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BES investment has created 2 advanced
neutron scattering user facilities

High Flux Isotope Reactor (HFIR)  Spallation Neutron Source (SNS)
Intense steady-state neutron flux ~ World’s most powerful
and a high-brightness cold neutron source  accelerator-based neutron source

U.S. Department of Energy user facilities:
Unique capabilities available through peer review
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SNS and HFIR met all goals in Fiscal Year

2014

HFIR

SNS

Science program

Delivered 3682
production hrs for users
over 6 cycles

100% predictability
Operated at 85 MW

Completed 50 cycles
with cold source

Delivered 4424 production
hrs for users at 94.1%
availability against
planned hrs

Operated at ~1.0 MW and
60 Hz

World record 1.4 MW for
pulsed linac

Developed plan to extend
target life-time

N
Bulk mercury return /
spallation region

Supported 893 unique
users at SNS and 453
unigue users at HFIR

Over 900 proposals
received during last
proposal call setting a
new facility record

HFIR is also an
exceptional resource for
materials irradiation and
neutron activation
analysis and continuing
mission in isotope
production
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The HFIR and SNS user program is
delivering high impact science

mb srt mev-t

10 15 20 25

Budai et al.
Nature (2014)

Fuhrman et al.
Phys. Rev. Letters (2015)

Q={067. K 1]

5
[@ .
o
|

o 3

o5 A,
y 1

T itripes

Anissimova et al.
Nature Comm. (2014)

Wan et al.
Proc. Nat. Acad of Sci. (2014)

Santodonato et al.
Nature Comm. (2015)

Liu et al.
Angew. Chem. Int. Ed. (2014)

Fitzgibbons et al.
Nature Materials (2015)

Li et al.
Phys. Rev. Letters (2014)

SD-P3HT
»

Stoica et al.
Nature Comm. (2014)

Shao et al.
Nature Comm. (2014)

a PEO dPEQ PEQ/dJPEQ
&5
L] — [] L4
. Chain .
. .exchange @ O O
. = — .
e

t=0 Pre-mixed

Kelley et al.
Nature Comm. (2014)

%OAK RIDGE

National Laboratory




The HFIR and SNS user program is
delivering high impact science
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How thermal conductivity is suppressed
in SnTe and PbTe
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Significance and Impact Research Details

PbTe and SnTe are amongst most efficient The Center for Accelerated Materials Modeling
thermoelectric materials known. Understanding (CAMM) enabled integration of materials
phonon anharmonicity is important for both modeling/simulation (MD/DFT) directly into the
fundamental reasons and practical applications, chain for inelastic neutron scattering data
such as improving the efficiency of thermoelectric analysis (CNCS at SNS and HB3 at HFIR),
materials by suppressing their lattice thermal offline.

conductivity. This new understanding suggests C.W. Li, O. Hellman, J. Ma, A.F. May, H.B. Cao, X. Chen,
design of new materials with nested phonon A.D. Christianson, G. Ehlers, D.J. Singh. Physical

) . ) Review Letters, 175501 (2014). .
dispersion through doping. (2014)
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Moving data analysis, modeling and
simulation closer to the experiment

Research Detalls: Ferroelectric instabilities in SrTiO; (HYSPEC at SNS) using live data streaming.
Full scale AIMD simulations (Cray XC30 EOS cluster at OLCF with 11,000 cores) on experiment timescale

allowing real time decisions.

°<
Experiment MANTID @
Data :
Data ' s ' Data Data analysis
generation :ﬁg%gg'{r’& reduction and modeling

Experiment
steering/
feedback

Accelerating Data Acquisition, Reduction, and Analysis %g{}g&{gﬁg



First experimental evidence for
fluctuating charge-stripes
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indicated by ovals.

Significance and Impact

Although there have been theoretic proposals of
dynamically fluctuating stripes, evidence has
been lacking. The results here open the way
towards the quantitative theory of dynamic
stripes. Charge-stripe fluctuations may also be
present in superconducting cuprates
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Research Detalls

Inelastic neutron scattering (ARCS at SNS)
was used to detect critical lattice fluctuations,
driven by charge-stripe correlations in La,_
«SI,NIO,.

S. Anissimova, D. Parshall, G. D. Gu, K. Marty, M. D. Lumsden, S.
Chi, J. A. Fernandez-Baca, D. L. Abernathy, D. Lamago, J. M.
Tranquada, and D. Reznik. Nature Communications. 5 (2014):
3467.

