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EXECUTIVE SUMMARY:
The study of phase transitions and novel ordered phases in complex systems remains at the forefront of condensed-matter research. In studies of superconductivity, magnetism, ferroelectricity, colossal magnetoresistance, charge order, etc., one is interested in determining how each type of order occurs, including how and why it arises from the disordered state. The energy scale for excitations that have an impact on ordering is typically on the order of a few to tens of meV; this is the same energy scale for excitations that impact transport properties. The intensities and energy resolutions obtainable with thermal neutrons are ideal for such inelastic studies. At the same time, one needs to be able to detect and monitor the relevant order parameter through elastic diffraction measurements, which frequently involves measurements of superlattice peaks that may be extremely weak. Often one wishes to study correlations that have not achieved long-range order, in which case one must measure diffuse scattering and be able to discriminate elastic from inelastic contributions. In many cases understanding the order of interest requires studying how it is modified or induced by an extreme environment, such as a strong magnetic field, very low temperature, or high pressure; this is best accomplished by decoupling the sample environment from the detector system. In order to exploit the full power of neutron scattering to distinguish magnetic from nuclear scattering, it is necessary to implement polarization analysis, with polarization sensitivity in both the incident and scattered beams. Finally, in order to discover new phenomena, and to not simply characterize phenomena that have been discovered at other facilities, one has to be able to work with small crystals, thus requiring that a spectrometer focus as much flux as possible into a small spot size.

Up to now, the combination of requirements described above has been met only by triple-axis spectrometers at steady-state sources. Here we present the case that by combining time-of-flight spectroscopy with Bragg focusing optics and the enhanced flux of the pulsed beam that will be available at the SNS, one can build an instrument that not only satisfies our needs, but which will also significantly exceed the performance of the best triple-axis spectrometers at the best steady-state sources. The instrument that we propose, HYSPEC, fills a niche of dramatic importance to exciting areas of condensed-matter physics, one that is not competitively covered by any of the other SNS instruments that have been considered to date.

HYSPEC was approved by the SNS Experimental Facilities Advisory Committee (EFAC) at its October, 2002 meeting. Provisionally it has been assigned beam line which looks at a coupled, supercritical H2 moderator (BL 15). To transport the beam from the moderator to the sample the instrument will have a straight, 20 to 25 meter long, m=3 supermirror guide that will incorporate T0, frame overlap and order suppressing choppers along its length and, near its downstream end,  a counter rotating chopper pair that will serve to define the neutron burst width and incident energy. A short distance downstream of the counter-rotating chopper pair, the monochromatic beam will impinge on either a pyrolytic graphite or (for polarized beam studies) Heusler alloy vertical-focusing crystal mounted in a drum shield with adjustable exit angle. Because vertical focusing by crystals is extremely efficient, the 4(w) x 15 (h) cm2 beam exiting the guide will be reduced to an area as small as 4(w) x 2(h) cm2, thus maximizing the flux at the sample position.  A series of collimators and beam definers will be placed immediately upstream of the sample and a set of radial collimators in the detector bank just downstream of the sample. In the polarization-analysis mode the radial collimator would be replaced by a set of 19 Fe-Si supermirror benders that would make it possible to measure simultaneously both spin-flip and non-spin-flip processes. Detection of the neutrons scattered by the sample will be done by 188 3He position-sensitive detectors housed in a moveable detector bank 4.5 m from the sample that will cover a horizontal angular range of 60° and a vertical range of 15°.  
HYSPEC’s flux-on-sample was compared to the other planned inelastic instruments CNCS, ARCS and HRCS (which have overlapping energy ranges and resolutions) using the MCSTAS Monte Carlo simulation program.  For HYSPEC, the maximum flux on sample at a 3% energy resolution was found to be 1.1 x 107 n/cm2/sec at 15 meV. This is a factor of two more than the maximum flux of CNCS, which is at an energy of 5 meV, and about ten times more than maximum flux of HRCS and ARCS, which occurs at an energy around 100 meV. This high sample flux  combined with TOF analysis  and the wide angular acceptance of the detector array means that a given scattered neutron spectrum will be collected in an order of magnitude less time than on existing single crystal sample instruments. 
The easy adaptability of HYSPEC to polarization analysis is unique among the suite of SNS inelastic instruments.   To produce a focused, polarized beam the PG crystal is simply replaced by a vertical focusing Heusler alloy crystal.  Analysis of the polarization of the scattered neutrons will be done with a set of 19 broad-spectrum Fe-Si supermirror benders downstream of the sample: a well-established and extremely reliable technology.  Because the sample-to-detector distance is large, the spin-flip and non-spin-flip parts of the scattering will fall on different groups of detectors. This will allow both to be measured simultaneously.  
HYSPEC Instrument Development Team includes an international group of prominent scientists interested in single crystal inelastic neutron scattering. They provide input to the design of the spectrometer, high international visibility of the project, and will assure a high level of scientific productivity in the future. We are encouraged by the recent discussion with the French IDT member who has indicated that the Atomic Energy Commission (CEA) may participate in the HYSPEC project.
Finally, it should be noted that an SNS Inelastic Neutron Scattering Workshop held on 11/1/99 at ANL recommended that a spectrometer with almost identical characteristics to HYSPEC be viewed as a “potential “day-one” instrument” (Appendix B).
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1.1. INTRODUCTION
This document lays out a proposal by the Instrument Development Team (IDT) composed of scientists from leading Universities and National Laboratories to design and build a conceptually new high-flux inelastic neutron spectrometer at the pulsed Spallation Neutron Source (SNS) at Oak Ridge. This instrument is intended to supply users of the SNS and scientific community, of which the IDT is an integral part, with a platform for ground-breaking investigations of the low-energy atomic-scale dynamical properties of crystalline solids. It is also planned that the proposed instrument will be equipped with a polarization analysis capability, therefore becoming the first polarized beam inelastic spectrometer in the SNS instrument suite, and the first successful polarized beam inelastic instrument at a pulsed spallation source world wide. 
The proposed instrument is designed primarily for inelastic and elastic neutron spectroscopy of single crystals. In fact, the most informative neutron scattering studies of the dynamical properties of solids nearly always require single crystal samples, and they are almost invariably flux-limited.  In addition, in measurements with polarization analysis the available flux is reduced through selection of the particular neutron polarization, which puts even more stringent limits on the feasibility of a particular experiment. To date, these investigations have mostly been carried out on crystal spectrometers at high-flux reactors, which usually employ focusing Bragg optics to concentrate the neutron beam on a typically small sample. Construction at Oak Ridge of the high-luminosity spallation neutron source, which will provide intense pulsed neutron beams with time-averaged fluxes equal to those at medium-flux reactors, opens entirely new opportunities for single crystal neutron spectroscopy. Drawing upon experience acquired during decades of studies with both crystal and time-of-flight (TOF) spectrometers, the IDT has developed a conceptual design for a focused-beam, hybrid time-of-flight instrument with a crystal monochromator for the SNS called HYSPEC (an acronym for hybrid spectrometer). The proposed instrument has a potential to collect data more than an order of magnitude faster than existing steady-source spectrometers over a wide range of energy transfer (ħ() and momentum transfer (Q) space, and will transform the way that data in elastic and inelastic single-crystal spectroscopy are collected. HYSPEC is optimized to provide the highest neutron flux on sample in the thermal and epithermal neutron energy ranges at a good-to-moderate energy resolution. By providing a flux on sample several times higher than other inelastic instruments currently planned for the SNS, the proposed instrument will indeed allow unique ground-breaking measurements, and will ultimately make polarized beam studies at a pulsed spallation source a realistic possibility. 

Even though the polarized beam option was not considered at the time, a spectrometer with performance characteristics similar to those of HYSPEC was identified as one of the potential “day-one” inelastic instruments for the SNS at the Inelastic Neutron Scattering Workshop
 organized by the SNS at Argonne in 1999. It was included as such in the Workshop recommendations, along with six other instruments, four of which are currently approved, with three of those having already been funded and now under construction. This proposal is a request by the IDT for funding for the engineering and construction of the HYSPEC spectrometer on a beamline served by a coupled, 20 K supercritical hydrogen. The proposal is organized as follows. In the next section we outline the general scientific motivation for the proposed instrument by presenting some of the research programs proposed for HYSPEC by the IDT members. Section 3 contains an overview of the instrument conceptual design, a discussion of the principles of polarized beam operation, a summary of the instrument performance characteristics and some future considerations. Section 4 outlines the structure of the HYSPEC Instrument Development Team, a management plan is discussed in Section 5, and a tentative budget estimate is given in Section 6 (and Appendix D). CVs of  key IDT members are attached in Appendix A. For reference, an excerpt from the report of the SNS Inelastic Neutron Scattering Workshop held on 11/1/99 at ANL, SNS Document: IS-1.1.8.2-8004-MM-A-00, is attached in Appendix B. Finally, Appendix C is a draft of the HYSPEC Top Level Specifications which contain a detailed list of the instrument requirements to implement the conceptual design as proposed by the IDT.
2.1. SCIENTIFIC Motivation: Meeting the new Challenges 
Much of our current understanding of atomic-scale structure and the dynamical properties of solids and liquids was gained by virtue of neutron scattering studies. Inelastic neutron spectroscopy provided physicists with an unprecedented, detailed access to phonon dispersions, magnetic excitation spectra, soft-modes and critical dynamics at phase transitions, unrivaled by other experimental techniques. Because the neutron only interacts very weakly with matter, it is essentially a non-perturbing probe of the matter’s inner structure and dynamics, not sensitive to charges or surface layers. Therefore, unlike techniques where photons, or charged particles (eg electrons, muons), which significantly modify the local electronic environment, are used, neutron spectroscopy allows determination of the intrinsic, un-perturbed physical properties of materials. By the same virtue, the neutron is a highly penetrating and non-destructive probe, allowing the investigation of microscopic properties of bulk materials (and not just their surface layers), and studies of samples embedded in a complex sample environment, such as cryostats, magnets, pressure cells, etc. In fact, the ability to accept a variety of devices creating extreme sample environments was one of the key factors that determined tremendous success of the modern reactor-based neutron spectrometers. Finally, determination of how partial cross-sections depend on the neutron spin polarization through the use of various beam-polarizing devices gives an unrivaled opportunity to separate the structural and magnetic phenomena on the atomic scale. Incorporating and optimizing these unique features of the neutron scattering technique in the design of a neutron spectrometer is extremely important.
The discovery of new materials and novel unexpected phenomena along with the advent of new experimental techniques invariably leads to major advances in condensed matter science. One example is the discovery of strongly correlated electron systems, including heavy-fermions to high-Tc superconductors to manganites exhibiting giant magneto-resistance effects. These materials present new types of macroscopic behavior with a strong potential for future technological applications, which require detailed understanding at the microscopic level. The neutron scattering studies which are indispensable for such understanding represent a significant experimental challenge. First of all, new materials are usually only available in small quantities. Secondly, the scattering intensities associated with the interesting features in the electronic structure are often intrinsically small. Finally, because several contributions to the microscopic electronic Hamiltonian in these systems are of comparable importance for determining their macroscopic bulk properties, direct discrimination between the magnetic scattering by electronic spin and structural/vibrational scattering by the means of polarization analysis is vital. 
The goal of the present IDT is to design and build an instrument which, using the unique, high-flux, pulsed neutron beam at the SNS, would meet the challenges posed for neutron spectroscopy by new scientific discoveries and breakthroughs in the synthesis of the new materials. There is a large number of problems that are currently at the forefront of condensed matter physics and demonstrate the need for an instrument with the unique capabilities of HYSPEC.  In this section we present some examples which illustrate how HYSPEC is expected to significantly extend the reach of modern experimental condensed matter science. 
2.1. Functional Materials

Fundamental understanding of the microscopic processes governing physical phenomena in complex functional materials is key to technological progress.  HYSPEC is an indispensable experimental tool that is needed to obtain such understanding.
2.1. Spin Dynamics in Nanostructures (J. J. Rhyne)

The interest in dynamic processes, in particular magnetic excitations, as the dimensions of a specimen are reduced to the nanoscale is currently creating intense scientific interest.  This interest ranges from fundamental questions about the form of the exchange interaction and resulting magnon dispersion (Heisenberg, Ising, or a modification) to lifetime and linewidth broadening effects. This is an important area of nanoscale science that will seriously strain the intensity/resolution capabilities of neutron techniques to provide relevant answers. Many of the studies will also benefit from polarized beam techniques. The hybrid spectrometer, HYSPEC, proposed for the SNS plays a pivotal role in the investigation of inelastic processes in nanostructures.

Present interest in magnetic nanoscale materials is in two primary areas – thin films and superlattices and in true magnetic nanocomposites for which nanoscale magnetic clusters are precipitated in a non-magnetic (often amorphous) carrier. Also materials can be prepared where isolated nanosize clusters are formed in the deposition process and can be compacted with resulting changes in the interparticle interactions. The determination of spin dynamics in nanomagnetic materials requires both extremely high beam intensity (partly because of the small sample quantities readily available) and also frequently polarized beam analysis to distinguish the magnon branches from other competing interactions. Spin excitations of mixed ferromagnetic and antiferromagnetic character may be observed requiring measurement of both spin-flip and non-spin flip cross sections to properly interpret the results. A wide range of available energy resolutions, largely decoupled from the q resolution, as available with HYSPEC will be of tremendous advantage in studying lifetime effects as critical dimensions are reduced. 

A conventional ferromagnet exhibits collective excitations with dispersion at long wavelengths (low q) given by E = Dq2 + (, where ( is an energy gap usually associated with a magnetic anisotropy impeding the excitation of a spin wave. The spin stiffness parameter, D, is directly related to the exchange constant. This dispersion relation is modified in a nanoparticle system leading to finite-size quantization gaps introduced into the spectrum as the particle size is reduced.  A simple “particle in a box” analogy for spin waves places a lower limit on the wave vector (q = 2(/d) where d is the particle size and introduces discrete energy levels with finite gaps in the spin-wave spectrum given approximately by (sw = D (2/d2 . These gaps vanish in large particles, and the spin wave spectrum exhibits conventional dispersion E = Dq2. 

Hendriksen et al.
 have calculated the spin-wave spectrum of Heisenberg spin clusters of varying size for clusters ranging from 9 to 749 spins corresponding to nanoparticles of sizes from approximately 7 Å to 32Å and included both bcc and fcc lattice arrangements. Their results yield a dispersive spin-wave energy with finite-size gaps that vary quadratically with the size of the cluster.  For large spin clusters, the gaps are relatively small (e.g. 30K (3 meV) for the 749-spin cluster) but grow to 140K for the 9-spin cluster.  Accompanying the formation of the finite-size gaps is a smearing of the wavevector q, resulting from the abrupt transition from finite spin S inside a cluster to 0 outside, which is most pronounced for the smallest clusters. One remarkable result from the calculation is that there is no softening in the spin wave energies; in fact the highest state in the 683-spin cluster lies higher than the maximum bulk spin wave energy.  The occurrence of the finite-size gaps also modifies the Bloch T3/2 form of the low-temperature magnetization producing a power law dependence M(T) = M(0) [1 - BT(], with ( ( 2.0 for a 20Å cluster and down to ( = 1.5 for an infinite size cluster. 

The pioneering studies of excitations in nanoparticles were done by Hennion et al.
 on approximately 20Å Fe in an alumina substrate. They found a dual dynamical system consisting of a longitudinal mode corresponding to spin relaxation and a semi-transverse mode reflecting the spin fluctuations. These modes merged into a single isotropic mode at high T with a temperature-independent fluctuation time they related to the spin anisotropy of individual particles. Subsequently, in a system with larger Fe particles (( 50Å)
, they observed the evolution of the fast dynamic magnetization component from a quasi-elastic lineshape into an inelastic lineshape at low temperatures reflecting damped spin waves. Antiferromagnetic spin fluctuations in ( 150 Å nanoparticles of hematite were studied by Hansen et al.
 who derived the superparamagnetic spin relaxation time from an analysis of the quasi-elastic linewidth and also were able to distinguish the energies of the intraparticle collective excitations. 

