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OPAL – Australia’s new  
research reactor

Outline:

a) Neutron scattering science at high magnetic fields – some examples
b) State-of-the-art magnets and future projects
c) OPAL’s current neutron scattering magnets
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Reactor-beam hall

Neutron Scattering at OPAL



4

Neutron Scattering – Science Examples

Magnetic Structures

Elementary Excitations
and Phase TransitionsPolymer Conformation and Dynamics

http://www.sfn.asso.fr/PromoNeutron/introneutrons.pdf

Structure and
Dynamics of Liquids

Proton Positions 
and Motions in 
Biomolecules

Strain in 
Engineering
Materials

Crystal Structures and Magnetism
of High  Temperature Superconductors

Neutron Scattering:
Explore

Structure and Dynamics 
of Matter
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Neutron Scattering – Science Examples

Magnetic Structures

Elementary Excitations
and Phase TransitionsPolymer Conformation and Dynamics

http://www.sfn.asso.fr/PromoNeutron/introneutrons.pdf

Structure and
Dynamics of Liquids

Proton Positions 
and Motions in 
Biomolecules

Strain in 
Engineering
Materials

Crystal Structures and Magnetism
of High  Temperature Superconductors

Neutrons:
- have a magnetic moment
=> “see” magnetic structures
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Neutron Scattering – Science Examples

Magnetic Structures

Elementary Excitations
and Phase TransitionsPolymer Conformation and Dynamics

http://www.sfn.asso.fr/PromoNeutron/introneutrons.pdf

Structure and
Dynamics of Liquids

Proton Positions 
and Motions in 
Biomolecules

Strain in 
Engineering
Materials

Crystal Structures and Magnetism
of High  Temperature Superconductors

Neutrons:
- have meV – eV energies
=> dynamics of matter
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Neutron Scattering

Scattering 
Angle 2q

Incident Beam

Non-Scattered Beam

Scattered Neutrons
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Q Measure scattered neutrons as a 
function of Q and w -> S(Q, w).

w = 0 -> elastic

w � 0 -> inelastic

w near 0 -> quasi elastic
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Scattering 
Angle 2q

Incident Beam

Non-Scattered Beam

Scattered Neutrons

ik

fk

Q

Sample

• New properties of materials 
• are often discovered in 
• extreme sample environments 
• (T, H, P, electric field, ...)

• Particularly simultaneous application of 
• thermodynamic parameters seems very 

promising 
• for new science discoveries

H = 10 T – 40 T 

High Magnetic Fields
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Some Science Examples:
i) Novel Materials from High Field Processing

• Pseudobinary phase diagram for an SAE 1045 steel for conventional equilibrium (black)                                                  
and magnetically enhanced equilibrium (blue) based on estimated Gibbs Free Energy 
contributions from a 30 T field

• Field shifts in the transformation temperatures and solubility limits. 

• These effects are due to the differing magnetic susceptibilities of ferrous alloys

H = 30 T

H = 0 T

G. Ludka, ORNL
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Some Science Examples:
ii) Field-Dependence of Hydrogen Scattering

• Biology, molecular electronics, hydrogen storage,…
=>  growing need to probe hydrogen related structure and dynamics

• Field-induced variation of scattering cross sections

� lower incoherent background

� at 35 T, coherent diffraction from spin polarized hydrogen would be the predominant 
source of scattering

� coherent scattering length of hydrogen:

� H=0 T => -3.74 fm H� 5 T => 0 fm H=35 T => +10 fm

Incoherent scattering:
Neutron/proton scattering is 
different for singlet and triplet
scattering states
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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

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

Key Science
- Strongly correlated electron systems
i) HTC superconducters
ii) quantum magnets, ...    