BROOKHIAEN % OAK RIDGE
NATIONAL LABORATORY ational Laboratory



Nanothreads synthesized from benzene
are revealed to be diamond-like

Neutron
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Significance and Impact 1 2 3 2 5 6 7
One of the strongest, stiffest carbon-based Interatomic distance (A)
nanomaterials with properties that suggest it Research Details
could have important industrial application in 20 GPa polymerized benzene at RT (Paris-
transportation or aerospace manufacturing. Edinburgh cell at the SNAP at SNS). X-ray (16IDB
This could by the first meml_Jer of a whole new and 11IDC at APS) and neutron (NOMAD at SNS)
class of tuneable nanomaterials. diffraction; Raman spectroscopy; NMR;TEM; DFT

L : : for structure optimization. Benzene assembles into

T. C. Fltzg_lbbons_, M. Guthrie, E. Xu, V. H. Crespi, spi-bonded. diamond-like chains unlike sp2-

S. K. Davidowski, G. D. Cody, N. Alem, and J. V. P ; ) _ _ P

Badding, Nature Materials. 43, (2015). bonded graphene in conventional high-strength

polymers.
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Developing a new method for tuning
polymers for photovoltaic devices
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Significance and Impact

P3HT is an important semiconductor polymer that
is mixed with PCBM to fabricate organic
photovoltaic devices. Isotopic substitution provides
a new means to tune the optoelectronic properties
of conducting polymers used for solar cells by
affecting their intra- and inter-polymer chain
interactions.

M. Shao, J. Keum, J. Chen, Y. He, W. Chen, J.F.
Browning, J. Jakowski, B.G. Sumpter, I.N. Ivanov, Y.Z.
Ma, C.M. Rouleau, S.C. Smith, D.B. Geohegan, K. Hong
and K. Xiao, Nature Communications, 5 3180 (2014)

q; (A7) z

Research Detalils

Center for Nanophase Materials Science
(CNMS) researchers used neutron
reflectometry (LR at SNS), GIWAXS and
GISAXS (8IDE at APS) x-ray scattering, TEM
and theoretical modeling were used to show
that substitutions D on the backbone or side-
chains of conducting polymer poly(3-
hexylthiophene)s (P3HT) significantly change
their optoelectronic response in P3HT/PCBM
([6,6]-phenyl-C61-butyric acid methyl ester)
photovoltaics.
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Significance and Impact
Neutrons can complement X-ray studies
with information about the location of H,
and therefore reveal the chemistry in
biology. DHFR is necessary for nucleotide
biosynthesis and a classical drug target.
Locatigng H atoms allowed the details of
the chemical reaction catalyzed by DHFR
to be understood.

Research Detalls

First user publication from IMAGINE at HFIR provides
the complete details of an enzyme’s mechanism
(dihydrofolate reductase; DHFR). Neutrons (2.0 A
resolution data) allowed the direct localization of H
atoms that were invisible using high resolution X-rays.

Q. Wan, B. C. Bennett, M. A. Wilson, A. Kovalevsky, P. Langan,
E. E. Howell, and C. Dealwis. Proceedings of the National
Academy of Sciences. (2014).
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Scientific productivity is on Lo
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Engaging the scientific
community to identify
emerging science challenges

Materials
that neutrons can address e
Soft and Performance ‘
Molecular
Matter ‘ Energy

‘ Materials
Biosciences Soft Chicago
Quantum ‘ Matter August 2014
Materials Structural Santa Barbara George Crabtree
Biology, Bio- May 2014 and John Parise

Quantum materials, and Fyl Pincus

Condensed Bioengineering and Matt Tirrell

Matter UC San Diego

Lawrence January 2014

Berkeley National Susan Taylor Frontiers in Data Modeling

Laboratory and Simulation Argonne Nat.

December 2013 Lab. March 30-31, 2015

Bob Birgeneau

Peter Littlewood
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Next Generation Science

Exotic ground states in gquantum magnets
Unconventional Superconductors
Quantum Critical Phenomena

Itinerant Magnets

Quantum materials out of equilibrium

Structure and dynamics in thin films/heterostructures/

nanomaterials

Spatially resolved probes of (especially magnetic)

structure of materials on the mesoscale
Topological states of matter
Hydrogen in materials
Strongly correlated energy
materials

Determining the struc-
ture of partially
ordered materials
including defect
structures

* Bioengineering:
redesign of plants,
organisms, enzymes...
Design drugs and combat
resistance

Unify structure and dynamics

Understand complexes and
processes in cells

Integrated understanding of
complex biosystems

systems

Biotechnology and bicrefinery

Understand membranes

Disorder and flexibility in signaling
communications, regulation

* Kinetics within multi-protein systems

Biomaterials as a basis for manmade

* Response of mechanical deformation
¢ Soft/hard matter composites

» Transport in soft matter

* Polyelectrolytes

* Complex structures in solution/Heirarchical
assemblies

» Soft matter under industrial processing
conditions

* Active soft materials

* Quantitative measurements : curvatures,
non-equilibrium etc.

