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Abstract

MERLIN is designed to be a high intensity, medium energy resolution spectrometer. As such, it will complement the high-resolution

MAPS spectrometer at ISIS. MERLIN will utilise all the latest advances in technology with a supermirror guide to enhance flux as well

as 3m long position-sensitive detectors in a vacuum making it ideal for single-crystal users. The detector bank will cover a massive p
steradians of solid angle with an angular range from �451 to +1351 degrees in the horizontal plane and 7301 degrees in the vertical

plane. This will allow large swathes of Q,o space to be accessed in a single run. The instrument will be ready for commissioning in

February 2006. This paper presents details of design and performance of this new instrument.

r 2006 Elsevier B.V. All rights reserved.
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1. Introduction

MERLIN is a high count rate direct geometry spectro-
meter and will replace the aging 20-year-old HET spectro-
meter at ISIS. The project officially began in February 2002
and is expected to be ready for commissioning in February
2006. It has been designed to take advantage of all the
latest advances in technology, particularly super-mirror
(SM) guides and large swathes of position-sensitive
detectors (PSDs) to boost the count rate of this inherently
flux limited technique. The use of PSDs as pioneered on the
MAPS spectrometer has created a new paradigm for
inelastic neutron scattering experiments. It has created a
survey technique that is able to map vast areas of the
Brillouin zone, making it possible to see the unexpected. It
is able to reveal broad features that could easily be
dismissed as background on a triple-axis machine. MER-
e front matter r 2006 Elsevier B.V. All rights reserved.
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LIN will build on the success of the MAPS spectrometer
with a massive p steradians of PSD coverage (see Fig. 1).
This large detector coverage has been achieved partly by

bringing the detectors in to a relatively short sample to
detector distance of 2.5m. This makes MERLIN a medium
energy resolution spectrometer with typical energy resolu-
tions of 3–5%. This was a deliberate policy such that
MERLIN complements the high-resolution MAPS spec-
trometer. The latter has a 6m sample to detector distance
and typical resolutions of 1.5–4%. PSDs will of course
make the instrument very versatile, being equally able to
study single crystal samples as well as powders, liquids and
amorphous materials. The high count rates of MERLIN
will open up many avenues including detailed parametric
studies as a function of pressure, temperature and
composition; studies of complex multi-component materi-
als; novel materials for which only small quantities are
available; experiments on single crystals where the signals
are weak or the crystals are small; and experiments
involving the use of complex sample environments.
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Fig. 1. Engineering drawing of MERLIN with cutaways to show the

inside of the tank.
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Fig. 2. Solid line shows flux gains over the HET spectrometer due to the

supermirror guide. The points show the absolute flux on the sample for a

fixed 5% resolution at the elastic line.
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MERLIN is being built specifically with complex sample
environments in mind. Features include a non-magnetic
sample tank for a large cryomagnet and a larger flange to
allow large pieces of equipment. To reduce scattering from
this equipment there is space for a secondary collimator
and a set of x–y jaws are installed just before the sample
position.
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Fig. 3. Q resolution presented as DQ/Q versus scattering angles for

various incident energies. The energy resolution was fixed at 3% in this

calculation.
2. Instrument design

All of the direct geometry spectrometers at ISIS,
including MERLIN, have a moderator to sample length
of 11.8m, which is about as short as is possible within
space constraints. MERLIN however is the only spectro-
meter to employ a supermirror guide to boost the flux. The
guide is all m ¼ 3 (critical reflection angle is 3� natural
Ni) and begins at 1.7m from the moderator face with an
opening of 94� 94mm, converging continuously to
50� 50mm just before the sample. Fig. 2 shows flux gains
of up to 14�HET from the supermirror guide. It also
shows absolute fluxes on the sample position for a 5%
resolution. The gains at high energies are because the guide
views the whole moderator face now with a larger opening
aperture size. These large flux gains are at the expense of a
larger beam divergence that is dependent on the incident
energy. At high energies the beam divergence has a FWHM
of about 0.51, which increases to a value of 21 at 10meV
incident energy. The effect of this on the Q resolution of the
instrument is presented in Fig. 3.

MERLIN will operate over a wide range of incident
energies, typically 10–1000meV. Careful design of the
guide and surrounding steel was required to ensure a clean
signal with low backgrounds for high-energy neutrons.

