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Outline

e Our Customers (Users)

e Overview of our Insfruments
« Scope of Data

« Sofftware Ecosystem

e Reduction Software

« Comparison of Models
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Users

e ~1000 unigque users every
year

e Usually groups of 2-5

e Broad scientific interest

- Quantum materials,
thermoelectrics, catalysts,
battery materials,
superconductors, polymers,
macro molecules, bio fuels,
engineering, materials, and
many more.
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Spallation Neutron Source instruments

NEUTRONS.ORNL.GOV
= Wide Angular-Range 5 ; .
Backscattering Diffractometer (NOMAD) - BL-1B (ARCS) - BL-18 Spectrometer [SEQUOIA) - BL-17
sllﬂﬂl'ﬂme“" (BASIS) - Liquids, solutions, glasses, polymers, nanocrystalline and Atomic-level dynamics in materials science, Dynamics of complex fluids, quantum fluids, magnetism,
. n E ; r l | m e n S BL-2 partially ordered complex materials istry, matter sci condensed matter, materials science
. - neutrons.ornl.gov/nomad neutrons.ornl.gov/arcs neutrons.ornl.gov/sequoia
Dynamics of macromolecules, constrained
lar systems, polymers, biology, V4

y, materials sci —

— In User Pro g ram Geiteniomlacitin | e e T ——TTY.

BL-16B
Spallation Neutrons and [USANS) - BL-1A I

- Pressure Diffractometer isiencespolymers, materlalssciér;ce, gorational dynamics n hemistry
— For studying

Y
4 g neutrons.ornl.gov/vision
earth and environmental sciences 9
Materials science, geology, earth wv:(". E
i K

neutrons.ornl.gov/usans
materials bl
. Magnetism Reflectometer ¢
* Pulsed; 60 Hz;

Condensed matter, materials science and
magnetism of interfaces
I 4 M W neutrons.ornl.gov/mr
n

Liquids Reflectometer -
BL-4B

e Operates ~ 200
days per year e

Condensed matter physics, materials science,

chemistry, biology, environmental science
neutrons.ornl.gov/cncs

Neutron Spin Echo Spectrometer
[NSE) - BL-15

y ics of slow p

Hybrid Spectrometer

(HYSPEC) - BL-14B

Dynamics of quantum materials
with optional polarization analysis
neutrons.ornl.gov/hyspec

BL-14A

Fundamental Neutron

neutrons.ornl.gov/nse

Physics Beam Line - BL-13

Fundamental properties of neutrons
neutrons.ornl.gov/fnpb

Single-Crystal Diffractometer

Macromolecular
Neutron
Diffractometer

(TOPAZ) - BL-12

Atomic-level structures in chemistry,

L
o (MaNDi) - BL-11B biology, earth science, materials science,
| condensed matter physics
Extended 0-Range Small-Angle Neutron . Atomic level structures of neutrons.ornl.gov/topaz
Versatile Neutron Sl

Imaging f and DNA /
IIISlI'IImelIl at s"s } | neutrons.ornl.gov/mandi
(VENUS) - BL-10 | 7

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

Scattering Diffractometer (EQ-SANS) - BL- 6 Elastic Diffuse Scattering
C a n e S - Polymers, soft materials and colloidal systems, materials sﬂﬂﬂ"ﬂmelel’
science, life science, earth and environmental sciences [l}ﬂHEllll . Bl - 9
neutrons.ornl.gov/egsans

Detailed studies of disorder in
ayS p e r crystalline materials

neutrons.ornl.gov/corelli

I n St r u m e n t - Operating instrument in user program Engi“eeri“!llv'lﬂlﬂ;:;i]a.lzln‘i;"ac‘nme(er

[ under consideration

Powder Diffractometer

[(POWGEN) - BL-11A

Romichevel in ch v,
materials science, and condensed matter
physics including magnetic structure

neutrons.ornl.gov/powgen

iors, materials
materials processing
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High Flux Isotope Reactor Instruments

Fixed-Incident-Energy Reactor Pressure
Triple-Axis T
Spectrometer -
HB-1A
Low-energy excitations,

e 12 Instruments

neutrons.oml.gov/fietax

Development
Cold Neutron Beam Line - CG-1A

Detector development
Source sodtsbting

Optics

! & L » / o) neutrons.ornl.gov/ntd Development
I U P Polarized Triple Axis ~ ; / R Beam Line - CG-1B
- n S e r ro g ral I I Spectrometer * ? g 3 \\ Sample alignment and optics General-Purpose SANS
HB" - 4 2 4 - e ‘ / , neutrons.oml.gov/ntd 06-2

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

Materials structure and processing,
metallurgy, polymers, geophysics, high-Tc
| % RN : / Cold Neutron superconductors, complex fluids,
neutrons.ornl.gov/ptax p | y ) , ; Gy 4 Ima ging magnetism and spin textures

