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OPAL — Australia’s new
research reactor
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Outline:

a) Neutron scattering science at high magnetidgiel some examples
b) State-of-the-art magnets and future projects
c) OPAL’s current neutron scattering magnets



Neutron Scattering at OPAL
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Neutron Scattering — Science Examples

Structure and Polymer Conformation and Dynamics Elementary Excitations
Dynamics of Liquids and Phase Transitions

Neutron Scattering:
Explore
Structure and Dynamics
of Matter

Proton Positions
and Motions in
Biomolecules

Magnetic Structures

Strain in
Engineering
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Neutron Scattering — Science Examples

Structure and Polymer Conformation and Dynamics Elementary Excitations
Dynamics of Liquids and Phase Transitions

Neutrons:
- have a magnetic moment
=> “see” magnetic structures
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Proton Positions
and Motions in
Biomolecules

Strain in
Engineering
Materials
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_ http://www.sfn.asso.fr/PromoNeutron/introneutrons.pdf



Neutron Scattering — Science Examples
S e h

N t+ [/

Neutrons:
- have meV — eV energies
=> dynamics of matter
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Neutron Scattering
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K= 2P i Q Measure scattered neutrons as
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Energy = E = (ZL)
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High Magnetic Fields
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Some Science Examples:
1) Novel Materials from High Field Processing

G. Ludka, ORNL




Some Science Examples:
) Field-Dependence of Hydrogen Scattering




Current State-of-the-Art

Magnets:

B =15 Tesla

Split coil magnets are

limited to about 20 -25 T

due to extreme mechanical
forces acting between the coils
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The 25 Tesla Magnet Project
at Hahn Meitner Institute Berlin

Key Science
- Strongly correlated electron systems
1) HTC superconducters
i) quantum magnets, ...
- Phase transitions in quantum systems
- Applied science: i) spintronics ii) hard magnets

Magnet Specifications
- Field: 25 T (later >30 T)
- Power supply:
Current: 20000 Amp
Power: 4 MW (later 8 MW)
- Planned commissioning: 2011
- Cost:
Magnet: 8 million Euro
Infrastructure: 10 million Euro
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The 35 Tesla Zeemans
Magnet Neutron Beamline at SNS

(C. Broholm, F. Klose, G. Granroth, Y. Lee)
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Project Status
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How Science Areas Drive Beamline Design

All science drivers —_—

Field dependent magnetic structures
- Powder diffraction
- Single crystal diffraction \

Flux lattices in superconductors
- Small Q diffraction
AF Magnetic film structures in high fields

- Reflectometry
Magnetization profile in semiconductor
- Reflectometry

Study ground states from zero field to fully
saturated state

- - Inelastic scattering
Excitations in frustrated systems
- Inelastic scattering




Target Building with Instruments
24 beam lines are available - 17 already approved

2 - Backscattering 1B - Disordered Mat'ls

Spectrometer — Diffractometer — 17 - High Resolution
SNS Funded — DOE Funded (SING) — Chopper
Commission 2006 Commission 2010 Spectrometer —

DOE Funded (SING) —

, Commission 2008

3 - High Pressure \
Diffractometer —
DOE Funded (SING) —
Commission 2007 -
. 14B - Hybrid

15— Spin Spectrometer —
4A - Magnetism Echo DOE Funded (SING) —
Reflectometer — Commission 2011
SNS Funded —

Commission 2006

4B - Liquids 13 - Fundamental
Reflectometer — Physics Beamline —
SNS Funded —

L, IDT Funding TBD —
Commission 2006

DOE Funded (SING) —
Commission 2009

/ Commission TBD
12 - Single Crystal
Diffractometer —

? — Chemical
6 - SANS — v Spectrometer
11A - Powder

oS F_u nt_jed . Diffractometer —
Commission 2007 \SNS ol

9 - Engineering ) Commission 2007

Diffractometer — 6
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Commission 2008 60 M _—
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Possible Locations of a >30 T Beamline:
BL8/9 or 14A?
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Conical Series - Connected Hybrid Magnet

« Shield Coll




Conical Florida Bitter Magnet
(Resistive Insert)

> 30 Tesla

hybrid magnet
needs about

8 — 12 MW power
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Superconducting Outsert — Cable-in Conduit

20



High-Field Magnet on Beamline 14A

,\SI\IIS'Target
building
existing
buildings
\ Neutron Basic beamline parameters:

Guide Choppers

- Min. sample — moderator distance:
69.8 m (50 mGauss line!)

- Available bandwidth: 0.94A
- Curved ballistic guide

Magnet - 3 bandwidth choppers
- Detectors: 1.5m long 3He tubes

Space for Future 57 x 25.4mr_n diameter in
ond magnet back scattering bank
- High-speed chopper for inelastic scattering
- Polarized beam capabilities
- Flux on sample: 10% — 107 n/sec
(diffraction: 1% Q resolution)

~ 4m from sample
Detectors 300 x 10 mm diameter in
/ forward scattering banks;
P
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High-Field Magnet on Beamline 14A

Detectors

Horizontal Field \
Polarizer /
Bandwidth Chopper /

\

Vertical Field
- future upgrade?

High speed Chopper
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ANSTQO’s 7.4 T Vertical Field Magnet

- Magnet set up at the Echidna
powder diffractometer
- Magnet is cryogen free
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ANSTO’s 5 T Horizontal Field Magnet

axial / ™~ transverse

field field
direction direction

- Magnet was successfully
tested in September 2007

- Magnet delivery expected
for December 2007

axial —

field v\transverse
direction field
direction

axial / transverse

field field
direction direction
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Even non-perfect diamagnets can fly...

http://www.hfml.ru.nl/levitation-movies.html

Future investments in high-field
magnets will depend on the demand
of OPAL’s Australian/foreign users!
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