MERLIN will have p steradians of PSDs covering a
range of �45 to 1351 in the horizontal, and 7301 in the
vertical, direction. The smallest scattering angle is 31. This
solid angle is 8� that of HET and 7� that of MAPS.
Much effort has also gone into eliminating any gaps in
this detector coverage. For example, MERLIN will use
massive 3m long PSDs, thus eliminating the usual gaps
associated with joining shorter detectors together. This is a
worlds first and has required considerable development to
obtain the 20mm position resolutions we have achieved
along the length of the tube. This is less than the 25mm
width of the tubes. To eliminate any secondary scatter of
neutrons, all the spectrometers at ISIS use evacuated
secondary flight paths. The detectors are placed in air
behind aluminium windows so as to protect the detector
electronics from the vacuum of the tank (The HT can arc
when the tank is evacuated and dissipation of heat from the
electronics is a problem in a vacuum). Struts supporting
these windows cause gaps in the detector coverage. To
eliminate these struts completely, the MERLIN detectors
will be within the vacuum tank. To allow their easy
maintenance, the detectors are mounted on large ‘doors’,
see Fig. 4, which seal onto the tank and can easily be
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Table 1

Comparison table of existing spectrometers at ISIS and the new MERLIN

spectrometer

MERLIN HET MARI MAPS

Intensity (n/

meV.s)

311� 104 50� 104 58� 104 113� 104

Detector Pixels 50,000 2000 1000 42,000

Solid Angle (Sr) 3.1 0.4 0.4 0.45

Angular range 3–1401 3–301

110–1351

3–1321 3–601

Best % energy

res.

3 3 2 1.5

Gain of

MERLIN

(Int.xSr)

— 45 41 19

The intensity is at 50meV.

Fig. 4. Packs of 3-m long PSD detectors are attached to large aluminium

doors. These seal onto the back of the tank forming part of the tank

structure.

Fig. 5. Spin waves in the classical three-dimensional Heisenberg antiferro-

magnet RbMnF3. The complete intensity map as a function of the four

independent coordinates of momentum and energy was collected from a

�15 g single crystal in a sequence of 85 orientations on the MAPS

spectrometer. The data on two slices of that volume for the energy transfer

window 7.570.5meV are shown. The magnetic scattering forms near-

spheres centred at half-integer coordinates along the momentum axes.
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removed if necessary. The electronic boxes at the ends of
the detectors seal around holes in the doors so as to keep
the electronics in air, thus avoiding all the problems of
putting them in a vacuum. A further advantage of this
scheme is to reduce backgrounds, as there are no windows
between the sample and detectors. Small gaps in the
coverage still exist, as absorbing vanes are necessary to stop
cross talk between detectors.

The distance from the sample to the centre of these 3-m
long detectors is 2.5m, whereas the distance to the outer
edge of the detector at a 301 scattering angle is 2.88m.
Therefore the resolution is in fact approximately 10%
better on the outer edge than in the middle of the detectors.
However, the data is not averaged over the length of the
detectors, as in the case of non-PSD detectors. The length
of each 3m tube is split into many ‘pixels’ so that each pixel
is effectively a small detector. The exact distance to every
detector pixel is known and corrected for when the data is
reduced in the software. MERLIN will have approximately
50,000 detector pixels.
A summary of how MERLIN compares to the other

spectrometers at ISIS is shown in Table 1. The last column
of this table presents a figure of merit for the spectrometers,
defined as the detector solid angle multiplied by the sample
flux at 50meV. It is clear that MERLIN will represent a
significant enhancement in terms of count rate over the
existing spectrometers.
Perhaps one of the most exciting possibilities for

MERLIN is the possibility of mapping whole Brillouin
zones. This technique uses a single crystal and combines a
series of measurements at different angles or energies to
create a complete map of the Brillouin zone with the four
dimensions, Qx,Qy Qz and energy being independent of one
another. It is then possible to extract 3D, 2D or 1D cuts
from this data in any direction within the crystal in
software. On a typical 10 g sample this type of measure-
ment will take 1–2 weeks on MERLIN and will create a
complete record of all the lattice and magnetic excitations
within a Brillouin zone. Test measurements have been done
on MAPS with a study of the magnetic excitations in
RbMnF3 (Fig. 5). The software is presently being devel-
oped.
MERLIN will present the neutron scattering community

with a powerful new tool to study the dynamics of
condensed matter systems. We hope to take the first
science proposals in October 2006.
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