In the area of spin dynamics in thin films and superlattices the feasibility of these studies has been demonstrated by Schreyer et al.
 in their study of a superlattice of [DyxYy]m. This system has helical spin order and thus the origin of the spin wave branches is at magnetic-only reflections at incommensurate lattice positions. The magnetic reflections are divided into two sets of satellites on either side of corresponding c-axis nuclear reflections. Thus the total spectral weight is split between branches from each reflection.   In addition to the branches from the multiple incommensurate satellite positions, the magnetic coherence across bilayers of the superlattice produces multiple branches from each magnetic satellite separated in q by 2(/(, where ( is the bilayer thickness. Existing spectrometers do not have sufficient resolution/intensity trade-off to allow the separation of these multiple branches, and thus the published data are an average over the respective superlattice harmonic branches. A much more intense neutron source combined with a spectrometer such as HYSPEC is anticipated to provide sufficient intensity at the necessary resolution to separate the harmonic spin-wave branches.

The significant intensity advantages offered by HYSPEC combined with full polarization analysis, and highly flexible control over resolution should make this instrument unequalled for the study of magnetic excitations in nanoscale magnetic materials.  
2.1. Nanoscale Features of Functional Materials (V. Kiryukhin)
The drastically enhanced electronic and magnetic responses occurring in complex functional materials as a result of inhomogeneity on a microscopic length scale have recently attracted significant attention. Both fundamental properties, and enhanced materials characteristics potentially useful for industrial applications are currently being actively investigated. During the last 5 years, it has become clear, for example, that nanoscale inhomogeneities are intrinsic to a number of important oxide systems, such as superconducting cuprates
, magnetoresistive manganites
, and lead-based relaxor ferroelectrics.
 Also, understanding and controlling the giant structural, optical, and magnetic responses of inhomogeneous materials holds great potential for the creation of technologically advanced consumer products. 
Some of the most important systems discussed above exhibit nanoscale magnetic inhomogeneities. In magnetoresistive manganites, for example, nanoscale magnetic inhomogeneities play the crucial role in the so-called Colossal Magnetoresistance (CMR) effect.
 While it is known that nanoscale magnetic regions exist in these materials, the structural and magnetic properties of these regions remain largely uncharacterized.10,
 To understand the physics of the CMR effect, and to guide future work for the synthesis of materials with enhanced magnetoresistive properties, it is crucial to determine the magnetic and structural properties of the inhomogeneous states realized in these materials.
Another class of experimental systems that has recently attracted significant attention are doped magnetic semiconductors, such as Mn-doped GaAs and InAs, and Co-doped ZnO and TiO2.
 ,
 The recent claims13 of synthesis of room-temperature magnetic semiconductors have generated a significant controversy. It is becoming clear now, that in many cases the prepared systems are actually very fine mixtures of non-magnetic semiconductors (e.g., GaAs or InAs) and ferromagnetic metals (e.g., MnAs or MnSb). Physical properties drastically evolve when the mixed systems vary from complete solid solution to macroscopically phase-separated materials. 
 Some of these systems exhibit very large values of magnetoresistance.
 A number of these materials can now be synthesised in the bulk form. In order to understand this intriguing behavior, it is essential to characterize the microscopic properties of these materials, with special attention paid to the nanoscale magnetism. In this case, as well as in the CMR manganites discussed above, characterization of both static and dynamic magnetic properties will be of great importance. In particular, the dynamic magnetic properties of the nanoscale regions are expected to be significantly different from the corresponding bulk systems. In fact, drastic changes in the lattice dynamics properties have recently been observed in relaxor ferroelectrics,9 which can be considered a non-magnetic analogue to the systems
described here.
Polarized neutrons will, undoubtedly, be one of the most effective tools to study the nanoscale magnetism in these, and related, systems. A very important factor underlying the usefulness of this probe is that magnetic signals from systems inhomogeneous on nanoscale are both delocalized in the reciprocal space, and spread in energy, and are, therefore, weak. In addition, the nonmagnetic background is typically strongly enhanced in such systems. With the proposed spectrometer (HYSPEC) it would be possible to successfully separate diffuse magnetic signals from the background, such as multiple Bragg scattering, phonons, and incoherent scattering due to isotopic disorder. The polarization analysis will be of crucial importance.
2.1. Anomalous Phonon Behavior (S. Shapiro, G. Shirane)
It has long been known that structural phase transformations occurring in materials such as ferroelectrics are driven by a lattice vibrational mode whose frequency tends to zero at the transformation temperature.  This so-called ‘soft’ mode usually occurs at a well defined wavevector in a particular optic or acoustic phonon branch and is frequently accompanied by a ‘central’ peak, i.e. divergent elastic scattering.  The anomalies associated with the soft mode result in very anisotropic dispersion curves.  Recent work on ferroelectics like PZT and PMN9 and on shape memory alloys such as Ni-Al, Ti-Pd, and Ni2MnGa have demonstrated the need for good wave-vector resolution and for minimization of the extraneous elastic scattering from the sample environment.  It also makes clear that single crystals are necessary. Most often these crystals are grown explicitly for neutron scattering experiments and tend to be small. Focussing of the incident beam is therefore vital to assure the maximum number of neutrons impinging on the sample; a requirement met by the proposed HYSPEC instrument. A sample stage accepting broad range of  sample environment devices, combined with the flexibility to define the sample scattering volume by using the collimators and beam definers, and, therefore, efficiently suppress the incoherent background, is another crucial advantage for studying the coherent (eg phonon) scattering from single crystals offered by HYSPEC.
2.1. Complex Phases in the Intermetallic Alloys (C. Stassis)
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The proposed HYSPEC spectrometer will be a world-class instrument with polarization analysis capability, a feature that makes it a unique instrument among those to be installed at SNS.  Actually, the capability of using polarized neutrons is essential in practically any detailed study of the magnetic properties of condensed matter systems. Such studies extend from the determination of the magnetic form factor to a detailed analysis of magneto-vibrational scattering studies, and provide invaluable information about the magnetic properties and, most importantly, the interactions between magnetic and other excitations in condensed matter systems. Currently though, only for one of the reflectometers planned for the SNS is a simple polarized neutron capability envisaged.  Polarization analysis capability of the instrument is of particular importance for the study of complex phases.  These phases exhibit complicated arrangements of various interacting degrees of freedom (such as spin, orbital moment, charge, etc.), with fascinating physical properties, some of which may be exploited in emerging technologies ranging from high-Tc superconductivity and spin valves to photonic switches and quantum computing.  The well-known examples of such systems, presently under intense experimental and theoretical scrutiny, are the various phases of superconducting cuprates and the magnetoresistive manganites.  
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Among the complex systems whose physical properties can be exploited in emerging technologies and which therefore have recently attracted considerable attention are the intermetallic compounds of R5(SixGe1-x)4 family. This family was discovered over thirty years ago
, and has recently opened up an unprecedented opportunity to solve the century-old problem of the intrinsic relationships between the chemical composition, atomic structure and properties of metallic materials. These compounds exist in nearly every R-Si-Ge system, and the distribution and room temperature crystallography of the R5(SixGe1‑x)4 phases is illustrated in Figure 2.1.

[image: image2]The crystal structures of the R5(SixGe1‑x)4 phases consist of 36 atoms per unit cell distributed among 6 to 9 independent crystallographic sites.
  These alloys exhibit a number of diverse and unique properties
 associated with both their naturally layered crystal structures and the combined magnetic-crystallographic transformations at low temperatures, driven by a reversible breaking and reforming of specific covalent Si(Ge)-Si(Ge) bonds (Fig. 2.2, left).  The crystal structures change via a martensitic-like collective shear movement of sub-nanometer thick slabs by as much as 1.1 Å and are easily affected by magnetic field, temperature, and pressure.  The transitions are accompanied by a giant magnetocaloric effect, a colossal magnetostriction, and a giant magnetoresistance, suggesting many possible technological applications in sensors and energy-transforming devices through intelligent manipulation of the phase transformation by composition, applied fields, temperature, and pressure. 
For the most part, identical crystallographic transition also occurs at high temperature in the paramagnetic state (Fig. 2.2, right) when the alloy stoichiometries are near critical (i.e. those where compositional variations induce a crystallographic phase change).  X-ray powder diffraction measurements indicate that both the low-temperature magnetically ordered and the high-temperature magnetically disordered orthorhombic Gd5Si4-type phases are the same. Preliminary first principles calculations
 indicate, on the other hand, that the high temperature phase transition may be an order-disorder transformation, in which Si and Ge atoms are redistributed among their respective lattice sites. This crystallographic phase change has a far-reaching effect on the magnetic properties of the material, as illustrated in Fig. 2.3.

Only systematic neutron scattering studies as a function of composition, temperature, magnetic field, and pressure can provide a detailed understanding of the various phases of these systems, the magnetic-crystallographic transformations and their origin.  For such detailed studies, the polarization analysis capability of HYSPEC will be an invaluable tool, since it is essential to establish the origin (magnetic or nuclear) of a large number of peaks observed in the elastic and inelastic neutron scattering studies of these materials. 
[image: image3]Such detailed studies, combined with first principle calculations, are essential for a fundamental understanding of the fascinating properties of these compounds (such as the magnetocaloric effect).  The proposed instrument at the high intensity SNS facility is the ideal tool for such detailed investigations.

2.2. Correlated Phases in Many-Electron Systems (I. Zaliznyak, J. Tranquada)
The ground states of many-electron systems with spin, orbital and/or charge/valence degeneracy often exhibit non-trivial arrangements of these degrees of freedom which lead to many fascinating physical properties. Recently much attention has been paid to exploring the charge and/or orbital-ordered phases in transition metal oxides such as the superconducting cuprates and magnetoresistive manganites.
 Understanding the nature and origin of these phases is of both fundamental importance and technological interest.  Neutron scattering is the most informative and least perturbing experimental way of providing information on the correlated structural distortions and/or magnetic correlations in the charge/orbital/spin-ordered phases. Among the unique features inherent to the neutron scattering approach is that it provides both good energy and wavevector resolution, which permits accurate discrimination between the static and dynamic correlations and allows separate characterization of the corresponding correlation ranges. Examples where this is of crucial importance are the recent observations of stripe liquid phases in the doped layered nickelates,
 incommensurate dynamical correlation in the cuprate superconductors
 and characterization of dynamical slow-down in the course of the spin-glass freezing transition in the half-doped cobaltate La1.5Sr0.5CoO4.
 Such capabilities would also provide an excellent opportunity for studying other diverse glassy and short-range-ordered systems and the glass transformations in both “hard” and “soft” condensed matter systems.
A spectrometer, optimized for studies of the short- and long-range static and dynamic correlations in single crystals should be designed to have both small elastic and a negligible inelastic background, a symmetric and well-reproduced resolution function (permitting a straightforward and reliable (de)convolution procedure) and have a polarization analysis capability to distinguish between structural and magnetic scattering. Equally important, it should provide complete and continuous coverage of a significant volume in the reciprocal space of the crystal with both energy and wavevector resolution easily adaptable to the type of the problem studied. Finally, it is essential that such an instrument be easily equipped with a variety of sample environments since definitive insight into the nature of many-electron correlated phases is often obtained by studying how they are affected by changes in external magnetic field, temperature, pressure, etc.  As it is evident from Section 3, the proposed HYSPEC spectrometer is designed to both provide superior performance and to address these concerns. 
2.3. Strongly Correlated Electrons 
2.3. New Challenges for Neutron Scattering (G. Lander, S. Nagler)

Strongly correlated electron systems, from heavy-Fermions to high-Tc and to compounds exhibiting giant magneto-resistance effects, has added a new class of materials to those with which we are familiar. Of crucial significance in these materials are the role of electron correlation energies and the interaction of the lattice with the spin degrees of freedom. Unlike the BCS superconductors in which vibrational degrees of freedom (the phonons) play a key role in mediating superconductivity, the new phenomena are classified as having a range of interactions, with the dominant one often difficult to identify.  

Neutron inelastic scattering is the single most important probe for unraveling the energetics and spatial dependencies of these interactions. At the same time, we have to be able to separate interactions that are electronic from those that are vibrational. This requires polarized neutrons, and very often polarization analysis. We may demonstrate the argument by invoking the pioneering work by Axe and Shirane
 on the vibrational spectra of Nb3Sn above and below Tc. These experiments, performed in the 1970s, used unpolarized neutrons. Because superconductivity in BCS materials are dominated by vibrational energies there has never been any doubt that the measurements were of phonons. However, if we think today of the superconductivity of UPd2Al3 or of high-Tc materials, that question is much harder to answer. In both UPd2Al3 
 and high-Tc materials
 full polarization analysis has proved of enormous value in separating the electronic and lattice effects. 
Another challenge to our understanding of the strongly correlated electron systems is presented by Ruthenates and other 4d and 5d based Ruddlesden-Popper and pyrochlore structures. The typical energy scales in these systems are a few meV, and they tend to show odd incommensurate fluctuations similar to those in high-Tc type materials, as well as quantum critical behavior in the doped materials. It would be very useful to study the fluctuations in these materials using fully polarized inelastic scattering. 
We need to continue to develop the technology of polarized beams and polarization analysis (PA), so that these experiments can extend over a wider range of energy than presently available and not be so demanding in terms of intensity. Very large crystals are presently required to map out excitations in full PA ,
 which means that the technique cannot be generally used. An instrument at the SNS will therefore open a completely new field of endeavor. Not just to be able to perform PA on selected excitations, but, more importantly, to construct S(Q,() maps of spin-flip and non-spin-flip intensity. 

Furthermore, efforts in three-dimensional polarization analysis, now done almost exclusively with the spherical neutron polarimeter at the ILL, can often make unambiguous identification of magnetic configurations
 and need to be implemented on a wider scale. Its extension into inelastic scattering is just beginning.
 Many surprises in our understanding of magnetism, and in defining precise interactions, will emerge with the use of polarized neutrons. 
2.4. High-Tc Superconductors and Advanced Polarization Analysis using TAS and TOF spectrometers (L.-P. Regnault)
Much of the present condensed matter research is devoted to understanding the physics of "strongly correlated electronic systems". This class of systems encompasses a large variety of physical situations: un-conventional "d-wave" superconductivity in high-Tc superconductors (LSCO, YBCO...) or spin-ladder cuprates (Sr14Cu42O41…), un-conventional "p-wave" superconductivity (Sr2RuO4, UGe2, CePd2Al2...), charge-ordered materials (NaV2O5, Sr14Cu24O41, LaNiO4+y...), spin-Peierls materials (CuGeO3, FeOCl, Pb[Cu(SO4)(OH)2]...), exotic spin dynamics in quantum-chain systems (J1-J2 systems, alternating chains, Haldane-gap chains, dimer systems, magnetization-plateau systems...), highly frustrated systems (kagome, J1-J2-J3 honeycomb, pyrochlore...), etc.

[image: image16.png]


The physics which is involved in all these systems may be understood from the competition of different degrees of freedom: spin, orbit, charge and lattice distortion. The understanding of mechanisms at the origin of exotic properties is only possible if one can determine accurately and unequivocally the wave vector and energy dependencies not only of the "standard" correlation functions (i.e. those coupling identical degrees of freedom : <spin-spin>, <orbit-orbit>, <displacement-displacement>...), but also the "hybrid" correlations functions coupling different degrees of freedom (<spin-orbit>, <spin-displacement>, <orbit-displacement>...). To our knowledge, the only way to solve this problem is to measure the magnetic-magnetic (MM), nuclear-nuclear (NN) and magnetic-nuclear (interference) terms using the inelastic polarized neutron scattering in conjunction with a powerful polarization analysis technique.

The best known polarization analysis technique is the so-called "longitudinal polarization analysis" (LPA) method invented a long time ago by Shull, Moon, Riste and Kohler.
 The LPA is invaluable to obtain separately the magnetic and structural contributions, or the various magnetic components at a given scattering vector. We have recently used the LPA on IN22 at ILL to determine directly the magnetic excitation spectrum in the high-Tc compound YBCO6.85 (Fig. 2.4)
 and in ladder material Sr14Cu24O41.
 The advantage of using a polarized beam versus an unpolarized one is clearly demonstrated in Fig. 2.4. The magnetic response is superposed onto a series of more or less well-controlled structural features (phonons, “braggons”, “spurions”...), which render the determination highly uncertain. The same scan performed with a polarized beam allows a very precise determination of the magnetic contributions (in particular the resonant peak at 41 meV and the IC dynamic correlations existing between 25 meV and 41 meV). The "normal" method would have consisted in performing constant-energy scans at different energies to determine both the signal and the background. 