¢ Interfaces and hybrid systems
* Polar solvents other than water

* Where are the effects of
polydispersity

* Materials by design

» Catalysis and chemical reactions
* Advanced manufacturing

* Glasses, liquids, defects and disorder
* Synthesis and processing

* Operating systems

* Materials under extreme conditions
* Infrastructure stewardship

* Future energy and fransport

* Porous materials

* Gas absorption

* Pharmaceuticals

Grand Challenges in
Soft Matter

Frontiers in Materials
Discovery, Characterization
and Application

Workshop held in Schaumburg. 11
Aug 2*1.3", 2014

Cistevee: Useversity of Chacao sid Argonme

Grand Challenges in
Biological Neutron
Scattering

Workshop Report University of Calfornia
San Diego, January 17th - 15th, 2014
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Concepts for next-generation

instruments and sources
-being developed and demonstrated through LDRD
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STS can deliver transformative
capabilities for complex systems

Reactions,
catalysis, and
kinetics

Biological membranes
and associated complexes

T 4
Tyrosine 602 So5
kinase
domain

Novel manufacturing
and processing

- Metal nanoparticle
ASVNDs Polyanion
WSV Polycation

Hierarchical
materials

Topological
materials
and excitations
Extreme
conditions

2
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We are ready to build
STS for complex and
mesoscale systems

Complexity

Mesoscale and heirarchical

Multimodal measurement

Lab on a beam line

STS

Synthesis and processing

Largest
dynamic
range

.

Hard matter Spin echo

Jnparalieled

NEeutron Traditional SANS

sdpapilities

Highest resolution

Crystalline systems Parametric studies

FTS \ / HFIR

Sharpest A\ \ / Highest
pulses V flux

Atomic and Macromolecular and
picosecond scales microsecond scales



Best neutron capabilities for
researchers to address the

- - >
most important emerging 2
challenges ong-term ‘--i

plan o
!’/
Near-term focus ‘ Second target ’

. — ‘ station at SNS
science priorities Maximize scientific to double neutron
impact at SNS and HFIR |~ Science capacity
Defined through broad and expand

Community engagement o FaC|I|ty improvement Capabilities by 2'3 Ordel‘S
of magnitude, new
capabilities for complexity

_ » Optimize science
* Quantum materials R across complementary
- Materials synthesis * Integration with sources
and performance computational « Positioning to address
- Biosciences methods and other the emerging grand
exp. techniques challenges of our

sponsors and
research community

« Soft molecular * New technologies
matter and methods for next
generation science
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Summary

« HFIR and SNS are producing high impact science
« Scientific productivity is on a strong upward trend

« The user community is being engaged to look to the
future and define the emerging grand challenges

« We are responding to those challenges by developing
new concepts and technologies for next generation
instruments and sources.

» Our short term focus is on maximizing the capabilities of
the SNS and HFIR

« Our long term focus is on building a second target
station at the SNS

« We aim to provide the best possible neutron capabilities
for researchers to use to address the biggest and most
important problems

%

OAK RIDGE

National Laboratory



Additional Material
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Second order

First order

Lithium
[6.938; 6.997]
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Wide Angular-Range
Nanoscale-Ordered Materials Chopper Spectrometer Fine-Resolution Fermi Chopper

Backscattering Diffractometer (INOMAD) - BL-1B (ARCS) - BL-18 Sneclrnmeter (SEQUOIA) - BL-17

Spectrometer (BASIS) -

Liquids, soluti i polymers, nanocrystalline and Atomic-level dy in materials Dy of plex fluids, q fiuids, mag
BL-2 panlally ordered complex materials chamislry condensed matter sciences condensed matter, materials science
Doug Abernathy » B65.617.5624 - abernathydi ®ornl.gov Matthew Stone - 865 202 6368 « stonemb @ arnl.gov

serg Neuefeind - 885.241.1635 - neustsindic @ornl.gov

Dynamics of macromolecul ined
I lar systems, poly 's, biology,
chemistry, materials science o b
Eugene Mamontoy + 865.574-5108 - mamontove@ornl.gov Ultra sma" ““gle Neutron v'h l‘ I s 1 t lv|sloul -
Scattering Instrument ihrational specirometer

