
100 101

Main research topics

Interferometer Option

Measurement of basic quantum • 
physics laws
Measurement of neutron-nuclei • 
scattering lengths
Phase tomography imaging and • 
measurements
Decoherence, dephasing and de-• 
polarisation experiments
Experiments with non-classical • 
neutron states

See [1-6] for recent results 

USANS Option

Pore structure of geological and • 
composite materials
USANS from artificially structured • 
materials
Polarized USANS experiments• 
Studies of micro structures of • 
light and heavy water hydrated 
calcium sulphates, fuel materials 
like bituminous coals[7,8].
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Abstract

The outstanding scientific impact of single-crystal neutron diffraction and 
spectroscopy in steady state vertical magnetic fields up to 15 T (17 T without 
dilution fridge) is reflected in numerous high-profile publications, e.g. [1-5]. 
30 T – 35 T in vertical geometry allow to address enigmatic questions without 
equivalence at lower fields. The constraints implied by such magnetic fields 
demand a specially designed dedicated instrument. Since the vertical field 
geometry is crucial for single-crystal diffraction as well as spectroscopy, the solid 
angle of scattered neutrons is restricted, and a high-flux reactor is best suited 
to host a corresponding instrument. We propose a world-wide unique versatile 
instrument for diffraction and spectroscopy in vertical steady fields of 30 T.

Scientific case

A magnetic field of 15 T, converted to an energy scale, compares and overcomes 
dipolar interactions, but only reaches the lowest range of magnetic superexchange, 
double exchange and direct exchange interactions. 30 T – 35 T  allow to access an 
interaction range relevant for a wide range of modern condensed matter science: 
high-TC and unconventional superconductors (re-entrant and field-induced), 
heavy fermions, colossal-magnetoresistance materials, multiferroics, rare-earth 
compounds, frustrated magnetism, quantum magnetism, with applications in 
nano- and molecular magnetism, material science, liquids, as well as soft and 
biological matter. Neutron scattering in a vertical field of 30-35 T enables one to 
address enigmatic questions that have no equivalence at lower fields, for example:

normal state of high-T• C superconductors,
nature of the hidden order in URu• 2Si2,
static and dynamic correlations in true Bose-Einstein condensates like Han • 
purple,
nature of the plateau phases of the two-dimensional Shastry-Sutherland • 
lattice SrCu2(BO3)2,
static and dynamic correlations in quadrupolar spin-nematic Luttinger • 
liquids,
the origin of electric polarisation changes at 20-30 T in certain • 
multiferroics,
the evolution of the magnetic order near the charge order melting in • 
Na0.5Co2 near 30 T.

The vertical field geometry is crucial for single-crystal diffraction as well as 
spectroscopy to measure different energy and momentum transfers Q at the 
same field direction with respect to the crystal. This is impossible in a horizontal 
field geometry.
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Technical development

A major breakthrough has been achieved by recent design studies which 
demonstrate that 30 T (and potentially even higher fields) can be reached in a 
vertical split-coil geometry suitable for single crystal neutron scattering, due to 
a cooling technique newly developed in Grenoble [6]. The very compact design 
(60 cm diameter) provides a vertical 10 mm gap at the sample position with 2 
x 3° vertical divergence. The two magnet halves are kept apart by aluminium-
rings in the scattering plane leading to horizontal 360° open scattering angle 
(aluminium-free open channel for the direct beam, 36 mm Al in the scattered 
beam). The magnet halves can be powered independently, so that asymmetric 
operation of the magnet and hence polarized neutron scattering are possible. 
However, power connections and water cooling of the magnet make it immobile, 
and do not allow rotation [6]. This implies a fixed direction of the incident beam 
with respect to the magnet.

Proposed instrument

Keeping in mind the science to be addressed as well as the constraints imposed 
by the magnet design, we propose a versatile HIgh-FIeld instrument (HIFI) 
with the following characteristics:

High flux half-cold spectrum (ca. 1.8 Å to 5.7 Å, max at ca. 3.5 - 4.2 Å).• 
Double-bounce focusing monochromator (Graphite) to provide variable k• i 

with fixed ki-direction with respect to the magnet (the limited solid angle for 
scattered neutrons excludes TOF options).
An exchangeable multianalyser-detector unit, covering ±110° scattering • 
angle, with a series of fixed or continuously tunable k• f (and position sensi-
tive detectors), with a radial collimator.
An (analyser-free) wide-angle detector unit with continuous coverage of • 
scattering angles and radial collimators for true diffraction mode and diffuse • 
scattering.
Filtering of higher orders by a velocity selector before the monochromator.• 
A polarized option with a translatable polarized guide.• 
Cryo-flippers and a polarising analyser-detector unit allowing polarized dif-• 
fraction and polarized inelastic scattering.

A consortium of European magnet laboratories, ESRF and ILL applied for ESFRI/
FP7 funding in early December 2009 for support to continue with the planning 
and design stage of magnet and the support infrastructure.

Conclusions

The proposed instrument is worldwide unrivalled and unique: 
Grenoble is the only place where a first-rate neutron and X-ray source are • 
located so close together that they can share the infrastructure required to 
achieve the highest steady magnetic fields in presently known techniques.
The instrument allows one to map a series of nuclear or magnetic Bragg • 
peaks in a chosen scattering plane perpendicular to the field, as well as 
a fast mapping of inelastic scattering and constant-Q scans. A polarized 
option will be extremely powerful for diffraction as well as inelastic work. 
None of this is possible with a pulsed magnetic field.
For vertical field geometry, ILL is the only neutron source capable to • 
provide sufficient flux to enable efficient data collection under the given 
technical constraints.
HIFI’s steady vertical magnetic field combined with the monochromatic • 
beam fed by ILL’s high flux is the only proposed high-field instrument 
world-wide that is capable to address the single-crystal diffraction and 
spectroscopy science case, although it can of course also be used for non-
crystalline materials, soft matter, and liquids. Vertical field geometry and 
monochromatic incident beam make it complementary to other existing 
high-field projects, in particular the 25 T-horizontal-field TOF spectrometer 
EXED at the Helmholtz-Zentrum Berlin, and the 25 T-horizontal-field TOF 
instrument projected at the SNS, Oak Ridge.
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(Left). Impression of HiFi, dominated by the two halves of the magnet and the cooling circuit. (Ri-
ght) Top view (midplane cut) of the instrument, sketching the main ideas.
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