clamp cell

0.02 -0.2 gas cell
(TiZr cell, high
background)

<20 PE cell <6 PE
cell <2 clamp cell 0.6
Gas cell < 40 DAC

H  Special
(M

<=7 Electric field

<6 Humidity chamber

<5 24 position sample
changer (10 - 300 K),
Gas Handling with
pO2 and RGA

Cryostream sample
changer; gas handling,
batteries

Resolution
(Ad/d)

2 x10-
3 (variable)

5x10-3

0.8x10-3

5x10-3 to
5x10-2

8 x 10-3 (at
26 = 90°)

Created in 2019

Q-range Beam size H x V (mm)
(A-1)

02-51and0.35-8 30 x 60

01t0o82 30 x40

076 -469inone frame 10 x40

0.17 - 46.9 with multiple
frames

Typically 6 x 6 FWHIM,
Gaussian beam profile,
generally 2cm filling
height required.

Typical 0.2 - 31 .41, low
Q limited to 0.4 in
furnace and

Orange cryo.

0.8-30 Typical, 1 cm2 < 1 mm2

for DACs


https://neutrons.ornl.gov/suites/diffraction

SINGLE CRYSTAL INSTRUMENTS

Instrument

HFIR HB-3A
DEMAND

HFIR HB-2C
WAND 2

SNS BL-12
TOPAZ

SNS BL-11B
MaNDi

HFIR CG-4D
IMAGINE

SNS BL-9
CORELLI

SNS BL-3
SNAP

Type

constant
wavelength

constant

wavelength

t-o-f

t-o-f

guasi-Laue

t-o-f

t-o-f

Applications

Magnetic / nuclear structures; small unit cells

General purpose powder/single-crystal; small unit

cells

General purpose; small & large unit cells; diffuse

scattering

Structural biology, macromolecules, small molecules
Structural biology, supramolecular chemistry,
magnetic / nuclear structures

Magnetic / nuclear diffuse scattering

High pressure studies powder / single-crystal

https://neutrons.ornl.gov/suites/diffraction

T (K)

4 -1700 CCR
1.6-300 0C
0.05-300 DF

0.05 - 11800

90 - 1450 LN2
5-300 CCR

80 - 400

4 - 1450 CCR
10 - 1300 (DAC)

6-750 CCR
1.6-3000C
303 -1873
(MICAS)

0.3 -300 3He
insert

85 - 1300 (PE
10 GPa)

300 - 1500 (PE
6 GPa)

2 - 350 (gas and
clamp)

10 - 350 (DAC)

P (GPa)

< 2 clamp cell
<10 DAC*

< 0.5 gas cell

< 2 clamp cell

< 5 Cubic anvil cell
< 20 PE cell (Room
T

None

None

<10 DAC

< 1.8 clamp cell
<10 DAC
< 4 GPa McWhan

< 40 DAC™

< 20 PE cell
<6 PE cell

< 2 clamp cell
0.7 Gas cell

H(T)

<6

None

None

None

<5
<30
Pulsed

None

Special

Electric current, Tunable beam
divergence

Humidity chamber

Electric current
Tunable beam divergence
012-0.8°

Kappa goniometer

Elastic discrimination

Q-range
(A-1)

0.12-12

0.1-8.2

0.4-25

0.6 A max
resalution

1.2 A max
resolution

Created in 2019

Unit
cell
size

(A)

<100

<100

<75

10 -
300

<150

Beam size Hx V
(mm)

6 mm in diameter

Variable: 10 x 40
to 30 x 60

2.3and 4 in
diameter

1,3 and 51in
diameter

3.2x2

10x 10


https://neutrons.ornl.gov/suites/diffraction

Which instrument 1o choose<¢ SNS or HFIR or both?

It depends on the question to be answered in your science
— Speak to an instrument scientist!
— Do some homework (simulations, read papers, etc)

|n1'enSi1'y Other factors

Sample environment
Polarization
Pump-probe

Source stability
Sample absorption
Source availability
Mail-in

Q-resolution Q-range

LLLLLLLLLLLLLLLLLL
OAK RIDGE OOOOOOOOOOOOOO
nal Labor: ACTOR | SOURCE




Let's consider some common questions diffraction can
answer and match to strengths of sources

Measure nuclear structure

Measure magnetic structure

Measure disorder in structure

... Lots more cases for you to consider!