[USANS) - BL-1A (2014") BL-16B
Spallation Neutrons and % ek Life sciences, polymers, materials science, T aTOnaY Chy narics I Molocular Systme, chomlatry

Pressure Diffractometer earth and environmental sciences Yonggiang Cheng - 865.5576.8064 + chengy@oral.gov
(SNAP] - BL-3

Michsel Agamalian - 865.382.6367
Materials science, geology, earth and

magamailan & arn BL-16A
environmental sciences S e : T, J \ S e Neutron Spin Echo Spectrometer

[NSE] - BL-15 Hybrid Spectrometer
cs of slow proc (HYSPEC) - BL-14B

Atomic-level dynamics in single
crystals, magnetism, condensed
matter sciences

L g

Micrael Onl - 865,574

- ohime®ornl.gov

Chemistry, magnetism of layered
syelems and In(eﬂacea

Barry Winn - 865.805.6819 + winnbl@ornl.gov

Liguids Reflectometer *
BL-4B

Interfaces in complex fluids,

polymers cnemtstry

¢ - B85.377 4523 - anknerjf @ornl.gov

Fundamental Neutron
Physics Beam Line * BL-13

Fundamental pmpemes of neutrons

aeoffrey Greene - 855.576,0023 - greenegi&oml.g

Cold Neutron Chopper
Spectrometer [CNCS) * BL-5

COndensed matter physics, materlalssclence. | ‘ 5 A N Macromolecular
istry, blology- r \ %
gorts Eniats » 8682060834 * ohiarea GOIEGov y \ k Neutron
- Diffractometer
[MaNDi) -BL-11B

Single-Crystal Diffractometer
(TOPAZ) - BL-12

Atomic-level structures in chemistry,
biology, earth science, materials science,
condensed matter physu:s

Christina Hoffmann - 865
ttmar r

Extended Q-Range Small-Angle Neutron
Scattering Diffractometer [EQ-SANS) < BL-6
Life science, polymer and , materials

y
earth and environmental sciences
3 mil.go

LT - | Atomic-level structures of
Versatile Neutron - ~ | membrane proteins, drug

complexes, DNA

Heldal 1

Elastic Diffuse Scattering Imaging

BL-9 (2014°) (VENUS)-BL-10  §
Detailed studies of disorder in Energy selective imaging In Powder Diffractometer [POWGEN) -

crysla!lmo materials materlals science,
Feng Ve - 865.578.0931 * yoi RO GO¥ engineering, materials BL-T1A
processing, environmental
sclences and biology
Hassina Bilneux - 88! 3630 «
bilheuxhn®ornl.g

/illlam Helter heliorwid

*Scheduled commissioning date

Atomic-level structures in chemistry, materials science, and
di d matter physics including ic spin structures

Engineering Materials Diffractometer

Ashfia Hug

321 + huga@ornl.goy

- Operating Instrument in user program
i (VULCAN) - BL-7

In issioning or op
- development beamline Mechanical behaviors, materials science,

- In design or construction materials proceesing
Ke An - 865.9 6 + The Spallation Neutron Source is a facility of Oak Ridge National Laboratory,

- Under consideration - managed by UT-Battelle for the US Department of Energy.

14-G00875/gim



High Flux Isotope Reactor at Oak Ridge National Laboratory

The United States’ highest flux reactor-based neutron source

Fixed-Incident-Energy
Triple-Axis

Spectrometer *
HB-1A

Low-energy excitations,
magnetism, structural
transitions
Wei Tian - 865.57- ar

Polarized Triple Axis
Spectrometer -

Polarized neutron studies of
magnetic materials, low-energy |
ioatl str ' P
Masaski Matsuda - 86

matsudam &omi.gov

Neutron Powder
Diffractometer -

Structural studles, magnetic

structures, texture and phase
analysis

larina R. Deda Cruz

delacruzar

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

Jaime Ferr

andez-Baca
fernandezbja@or

Polarized Neutron
Development Station
*HB-2D

Neutron Residual
Stress Mapping
Facility - HB-2B

Strain and phase mapping in

Triple-Axis
Spectrometer -

Develop of new p
and techniques for utilizing
polarized neutrons

Four-Circle
Diffractometer *
HB-3A

Small unit-cell nuclear &
magnetic structural

Medium- and high-resolution
inelastic scattering at
thermal energies
Andrew Chi

5.572.1181

Development
Beam Line - CG-1A

. Detectors, opﬂ, and spin
echo development

Rick Riedel - §65.5
riede

Optics
Development

Development -
CG-4B

Future
Development «
CG-4A

Beam Line - CG-1B

| Sample alignment and optics

nato « B65,.719.0656

Cold Neutron
Imaging
Beam Line - CG-1D

Transmission imaging of
natural and engineered
malterials
Haseina Bilheux *

bitheuxhn & om

Cold Neutron
Triple-Axis
Spectrometer *
|

h

)
k

General-Purpose SANS -

Materials structure and processing ,
metallurgy, polymers, geophysics,
high-Te superconductors, and