- Phase transitions in quantum systems
- Applied science: i) spintronics ii) hard magnets
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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

• Science case and preliminary 
magnet specs developed & IDT 
formed:        Tallahassee 

workshop(May 2005)

• Workshop report (Oct. 2005)

• Proposal for a 24 months magnet 
design study submitted to NSF by 
Broholm, Klose, Granroth, Lee 
(Oct. 2005)

• NSF granted $1.8 million for 
engineering design and postdoc
scientists                                          
(Sept. 2006) 

• First postdoc hired (Mar. 2007),              
incident beamline design and 
engineering study is ongoing
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How Science Areas Drive Beamline Design
• The higher the field the better

• Steady state field (not pulsed)

• Requires low Q for magnetic 
structure and high Q for nuclear 
structure

• Optimal flight path length:            
~ 45 m (water moderator)                          
~ 60 m (coupled hydrogen)

• Requires fine detector pixelation
in forward scattering bank

• Requires cold to thermal 
neutrons

• Optimal flight path length < 20 m

• Requires 5-10% energy 
resolution for cold to thermal 
neutrons

• 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 semiconductors
� - Reflectometry

• Study ground states from zero field to fully 
saturated state

- - Inelastic scattering

• Excitations in frustrated systems
� - Inelastic scattering



16

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

18 - Wide Angle 
Chopper  
Spectrometer –
IDT DOE Funded –
Commission 2007

17 - High Resolution 
Chopper  
Spectrometer –
DOE Funded (SING) –
Commission 2008

13 - Fundamental 
Physics Beamline –
IDT Funding TBD –
Commission TBD

11A - Powder 
Diffractometer –
SNS Funded –
Commission 2007

12 - Single Crystal 
Diffractometer –
DOE Funded (SING) –
Commission 2009

9 - Engineering 
Diffractometer –
IDT CFI Funded –
Commission 2008

6 - SANS –
SNS Funded –
Commission 2007

5 - Cold Neutron 
Chopper  
Spectrometer –
IDT DOE Funded –
Commission 2007

4A - Magnetism 
Reflectometer –
SNS Funded –
Commission 2006

3 - High Pressure 
Diffractometer –
DOE Funded (SING) –
Commission 2007

2 - Backscattering 
Spectrometer –
SNS Funded –
Commission 2006

1B - Disordered Mat’ls
Diffractometer –
DOE Funded (SING) –
Commission 2010

PROTONS

4B - Liquids 
Reflectometer –
SNS Funded –
Commission 2006

14B - Hybrid 
Spectrometer –
DOE Funded (SING) –
Commission 2011

15 – Spin 
Echo

? – Chemical 
Spectrometer

60 m
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Possible Locations of a >30 T Beamline:
BL8/9 or 14A?

8/9

14A

BL8/9: Water moderator
- thermal spectrum
- “sharp” pulse
- flight path length: ~ 45 m

BL14A: Coupled H 2 moderator
- intense cold spectrum
- flight path length: ~ 70 m
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Conical Series - Connected Hybrid Magnet

• Resistive Insert
� Operates at high field (+)
� High power-installation cost                            

(about 0.1 M$/MW) (-)
� High operation cost (-)

• Superconducting Outsert
� Operates at low cost (+)
� Material: Nb3Sn

• Shield Coil
� Largely cancels stray fields (+)
� 50 mGauss line (axial):                   

20 m from center
� Material: NbTi

Planned collaboration with 
>25 T Magnet Project at HMI Berlin:

- will likely use the same 
superconducting outsert
- share designs for sample environment



19

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



21

High-Field Magnet on Beamline 14A

Space for Future 
2nd magnet 

Magnet

Neutron
Guide

existing
buildings 

Detectors

Choppers

SNS Target 
building 

Basic beamline parameters:

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

- Available bandwidth:  0.94Å
- Curved ballistic guide
- 3 bandwidth choppers
- Detectors: 1.5m long 3He tubes        

~ 4m from sample
300 x 10 mm diameter in 
forward scattering banks;
57 x 25.4mm diameter in 

back scattering bank
- High-speed chopper for inelastic scattering
- Polarized beam capabilities
- Flux on sample: 106 – 107 n/sec  

(diffraction: 1% Q resolution)
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High-Field Magnet on Beamline 14A

Bandwidth Chopper

Detectors

Horizontal Field

Vertical Field
- future upgrade?

High speed Chopper

Polarizer
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ANSTO’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

- Magnet was successfully
tested in September 2007

- Magnet delivery expected
for December 2007

axial
field
direction

transverse
field
direction

axial
field
direction

transverse
field
direction

axial
field
direction

transverse
field
direction



25

Even non-perfect diamagnets can fly...

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

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