Some years ago (in the early 80's), the LPA was successfully used on IN12 at ILL to demonstrate the relevance of soliton-type non-linear excitations in the quasi-1D antiferromagnet TMMC.
 In particular, the use of polarization analysis was fundamental to determine equivocally and separately the contribution S(((Q,(), directly related to the solitons, and S((Q,(), related to the inter-soliton spins, Fig. 2.5. With un-polarized neutrons, the method to separate both contributions would have consisted in measuring the Q-dependence of the response, which is problematic if one contribution is much smaller than the other. A recent example is measurement of the SF and NSF contributions in CuGeO3, a prototype spin-Peierls system, which allowed a spectacular determination of all the magnetic (bound states, continuum…) and phonon modes, and the double-gap structure of the magnetic excitation spectrum.
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The LPA method can be transposed to TOF machine. At least there is no conceptual interdiction, although the practical realization may not be simple. As important it has been, the LPA method is still a relatively "old" and "rustic" method. Indeed, LPA only recovers one part of the information. Because the incident polarization direction is selected by applying a magnetic field on the sample, only a single projection of the polarization vector after scattering can be determined. In the last decade an important effort has been made at ILL to develop a new polarization analysis technique, offering the possibility to measure all three components of the final neutron polarization (CRYOPAD concept).
 The "spherical neutron polarimetry" (SNP) is a new alternative to LPA. It has demonstrated strong capabilities in diffraction, in particular to resolve non-trivial magnetic structures.
 By accessing the "off-diagonal" components of the polarization tensor (i.e. Pxy,Pxz,Pyz...), the method allows, in principle, to determine the so-called "inelastic nuclear-magnetic interference" (INMI) terms.
 SNP is a very elegant but difficult method to measure very-small magnetic or structural inelastic contributions through their interferences with the strong ones. Although the method has not yet been demonstrated for INS, the SNP could bring new information for, e.g., the relevance of orbital correlations, "hidden-order", orbital currents in High-Tc cuprates or in heavy-fermion materials (URu2Si2, etc). This field of investigation is new for INS and almost all remains to be done. 

HYSPEC offers a unique opportunity to develop new polarization analysis techniques at a pulsed spallation source. Of course, a broad-band/broad-angle CRYOPAD adapted to TOF spectrometry has not yet been built (although there is a project and some ideas at ILL). On the other hand, the flexibility of HYSPEC associated with its "hybrid" nature, will make the "mono-detector/narrow beam" SNP method easily adaptable. 
2.4. New Transition Metal Oxides (M. Greven)

Transition metal oxides are highly complex materials with coupled charge, spin, and lattice degrees of freedom. These materials are at the frontier of condensed matter physics since they provide myriad possibilities to discover and study novel fundamental phenomena and phases, and because some of their properties, such as high-temperature superconductivity and colossal magnetoresistance, have potential applications in technology. The properties of these systems are generally found to be highly anomalous and have eluded a huge amount of effort over the last 15 years to describe them within the context of conventional theories. Thus they present a formidable challenge to develop new theoretical concepts toward a deeper understanding of the solid state. 
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Neutron scattering plays an invaluable role in materials science and condensed matter physics, as it provides essential structural and magnetic information about new phases of matter and the transitions between them. Such experiments often rely on timely access to sizable, high-quality samples. Over the past few years, we have built a lab at Stanford University to grow some of the most challenging cuprates and manganites for scattering experiments. The center pieces of our crystal growth are three optical floating-zone furnaces which have allowed us, for the first time, to grow sizable crystals of the quantum percolation system La2(Cu,Zn,Mg)O4,
 and the single-layer bismuth-based superconductor (Bi2201). A picture of an optimally doped Bi2201 sample with Tc of 36K is shown in Figure 2.6. 
A successful mapping of the antiferromagnetic fluctuations in Bi2201 and related transition metal oxides will be greatly facilitated by the superior neutron flux on the available realistic samples, such as shown in Figure 2.6, and polarized-neutron capabilities of HYSPEC. Quite generally, while the coupling between electrons and phonons is known to be the driving mechanism for Cooper-pair formation in conventional superconductors, its role in the high-Tc superconductors is the subject of intense research efforts.
 It appears likely that both structural and magnetic degrees of freedom give rise to the fascinating properties of these and related complex oxides, and polarized-neutron capabilities of HYSPEC will help greatly in separating out the two contributions in the relevant energy range.
2.5. Quantum Critical Points (R. Osborn)
A quantum critical point is a phase transition in which the temperature at which long-range order is established is suppressed to zero by quantum disorder.  This may be induced either externally, e.g. with the application of pressure or magnetic field, or internally through either compositional variations or by increasing disorder.  Close to a quantum critical point, the energy scale of critical fluctuations is determined by the temperature which leads to highly unusual scaling of the critical dynamics.  Universal scaling in (/T has been observed by inelastic neutron scattering in at least two systems believed to be close to quantum critical points, UCu5-xPdx and CeCu6-xAux.  Such experiments are challenging because they require measurements over a wide range of energies. Thus far, the most complete data have been obtained on time-of-flight spectrometers at both reactor and pulsed neutron sources.  However, the need for large samples has necessitated the use of systems in which quantum criticality is induced by sample non-stoichiometry rather than by an extreme sample environment.  Theoretically, it is important to reproduce this scaling behavior in high-quality single crystals that are stoichiometric so that atomic disorder can be discounted as a contributory factor.  For instance, the most reliable examples of quantum phase transitions are in systems such as CePd2Si2 and ZrZn2, occuring at pressures of 28 kbar and 21 kbar respectively.  There is also evidence that metamagnetic transitions in some heavy fermion compounds - commonly occurring in fields of greater than 10 T - may be associated with quantum phase transitions. An instrument with the ability to utilize versatile extreme sample environments, such as HYSPEC, will be especially valuable in investigating quantum phase transitions.  Also, the focusing properties of HYSPEC will be vitally important in view of limited sample sizes and volumes.
2.6. Geometrically Frustrated Magnets (J. Gardner)

The study of geometrically frustrated magnetic materials
 has over the past decade resulted in several influential pieces of work
 in the general area of model magnetism.  In these systems, the constraints put on the system by both the local structure and the magnetic interactions generally preclude the occurrence of a long range ordered magnetic state. The phenomenon known as geometric frustration is often displayed in materials containing antiferromagnetically coupled magnetic moments which reside on geometrical units, such as triangles and tetrahedra. The best known example occurs for the two dimensional triangular framework of unidirectional, classical, antiferromagnetically-coupled magnetic moments. In such a system, any two moments can align in a spin-up, spin-down arrangement but the third cannot satisfy both its nearest neighbours simultaneously. In three dimensions systems of corner-sharing tetrahedra, the situation is similar with at least two antiferromagnetic “bonds” frustrated at any one time. The only constraint on the ground state of such a system, is the vector sum of the spins on a frustrated unit (the triangle or tetrahedron) is zero.

In the search for the elusive spin liquid, chemists have synthesized some exotic, magnetically frustrated spin systems.  In particular, many new spin ½ systems have been prepared in the hunt for the Resonant Valence Bond state predicted by Anderson.
  One possible candidate was Sr2CaReO6,
 where the spin ½ Re ions are strongly coupled antiferromagnetically in the face centred cubic lattice. Another antiferromagnetically-coupled system of great interest lately is Tb2Ti2O7.  This co‑operative paramagnet does not order magnetically above 17 mK; that is the 5 B, Tb3+ moments continue to fluctuate even at this extremely low temperature. Recently however, we have shown that this system can be driven into a long range ordered state at ~2 K with the application of exceptionally high pressures (9 GPa). 
  

For over 5 years now, it has been known that a ferromagnetically-coupled system on a lattice of corner-sharing tetrahedra can also be frustrated. Several compounds enter a disordered magnetic state know as a Spin ice.
 In these materials (Ho2Ti2O7 and Dy2Ti2O7, for example) the crystal-field ground state of the rare-earth ion is an Ising-like doublet with magnetic moment ("spin") constrained to a local cubic <111> axis.  In the context of the cubic lattice symmetry, this constraint frustrates the dominant dipolar interactions in the system and leads to frozen, non-collinear, spin disorder below ~1K.  The spin ice state is analogous to the Pauling hydrogen disorder of water ice (H2O), with each spin equivalent to a hydrogen displacement vector situated on the mid-point of an oxygen-oxygen line of contact. It is a well-defined magnetic state, intermediate between the paramagnetic state and the much more complex disorder that occurs in spin glasses. 

Geometrically frustrated materials typically display diffuse scattering that extends over several Brillouin zones and low energy fluctuating spins. This often makes it difficult to distinguish between the magnetic scattering and the other forms of diffuse scattering.  For this reason alone HYSPEC, with its polarisation analysis capabilities will be indispensable to these studies at the SNS. However, it has many other desirable features.   The small signal associated with the spin half systems will benefit from the high flux as well as the polarisation capabilities. The large accessible sample space will allow us to study these systems under the extreme conditions (ultra low temperatures and high magnetic field) where unusual phase transitions have been observed.   

Finally, many new materials are being grown and will continue to be synthesised by chemists, and these samples are likely to be small due to their complicated chemistry. The high flux, polarisation analysis and the flexibility in this spectrometer will provide us with a very unique instrument for the study of these new magnetic materials.
2.7. Quantum Spin Systems (A. Zheludev)
Amazing progress has been made in the field of quantum low-dimensional magnetism in the past twenty years, almost entirely driven by inelastic neutron scattering experiments. The simplest fundamental model systems are by now very well understood. Today the challenge is to learn about more complex phenomena such as the effects of disorder and impurity substitution, spin-lattice interactions and one- and two-dimensional to three-dimensional crossover effects.

One example of a new research direction in quantum magnetism is the problem of random-exchange spin chains. Consider the case of a S=1/2 quantum spin chain with nearest-neighbor Heisenberg exchange interactions of random magnitude. In the simplest model, a given percentage x of the bonds are of magnitude J1, and the remaining (1-x) bonds correspond to a coupling strength J2, the strong and weak bonds being distributed randomly. For a fixed x the limiting cases are easy to understand. For J1<<J2 the chain breaks up into an ensemble of finite-sized clusters: dimers, trimers, tetramers, etc. Each cluster has a discrete excitation spectrum, that in a neutron experiment appears as a series of sharp excitations at well-defined energies. For J1=J2 the situation is entirely different. In a uniform spin chain such as this, the spectrum is an exotic continuum of states with no sharp excitations and a strong wave vector dependence. The question is: how does the spectrum look in the intermediate case of J1<~J2?

To date, the answer is not known, even theoretically. The main reason is that an experimental realization of a model suitable for inelastic neutron experiments has not been available until the recent preparation of the new model compound BaCu2(SixGe1-x)2O7.  Solid solutions with 0<x<1 are characterized by susceptibility curves that can be fitted to a Bonner-Fisher law with an intermediate value of J and are expected to be realizations of the S=1/2 random-exchange model. Inelastic neutron scattering experiments on BaCu2(SixGe1-x)2O7 single crystal samples are expected to provide unique insight into the role of disorder in quantum magnets.

Previous work on the x=1 system was carried out on thermal and cold triple-axis instruments at reactor sources as well as on the MARI time of flight instrument at ISIS. It is clear from these measurements that none of these instruments will be fully adequate for the study of the solid solution BaCu2(SixGe1-x)2O7 . First of all, the excitation bandwidth for x close to unity is expected to be of the order of 150 meV and using a spallation source instrument becomes mandatory if one wants to cover the relevant energy range. At the same time, the small sample size (the largest existing crystals of BaCu2SiGeO7 are about 4x4x10mm3) will require the ability to focus the incident beam to a small spot size; a major feature of HYSPEC.  Moreover, the weak and diffuse nature of continuum scattering requires a very low and well-controlled instrument background. Finally, to gain a detailed understanding of the spin dynamics, polarized neutron experiments will be needed.  All of these needs will be satisfied by the proposed HYSPEC instrument.
3. THE HYSPEC SPECTROMETER

In this section we describe conceptual design, operational principles and performance characteristics of the proposed instrument. A draft of the HYSPEC top-level specifications with detailed and more technical description of the spectrometer components and parameters is attached in Appendix C. 
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Our primary objective in formulating the design of the HYSPEC spectrometer was that it deliver the highest possible monochromatic flux to few-cm-sized samples over a broad range of thermal and sub-thermal neutron energies [5,90] meV. Additionally, we wanted to develop a design that would (i) minimize beam-related background such as that arising from sample environments, (ii) provide reasonably good (and easily adjustable) energy and scattering vector resolution ((E/E ~ 0.02 - 0.15; (Q/Q ~ 0.005 - 0.1), (iii) be readily adapted to polarization analysis, (iv) permit rapid alignment of samples and easy installation of specialized sample environments and (v) allow for straightforward, direct, on-line monitoring and analysis of incoming data. Ultimately these criteria led us to the direct geometry, hybrid concept shown schematically in Figure 3.1 and in a 3-D view on the cover. The instrument main design parameters are summarized in Table I. 

Table I. Instrument Parameters

	Moderator
	Coupled, 20K, supercritical H2

	Incident energy
	5 - 90 meV

	Energy resolution
	0.02 <(E/E <0.15 (for elastic scattering) depending on neutron energy and rotation rates of choppers

	Q resolution 
	(Q/Q ~ 0.005 - 0.1

	Primary flight path
	Guide with expander and compressor sections 20-25 m long

	Secondary flight path
	4.5 m

	Energy defining choppers
	Counter-rotating disk and Fermi choppers.  Maximum rotation rate 300Hz

	Frame-overlap/order suppressor choppers
	Disk choppers.  Maximum rotation rate 60 Hz

	Flux focusing crystal
	Segmeted, vertically curved PG and fluorinated mica.  Heusler for polarized beam

	Sample position
	1.8 m from crystal

	Beam size at sample (optimally focused)
	4 (w) x 2 (h) cm2

	Detectors
	188 2.5cm diameter position sensitive 3He tubes. Horizontal pixel resolution 20 min.  Vertical pixel resolution 20 min.  Horizontal array acceptance: 60°.  Vertical array acceptance: ±7.5°

	Sample environment
	Will accept all standard sample environment equipment


3.1 Primary spectrometer (Monochromator)
Incident neutron energy will be defined by the time of flight in the primary spectrometer. Reflection from the vertically curved monochromator crystal in most cases will only serve to focus the beam onto the sample. In addition, the monochromator will serve in place of the pulse-shaping chopper, cutting the unwanted high-energy tail of the spectral distribution of the incident neutrons, as shown in Figure 3.2.  The primary spectrometer is envisioned as consisting of a 20 to 25 meter long guide with a center section composed of 40 mm wide by 150 mm high, supermirror-coated, modules and with 40 mm wide expander sections at each end, Figure 3.1.  Whether the guide will be straight or slightly curved is still an open question that will ultimately be resolved by detailed shielding studies.  Placed at intervals along the guide would be three disk choppers; the T0 and frame-overlap choppers - rotating at either the source frequency or a sub-multiple, and a counter-rotating disk chopper pair, rotating at integral multiples of the source frequency. A rotating drum shield containing a vertically-focusing crystal, a beam stop (or, if a straight guide is used, a “get lost” pipe), a vertically tapered guide, a Fermi chopper and a Soller collimator will be placed at the guide’s downstream end.  Attached to the shield - and moving with it – would be a conventional sample rotation stage mounted on air pads, with a 2-axes goniometer capable of supporting large, off-center loads.  In such an arrangement, neutron energies are determined both by the beam exit angle (as defined by the crystal and the in-shield collimator), and by the phase of rotation of the counter-rotating chopper pair and/or the Fermi chopper relative to the source.  Apart from its energy defining function, the crystal - together with the section of vertically tapered supermirror guide in the drum shield – also has the important function of efficiently focusing the beam at the sample position.   


