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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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Presentation Notes
We operated two powerful advanced neutron scattering research facilities HFIR and the SNS on behalf of DOE.

The SNS began operations in 2006 and is the world’s most powerful source of pulsed neutrons,

The accelerator, which is situated here operates at about 1MW. This is the first target station. We have a well-developed upgrade path which includes a second target station which will be position here.

The STS will give researchers new opportunities in for mesoscale science

This building houses the SNS offices and labs, and this adjoining building houses the CNMS.

Here is the Joint Institute for Neutrons Sciences, constructued with funding from the State of Tennessee, a partnership facility with UT with a focus on industrial users, student and staff trraining, and visiting scientist programs.

And this is our guest house.

HFIR has been in operation since 1965. It operates at 85MW. We’ve just completed 50 cycles of operation with a cold neutron source of unsurpassed brightness which provide researchers the ability to determine nanoscale structures in a vast array of materials (polymers, biological macromolecules, solids).

Between the SNS and HFIR we currently operate 30 beam lines serving around 1200 unique users a year.


SNS and HFIR met all goals in Fiscal Year

2014

HFIR

» Delivered 3682
production hours for
users over 6 cycles

* 100% predictability
* QOperated at 85 MW

 Completed 50 cycles
with cold source

Delivered 4424 production| |e
hours for users at 94.1%
availability against
planned hours

Operated at ~1.0 MW and
60 Hz

World record 1.4 MW for
pulsed linac

Developed plan to extend
target life-time

Supported 893 unique
users at SNS and 453
unique 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

Lietal.
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Neutrons are an essential probe for materials research because they provide unique information.

In particular they have energies that are well matched to studying huge ranges of length and time scales, 

They are fundamental particles that interact through the strong nuclear force and are therefore sensitive to light elements and also isotopes.

They are uncharged and therefore highly penetrating

They have spin and are therefore sensitive to magnetism

Their form factor is well known and they can therefore be directly related to theory and simulations

In the next few slides I’m going to present some examples from our user program that demonstrate how some of these properties have been used recently to produce high impact results.


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.

O~C]
Experiment MANTID @
Data :
Data ' i ' Data Data analysis
generation :ﬁg%gg[{?& reduction and modeling

Experiment
steering/
feedback

Accelerating Data Acquisition, Reduction, and Analysis %gﬁ},ﬁ%{ggf
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But more recently we’ve been able to carrying out experiment and calculations together to allow real time decisions about experiments. This figure here represents surveys of QW space collected on HYSPEC and real time comparison with calculated phonon dispersion curves.


Software is of equal in importance to the instrumentation and sample environment for and is crucial for scientfic productivity.  This is especially true at the SNS, where large, multidimensional data sets must be visualized and analyzed


Note: Thomas – What have the results on ADARA done?  Have you gotten usable data?

Center for Accelerating Materials Modeling (CAMM)�
Partnership between ORNL’s Neutron Sciences, Physical Sciences and Computing and Computational Sciences Directorates
Established in response to BES proposal call for Predictive Theory and Modeling
Developing software toolkit to integrate simulation (Molecular Dynamics/Density Functional Theory) with neutron scattering data analysis for both offline and online feedback to users



Scientific productivity Is on
a strong upward trend

Instrument Publications
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® Quantum Materials

All Instruments are
oversubscribed

m Soft Molecular matter
H Bioscience

m Other
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Engaging the scientific
community to identify
emerging science challenges

that neutrons can address Mt
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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Looking forward to the future, we need to position neutron sciences to address the scientific problems that will dominate the next decade.
In our strategic science plan, we have focused on key science priority areas 
Given the current successes and strengths of the program, along with in depth looks at where neutron science is heading, we have identified four key areas that will drive our future investments in neutron science

We have identified four science priorities.
Pictures
PbTe thermoelectrics. phonon measurements on CNCS.
Schematic of a Li motion in a Li-ion battery.
Collapse and re-swelling of a polymer in the vicinity of a de-mixing transition of two solvents.
Biosciences.  Some biomolecule in a membrane.

These science priorities have been defined and will continue to be refined by interactions with user community.
In addition to many focused technical workshops, we have played a role in organizing a series of forward-looking workshops that will identify the big science issues in our science priority areas in a ten year time frame.

We will task our neutron advisory board to digest the results from these workshops and work with our staff to define the challenge for neutron scattering that is posed by these science initiatives.
Our staff will move our strategy forward by seeking institutional seed funding to develop new concepts and initiate multidisciplinary interactions.
Ultimately, these will translate into new technologies at our facilities that provide better neutron sources, instrumentation, and sample environments to overcome the capability gaps to achieving great science.