— Materials studies

- N y o : 2 | : ¥ : Y/ Beam line-(:ﬂ-m neutrons.ornl.gov/gpsans
Neutron Powder A ' oy Transmission imaging of

e Continuous 85 Ditractometor - [ Yy e/ |

Bio-SANS - CG-3

Proteins and complexes,
pharmaceuticals,
biomaterials

neutrons.ornl.gov/imaging

al studies, mag
structures, texture and phase
analysis

neutrons.ornl.gov/powder

neutrons.ornl.gov/biosans

WAND? - HB-2C

e Operates 7, 24 e
day cycles

neutrons.ornl.gov/wand

Polarized Neutron — ¥ =~ S
Development Station it 7 ’ : / \ S TS > -
" - HB-2D - A ‘ : < , “
° E m t : — Neutron Residual Triple-Axis v L
X e rl e n el Saahodehese T uimE0g Stress Mapping Spectrometer * , 1 S Cold Neutron Image-Plate
polarized neutrons Facility - HB-2B HB-3 Four-Circle Polarized Triple-Axis Single-Crystal

h —~ neutrons.ornl.gov/ntd — o— S —— - Diffractometer * Neutron ‘ Spectrometer ¢ | piffractometer
rain, texture, and phase um- an -resolution

C a n g e S eve ry mapping in ; inelastic scagtlering at “B-:,A ne“elo_l]mel“ cﬁ'ac [IMHGINE] 9 GG-M]
engineering materials thermal energies Station * 7

Small unit-cell nuclear & /0
High-resolution inelasti
magnetic structural i cﬁ.an /48 g solution inelastic | Atomic resolution structures

i scattering at cold in biology, chemistry and
neutron energies complex materials

neutrons.ornl.gov/nrsf2 neutrons.ornl.gov/tax

Development of larmor
precession techniques

1 - 5 days per
iInstrument L

neutrons.oml.gov/hb3a neutrons.ornl.gov/ctax neutrons.ornl.gov/imagine

neutrons.ornl.g

- In commissioning or operating
development beamline
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Neutron data has expanded in size and complexity
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Data

e < 5M events /s /instrument ~ 60 MB/s/instrument of raw data on the
stream

o Saved to HDF5 files using NeXus schema
(https://www.nexusformat.org/)

o Capturing as much metadata as we can
e Cataloging using MongoDB based solution Oncat. (Oncat.ornl.gov)

e Users usually
— work with large data on our machines downloading results via sftp client
— Small data they download via sftp client to their own machine
— Can use globus to transfer large data (Leveraging ORNL computing)
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https://www.nexusformat.org/

Software Ecosystem

 Modular codes
easily glued together

— Some critical codes
not easily glueable

* Workflow engines

— can leverage HPC,
and Cloud

— User provided
compute is harder

— Easily configure
novel workflows
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Our Analysis
Machines

User Machine

Python/
Scripts

Gui/WEB WorkFlow
Engines
Python / C++/

First Principle
Matlab

Codes

Community
Codes

Mantid

High g
Performance
Computing

User
Computer

Cloud File Store/
Compute Globus

Analysis
Cluster



Mantid - Community Code for Reducing neutron data

« Convert from events to histograms (a)
(reduce data)

— In some cases data size grows.
— Format for that users can work with

« Event filtering for time varying stimuli
(J. Appl. Cryst. 51, 616 (2018))

 Facility for live reduction

12(112)

LiC,,(004)
LiCs (002)

oW Intensity high
__ i |

< C(004)
<€ Cu
LiC
<€ Cathode (222)

« Stores a history in metadata 423530 6 23342024
Voltage (V) Current (A)
¢ Python API aIIOWS’ The final data file for this run is not yet available.
— Autoreduction, custom guis, expanded . _
workflows ™
« C++/Python framework
» Collaboration of STFC, ORNL, ESS, ILL =
« PSI, ANSTO, Juelich contribute
§;000
« Mantidproject.org M/JLJL_,/U
Y QUK RIDGE e e MANTID . : e

d-spacing (A)


http://journals.iucr.org/j/contents/backissues.html

Materials Models need More compute

* Density Functional e Molecular e Big Box Structure
Theory (DFT) Dynamics (MD) calculations

- Experiment
— Simulation

log(S(Q,E))

a & Lo
v os oW

Molecules of the heavy
hydrogen isotopes
deuterium and tritium
preferentially bind to copper
atoms in a metal-organic
framework compound.

e Javelin

Nature Comm. 8, 14496 (2017)
J. Phys. Chem. B 120, 10059 (2016) — https://github.com/rosswhitfield/javelin
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https://github.com/rosswhitfield/javelin

Instrument Models need more compute

 Complex multiple scattering
understood by Monte Carlo
ray tracing

e Super resolution technigues
are being investigated to
remove instrumental effects
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Workflow engines can help

e Pegasus (Panorama project) https://panorama360.github.io/
— MD and quasi elastic scattering
— Big box models and diffuse scattering
— Monte Carlo ray tracing of direct deometry spectrometers

 |CE (Iceman project) https://wiki.eclipse.org/ICE
— DFT and molecular spectroscopy

e Beam https://doi.org/10.1016/j.procs.2016.05.410

— MD and quasi elastic scattering
— Polymer modeling for reflectivity data
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Conclusions

A modular software infrastructure is critical

* We us python to glue codes together.

« Mantid is a key framework for our community

« Workflow engines are helpful, but the ideal is not there yet.

%/OAK RIDGE |issiu |t
REACTOR | SOURCE

National Laboratory




Questions?
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