[image: image4]
Each chopper has a unique role in defining the monochromatic incident beam. The T0 chopper blocks the gamma rays and high energy neutrons emitted in the earliest part of the source pulse. The frame overlap chopper (T3) assures that unwanted, higher order (shorter wavelength) neutrons are removed. Also, its rotation rate can be reduced when necessary to block alternate source pulses in cases where the scattered energy spectrum is so broad that spectral overlap becomes a problem. In the main, medium-resolution, high-data-collection-rate mode of operation, the counter-rotating disk choppers T2 (together with the crystal) will define both the energy of the beam and the spectral and time width of the pulse at the sample position, the latter being the main factor in determining the energy resolution of the time-of-flight analyzing section.  In those cases where higher energy resolution is needed, it is envisioned that the time width of the sample pulse would be further reduced by the addition of a Fermi chopper (T4).  This chopper would have short, straight slots and a vertical axis of rotation and be located in the shield immediately upstream of the collimator. Like the counter-rotating disk choppers, it would rotate at integral multiples of the source frequency.

For the focusing crystal, we propose using (for non-polarized applications involving incident neutron energies of 5 meV and higher) individual pyrolytic graphite (PG) plates attached to a segmented GMI-type holder.  This arrangement will provide optimal vertical focusing over the entire 5-90 meV neutron energy range.  Because a relatively broad horizontal mosaic (probably 1.0 o) will be needed for optimum performance, we plan to use sets of three ZYA grade PG plates stacked with spacers to slightly offset the angles between them. This so-called “fanned arrangement” has been demonstrated to expand the horizontal mosaic but leaves the vertical mosaic (and thus the vertical focusing properties of the crystal) unchanged. At incident neutron energies below 5 meV, where high monochromator scattering angles hamper measurements because of the excessively tight resolution introduced by the PG crystal in a near backscattering geometry and space restrictions, we envision substituting an equivalent crystal composed of fanned plates of fluorinated synthetic mica.

3.2 Sample Stage
As emphasized in the Scientific Objectives Section, it is important for many of the areas of research for which HYSPEC is intended that specialized sample environments can be easily and quickly installed.  Because the collimation upstream and downstream of the sample will restrict the horizontal field of view of the detectors to the sample area alone, the HYSPEC sample axis will not have to be part of the instrument vacuum system as in other planned inelastic instruments.  Thus we expect to be able to employ conventional cryostats, magnets, furnaces, pressure cells, etc. without creating any significant, sample- environment-related background problems.  This is another unique feature of HYSPEC.

3.3 Secondary Spectrometer (Analyzer/Detector)

Scattered neutron energy analysis would be done by time-of-flight alone. We propose using a 4.5 meter radius array made up of 188 one-dimensional, position-sensitive, tube-type 3He detectors 2.5 cm in diameter and 1.28 meters long, centered at the sample position. A set of radial collimators (with horizontal angular acceptances of 20, 40, 60 and 80 minutes) interposed between the sample and detectors would restrict their horizontal field of view to the sample area alone.  Horizontal and vertical resolutions of an individual pixel are envisioned as being respectively 20 and 20 minutes of arc.  Additionally, the array would span a 60 degree arc horizontally and have a vertical acceptance of ± 7.5 degrees with respect to the scattering plane. It would be mounted on air pads on a “tanzboden” so that it could both move with the drum shield and be rotated about the sample axis to permit accurate positioning with respect to the monochromatic beam incident on the sample. The detector area would most likely be gas filled and located in a fixed, well shielded housing.

3.4 Polarization Analysis
One of the particularly attractive features of the HYSPEC concept is that it can quickly and easily be adapted to polarization analysis. All that is required is that the focusing crystal used for non-polarized studies be replaced by a crystal that both focuses and polarizes the monochromatic beam incident on the sample and that polarization analyzers be installed between the sample and detectors. The crystal we propose using for polarized applications and the selection of a polarization analyzer will be addressed in the paragraphs that follow.

3.4.1 The Polarizing Crystal

Polarizing crystals are crystals of ferromagnetic materials with low index Bragg peaks in which the nuclear and magnetic contributions to the coherent scattering add for one of the two neutron spin states and subtract and cancel for the other when the atomic magnetic moments are fully aligned by an external magnetic field.  Of those investigated to date, the consensus view is that the Heusler alloy crystal Cu2MnAl is the best choice in terms of both reflectivity and polarizing efficiency. Detailed studies - such as those made, for example, by A. Freund et al,
 have shown (i) that well annealed Cu2MnAl crystals have (111) Bragg reflecting efficiencies that can approach those expected for ideally imperfect crystals, (ii) that the polarization of the reflected neutrons is in excess of 95% in crystals in which the Mn moments are fully aligned in an external field produced by permanent magnets, and (iii) that there is no significant loss of polarization when individual crystal plates are mounted so as to form a cylindrically-curved, vertically-focusing array.    

We are aware that Cu2MnAl crystals, like all polarizing crystals, are not without problems. One is that the procurement of crystals of good quality has been difficult in the past. We have been advised, however, that they can now be obtained from the ILL. A second is that the nuclear and magnetic contributions to the (222) Bragg reflection are not well-matched and second order contamination of the reflected beam can significantly reduce the polarizing efficiency. Fortunately this is ruled out as a potential problem for HYSPEC because the upstream choppers will deliver a higher-order-free, monochromatic beam to the crystal. And third, there is the issue of parasitic Bragg reflections which are known to have a non-negligible impact on both the polarizing efficiency and reflectivity and are likely to impair performance at certain neutron energies. The time-honored way to side-step this difficulty is simply to chose a crystal orientation that gives optimal performance at the energy at which the spectrometer will most often be used, in this case 15 meV, and incorporate messages into the operating software that warn experimenters about operating at those incident neutron energies where the polarizing efficiency and/or reflectivity is significantly affected by parasitic reflections. Since this will somewhat limit experimental flexibility, it is our intention to explore the feasibility of fabricating the individual plates in the vertical focusing array from stacks of 0.5 mm thick wafers cut from Cu2MnAl single crystals. There are two potential advantages of this so-called “composite crystal” approach. One is that composite wafer stacks are not as spatially coherent as monolithic crystals; this reduces parasitic reflections. The other is that introducing mosaic into the wafers by single-axis deformation before they are bonded together creates a highly anisotropic mosaic that improves the reflectivity without impacting the vertical focusing.

3.4.2 The Polarization Analyzers 

Signal and background are typically of comparable intensity in polarization analysis measurements. Translated into practical terms, this means that definitive determination of the signal polarization will only be possible if both the polarizer and polarization analyzer have polarizing efficiencies in the 0.80–0.95 range. Heusler alloy polarizer crystals, which produce polarizations on the order of 0.90–0.95, easily meet this standard over the neutron energy range in which HYSPEC will operate. Because they are of comparable efficiency and are both well-tested and maintenance-free, our choice for analysis of the polarization of the scattered neutron beam is the supermirror-bender polarization analyzer. Reduced to essentials, this type of analyzer is nothing more than a short, curved multi-channel guide with magnetically-aligned, polarization-selective Fe-Si supermirror films on the channel walls. Because the angles of total reflection of the + and – spin states differ by more than a factor of three in such films, neutrons of one spin state tend to follow the curved channels while those of the other continue in their original direction. The incident beam is thus divided into divergent beams of opposite polarization. When the beam is well-collimated and the bender optimally curved and tilted, polarization analyzing efficiencies in the 0.80-0.95 range are easily achieved. Moreover, at sufficient analyzer-to-detector distances the two beams become spatially separated and both polarizations can be observed at the same time.
  

To make the most effective use of the extended angular acceptance of the HYSPEC detector array, an equivalent array of bender analyzers would need to be installed, each directly downstream of a 20 minute angular acceptance collimator. Like all such analyzers presently in use, we envision that the bender channels would be formed by single crystal Si wafers with surface coatings of Fe-Si supermirror film. For HYSPEC the wafers would be 0.25 mm thick, 5 cm long and 14 cm high. To perform optimally at 15 meV, they would be horizontally bent to a radius of about 5 meters. Packed in groups of 80 into 3 cm exterior width thin-walled aluminum alloy containers, the wafer packs would form 2 cm wide, 80 channel benders. Room temperature single crystal Si, it should be noted, is sufficiently transparent to neutrons in the energy range of interest that scattering and absorption losses would not exceed 10 percent. Permanent magnets would be used to align the Fe moments in the Fe-Si films. Assuming the closest possible packing of the containers along an arc 55 cm from the sample axis, 19 such bender analyzers could be positioned within the (60 degree horizontal and 15 degree vertical) solid angle subtended by the detector array. 
From the Monte Carlo (MC) simulation shown in Figure 3.3, it is evident that the spatial profiles of the two oppositely polarized beams would be completely separated at the detector bank 4.5 meters from the sample axis. It is also evident in the figure that the undeflected beam will spread over two (2.5 cm diameter) detectors and the oppositely polarized (somewhat wider) beam following the curved channels will fall on the adjacent 
[image: image5]three detectors. Considering that each bender analyzer unit would be centered on a group of 10 detectors, 50 percent of the detector array would be actively collecting data in this arrangement (which is very nearly optimum from the standpoint of maintaining adequate spatial separation of the beams from adjacent analyzers). Note that although each of the 19 analyzers is limited to a specific scattering angle, rotation of the detector bank around the sample axis will make it possible to cover - sequentially - the full scattered neutron angular range. No more than ten rotational steps of the detector would be needed to monitor both the flipped and unflipped spin intensities over the full 60 degree angular range covered by the detector array.  It is also clear from the Figure 3.3 that the flipping ratio measured in some detectors is higher than that in the others (in which the peak of the “wrong” polarization occurs). Therefore, if the signal is sufficiently strong, it is possible to enhance the polarization sensitivity by restricting the counting to the detectors with the highest flipping ratios. This is equivalent to tightening the beam collimation after the bender-polarizer, but could be done by the experiment analysis software without repeating the actual measurement. Such flexibility is another attractive feature of the supermirror-bender polarization analysis scheme proposed for HYSPEC.

Figure 3.4  shows a MC simulation of  bender analyzer performance over a range of energies on either side of 15 meV. From this it is evident that benders designed for optimum polarizing efficiency at 15 meV will operate with little loss of efficiency over an energy range extending from roughly 8 to 18 meV. A second set of essentially identical bender analyzers configured for optimum performance at 5 meV would cover the energy range from about 3 to 8 meV with about the same efficiency, making it possible to span  the entire scattered neutron range from 3 to 18 meV.  


[image: image6]Probably the most attractive feature of using bender analyzers in a time-of-flight energy analyzing system like HYSPEC’s is the capability of monitoring both scattered neutron spin states simultaneously over a relatively broad scattered neutron energy range. But there are other attractions as well: bender analyzers are extremely stable and, as noted above, once built require little or no attention and are completely maintenance free.  

3.5 Performance
Of the many special features of the instrument, the most important from the viewpoint of efficient use of source neutrons is the utilization of the superior focusing properties of curved crystals to concentrate the monochromatic flux on sample. To quantify the advantage of the HYSPEC concept in this respect, a number of MCSTAS, Monte-Carlo-based, flux-on-sample simulations were made to compare HYSPEC’s flux-on-sample with that of other proposed SNS inelastic instruments. As is evident in Figure 3.5, despite the finite reflectivity of the PG crystal, its superior focusing properties concentrate the monochromatic flux more effectively than converging guides over the greatest part of the energy range in which HYSPEC will operate.  For the moderate resolution, single crystal sample studies for which it is planned, the HYSPEC approach is markedly superior. 


[image: image7]
3.6 Moderator Choice

Monte Carlo simulations have also shown that to perform optimally over the incident neutron energy range of interest (5-90 meV), a spectrometer of this type needs to be located on a beamline served by a coupled, 20 K, supercritical H2 moderator. Because optimum performance requires that the monochromator and analyzer energy resolutions be reasonably well matched, the length of the monochromating section should not be much greater than 20 meters. It is also important that it ends at a place on the SNS experimental floor where there is sufficient space to accommodate both the rotating drum shield and the relatively extended time-of-flight analyzer and its associated shielding.  Extending the instrument to an outside building would lead to a detrimental mismatch between the monochromating and analyzing resolutions and a nearly two-fold reduction of monochromatic flux at the sample position.
3.7 Additional Advantages of the HYSPEC Concept
Apart from the features described above, HYSPEC has many other attractive properties:

• Incident neutron energy selection and analysis of scattered neutron energies would be primarily by time-of-flight; thus full advantage is taken of the pulsed beam.

• Only two components – the counter-rotating chopper pair and the Fermi chopper – 

would operate at high rotation speeds. Both would be of conventional design and  would operate well within the limits imposed by the tensile strengths of the available materials.

• Moving the sample out of the direct beam and placing shielding between it and the detectors is expected to reduce beam-related background to a minimum.

• Near-forward sample scattering will be accessible to investigation. 

• Depending on the type of measurement, the spectrometer operation could be optimized for either a wide angular acceptance or a selected Q-range.

• Apart from its focusing properties, the crystal also has the important effect of substantially reducing the (source produced) spectral asymmetry of the beam incident on the sample:  the energy resolution function will be more symmetrical than on other instruments on coupled moderators.

• A relatively wide primary beam (4 cm) will be available thus making it possible to fully illuminate large as well as small samples. 

• A broad and continuous range of incident neutron energies (5(Ei(90 meV) will be accessible without order contamination. 

• Energy resolution can be incrementally varied simply by changing the rotation rate of the counter-rotating and /or Fermi choppers.

• By changing the collimation of the incident monochromatic beam or the angular acceptance at the analyzer (or both) the longitudinal Q-resolution can easily be varied. 

• Various kinds of monochromating crystals with a variety of focussing options could be employed such as, for example, two-dimensional focussing, asymmetrically-cut, perfect crystal focussing, etc.

3.8 Future Considerations

Yet to be addressed in detail are two design issues. The first and most important relates to keeping the background to a minimum: a choice will have to be made between a curved guide with a beam stop inside the monochromator drum shield and a straight guide with a “get-lost” pipe with the beam stop a considerable distance from the data collecting area.  The second issue is purely mechanical: the large (and heavy) analyzer of the spectrometer will have to be rigidly coupled to the large (and heavy) monochromator drum shield and move with it when the incident energy is changed. Additionally, the detector array will have to rotate in a precise and reproducible fashion about the sample axis. This, however, does not seem to pose any conceptual difficulty, as similar task is successfully accomplished in the design of several existing modern neutron spectrometers, such as FOCUS at Swiss Spallation Neutron Source SINQ, or a Spin-Echo machine recently commissioned at NIST Center for Neutron Research. There is also a location constraint: because the proposed secondary flight-path is sufficiently long (nominally 4.5 m), and in addition the sample axis is offset from the primary beam (1.8 m), the combined drum shield, analyzer and associated analyzer shielding will require an ample amount of space on the experimental floor and limit the choice of beam lines.

4. INSTRUMENT DEVELOPMENT TEAM

4.1 Membership and composition

The HYSPEC Instrument Development Team was formed following the Workshop on the Hybrid Spectrometer for the SNS held at BNL in October of 2001. Most of the IDT members participated in the workshop and have subsequently contributed to developing the HYSPEC science case, as well as to the technical issues, presented in this proposal. The IDT membership is open to qualified applicants upon a 2/3 majority vote of the Executive Committee. 

