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I INTRODUCTION

This volume of ESS Project 2002 aims at giving a preliminary taste of the first
ESS "user guide" that the neutron research community will be provided with in
about 10 years from now in order to help to prepare their first research proposals
to do experiments at ESS. Of course, the chapter on important practicalities,
such as where to submit the proposals, travel information how to reach the ESS
site and guest facilities is missing — for the obvious reason that the decision on
site preference is not yet made. It is also obvious, furthermore, that the first half
of the ESS instruments, which will gradually come on line for full user operation
by 2013, with commissioning (at first without neutrons) starting in 2010, will
mostly be refined versions of what can be conceived today — and is described in
this provisional user guide. Nevertheless with the detail design work to start for
the first batch of about 10 instruments around 2005, we can have a reasonable
first idea of how these instruments will look.

Within the construction phase of ESS, planned to last until the end of 2011,
about 20 neutron scattering instruments and beam facilities will be in more or
less advanced stage of manufacturing and installation, following a carefully
staggered time schedule. This timeline foresees the technical completion of on
average 5 instruments a year between mid 2010 and mid 2014. After this date 3
instruments will come on line each year to achieve a total of 40 to be built and
operated by ESS. Further 8 beam lines are envisaged for instruments to be built
and run by external co-operating research groups. The scope of ESS project
construction phase includes funding of the costs incurring before 2012 for the
building of the first neutron scattering instruments. These will amount according
to the above schedule to the equivalent of 15 instruments fully completed, while
more than 20 will have been started, at least with detailed design, by this date.
Further funding for completion of the full instrument suite, as well as
modernising and rebuilding on longer term will be part of ESS operational
budget.

The selection of the suite of instruments described in this volume is based on the
recommendations of the ESS Scientific Advisory Council (SAC) as compiled in
November 2001 as a results of a statistical evaluation of the priority research
needs expressed by the various science groups of the SAC. A subsequent
workshop of the SAC in March 2002 was specifically dedicated to review the
outstanding opportunities offered by ESS for applied research, health care and
technology development missions and the corresponding instrumental needs. It
was found that these overwhelmingly coincide with the experimental priorities
defined in November 2001 on the basis of the evaluation of basic scientific
opportunities.



The instrumental capabilities detailed in this guide convincingly fulfil the ESS
project goal to decisively advance the power of neutron scattering as a versatile
research tool in all areas of condensed matter science and technology, compared
to that currently available at the most advanced continuous and/or pulsed
neutron sources. Achieving this goal will also make ESS provide the community
with unique, unprecedented research opportunities, complementary to other
important foreseeable advances in large-scale facilities for condensed matter
science. These two aspects of ESS based science can be illustrated by the
following examples.

Small angle neutron scattering (SANS) is currently one of the main strengths of
continuous reactor sources, which thus provide unique potentials in the study of
nano-scale structures in solid-state physics, polymer and material research and
life sciences. SANS is a very important area in neutron science where pulsed
spallation sources are by now in general dominated by continuous ones and it
was therefore one of the particular priorities in ESS design optimisation. Indeed,
as much as by its enhanced accelerator power as by its innovative target
configuration ESS will offer an order of magnitude gain in sensitivity in this
crucial research field not only compared to the currently leading reactor sources
but also relative to the 2 MW SNS pulsed spallation source facility now being
built in Oak Ridge, Tennessee (cf. Fig. I-1).

Another representative and crucial application of neutron scattering is to explore
the atomic and molecular dynamics on the mesoscopic time scale 10™'* — 107 s,
characteristic for many fundamental phenomena in soft and complex matter.
Here ESS will offer 3 orders of magnitude enhanced sensitivity as a result of
combining source power and innovative beam delivery and instrument design
(cf. the description of cold neutron spectrometers in chapter 2 of this volume).
This will make possible to study many to date inaccessible phenomena, for
example exploring the endemically small dynamic signals in all kinds of non-
crystalline matter.

Neutron and X-ray scattering experiments are primarily complementary by the
information they deliver due to the different properties of the two kinds of
radiation. For example neutrons offer uniquely high sensitivity for observing
light elements in the presence of heavy ones, magnetic disorder and dynamics,
isotopically labelled parts of large molecules, etc. In addition, with the power of
ESS in many experiments the data collection rates will also be superior to those
attainable at advanced synchrotron radiation facilities, notorious for their high
beam intensities. In particular, in the kind of inelastic spectroscopy mentioned in
the previous paragraph, the sheer beam intensity of ESS will be orders of
magnitude superior to that of the most brilliant synchrotron sources today and
also superior to the projected, most powerful X-ray free electron lasers (X-FEL).
Indeed, the spectral density of the neutron beam over the typically 10 cm® beam
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Figure I-1: Simulated data collected on a isotropic colloidal model sample by virtual SANS
instruments of equal angular resolution, sample size, detector area and detector pixel size at
various existing (dashed lines) and projected (symbols) neutron sources. The settings are
chosen to optimally explore the q range 0.005 to 0.05 A”. For the two reactor sources, ILL
and HMI two settings with different collimations and sample to detector distances were
assumed (12 m +12 m for 90 % of the data collection time and 4 m + 4 m for 10 %), in order
to cover a q domain similarly broad to that at the spallation sources in a single setting (12 m
+ 12 m, single source frame data collection).

area will reach at ESS peak values of 2*10'' neutrons/s/meV (the relevant
intensity parameter in neutron time-of-flight spectroscopy with repetition rate
multiplication) compared to 10° — 10° photons/s/meV at ESRF and 10"’ — 10"
photons/s/meV expected at the most powerful X-FEL. Of course, the some 0.1
mm’ beam cross section of these X-ray sources is a major advantage for very
small samples, but many samples, in particular in soft matter research can be
produced in sufficient quantity to take full advantage of the large beam cross
sections typical for neutron scattering instruments. In the 10® eV resolution
range (corresponding to about 107 s in time) the beam intensity advantage of
neutrons is even bigger: The ESS high resolution neutron spin echo instrument
will deliver 10° neutrons/s to typical samples compared to 10°° photons/s at the
X-FEL (using y resonance techniques).

In contrast to the study of dynamics by inelastic scattering experiments, in
elastic diffraction work the advanced X-ray sources deliver orders of magnitude



higher beam intensities than any thinkable neutron source. However, the high X-
ray intensities over a very small beam cross section can actually lead to the rapid
deterioration of the sample, in contrast to the fundamentally non-destructive
character of the neutron radiation in diffraction studies even at sources as
powerful as ESS. Indeed, for samples of substantial size in the several cm® range
the number of neutrons impinging in an experimental run of about an hour will
reach as much as 10" at ESS without any damage to the sample. This is about
the same as the number of photons which are expected to impinge on a sample
in one single pulse on a projected X-FEL instrument, before the sample is fully
destroyed.

In order to help to better appreciate the performance and hence the scientific
capabilities of the first ESS instruments, comparisons to neutron intensities on
similar, top of the line, popular user instruments currently in operation are
included in this provisional ESS user guide. Such information, of course, will be
by no means part of the real user guide to come at a time, when thousands of
users will be given the chance to experience first hand and make their scientific
work benefit from the unprecedented opportunities ESS will bring to the
broadest research and development community.

Ferenc Mezei
ESS Instrumentation Task Leader