-

Next Generation Science

Exotic ground states in guantum 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

Bicengineering:
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 biorefinery
* 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

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, liguids, defects and disorder
» Synthesis and processing

* Operating systems

* Materials under extrerme conditions
* Infrastructure stewardship

* Future energy and transport

* Porous materials

*» Gas absorption

* Pharmaceuticals

*» Quantitative measurements : curvatures,

Grand Challenges in
Soft Matter

Frontiers in Materials
Discovery, Characterization
and Application

Waorkshop held in Schaumburg. I1
Aug 23" 2014

[
Geoupe Cisbwee. Usivenit of Chicaps iid Argonse
e

Grand Challenges in
Biological Neutron
Scattering

Workshag Report University of Caltornia
San Diega, 16th, 2014
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We’ve invested a huge amount of effort over the past year in developing a strategic science plan and engaging user community to identify what the areas of science priority are and emerging grand challenging in those areas that can be address with neutrons  


Concepts for next-generation

Instruments and sources
-being developed and demonstrated through LDRD

Higher flux

100 fold gains B At

On Sample over current
Cgmpact B e
moderators: of materials
L Laboratory f :
beam optics Improved on a bean line e

detectors:

High data
rates and Dynamicl
. nuclear polar-
Polarized resolutions \ izationpspin

3D mapping

and micr’ospot . Transformative
mapping Science

Capabilities

manipulation

beams: Spin
nutators and
manipulators

Computation:

i ‘ ' Multi-length
HIerarChy and Aut ti Y scale synthesis
mesoscale; gn?ﬂqaiglﬁn and processing

SIOW throughput
dynamics

Big data and Mesoscale quantum
materials by and complex matter
\ design
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STS can deliver transformative
capabilities for complex systems

— T Reactions, T
Biological membranes Catﬁ:?]/séltsié S""”d
and associated complexes

Novel manufacturing
and processing

Second

et

#.  Metal nanaparticle

aBAdhe Pobyanion
wPLEY Polycation
O_
Gl S Hierarchical
A > materials
Topological
materials
and excitations
Extreme
conditions
S and new phases %OAK RIDGE
Avrtificial crystals and heterostructures QRmater National Laboratory



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: Optimized for
cold and thermal neutrons
with high time-averaged
brightness
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HFIR – 40 times thermal flux relative to FTS, 10 x cold flux relative to STS
There is a need to re-examine use of the HFIR cold source and guides
Log scales on plots – differences are large

The instrument gets broad at any given source if it tries to do everything.  Implicit in this is that many instruments are compromised in their performance.



TDR activities, FY 2014

Core team of engaged individuals

Establish initial
design concepts

e Plan for instrument suite

* 3 moderators
(FY13 LDRD)

« Compact tungsten target

* Proton beamline lattice
to STS

Define Work Breakdown
Structure to level 3

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

» Top-down cost estimates

* ORNL estimators

Engage A/E for site layout

and definition of
conventional facilities

will generate initial
cost estimate
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e 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

Inparallgied

Highest resolution

Neutron Traditional SANS

Lapapnilities

Crystalline systems Parametric studies

Atomic and Macromolecular and
picosecond scales microsecond scales
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HFIR – 40 times thermal flux relative to FTS, 10 x cold flux relative to STS
There is a need to re-examine use of the HFIR cold source and guides
Log scales on plots – differences are large

The instrument gets broad at any given source if it tries to do everything.  Implicit in this is that many instruments are compromised in their performance.



Best neutron capabilities for

researchers to address the

most important emerging

challenges Lo )
ong-term

e

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 d FaC|I|ty improvement Capabi”ties by 2'3 Orders
of magnitude, new
capabilities for complexity

_ « Optimize science
* Quantum materials T 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

e Soft molecular * New technologies
matter and methods for next
generation science
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Our vision for neutron scattering in the US is science driven and based on the BES grand challenges for science (in particular, understanding complex, correlated matter, using this understanding to tailor materials with unique properties, looking to the nanoscale and biological systems for greater efficiency and functionality, and how better understand systems out-of-equilibrium).
Neutrons are a unique probe that can provide unique insights. 
Our vision provides a critical set of tools necessary to address these science priorities and grand challenges. 
Source development.  Continuing to make two neutron sources, SNS and HFIR, more powerful, reliable, or available
Technique development.  Driven to push our current instrumentation and techniques into new realms of measurement.  Driven to push sample environment into new physical regimes.
Second target station. A new long-wavelength source will be necessary to address scientific challenges related to complexity and mesoscale phenomena in all of our science priority areas.

Before discussing our continuing plans to fulfill this mission.  I will briefly update you on the current status of our neutron sources at Oak Ridge



How do we control material processes at the level of electrons?
Quantum coherence and entanglement

How do we design and perfect atom- and energy-efficient synthesis of revolutionary new forms of matter with tailored properties?
Soft matter, materials synthesis

How do remarkable properties of matter emerge from complex correlations of the atomic or electronic constituents and how can we control these properties?
Quantum materials, 

How can we master energy and information on the nanoscale to create new technologies with capabilities rivaling those of living things?


How do we characterize and control matter away— especially very far away —from equilibrium? 


Be careful about BESAC challenges with respect to bio-related priorities







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
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