The members of the IDT come from a variety of national and international universities and laboratories and are listed below. All have a common interest in the investigation of low energy, atomic-scale dynamical properties of crystalline solids. The IDT includes many senior members of the condensed matter community with well-established scientific credentials such as Tranquada, Lander, Shirane, Rhyne, etc. who expect to use HYSPEC to continue their research programs. The IDT also includes younger faculty members such as Lee, Greven, Kiryukin, Hirota who are still in the process of building their scientific programs and intend to use HYSPEC as one of their main research tools. Other members of the IDT have particular areas of expertise, which are vital to the project.  For example, Majkrzak and Regnault are leading experts in polarized neutron beams; the Ames group (Stassis) has extensive experience in building large mechanical structures; and LANL (Daemen) is a leader in Monte Carlo simulations and has extensive experience in software development.  
4.2 Organization and mission
The efforts of the Instrument Development Team are coordinated by the Executive Committee, which is headed by the Principal Investigators, S. Shapiro and I. Zaliznyak. It is expected that the membership in the Executive Committee will evolve as the project progresses. As is illustrated in the schematic organizational structure presented in Fig.5.1, the PI’s and the Executive Committee closely interact with the SNS Instrument Systems Group and report to the DOE BES. SNS Instrument Scientist, D. Abernathy, currently serves as a liaison between the IDT Executive Committee and the SNS Instrument Systems Group. Based upon its expertise, the IDT provides input to the instrument design, engineering, construction and scientific program through the work of the various Topical Advisory Teams (TAT) with experience in polarized beams, detector technology, software, etc. These TAT’s are coordinated by the Executive Committee. The IDT’s ultimate mission is to ensure that the world’s best state of the art instrument is built and commissioned at the SNS and will produce world class science.
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5. PROJECT MANAGEMENT PLAN

A schematic of the proposed project organizational structure is presented in Figure 5.1. We propose that the project is directed by the HYSPEC Executive Committee headed by the Principal Investigators in close coordination with the SNS Instrument Systems Group. The PI’s, on behalf of the IDT Executive Committee, will interact closely with the SNS Experimental Facilities Division and report to the DOE BES. They will also interact with the SNS to establish the framework for the practical implementation of the project which will be documented in the form of the HYSPEC Top Level Specifications (TLS). The draft version of the TLS is attached in Appendix C. The final working version will be negotiated, agreed, and co-signed by the SNS and the HYSPEC IDT management. 
In the proposed plan the Center for Neutron Science (CNS) at Brookhaven National Laboratory continues to play a central role in the HYSPEC project. This is natural in view of the role it has played in designing and developing the spectrometer and also benefits BNL’s Neutron Scattering Group. We believe that such a role also benefits the national neutron effort by diversifying the DOE’s neutron instrumentation capabilities. At the same time we understand that a final decision on the structure of the Management Plan remains to be made. 
In our plan the HYSPEC Instrument Scientist (FTE) and a Project Engineer (FTE) would be subcontracted to the BNL Center for Neutron Science in a manner consistent with the DOE BES policy concerning the SNS Instrument Construction Projects. They will be responsible for the project oversight and day-to-day operations as a project manager and an assistant project manager, respectively. They will work with the component teams of the SNS Instrument Systems Group and under the supervision of the IDT Executive Committee, and will report to the HYSPEC PI’s. An additional workforce at BNL in the form of the postdoctoral research associates and/or the part-time assistants will be funded as necessary for the instrument design and engineering studies, software development, scientific program development, etc. Engineering and technical resources of the SNS Instrument Team at Argonne National Laboratory and SNS/ORNL will be subcontracted as needed for the design, engineering, fabrication and installation of the instrument components and consistent with the DOE policy. 

[image: image8]The project management responsibilities will include (i) preparing the detailed design specifications of the instrument systems and components following the IDT guidance and in compliance with the TLS; (ii) preparing the detailed budget estimates, asking for bids, and negotiating with the subcontractors for the outsourced components; (iii) working with the SNS to oversee the in-house fabricated components subcontracted to the SNS Instrument Systems Group and closely coordinate the purchase orders for the externally outsourced components to maximize the economy of scale wherever possible; (iv) overseeing the installation and integration of the instrument systems; (v) directing the software development; (v) participating in the instrument commissioning and user scientific program development. The Instrument Scientist will also interact with the DOE BES and the SNS to report on significant developments and issues, and to fulfill the general reporting and other requirements appropriate for a construction project.
6. ESTIMATED BUDGET AND TIME SCALE
The HYSPEC cost summary is shown in Table II, a detailed budget estimate and funding profile are presented in Appendix D. The budget was estimated after consultations with the SNS Instrument Systems Team and using the SEQUOIA
 and ARCS
 proposed budgets as guidelines for items which would be common to HYSPEC, such as shielding, detectors, choppers, etc. There has been minimal engineering input for HYSPEC so far, which will be vital to firm up these costs. Therefore, this budget is preliminary and will be modified after more detailed engineering and design studies are undertaken. To this end, we are initially asking for $130K in FY03 and $400K in FY04 to hire a project engineer and a project scientist who would direct the essential engineering that is needed for a Conceptual Design Report (CD1).  

The HYSPEC estimated cost is $15,750K in FY03 dollars, including burden and contingency. Escalated to as spent dollars, the cost would be $18,239K at end of project. This covers construction of an optimized instrument located within the experimental hall. However there is concern expressed by the SNS Instrument Systems Team leader that the siting of HYSPEC will interfere with neighboring beam lines, which have not yet been allocated. One possibility is to locate HYSPEC in a separate building outside of the experimental hall. This will result in additional costs due to the building and the extra guides and shielding that will be needed. A rough estimate is $3M for the building and an additional $1.25M for the guides and shielding. The IDT is concerned, however, that extending the instrument will severely compromise its performance: at a fixed analyzer resolution an increase in the primary flight-path results in roughly proportional decrease in the flux-on-sample; calculations are underway to establish the performance of such an extended instrument more precisely (see also Appendix C).
The profile given in Table II is five years from the onset of funding based upon estimates for ARCS and SEQUOIA. However, because of the limited engineering studies that have been performed it is likely that the funding profile would be extended to 6 or 7 years to allow for the initial engineering studies. It will also be necessary to discuss with SNS the practical timing of spectrometer installation.
The budget includes a substantial funding, 200k$ per year, for scientific program development. This is necessary not only to ensure that the HYSPEC IDT remains at the forefront of neutron research but also that new opportunities provided by the SNS and the HYSPEC spectrometer are developed and utilized to the fullest extent. It is also needed to ensure that the young scientists who will form the core of the future user community have opportunities for appropriate scientific development. The scientific program will be developed under the supervision of the IDT members. This funding will be used to hire postdoctoral fellows who will participate in spectrometer development and will be involved in research using existing chopper spectrometers around the world, to pay for travel and sample preparation for the experiments, etc. 

Finally, there have been recent communications between the  co-PI (Shapiro) and the French IDT member, L.P. Regnault, who has stated that the French Atomic Energy Commission (CEA) is considering a possibility of  participating in HYSPEC project by providing some funds for it. Obviously, we are vigorously pursuing this.

Table II. HYSPEC Estimated Cost and Funding Profile
	 
	 
	FY03 Cost Estimate
	At Year Funding Required
	 

	 
	ITEM
	
	 FY03
	 FY04
	FY05
	FY06
	 FY07
	 FY08
	Total 

	Technical Construction
	
	
	
	
	
	
	
	 

	 
	Primary Flight Path
	                 3,300 
	0 
	0 
	1,603 
	1,930 
	0 
	0 
	3,533 

	 
	Monochromator Section
	                 2,560 
	0 
	0 
	380 
	2,385 
	0 
	0 
	2,765 

	 
	Sample Stage
	                    350 
	0 
	0 
	158 
	108 
	111 
	0 
	378 

	 
	Detector System
	                 3,440 
	0 
	0 
	717 
	2,993 
	0 
	0 
	3,710 

	 
	Data Collection System
	                    400 
	0 
	256 
	0 
	11 
	11 
	148 
	426 

	 
	Installation Labor
	                 1,400 
	0 
	0 
	0 
	0 
	445 
	1,140 
	1,585 

	 
	Technical Construction Total  
	               11,450 
	0 
	256 
	2,858 
	7,427 
	567 
	1,288 
	12,398 

	 
	
	
	
	
	
	
	
	
	

	Project Management & Engineering 
	
	
	
	
	
	
	
	

	 
	Project Management
	                    800 
	0 
	164 
	169 
	173 
	178 
	182 
	867 

	 
	Engineering & Design
	                 2,500 
	405 
	513 
	522 
	537 
	384 
	296 
	2,657 

	 
	Proj. Mgt & Engrg. Total
	                 3,300 
	380 
	615 
	628 
	645 
	940 
	1,551 
	4,758 

	 
	
	
	
	
	
	
	
	
	 

	Project TEC
	               14,750 
	380 
	871 
	3,486 
	8,072 
	1,507 
	2,839 
	17,156 

	 
	
	
	
	
	
	
	
	
	 

	Other Costs
	                 1,000 
	0 
	205 
	211 
	217 
	222 
	228 
	1,083 

	 
	
	
	
	
	
	
	
	
	 

	Total Project Cost (TPC)
	 15,750
	 
	 
	 
	 
	 
	 
	18,239 
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[image: image10.png]alarge number of analytical techniques in common use in chemistry. such as optical
spectroscopy, nuclear magnetic resonance, electron spin resonance, and gas
chromatography/mass spectroscopy. For example, the ability to simultaneously measure
diffusion using magnetic resonance techniques and quasielastic neutron scattering would
provide for an unprecedented ability o measure diffusion over many orders of magnitude
on the same sample.

The most logical way forward for the development of such multiple probe techniques
is to develop the concept of a “sample environment module™ which can be assembled
with the desirable options and samples. This would be done outside of the instrument
leading to greater control and reproducibility, and more importantly avoid the
considerable waste of beam time which oceurs during sample “preparation” (¢ . cooling
heating. irradiation with lasers etc.). This is likely to be a major issue with some of the

faster instruments envisaged for the SNS.

Forall three types of scattering the abilities 10 o to pressures of 0.1 Gpa was
considered useful, as was continuous and pulsed (~ 10Hz) magnetic fields (i e, fields as
high as possible, but consistent with the need for an acceptable count-rate). Furnaces
capable of providing sample temperatures for measurements up to 2000K are also
desirable, in addition to the more conventional cryogenic equipment capable of going
down to about K. For quasielastic scattering, a shear cell will provide the novel ability
to measure transport properties as a function of shear

Finally, the issue of small samples needs to be addressed using neutron optical
elements to focus the beam onto small volumes. 1t is also desirable to provide a polarized
neutron option, in order to discriminate between coherent and incoherent scattering from
complex materials.

1L Summary and Recommendations

After the breakout sessions of the three working groups, a general discussion
session was convened to discuss the overall needs for inelastic scattering instrumentation
atthe SNS. The various science-based eriteria were evaluated in the light of the likely
capabilities of different types of neutron spectrometer designs (e.g.. direct geometry and
inverse geometry instruments). This discussion led to consideration of the 10 instruments
listed in Table |

The SNS project currently has three ongoing or planned design studies for new
spectroscopy instruments for “day-one™ operation of the SNS. These are listed in Table |
section A On the basis of the scientific requirements articulated by the working aroups,
these three instruments are desirable to address a wide variety of scientific problems
After further discussion it was decided that a total of seven instruments, those listed in
Table I1-A and 1-B, should be studied as potential “day-one” instruments.

The three remaining instruments (Table I-C) are not being recommended for
further study at this time. The spin-echo spectrometer is desirable for a wide variety of
scientific applications but there i the prospect that a SNS-Julich/HMI collaboration will
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Appendix C.
HYSPEC Top Level Specifications.

This document defines “top-level” requirements for all components of the hybrid spectrometer, HYSPEC, planned for installation on beamline 15 (BL15) of the Spallation Neutron Source (SNS) that is now under construction at Oak Ridge National Laboratory. All HYSPEC components, whether designed by the Instrument Development Team (IDT), members of the SNS staff, or by third party manufacturers, are expected to comply with these requirements. It becomes effective only if signed by all of the parties whose names appear below. Changes and additions (or deletions) can be initiated by any of the signatories (or their replacements) at which time a revised document must be prepared with all modified sections identified as such.  They become effective only after all parties sign the revised document.  Whenever revisions are made, the earlier document is to be retained as part of the IDT record.
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Date ………...

SNS EFD Head:

I. Anderson
…………….…………….,
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Requirements for HYSPEC.(1)
1. Instrument footprint and placement on the floor.

HYSPEC shall be placed at the end position of the SNS beam-line illuminated by a coupled, supercritical H2 moderator. Sufficient floor space must be available at this position to accommodate the instrument’s secondary spectrometer for all incident energies and sample scattering angles specified in sections 3 and 5 below. The greater part of the instrument footprint will be a 6.3 m radius semi-circle, on one side of the beam-line or the other. It will be centered at the monochromator position, at a distance LSM of about 20 to 25 m from the moderator face; nominal moderator-to-monochromator distance LSM = 20000 mm is used in this document. It is assumed that this semi-circular footprint shall be entirely inside the SNS experimental hall. A combined “get-lost” pipe and beam-stop – if they prove to be necessary – may extend outside the building. 

It is currently envisioned that HYSPEC will be located on BL15, behind a shorter instrument served by an ambient water moderator on BL16A. Should SNS Instrument Team judge that spectrometer footprint cannot be accommodated on BL15 in accordance with the above requirements a mutually acceptable alternative shall be negotiated between the HYSPEC IDT and the SNS. The possible alternatives, in the IDT order of preference, are: (i) HYSPEC reassignment to another beam-line served by a coupled, super-critical H2 moderator, such as BL14B; (ii) slight modification of the instrument design by reducing the secondary flight-path: the energy resolution is relaxed proportionally, but the footprint is reduced also; this, however, may also impact the polarization sensitivity; (iii) complete re-design of the instrument secondary spectrometer so that the longest secondary flight-path available for each scattering angle is used, as a result the footprint becomes elongated and “pear-shaped”; (iv) extending the spectrometer primary flight-path to a building outside the SNS experimental hall; at a given analyzer resolution this reduces the incident neutron flux in proportion to the length of the primary spectrometer, and, while being more expensive, is somewhat equivalent to reducing the secondary flight-path.
2. Primary flight-path system
2.1 Neutron guide system

The incident neutron guide system is to be composed of three super-mirror guide sections, G1-G3, all with top and bottom coatings with critical angles of 3(Nic and with side coatings with the largest practical critical angle larger than 3(Nic. G1 is to be integrated into the primary shutter. So located, its upstream end with an internal aperture of w0 x h0 = 40 mm x 128 mm will be at a distance L0 = 2000 mm from the front face of the coupled, supercritical H2 moderator. Gaps of the smallest possible size are to be provided in the guide system to accommodate shutter, choppers and (if necessary) a beam filter assembly. G2 and G3, the sections external to the biological shield, are to be steel-jacketed. All guide sections shall be 40 mm wide; their internal vertical profiles will be chosen to optimize the neutron current illuminating the 240 mm tall, vertically-focusing monochromator crystal that will be located downstream of G3 at a distance of LSM = 20000 mm from the front face of the moderator. Optimization is to be achieved at a reference incident neutron energy Ei = 15 meV. Existing Monte-Carlo simulations indicate that the optimum guide dimensions are: 

	Guide section
	Length
	Entrance size, w x h
	Exit size, w x h

	G1
	5000 mm
	40 mm x 128 mm
	40 mm x 150 mm

	G2
	11000 mm
	40 mm x 150 mm
	40 mm x 150 mm

	G3
	2000 mm
	40 mm x 150 mm
	40 mm x 180 mm


These dimensions will be further refined as design work proceeds, however, and might, at a later stage, differ slightly from the above values. 

The guide support system should be designed to allow easy alignment of the individual guide segments (both vertically and laterally) with positional precision better than 0.5 mm and angular precision better than 1 minute of arc. 

To the extent feasible, the primary flight path sections should be either evacuated or filled with 4He gas to minimize air scattering losses. 

2.2 Beam line shielding

Beam line shielding shall consist of a stationary bottom piece carrying the guide support and alignment systems and removable modular pieces on the sides and top. The removable shielding is to be designed so as to: (i) minimize the space immediately surrounding the guide system (as specified in section 2.1) that is not filled with shielding material; (ii) minimize the total thickness and weight of the modular shielding and (iii) provide rapid and convenient access to the choppers and (if installed) filters for maintenance and, if necessary, for their removal. Shielding shall be composite and contain materials needed both to slow down and absorb neutrons and to absorb the prompt gamma radiation. Radiation dose rates and background outside the beam line shielding shall be as low as reasonably achievable (ALARA); less than 5 mR/hr and in compliance with the limits established by the SNS. 