complex fluids

Ken Littrell + 865.291.7583 - littrellke @ornlgov

Bio-SANS - CG-3

Proteins and complexes,
pharmaceuticals,
biomaterials

Image-Plate
Single-Crystal
Diffractometer

MAGINE) - CG-4D

.

g
scattering at cold
neutron energies

In biology, chemistry and

str

complex materials

Flora Mellleur - 8

mailleurf@arn

- Operating instrument in user program

In commissioning or operating

- development beamline

- In design or construction

- Under consideration

07-G00244N/gim
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Programmatic investments are
producing new science opportunities

New instruments coming on-line 1} Planned instrument upgrades
VISION and MaNDi in User program. Efficiency improvements in SNS powder

CORELLI and USANS commissioning. diffraction instruments.

OctaMethyl POSS (1 gm) Measured at VISION
. [ ] Compact
High | [mmeoml || sample
throughput 5, ,: _Rmtme sz vessel Powgen
data from g [ Run time: 92.1 min i upgrade
VISION
Vertical
focus ¥~ x3 detectors
guide
Investments in science capabilities for Anger camera development delivering
studying magnetism science on TOPAZ and MaNDi
- Growing high magnetic field capabilities Neutron diffraction on
- Polarized beam analysis on HYSPEC TOPAZ reveals the

- Spin-encoded methods for high resolution || Process of heterolytic
cleavage of H, in

hydrogenase enzymes

Liu et al., Angew. Chem. Int. Ed. (2014)

AL ¥ 4
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FY15: Directed LDRD

Next Generation Neutron Source and Instrumentation

Description FY15 $k
LOIS 7465 | Volume-Moderator Demonstration Facility $475.3
LOIS 7406 | High-Resolution Solid State Detectors $480.0
LOIS 7374 | Development of Resonance Spin-Echo Techniques $363.4
LOIS 7331 | Development of Wide Angle Velocity Selector (WAVES) $481.3

Total | $1,800.0

WAVES concept Resonant spin echo using Wollaston prisms
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FY15-Establishing the STS science case

3 “heroic” experiments/developments

Description Strategic Objective Current Budget Request
FY15 FY16 FY17
LOIS Spectroscopy |Establish SNS as international leader
7637 at Extreme High|in high-P neutron spectroscopy — $699.2k| $657.4k| $140k
Pressures STS instruments: CHESS, XTREME-X
Dynamic Develop and demonstrate DNP —
LOIS deliver >1000-fold gain in diffraction
7640 Egg(rai?;ti on capability for proteins — $992k| $2,713k|  $89%k
STS instrument: DYPOL
: . | Develop a test instrument and
LOIS g:ﬁg[ﬂ?ﬁiﬂu“on demonstrate simultaneous atomic
2641 | Anale Neutron through molecular-scale structural $472k $777k| $124k
chtterin evolution in hierarchical materials —
9 STS instrument: HiRes-SWANS
Total| $2,163.2k| $4,147.4k| $353k
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Complementarity across 3 ORNL
neutron sources provides opportunity
for instrument optimization

STS: Optimized for

cold neutrons with high peak

brightness
(Coupled moderators, 10 Hz)

FTS: Optimized for

high-wavelength resolution

across neutron spectrum

(Decoupled moderators, 60 Hz)

HFIR: Optim

ized for

cold and thermal neutrons
with high time-averaged
brightness
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TDR activities, FY 2014

Core team of engaged individuals

Establish initial
design concepts

Define Work Breakdown
Structure to level 3

Engage A/E for site layout
and definition of
conventional facilities

* Plan for instrument suite

* 3 moderators
(FY13 LDRD)

« Compact tungsten target

* Proton beamline lattice
to STS

* Major subsystems
(e.g., individual
instruments, accelerator
RF systems)

» Top-down cost estimates

* ORNL estimators
will generate initial
cost estimate
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