LLLLLLLLLLLLLLLLLL
¥ OAK RIDGE | i et
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| Measure a crystalline structure |

Need
« To collect lots of Bragg reflections

Instrument should have Specialized SE

Other
factorse

Small
sample

« High Q-resolution (HFIR/SNS)
. Large Q-range (SNS)
 High Q (SNS)

HFIR/SNS

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

%QAK RIDGE

ional Laboratory

REACTOR | SOURCE

Absorbing, H

Specific
Q

 HFIR easier
 SNS feasible

region

HFIR, unless
very high Q

HFIR/SNS



| Measure the crystal structure |

Instruments at HFIR/SNS

o Powder samples
- POWGEN (SNS): High resolution and Q coverage
-~ NOMAD (SNS): High flux and Q coverage v
— HB-2A (HFIR): Smaller unit cell, complex SE, absorbing samples. ?@Afgsvsé%ﬁge

« Single crystals
— DEMAND (HFIR): Smaller unit cell inorganic materials

%IF\’A,QI\I(?OQ%)M) —TOPAZ (SNS): High resolution and coverage for
IMAGINE (10¢ A3 inorganic/organic and larger structures
MaNDi (107 A3) — IMAGINE (HFIR): Quasi-Laue for macromolecules

—MANDI (SNS): Protein crystallography

@IMAGINE @MAND{ -

OAK RIDGE

National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

SOURCE

REACTOR




| Measure the Magnetic structure |

Need
« To measure where magnetic
scattering is strongest. Other
« Good signal to noise. factorse
« Variety of sample conditions.
Small
sample
Instrument should have Shé)r’r—ronge Specific
« Low Q (HFIR/SNS) oraer ,
« High intensity (HFIR) Specialized | Absorbing, H || Q
« Low background (HFIR/SNS) SE region
« Low T and magnets (HFIR)
Polarization HFIR/SNS
HFIR/SNS
Consider
| HFIR .
OWROr/sNs HFIR HFIR/SNS
o?tions . C?)?\ilizré r SNS: If need
TIAS both high/low
HFIR G HFIR:
One region

soaLLarion feasible

SOURCE

OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE

REACTOR



 Powder samples

e Single crystal

 Both Powder and single crystal

%OAK RIDGE

National Laboratory

— HB-1A (HFIR): Excellent signal-to-noise for weak signal

| Measure the magnetic structure

Instruments at HFIR/SNS

HB-2A (HFIR): Access low Q. Low Temperature and magnets.
Polarization.

POWGEN (SNS): High resolution and Q coverage.

DEMAND (HFIR): Low Q coverage and variety of sample
environments. Polarization.

TOPALZ (SNS): Wide coverage in Q. New 5 K option.
CORELLI (SNS): Diffuse scattering. Variety of sample environments.
GP-SANS (HFIR): Very low Q for large spin textures (e.g. Skyrmions). Wik 2]

WAND? (HFIR): High flux 2 Long range and Diffuse signals

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

REACTOR | SOURCE



\ Disordered materials (PDF) \

Need
» To access high Q and broad Other
scattering factors?
Small
sample
Instrument should have Specialized SE

Wide Q-range (SNS) i

. High Q... (SNS) Absorbing, H

« High intensity (HFIR/SNS)

HFIR/SNS
/ e Hard for HFIR/SNS

powders

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

%OAK RIDGE

National Laboratory

REACTOR | SOURCE



| Disordered material (PDF) |

Instruments at HFIR/SNS
« Powder 2
— NOMAD (SNS): Dedicated total scattering beamline. y _
- POWGEN (SNS): Longer counting, but better resolution S L
if needed. :

— HB2A and WAND? (HFIR): Magnetic PDF (mPDF)

e Single crystal
— CORELLI (SNS): Dedicated diffuse scattering beamline
— TOPALZ (SNS): Large reciprocal space coverage

— WAND? (HFIR): High flux and variety of sample
environments

@WAND?

OAK RIDGE

National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

REACTOR | SOURCE




| Many more diffraction experiments |

 In situ loading studies of
crystalline/amorphous materials at
high temperatures: phase

E Instrument Scientist Instrument Scientist Instrument Scientist transformation, fatigue damage,
creep behaviors, and other

High initial internal strain level

VULCAN deformation mechanisms in
(SNS) nanostructured materials,
piezoelectric and shape-memory
Engineering diffraction alloys.
Measure strain/stress
HIDRA « Optimized for strain measurement
(HFIR) and determination of residual stress

in engineering materials.
« Spatial resolution at a fraction of a
millimeter is possible

-]
i "
= 3
& o N
........ M Jeffrey Bunn Chris Fancher
o 1 2 a 5 & T L] &
Posit 5 {mm) Instrument Scientist Instrument Scientist
OAK RIDGE HIGH FLUX | SPALLATION
A ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE




| Many more diffraction experiments |

» Dedicated instrument for high

Anténio M. dos Santos Chris Ridley pressure > 1 OOG Pq .

Instrument Scientist Instrument Scientist

 Powders and single crystals.
 Wide Q-coverage

SNAP * PDF options

(SNS)

High pressure
diffraction

WAND?,
DEMAND,
HB-2A,
TAS
(HFIR)
CORELLI
(SNS)

» Variety of options for pressure
measurements.

OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE

SPALLATION
NEUTRON

REACTOR | SOURCE Dilip BhOi




Review articles for the Diffraction Suite

REVIEW OF SCIENTIFIC INSTRUMENTS 89, 092802 (2018)

A suite-level review of the neutron single-crystal diffraction instruments
at Oak Ridge National Laboratory

L. Coates,'@ H. B. Cao,! B. C. Chakoumakos,' M. D. Frontzek,! C. Hoffmann,’
A. Y. Kovalevsky,! Y. Liu,' F. Meilleur,’2 A. M. dos Santos,' D. A. A. Myles,]

X.P.Wang," and F. Ye'

' Neutron Scattering Division, Oak Ridge National Laboratory, 1 Bethel Valley Road, Oak Ridge,
REVIEW OF SCIENTIFIC INSTRUMENTS 89, 092701 (2018) o sl g o Lk Ridge Rattonal Baboratory, £ Fefet Hulley Foad, Dar Hiage

XDepartment of Molecular and Structural Biochemistry, North Carolina State University, Raleigh,
North Carolina 27695, USA

(Received 26 March 2018; accepted 9 July 2018; published online 24 September 2018)

A suite-level review of the neutron powder diffraction instruments
at Oak Ridge National Laboratory

The nascent suite of single-crystal neutron diffractometers at the Oak Ridge National Laboratory

S. Calder,"@ K. An,' R. Boehler,'2 C. R. Dela Cruz,! M. D. Fronizek,! M. Guthrie,3* has no equal at any other neutron scattering facility worldwide and offers the potential to re-assert
B. Haberl," A. Hug," S. A. J. Kimber,' J. Liu," J. J. Molaison,' J. Neuefeind,! K. Page,’ single-crystal diffraction using neutrons as a significant tool to study nuclear and magnetic structures
A. M. dos Santos.! K. M. Taddei.’ C. Tulk.! and M. G. Tucker? of small unit cell crystals, nuclear structures of macromolecules, and diffuse scattering. Signature
' Neutron Scattering bfv,f,gfon, Oak Ridg,e National :{aborarorjv, 1 Bethel Valley Rd., Oak Ridge, applications and features of single-crystal neutron diffraction are high resolution nuclear structure anal-
Tennessee 37831, USA ysis, magnetic structure and spin density determinations, contrast variation (particularly D,O/H,0)
*Geophysical Laboratory, Carnegie Institution of Washington, Washington, District of Columbia 20015, USA for nuclear structural studies, lack of radiation damage when using crystals of biological molecules
jEmppeap. Spallation Source, Lund 221 00, Sweden _ such as proteins, and the fidelity to measure nuclear and magnetic diffuse scattering with elastic

University of Edinburgh, Edinburgh EH8 9YL, United Kingdom discrimination. © 2018 Author(s). All article content, except where otherwise noted, is licensed
(Received 6 April 2018: accepted 19 July 2018: published online 28 September 2018) under a Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.1063/1.5030896

The suite of neutron powder diffractometers at Oak Ridge National Laboratory (ORNL) utilizes the
distinct characteristics of the Spallation Neutron Source and High Flux Isotope Reactor to enable the
measurements of powder samples over an unparalleled regime at a single laboratory. Full refinements
over large QQ ranges, total scattering methods, fast measurements under changing conditions, and
a wide array of sample environments are available. This article provides a brief overview of each
powder instrument at ORNL and details the complementarity across the suite. Future directions for
the powder suite, including upgrades and new instruments, are also discussed. © 2018 Author(s).
All article content, except where otherwise noted, is licensed under a Creative Commons Affribution
(CC BY) license (http://creativecommons.org/licenses/bv/4.0/). https://doi.org/10.1063/1.5033906
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Kovalevsky

IMAGINE, MANDI

Joe Paddison Zachary Morgan Malcom Guthrie
Computational Instrument Scientist Computational Instrument Scientist Computational Instrument Scientist

ASK AN INSTRUMENT SCIENTIST!!!

Instrument Scientist

CORELLI "
i Danielle Yahne
Stuart Calder I e SCADER e Dean Myles Yan Chen
i | Neuefeind

POWDER alalab IMAGINE, MANDI VULCAN
NOMAD

Cheng Li i iciaiManion Ke An Xiaoping Wang
Sanz

NOMAD, MOMA VULCAN TOPAZ

POWGEN POWGEN

Thomas Proffen FAUIHO: 0 Yan Wu Feng Ye Flora Meilleur

DEMAND DEMAND, WAND? IMAGINE, MANDI

POWGEN

AS
Anténio M. dos Santos Chris Ridley
Instrument Scientist Instrument Scientist

DEMAND Chris Fancher

HIDRA

Christina
Hoffmann

CORELLI, TOPAZ

SiAthena Chen

Matthias Frontzek I
WAND?

WAND?

1

Yiging Hao
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, ASK AN INSTRUMENT SCIENTISTI
Conclusions o _
https://neutrons.ornl.gov/suites/diffraction

« ORNL is unigue in having world class
iInstruments using two different sources.

Lots of good

e« Choose the best instrument for your .
experiment based on your science. 35#32;:,?:01
HFIR/SNS.

Questions®e

LLLLLLLLLLLLLLLLLL
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