2.3 Shutter

The primary beam shutter for the instrument shall be the SNS shutter inside the biological shield. When closed it must reduce the radiation incident on the choppers and monochromator crystal sufficiently to allow them to be removed for repairs while the SNS is operating at full power and also reduce the radiation level at the sample position to less than 5 mR/hr. The G1 section of guide is to be built into the “open” channel of the shutter, as specified in section 2.1. Shutter position shall be controlled by a single switch interlocked to form a radiation exclusion zone details of which are to be specified by SNS. A clearly visible sign will show the shutter position; this information shall also be available to the instrument control computer. Shutter opening and closing times are to be less than 30 sec. 

2.4 Filters

If MCNP-X based neutronics calculations indicate that single crystal beam filters can significantly reduce fast neutron beam contamination, a three-position filter exchanger is to be positioned immediately downstream of the in-shield shutter. The filters are to be large enough in their lateral dimensions to intercept the full beam as specified in section 2.1.  Each filter shall have the same supermirror coatings and shielding as the G1 guide so that neutrons must either pass through the filter or be absorbed in the surrounding shielding. A refrigerator system should be provided to cool the filters to 77 K (or colder) and maintain them at that temperature even when fully illuminated by the neutron beam. Filter transmission better that 60% for neutrons throughout the energy range 5<Ei<90 meV is defined as being acceptable. Filter changes are to be effectuated from the instrument control computer.  The filter choices shall be:

2.4.1 None: An open channel with lateral dimensions that accommodate the full beam as specified in 2.1.
2.4.2 Sapphire: Single crystal sapphire grade B4 or better with a beam path length of 100 mm (available from Crystal Systems Inc.). The orientation of the single crystal material is to be uniform throughout the filter to within 10 degrees. However, the average crystal orientation with respect to the beam direction is unimportant and should be chosen to minimize cost. 
2.4.3 PG: Pyrolytic graphite grade ZYH with a total beam path length of 100 mm (available from Advanced Ceramics). The c-axes of the individual crystal plates must be aligned to within 2 degrees of the local beam axis. 

3. Monochromating system
3.1 General principle
Incident neutron energy selection in HYSPEC shall be defined by the combined effects of time-of-flight (TOF) along the primary flight-path and Bragg reflection from the monochromator crystal. TOF energy selection relies on restricting the burst time τ0; i.e. the time interval during which the sample is illuminated by the incident neutron beam. A counter-rotating disc chopper pair, T2, positioned as close as possible to the upstream face of the monochromator crystal is to be used to define burst times τ0 > 50 μs. An additional “rotating collimator”-type Fermi- chopper, T3, operating at high rotation speeds shall be used in those cases where shorter burst times are needed. It is to be placed at the downstream end of the converging supermirror guide G4 between the monochromator crystal and the sample, as described in section 3.5. 

Crystal monochromator with variable vertical curvature shall serve to vertically focus the 240 mm tall neutron beam delivered by the guide system onto a sample placed in the beam center at a distance LMS from the monochromator rotation axis. The crystals will also serve as pulse-shapers, cutting off much of the unwanted higher-energy tail from the spectral distribution of neutrons produced by the moderator. Pyrolytic graphite crystals will be used for most unpolarized beam applications although in certain cases where very low incident neutron energies are needed fluorinated synthetic mica crystals may be employed. For polarized beam studies, a vertically-focusing Heusler alloy crystal monochromator will be used to provide polarized monochromatic neutrons incident on the sample.  The monochromator crystals  shall be mounted in fixtures such that they can be remotely aligned and also remotely rotated around a vertical axis to define the “take-off” angles needed to Bragg reflect neutrons with energies in the nominal range 2.5<Ei<100 meV. 

A sample position arm rotating around the monochromating crystal shall connect the monochromator axis and the sample stage with its alignment and rotation axes. The arm shall hold a converging super-mirror guide, a Fermi chopper, a collimator, an incident beam monitor, beam defining slits, beam attenuators (including a beam shutter), and a polarized beam equipment such as a guide field and flipper for polarized applications. It shall be rigidly attached to the rotating exit aperture in the monochromator crystal shielding in such a way that the sample is always at the center of the monochromatic neutron beam reflected by the crystal. The converging super-mirror guide, Fermi-chopper and collimator are all to be contained within the monochromator shielding. Distances from the monochromator to the sample, LMS, and to the upstream counter-rotating chopper pair, LT1M, should be minimized while maintaining all other specifications.  In normal operation the nominal value for LMS is assumed to be 1800 mm.
3.2 Disk choppers

Three disk choppers designated T0, T1 and T2 rotating about their horizontal axes at a multiple or sub-multiple of the source frequency and kept very precisely in phase with the source shall be installed in the primary flight-path. All should fit as tightly within the gaps between guide sections as possible, housed in SNS approved, blast-proof housings, and should have neutron-transparent windows which, as the chopper rotate, provide time-dependent and uniform vertical illumination of the full downstream guide apertures as specified in section 2.1. Beam transmission should be at least 98% in the chopper “open” positions for neutrons with energies in the range 2.5<Ei<100 meV; a minimum beam attenuation of 10-5 in the chopper “closed” position is defined as being acceptable. To the extent feasible, chopper modules shall be based on the standard designs developed by the SNS Instrument Systems Group. Because choppers are significant sources of scattering, additional modular shielding is to be placed around the beam-line at each chopper position to reduce radiation leakage to acceptable levels as specified in section 2.2.

3.2.1 T0 chopper: A chopper with a highest rotation rate of 120 Hz and a lowest rotation rate 30 Hz made of a material that efficiently blocks fast neutrons and gamma-rays from the moderator is to be placed as close as possible to the moderator shielding face or possibly inside it. This chopper must block prompt fast neutrons and gamma rays but be open to neutrons in the energy range 2.5<Ei<100 meV. Also its “open” channel should be supermirror-coated and of the same lateral dimensions specified in section 2.1 for the surrounding guide so that the downstream guide is fully illuminated when the chopper is open.
3.2.2 T1, the order-suppressing and frame-overlap chopper: This chopper is to be a 300 mm radius, single rotor disc chopper with a highest rotation rate of 240 Hz and a lowest rate of 30 Hz. It shall be located either between guide sections G1 and G2, or in a gap in G2.  The chopper should be designed to remove all unwanted higher-order neutrons that could otherwise pass through the T2 chopper (when operating at high rotation speeds) and be reflected by the monochromator crystal. In cases where frame overlap contamination becomes a problem either this chopper or the T0 chopper (or both) should be capable of being operated at half the source frequency (30 Hz) to block alternate pulses from the moderator. 
3.2.3 T2, the energy-defining chopper: This is a double-rotor chopper composed of a pair of the counter-rotating 300 mm radius disk choppers with a highest operational rotation rate of 360 Hz. It should be placed as close as practical to the front face of the monochromator crystal, either between guide sections G2 and G3 or in a gap in guide G3.
3.3 Monochromator crystal assemblies

HYSPEC shall have two or more vertically focusing, segmented crystal monochromators mounted on a remotely-controlled exchanger; one shall be of pyrolytic graphite (PG) and one of Heusler alloy. Optional additional monochromator crystals based on intercalated PG, synthetic mica, silicon or germanium will be specified at a later stage. Their design is to be based on standard GMI-type segmented frames with a single-motor-driven mechanism to vary vertical curvature. Individual crystal segments shall be attached to aluminum alloy plates of the minimum practical thickness using aluminum screws or pins.  All monochromator crystal assemblies should be of dimensions wm x hm = 240 mm x 240 mm so as to accommodate the full size of the neutron beam exiting guide G3 for all scattering angles 20º < 2(m < 120º. All parts of the monochromator frame and its support and crystal exchange mechanisms and such other components as a magnetic yoke to provide the field needed to saturate the Heusler crystals are to be covered with a neutron-absorbing material such as B4C and/or LiF. It should be possible to remove either or both monochromating crystal assemblies from the instrument for service while the SNS is in full power operation. A web camera with appropriate lighting shall be provided to enable remote viewing of the monochromators for diagnostic purposes when they are moved.

3.3.1 PG monochromator: shall be assembled of 3x60 = 180 individual rectangular plates of ZYA grade pyrolytic graphite (from Advanced Ceramics or another vendor) with an isotropic intrinsic (x-ray) mosaic spread with a full width at half maximum (FWHM) of 25(5) minutes of arc. The plates shall be 1 mm thick and have lateral dimensions w x h = 80 mm x 12 mm. The plates shall be attached to the holder in sets of three and stacked with aluminum spacers to slightly offset the angles between them, so that the effective horizontal mosaic FWHM of the array is 60(6) minutes. Voids between the adjacent plates shall not exceed 0.5 mm.
3.3.2 Heusler alloy monochromator: An array of precisely aligned Cu2MnAl crystals (well annealed so that the (111) Bragg reflectivity approaches that expected for ideally imperfect crystals) is to be mounted on a standard frame as described in section 3.1. The Mn moments in the crystals are to be fully aligned by an external magnetic field produced by permanent magnets co-mounted with the frame. A polarization efficiency better than 95% and reflectivity better than 50% for polarized neutrons at a reference energy Ei = 15 meV are defined as being acceptable. This monochromator assembly is to be procured from a vendor such as ILL or ORNL with a demonstrated ability to produce Heusler crystals of good performance. 

3.3.3 Optional additional monochromators: A set of potassium-intercalated PG or synthetic mica crystals, whichever is more practical, is to be mounted on a standard GMI frame for very low-neutron-energy applications. Also to be considered as a possible future option is a high-wave-vector-resolution and/or perfect crystal focusing arrangement based on silicon or germanium crystals. 
3.4 Monochromator exchanger 

This device shall enable computer-controlled remote selection of one or the other of two crystal monochromator assemblies. Monochromator exchange is to take less than 1 minute. During typical operation exchange might occur as often as once a week. The exchanger should be designed so that either of the monochromators can be removed from the incident beam for service while the SNS is operating at full power.

3.5 Monochromator-to-sample supermirror guide

A vertically-tapered, vertically-converging supermirror guide, G4, with a supermirror coating of the largest practical critical angle larger than 3(Nic  shall be located on the sample arm between the monochromator and sample. It should extend from as close to the monochromator as possible to within 400 mm of the sample. It shall be 40 mm wide; the inside height as a function of the distance, x, from the sample shall be given by
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where hs=40 mm is the nominal sample height, hm= 240 mm is the monochromator height and LMS = 1800 mm is the nominal monochromator to sample distance. G4 shall be split into three sections, G4a, G4b, and G4c, all mounted on the sample arm as described in section 3.1. A computer-controlled exchanger should permit remote replacement of the 150 mm long middle section G4b by a Fermi-chopper module as specified in section 3.6. Additionally there should be a computer-controlled exchanger permitting remote replacement of the 150 mm long G4c section (the closest to the sample) by one of a set of Soller collimators as specified in section 3.7. The guide sections shall be either evacuated or filled with 4He gas, wherever this will significantly reduce beam air scattering.

Each guide segment shall be centered and aligned with respect to a horizontal reference line connecting the sample rotation axis to the monochromator rotation axis. Centering should be accurate to within 0.5 mm and alignment accurate to better than 1 minute of arc. All guide segments inside the monochromator drum are to be tightly embedded in the shielding. Materials that are illuminated by the monochromator and visible from the sample position should have the smallest possible incoherent scattering cross section.

3.6 Fermi-chopper

For high resolution applications, a computer-controlled exchanger shall replace guide section G4b with a module of matching size containing a Fermi-chopper, T3, designed to reduce the sample illumination times to 10 μs < τ0 < 50 μs.  Because this chopper is not intended to be energy-selective it should have short, straight slots and rotate about a vertical axis in phase with the source at up to 480 Hz (8 times the source frequency). The outer diameter of the rotor shall be 120 mm or less, and the height of the slotted channel should match the exit height of the G4a section of guide.
3.7 Collimators 

When necessary, a computer-controlled exchanger should make it possible to replace the guide section G4c nearest the sample with one of a set of four Soller collimators of identical external dimensions. The four collimators should define effective horizontal beam divergences of 20', 40', 60', and 120' respectively. Collimator blade thicknesses should be 0.1 mm or less. If feasible, the top and bottom surfaces of the collimators should have the same super-mirror coatings as guide G4c.

3.8 Monochromator shielding 

The monochromator shall be surrounded by a neutron and gamma-ray absorbing composite shielding with a movable beam-port opening that is mechanically connected to the sample arm and rotates with it. To the extent practical it should be constructed of non-magnetic materials that have minimal long term neutron activation cross sections. The range of take-off angles accessible through the beam-port should be -5( to 120(. It should take less than 2 min. to change the take-off angle from one extreme to the other. The combined monochromator crystal and beam-port rotation should define the monochromator crystal take-off angle to ± 0.02o or less. Whether the shielding mechanical design is to be based on a drum, pie-wedge section or other concept is yet to be determined.

The beam-port opening in the shield should be of internal dimensions that accommodate the converging guide G4a-c, the Fermi-chopper and the collimators. The shield design should also provide for incorporation of the remote exchange mechanisms. Shielding must be fitted tightly around all neutron optics elements attached to the sample arm as specified in sections 3.5-3.7 (with radiation steps where necessary) so that neutrons from the monochromator either pass through these elements or are absorbed in the shielding. The inner dimension of the shield should be such as to accommodate the monochromator crystal exchange mechanism with two monochromator crystal assemblies. Radiation protection requirements will determine the outer radius of the shield. It must contain neutron and gamma ray absorbing material sufficient to reduce the radiation rate and the background to acceptable levels: i.e. the radiation dose rate, and background outside the shielding and outside of monochromatic beam should be no more than 5 mrem/hr at a distance 300 mm from the neutron beam and in compliance with all SNS radiation protection requirements and ALARA. Shield thickness should not exceed 1400 mm, so that a clearance of at least 400 mm between the shield and the sample axis is provided. Internal shield design should be such that the amount of the material inside the shield exposed to the incident neutron beam is minimized; all shielding around the monochromator that can be viewed from the sample position must be recessed in such a way that it is not directly illuminated by the incident neutron beam. A convenient access to the monochromators and other beam-line neutron optic elements for servicing and replacement must be provided.    

The location and characteristics of the beam dump or “get lost” pipe (whichever is applicable) must be chosen to minimize its contribution to the detector count rate. In addition, an interlocked radiation exclusion zone around the instrument is to be defined in collaboration with the SNS operations staff.

3.9 Beam optics between collimator and sample 

A neutron optical bench shall be permanently attached to the sample arm and/or to the beam-port outside the shielding and aligned to better than 1 minute of arc with respect to a horizontal reference line connecting the sample rotation axis to the monochromator rotation axis as described in section 3.5. All components listed below are to be mounted on this bench downstream of the G4 super-mirror guide. Components 3.9.1-3.9.3 shall be semi-permanently mounted; their combined thickness must not exceed 80 mm. 

3.9.1 A beam monitor with a sensitive area larger than the exit aperture of the guide G4c and with a wavelength-proportional sensitivity that is no greater than 10-5 at 15 meV. 

3.9.2 A four position beam attenuator controlled from the main instrument control computer and capable of introducing three different planar objects into the beam. Two of the positions should provide 10 times and 100 times attenuation of the beam respectively at 15 meV. These two attenuators shall be permanently installed in the exchanger. The third position is to be slot that can hold a plate of width 40 mm, height 100 mm and between 1 mm and 10 mm thick. When selected by the attenuator exchanger this plate shall be positioned in the center of the beam to within 1 mm. The fourth position shall be a local beam shutter. 
3.9.3 A computer-controlled, variable-opening, thermal neutron aperture covered with layer of LiF on the side facing the monochromator crystal. The aperture must be centered in the beam to within 0.5 mm and should have four independent degrees of freedom controlling the right, left, top and bottom opening with a positioning accuracy of better than 0.5 mm. The design should permit the width and height of the aperture to be varied from fully closed to the full width and height of the beam as defined by the exit aperture of the guide G4c as specified in section 3.5.
3.9.4 A computer-controlled aluminum flipper coil, not more than 20 mm thick, designed to rotate the neutron polarization in the incident beam by 0°-180°.
3.9.5 Auxiliary neutron optics components (of a total length not exceeding 150 mm) required for applications to be specified in the future.
4. Sample stage

The sample stage shall be rigidly attached to the sample arm and supported on the floor in such a way that it can move with the arm without tilting as it rotates to beam position defined by the monochromator crystal take-off angle. The positional accuracy of the sample stage should correspond to the same 0.02° precision as for the combined monochromator crystal and sample arm setting angle, as specified in section 3.8. Sample area shall be surrounded with interlocked shielding that reduces radiation levels to 5 mrem/hr or less and meets all SNS radiation protection requirements.

4.1 Space and location

The space available for sample stage positioning must allow monochromator crystal take-off angles covering the range -5°<2θ<120°. Space for the power supplies, pumps and other auxiliary equipment required for both polarized beam operation and special sample environments must also be provided on the sample floor. The distance from the sample rotation axis to the monochromator crystal rotation axis shall be variable within restricted limits which are to be defined. It should be no greater than necessary to accommodate a Fermi-chopper, a Soller collimator, a neutron beam monitor, and polarized-beam equipment (such as a flipper) as specified in sections 3.5-3.9.  A monochromator-to-sample distance LMS = 1800 mm is defined as nominal. 

4.2 Degrees of freedom provided.

4.2.1 Sample rotation 0-360o with an accuracy of 0.005 degrees. 

4.2.2 Tilt of sample table ±12o about two mutually perpendicular horizontal axes. Tilt accuracy must be better than 0.1o for loads in the range specified in section 4.3; the effective rotation axes must lie within 20 mm of beam center height.

4.2.3 Vertical translation of ±40 mm above and below the beam center with positional accuracy better than 1 mm.

4.2.4 Horizontal translation of ±20 mm along two mutually perpendicular horizontal directions parallel to the sample tilt axes, both with positional accuracy better than 0.5 mm.

4.3 Dimensions and load capacity. 
The sample stage mounting surface shall be at least 152 mm below the beam center. Its on-axis load capacity shall be >500 kg. A (maximum) horizontal torque of 5·102 N·m should result in less than a 0.1o tilt of the sample rotation axis from the vertical.
4.4  Materials requirement
Sample table shall be made of non-magnetic materials. The force on any of its elements in a magnetic field gradient of 10 Gauss/mm should not exceed 1 N.

4.5 Guide field 

A computer-controlled coils capable of generating either a vertical or a horizontal magnetic field larger than 10 Gauss throughout the neutron beam path around sample are to be provided. Coils should be mountable on the sample table and be large enough to accommodate a standard sample environment (ie provide a horizontal clearance of at least 400 mm in diameter around the sample axis). 

5. Analyzer-Detector system
5.1 General principle

Analysis of the scattered neutron energy will be by time-of-flight in a secondary flight-path of length LSD = 4500 ± 4 mm as measured from the sample axis to the individual detector axis. The secondary flight-path shall include a variable vertical aperture after the sample, shielding, a gas-tight or vacuum-tight flight vessel containing either a radial collimator or a transmission polarizer assembly and a detector array as specified below. The secondary flight-path (analyzer) vessel shall be mobile, and designed to move on the floor in such a way that: (i) for all monochromator crystal take-off angles the axis of the cylindrical detector array remains vertical and coincides with the sample axis to an accuracy of better than 2 mm (ii) the detector bank can be sequentially moved (as specified by the experimenter) to those positions where the range of sample scattering angles accepted by detectors is best matched to the measurement.
5.2 Detector bank

The detector bank shall consist of a cylindrical array of identical, vertically mounted, one-dimensional, position-sensitive, tube-type 3He detectors centered on the sample axis and symmetric about the horizontal scattering plane. The angular size of the individual detector pixels (as seen from the sample position) shall not exceed 20 minutes of arc in either the vertical or horizontal direction. Each detector shall cover a scattering angle of at least ± 7.5° in the vertical direction; the horizontal angular coverage of the entire detector array will be at least 60°.  Detectors shall have partial pressure of 3He gas and thickness to achieve 90% detection efficiency for 15 meV neutrons.

An array of 190 or more 64-pixel, position-sensitive detectors 20 mm to 25 mm in diameter and 1200 mm to 1300 mm long satisfying the above specifications are to be purchased from an established detector manufacturer. They shall be mounted with their axes vertical to within 5 minutes of arc and positioned with an accuracy of 2 mm on a 4500 mm radius circle in the horizontal plane.  This is also the accuracy to which the detectors are to be co-centered at the nominal beam-sample height. Voids between adjacent detector tubes are not to exceed 1 mm. 

The detector array shall be fixed inside the mobile analyzer vessel. The vessel design will allow the detector array rotation around an axis concentric with the sample axis to within 2 mm with the accuracy of angular positioning better than 0.02°. Detector voltage supplies, preamplifiers and primary acquisition electronics shall be mounted on the analyzer vessel and move with it to reduce the number of cables connecting the mobile detector array to the stationary part of the data acquisition system to 1 or 2 high-speed, optical or other, communication lines.

5.3 Analyzer vessel

Except for the initial 400 mm downstream of the sample axis, the path of the neutrons scattered by the sample shall be contained within a mobile secondary flight-path (analyzer) vessel which is to be either evacuated or 4He/Ar gas-filled, to minimize beam loss and background from air scattering. The auxiliary equipment needed to either maintain vacuum or gas pressure shall be permanently mounted on the vessel and shall move with it. Either a radial collimator or a transmission polarization analysis assembly shall be positioned in the scattered beam inside the flight vessel, with its upstream face at a nominal distance of 400 mm from the sample axis, as specified in sections 5.6-5.7.  The vessel shall be equipped with a computer-controlled automated exchanger that selects either one of the four radial collimators or one of the two polarization analysis assemblies. 

5.3.1 Materials: The analyzer vessel shall be made of high-strength aluminum alloy or similar non-magnetic material with a low neutron activation cross section. Its inner walls and all parts of the collimator or polarization analysis assembly that are visible to the detector array should be covered with a neutron-absorbing material such as B4C or LiF. The scattered beam entrance window on its upstream face should be made of high neutron transparency, high strength aluminum alloy and be of the minimal thickness necessary to support either vacuum or a small over-pressure of gas within the vessel.

5.3.2 Dimensions: The size and the shape of the inner and outer cylindrical walls of the flight vessel shall be designed to (i) allow either a one of the radial collimators or one of the polarization analysis assemblies be positioned with its upstream face 400 mm from the sample; (ii) provide space for the automatic exchanger and the collimators and polarization analysis assemblies that are not in use, and (iii) accommodate the detector array which is to be rigidly attached the vessel to the vessel outer wall inside. A removable port(s) are to be provided for convenient access to the automatic exchanger and the detector array. The flat walls on the sides, top and bottom of the vessel are to have inner dimensions which restrict the area of sample illumination to the size of the detector array. For example, the inner height, h(x), of the vessel should vary with distance, x, from the sample axis in accord with the expression 
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where hs=40 mm is the nominal sample height, hd= 1280 mm the nominal detector height and LSD = 4500 mm the sample to detector distance. 
5.3.3 Position: The analyzer vessel shall move on the floor following the sample arm so that the axis of the cylindrical detector array coincides with the sample axis with a positioning accuracy of better than 2 mm, as described in section 5.1. The accuracy of the detector bank angular positioning with respect to the axis of the beam incident on the sample should be better than 0.02° and should be reproducible after 1000 analyzer vessel movements.  If not restricted by the incident guide and associated shielding, sample scattering angle extreme positions of -5° and +120° should be accessible to at least one detector for all monochromator take-off angles. It should take less than 2 minutes to move the analyzer vessel with detector bank between the extreme angular positions. Vessel support and moving systems shall be chosen to minimize the cost of construction, operation and maintenance while at the same time meeting all of the above-listed specifications.

5.4 Variable vertical aperture after sample

Upstream of the secondary flight-path shielding (but as close to the sample as practical) there shall be a computer-controlled slit capable of restricting the height of the beam scattered by the sample from hmin= 0 mm to hmax= 100 mm. This slit should be centered to within 1 mm of the beam-center height and have top and bottom apertures that are independently motorized and controlled. It can either be an independently mounted device made of 40 mm thick B4C-rich material and covered with LiF on the side facing the sample or a mobile extension of the analyzer shielding that can be positioned as close to the sample as needed. 

5.5 Shielding

Shielding made of high neutron cross-section materials shall be placed around the analyzer vessel. This shielding shall either be a stationary structure enclosing all possible analyzer positions or be attached to the mobile analyzer vessel itself; the choice is to be made on the basis of practicality and cost-efficiency. In either case, the shielding inner surface shall be covered with a thermal-neutron-absorbing material such as cadmium or LiF. A background count rate of 1 count/min/detector when the SNS is operating but both the beamline shutter and the shielding entrance window are closed is defined as being acceptable. The interior height of the stationary shielding must be sufficient to contain the analyzer vessel and all auxiliary equipment mounted on it, as specified in section 5.3.  Also, its top must be modular and allow for easy access to the analyzer vessel for maintenance and, if necessary, replacement of the vessel and/or its components. If MCNP-X neutronics calculations establish the necessity of a “get-lost” pipe, it should be incorporated into the shield design. 

5.5.1 Dimensions and position: The shielding should start as close as possible to the variable vertical aperture after the sample specified in 5.4. The distance from the sample axis to the upstream face of the shielding shall be such that the analyzer vessel can be positioned with the upstream face of the radial collimator or polarization analysis assembly (whichever is in place) 400 mm from the sample axis. This shielding should have a 100 mm tall scattered beam entrance window and a computer-controlled horizontal aperture of width and position that can be varied so that a selected number of detectors (from a minimum of 1 to a maximum of all detectors in the array) are visible from the sample position. It should be so designed that - if not restricted by the incident guide and its associated shielding - extreme sample scattering angles of -5° and +120° are accessible to at least one detector at all monochromator take-off angles as specified in section 5.3.3.  A sufficient clearance downstream the flight vessel should be provided to permit easy assembly and maintenance of the detectors and detector electronics. 

5.5.2 Beam stop:  In some positions of the analyzer vessel the axis of the primary beam could intersect the detector array. It will therefore be necessary to have either a primary beam stop or a “get-lost” pipe to prevent the primary beam from either directly impinging on the detector array or creating an unacceptable background of primary beam neutrons scattered into the detector array. A beam stop should be designed to produce as little neutron and hard gamma radiation as possible; its exterior width should be minimized and its position chosen so that it cannot scatter neutrons into any of the active detection channels.
5.6 Radial collimators after sample

Immediately behind the upstream face of the analyzer vessel there shall be a four-position collimator exchanger capable of accurately positioning any one of four radial collimators or, alternatively, one of two polarization analyzer assemblies in the scattered beam. In all positions the collimator axes should be concentric with the sample axis to better than 2 mm. Changes from one collimator or polarization analyzer to another are to be effectuated from a control computer and should take less than 30 seconds. All collimators are to be embedded in high boron content neutron shielding material in such a way that neutrons either pass through the window of the collimator or are absorbed. In addition, the lateral dimensions of their entrance windows should match the lateral dimensions of the entrance window of the flight vessel and their internal dimensions should match the dimensions of the scattered beam illuminating the detectors in the same way as the inside surfaces of the analyzer vessel match the scattered beam dimensions, as specified in section 5.3.2. The spacing between blades is to be determined by the expression
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200 mm is the length of the collimator blades and  is the effective beam divergence. Horizontal divergence angles for the four collimators shall be 20', 40', 60' and 120’ respectively. Blade thicknesses should be 0.1 mm or less.

All the radial collimators are to be positioned with the sample rotation axis as their focal point to within 2 mm and should be parallel to one another to within 0.01 degree. A line passing through the central blades of the collimators should also pass through the sample rotation axis to within 2 mm. 
5.7 Broadband transmission polarizers.

It shall be possible to place either of two broadband, multi-channel supermirror transmission polarization analysis assemblies in the same position as the radial collimators (i.e. immediately behind the upstream wall of the analyzer vessel, at 400 mm from the sample axis) using the same computer-controlled collimator exchange mechanism. One of the two polarization analysis assemblies  is to be configured for optimum performance at 15 meV; the other at 7.5 meV. It should also be possible to substitute the polarization analysis assemblies for radial collimators in the exchanger. Changing from one combination of polarization analyzers and collimators to another will be done manually and should not take more than 30 minutes to complete. Like the collimators, the polarization analyzers are to be embedded in a boron-rich neutron shielding material so that neutrons either pass through the polarizing windows or are absorbed. 
5.7.1 Polarization analysis assembly: Each polarization analysis assembly is to consist of 19 identical channels mounted in a common magnetic frame supplying a permanent magnetic field of at least 300 Gauss; i.e. a field sufficient to magnetically saturate the polarization-sensitive supermirror coatings in all channels. Each channel is to be 20 mm in over-all width and have a height profile that matches the scattered beam height as specified in section 5.3.2.  The height should not, however, exceed 200 ± 10 mm at its downstream end. The channels should be equally spaced on the circumference of a circle centered at the sample position with an accuracy of 2 mm, and co-leveled with the sample height with the same accuracy. Tight fitting, wedge-shaped neutron absorbing spacers are to be placed between channels to assure that all neutrons incident on the detectors pass through and not between the channels. Sample scattered neutrons passing through the channels will be split into two separate beams of opposite polarization. The channels should be designed so that the oppositely polarized beams from each channel are fully separated at the detector position but are not overlapped by beams from adjacent channels for scattered neutron energies 3< Ef<30 meV. 

5.7.2 Individual polarization analysis channel: Each channel shall consist of a 20 mm wide and 150 mm long collimator immediately followed by a stack of 20 mm wide, polarization-sensitive, supermirror-coated, thin silicon wafers 50 mm long and tall enough to accept the full scattered beam height as specified in section 5.7. Aluminum spacers are to be used to bend the silicon wafer stacks to a horizontal cylindrical curvature that optimizes the polarization analysis efficiency of the channel at the nominal neutron energy for which it is designed. The collimator and polarization analyzer are to be placed in a rigid frame and co-aligned so as to achieve optimum beam transmission and polarization analysis efficiency at the nominal neutron energy. A choice of 10', 20' or 40' collimation should be provided for each channel. The critical angle of the supermirror coating for one neutron polarization direction should be at least 3(Nic (or larger if possible) and for the other it should be no larger than (Nic (or smaller if possible). Over-all, the transmission of the polarized collimated beam through the channel is to be better than 90% for energies 3<Ef< 30 meV. The center-line of every polarization analyzer collimator should pass through the sample rotation axis to within 2 mm.

6. Instrument Control and Data Acquisition

Three independent computer systems are to be supplied with the instrument. To the extent possible, standard software developed by the SNS staff is to be utilized.

6.1 Instrument Control System. An Instrument Control Program (ICP) running on a dedicated computer shall control the status and operation of all instrument systems as specified in this document, including any automated sample environments needed for particular measurements. The ICP shall communicate with the data acquisition program (section 6.2) to provide information about the instrument configuration and to synchronize and up-date their mutual status during the course of the experiment. The ICP shall also communicate with the experiment planning and data analysis program (section 6.3) to make it possible for the experimenter to pre-select optimum instrument configurations and input parameters for the planned measurement.

6.2 Data Acquisition System (DAS). There shall be a separate, dedicated computer with an advanced high-capacity storage system that is able to communicate with the detector electronics and collect, pre-process and store the data from the individual detectors. Data is to be stored in files using the HDF-type (hierarchical data) format common to all SNS instruments. Along with the data, the files should contain headers with a complete description of the instrument configuration and instrument parameters provided by the ICP.
6.3 Experiment Planning and Data Analysis Program (EPDAP).  HYSPEC shall have a dedicated and integrated software package, EPDAP, to plan measurements so as to take optimal advantage of the wide-angle, multi-channel TOF analyzing system and also to analyze the data. The EPDAP should run on a separate, dedicated computer equipped with an extensive set of the peripheral devices for data transfer and visualization. It should be able to communicate with the ICP to export/import the instrument parameters and with the DAS to read the data for analysis and visualization. 
7. System Wide Requirements
7.1 Hard and soft limits. All instrument degrees of freedom must be equipped with soft and/or hardware limits that prevent collisions but allow a full range of physically achievable positions. Sample rotation is a special case where hardware limits must be variable to allow for the different constraints imposed by different sample environments.

7.2 Automated calibration and alignment. There should be an automated detector calibration procedure and an automated alignment protocol for all degrees of freedom of the instrument. 
7.3 Permanent electrical wiring. The number of cables should be minimized; wherever possible optical communication lines are to be used. All wiring is to be permanently installed and is to comply with all applicable industry and SNS standards. 
7.4 Crane. There must be an overhead crane capable of lifting weights of more than 1 metric ton such as, for example, major secondary flight-path instrument components. It should also be capable of lifting heavy (and more than 1500 mm tall) sample environment devices - such as, for example, cryomagnets - and mounting them on the sample table. Crane coverage should extend over the monochromator shielding, the sample table and the secondary flight-path systems.
7.5 Radiation Safety Exclusion zone. In accordance with the “as low as reasonably achievable” radiation safety requirements, the instrument is to be surrounded by an interlocked exclusion zone within which personnel will not be permitted when the primary shutter is open and the beam is on. Details are to be specified by SNS Health Physics. 
(1) 
Metric units have been used throughout this document. Where standard stock sizes of materials differ from those specifiied, the closest four-digit decimal inch value is to apply.

Appendix D. HYSPEC Estimated Budget and Funding Profile
	ITEM
	Direct cost in  FY03 $
	Burden Allowance @10%
	Contingency Factor
	Contingency
	TOTAL w/ Burden & Conting.
	Esc to At Year $ FY03
	Esc to At Year $ FY04
	Esc to At Year $ FY05
	Esc to At Year $ FY06
	Esc to At Year $ FY07
	Esc to At Year $ FY08
	At Year Total 

	Technical Construction
	
	
	
	
	
	 
	
	
	
	
	 
	 

	 
	
	
	
	
	
	 
	
	
	
	
	 
	 

	Primary Flight Path
	
	
	
	
	
	 
	
	
	
	
	 
	 

	T0 chopper
	                   218 
	                  22 
	25%
	                       60 
	                 300 
	              -    
	              -    
	          316 
	             -    
	              -    
	              -    
	           316 

	Frame overlap chopper
	                   131 
	                  13 
	25%
	                       36 
	                 180 
	              -    
	              -    
	          190 
	             -    
	              -    
	              -    
	           190 

	Counter-rotating disk choppers
	                   364 
	                  36 
	25%
	                     100 
	                 500 
	              -    
	              -    
	          527 
	             -    
	              -    
	              -    
	           527 

	Fermi chopper
	                   364 
	                  36 
	25%
	                     100 
	                 500 
	              -    
	              -    
	          527 
	             -    
	              -    
	              -    
	           527 

	Steel jacketed m=3 guides
	                   291 
	                  29 
	25%
	                       80 
	                 400 
	              -    
	              -    
	             -    
	          434 
	              -    
	              -    
	           434 

	Shutter insert m=3 guide
	                   131 
	                  13 
	25%
	                       36 
	                 180 
	              -    
	              -    
	             -    
	          195 
	              -    
	              -    
	           195 

	Guide shielding
	                   873 
	                  87 
	25%
	                     240 
	             1,200 
	              -    
	              -    
	             -    
	       1,301 
	              -    
	              -    
	        1,301 

	Beam monitors
	                     29 
	                    3 
	25%
	                         8 
	                   40 
	              -    
	              -    
	             42 
	             -    
	              -    
	              -    
	              42 

	Sub total
	                2,400 
	               240 
	 
	                     660 
	             3,300 
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	        3,533 

	Monochromator Section
	                      -    
	                  -    
	
	                       -    
	
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	              -    

	Monochromator Drum Shield
	                   945 
	                  95 
	25%
	                     260 
	             1,300 
	              -    
	              -    
	             -    
	       1,410 
	              -    
	              -    
	        1,410 

	Crystals and holders
	                   182 
	                  18 
	25%
	                       50 
	                 250 
	              -    
	              -    
	          264 
	             -    
	              -    
	              -    
	           264 

	Tapered m=3 guide
	                     73 
	                    7 
	25%
	                       20 
	                 100 
	              -    
	              -    
	             -    
	          108 
	              -    
	              -    
	           108 

	Collimators
	                     36 
	                    4 
	25%
	                       10 
	                   50 
	              -    
	              -    
	             53 
	             -    
	              -    
	              -    
	              53 

	Beam monitor and slits
	                     44 
	                    4 
	25%
	                       12 
	                   60 
	              -    
	              -    
	             63 
	             -    
	              -    
	              -    
	              63 

	Shielded get-lost pipe
	                   436 
	                  44 
	25%
	                     120 
	                 600 
	              -    
	              -    
	             -    
	          651 
	              -    
	              -    
	           651 

	Beam stop
	                   145 
	                  15 
	25%
	                       40 
	                 200 
	              -    
	              -    
	             -    
	          217 
	              -    
	              -    
	           217 

	Sub total
	                1,862 
	               186 
	 
	                     512 
	             2,560 
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	        2,765 

	Sample Stage
	                      -    
	                  -    
	
	                       -    
	
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	              -    

	Goniometer and support 
	                   109 
	                  11 
	25%
	                       30 
	                 150 
	              -    
	              -    
	          158 
	             -    
	              -    
	              -    
	           158 

	Removable shielding
	                     73 
	                    7 
	25%
	                       20 
	                 100 
	              -    
	              -    
	             -    
	          108 
	              -    
	              -    
	           108 

	Ancillary equipment
	                     76 
	                    8 
	20%
	                       17 
	                 100 
	              -    
	              -    
	             -    
	             -    
	            111 
	              -    
	           111 

	Sub total
	                   258 
	                  26 
	 
	                       67 
	                 350 
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	           378 

	Detector System
	                      -    
	                  -    
	
	                       -    
	
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	              -    

	190 position-sensitive detectors
	                   415 
	                  41 
	25%
	                     114 
	                 570 
	              -    
	              -    
	          601 
	             -    
	              -    
	              -    
	           601 

	Detector support structure
	                     44 
	                    4 
	25%
	                       12 
	                   60 
	              -    
	              -    
	             -    
	             65 
	              -    
	              -    
	              65 

	Collimators/positioner
	                   145 
	                  15 
	25%
	                       40 
	                 200 
	              -    
	              -    
	             -    
	          217 
	              -    
	              -    
	           217 

	19 Polarization analyzers
	                   582 
	                  58 
	25%
	                     160 
	                 800 
	              -    
	              -    
	             -    
	          867 
	              -    
	              -    
	           867 

	Rotating Detector vessel
	                   582 
	                  58 
	25%
	                     160 
	                 800 
	              -    
	              -    
	             -    
	          867 
	              -    
	              -    
	           867 

	Beam controls-DAQ
	                     80 
	                    8 
	25%
	                       22 
	                 110 
	              -    
	              -    
	          116 
	             -    
	              -    
	              -    
	           116 

	Detector shield
	                   655 
	                  65 
	25%
	                     180 
	                 900 
	              -    
	              -    
	             -    
	          976 
	              -    
	              -    
	           976 

	Sub total
	                2,502 
	               250 
	 
	                     688 
	             3,440 
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	        3,710 

	Data Collection System
	                      -    
	                  -    
	
	                       -    
	
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	              -    

	Mezzanine
	                     45 
	                    5 
	20%
	                       10 
	                   60 
	              -    
	              -    
	             -    
	             -    
	              -    
	              68 
	              68 

	Control cabin
	                     30 
	                    3 
	20%
	                         7 
	                   40 
	              -    
	              -    
	             -    
	             -    
	              -    
	              46 
	              46 

	Furnishings
	                        8 
	                    1 
	20%
	                         2 
	                   10 
	              -    
	              -    
	             -    
	             -    
	              -    
	              11 
	              11 

	Miscellaneous
	                     29 
	                    3 
	25%
	                         8 
	                   40 
	              -    
	              -    
	             -    
	             11 
	              11 
	              23 
	              45 

	R&D; choppers/polarizers
	                   182 
	                  18 
	25%
	                       50 
	                 250 
	              -    
	            256 
	             -    
	             -    
	              -    
	              -    
	           256 

	Sub total
	                   294 
	                  29 
	 
	                       76 
	                 400 
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	           426 

	CAPITAL TOTAL
	                7,315 
	               732 
	25%
	                 2,003 
	           10,050 
	              -    
	            256 
	       2,858 
	       7,427 
	            122 
	           148 
	      10,812 

	 
	                      -    
	                  -    
	
	                       -    
	
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	              -    

	Labor
	                      -    
	                  -    
	
	                       -    
	
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	              -    

	Installation technicians
	                1,061 
	               106 
	20%
	                     233 
	             1,400 
	              -    
	              -    
	             -    
	             -    
	            445 
	        1,140 
	        1,585 

	LABOR TOAL
	                1,061 
	               106 
	                           0 
	                     233 
	             1,400 
	              -    
	              -    
	             -    
	             -    
	            445 
	        1,140 
	        1,585 

	 
	
	
	
	
	
	 
	
	
	
	
	 
	 

	Technical Construction Total  
	                8,376 
	               838 
	                           0 
	                 2,236 
	           11,450 
	              -    
	            256 
	       2,858 
	       7,427 
	            567 
	        1,288 
	      12,398 

	 
	                      -    
	                  -    
	
	                       -    
	
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	              -    

	Project Management & Engineering 
	
	                  -    
	
	                       -    
	
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	              -    

	 
	                      -    
	                  -    
	
	                       -    
	
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	              -    

	Project Management
	                   661 
	                  66 
	10%
	                       73 
	                 800 
	              -    
	            164 
	          169 
	          173 
	            178 
	           182 
	           867 

	Project Engineer/Scientist
	                   661 
	                  66 
	10%
	                       73 
	                 800 
	              80 
	            246 
	          169 
	          173 
	            178 
	              -    
	           846 

	Designer/Engineer
	                   579 
	                  58 
	10%
	                       64 
	                 700 
	              50 
	            205 
	          211 
	          217 
	              56 
	              -    
	           738 

	ORNL shielding studies
	                   207 
	                  21 
	10%
	                       23 
	                 250 
	            250 
	              -    
	             -    
	             -    
	              -    
	              -    
	           250 

	ORNL support/liason
	                   103 
	                  10 
	10%
	                       11 
	                 125 
	              -    
	              -    
	             -    
	             -    
	              -    
	           143 
	           143 

	Software
	                   227 
	                  23 
	20%
	                       50 
	                 300 
	              -    
	              -    
	             79 
	             81 
	              83 
	              86 
	           329 

	Travel
	                   269 
	                  27 
	10%
	                       30 
	                 325 
	              25 
	              62 
	             63 
	             65 
	              67 
	              68 
	           350 

	Proj. Mgt & Engrg. Total
	                2,700 
	               300 
	10%
	                     300 
	             3,300 
	            380 
	            615 
	          628 
	          645 
	            940 
	        1,551 
	        4,758 

	 
	
	
	
	
	
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	              -    

	Project TEC
	             11,076 
	            1,138 
	 
	                 2,536 
	           14,750 
	            380 
	            871 
	       3,486 
	       8,072 
	        1,507 
	        2,839 
	      17,156 

	 
	
	
	
	
	
	 
	
	
	
	
	 
	 

	Other Costs
	
	
	
	
	
	              -    
	              -    
	             -    
	             -    
	              -    
	              -    
	              -    

	Program Development
	                   826 
	                  83 
	10%
	                       91 
	             1,000 
	              -    
	            205 
	          211 
	          217 
	            222 
	           228 
	        1,083 

	OTHER TOTAL
	                   826 
	                  83 
	 
	                       91 
	             1,000 
	               -   
	            205 
	          211 
	          217 
	            222 
	           228 
	        1,083 

	 
	
	
	
	
	
	
	
	
	
	
	
	 

	Total Project Cost (TPC)
	 
	 
	 
	 
	15,750
	 
	 
	 
	 
	 
	 
	      18,239 





�


Figure 2.5: Energy spectra of magnetic fluctuations observed in directions parallel and perpendicular to the external field at Q=(1.4,0,1.006). R represents the instrumental resolution. The full lines are theoretical prediction of the flipping model.
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Figure 2.6. A multi-crystal sample of an optimally doped Bi2201.
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Figure 2.3. The magnetic behavior of two different polymorphs of the Gd5(Si2Ge2) compound.  The monoclinic Gd5(Si2Ge2)-type structure with half of the interslab bonds undergoes a first order magnetic-martensitic transformation during isothermal magnetization (left).  The orthorhombic Gd5Si4-type structure with all interslab bonds displays a conventional second order paramagnetic-ferromagnetic transformation.
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Figure 2.2.  The schematic of the coupled magnetic-crystallographic transformation in the Gd5(Si2Ge2) compound, which near ~270 K may be triggered by any of the three thermodynamic variables: temperature, magnetic field and pressure (left).  The schematic of the crystallographic-only temperature induced transformation, which occurs between ~500 and 800 K (right). Gd atoms are indicated using large blue spheres, and Si(Ge) atoms are shown as small red spheres. One of the sub-nanometer thick slabs is highlighted by a bracket. Green arrows indicate the directions in which the slabs move during crystallographic phase changes.





�Figure 2.4: Energy scan through the antiferro-magnetic zone center at Q=(1.5,0.5,1.7): non-spin-flip (green circles) and spin-flip (blue circles) intensity, and background position Q=(1.8,0.6,1.7) (red squares) for an incident polarisation parallel to Q (spin-flip channel). The energy dependence of the background is due to the increased counting time at higher incident energies. The shaded area illustrates the magnetic signal peaking at the resonance position of 41 meV.
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Figure 2.1.  The homogeneity ranges and structure types observed in various R5(SixGe1�x)4 systems at room temperature. 



























































Figure 3.5. Calculated flux on sample for HYSPEC and other inelastic spectrometers planned for the SNS





Figure 3.4. Average beam polarization in each of the two beams





Figure 3.3. Spatial distribution of two neutron polarizations on the detector as created by a single supermirror-bender





(b)





(a)





Figure 3.2. Incident neutron spectrum before and after reflection from a PG monochromator; (a)  Ei = 5 meV; (b) Ei = 15 meV.








Figure 3.1 Schematic showing HYSPEC’s principle elements.





Appendix B.	SNS Document: IS-1.1.8.2-8004-MM-A-00 (selected pages)
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Figure 5.1 Organizational Structure 
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[image: image21.png]A group of researchers representing several disciplines met at Argonne National
Laboratory 1o establish scientific priorities for the inelastic neutron scattering instruments
o be available at the SNS at the beginning of operations. The Workshop consisted of
breakout sessions into three groups representative of different user communities for
inclastic scattering i) magnetism, ii) thermodynamics, lattice effects, and critical
phenomena, and iii) chemical spectroscopy. A joint meeting of all three groups to
discuss common interests and explore the overall needs for instrumentation followed
This report summarizes these discussions.

The report s oreanized as follows: Section I enumerates the instruments
considered for inclusion in the Inclastic Scattering suite of instruments for SNS. Sections
11(A.B.C) report on the scientific needs identified in the breakout sessions. Section 111
consists of a summary and the recommendations of the working groups

L Instruments

The instruments considered were broken up into three categories as summarized
in table [ below. Category A consists of instruments already identified by the SNS
Instrument Oversight Committee as high priorities for study and design. Additional
instruments, denoted by category B, have been identified for priority consideration at this
Workshop. Other instruments which also should be discussed are in category C. The
instruments in Table | are labeled by category letters and numbers. The numbers are for
convenience of discussion only and do not reflect priorities. Further details of the

instruments are discussed in sections 1T and 111

Table 1 - Instruments Discussed

Category Tnstrument

AT indirect geometry spectrometer, (backscattering). resolution 2 eV
(elastic position)

A2 Direet gcomelry spectrometer (chopper). resolution AL — 1% (clastic
position). E 10 — 1000 meV. continuous angular coverage

A ‘Spectrometer with 10 100 teV resolution

B Chopper _AET 5% (elastic position). large angular covers

B2 Inverse geometry spectrometer. time focussed. A/E — 12
55 Triple axis-like instrument with high siznal © noise

B4 Hizh Q chopper spectrometer with small AE/T

[SN] Spin echo spectrometer AL 1 neV 10 2 lieV

2 Brillouin scattering spectrometer. small Q_intermediate ©
(o) PRISMA-Tike spectrometer
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