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Snapshot of the workshop 



Preface 

The Workshop on Neutron Scattering Research with Intense 
Spallation Neutron Source -Today and Tomorrow- was held at KEK, National 
Laboratory for High Energy Physics, Tsukuba, Japan, from 6 to 7 October 
1987 as a first Joint Meeting of Japan-UK Collaboration on Neutron 
Scattering. 

About fifty neutron scientists from thirteen organizations 
participated in the meeting and shared an exciting time discussing recent 
development of neutron scattering instruments at intense pulsed spallation 
neutron facilities and the results of condensed matter research newly 
opened with them. The first day was devoted to the overview of the new 
facilities and instruments, results of new types of experiments already 
achieved, and some topics which will become possible with the advanced 
facilities. On the second day we concentrated on the details of neutron 
instruments. 

The organizing committee would like to take this opportunity to 
acknowledge with thanks all speakers, especially those who came from 
Rutherford Appleton Laboratory to make the workshop successful. The 
committee also would apologize that the proceedings were not more timely 
published, for various reasons. 

Noboru Watanabe 
The Organizing Committee Chairman 
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Chairmen: S. Hoshino 
Y. Yamada 
K. Hirakawa 





Opening Adress 

Hiroshi Sasaki 
Director 

Booster Synchrotron Utilization Facility, KEK 

It is my great pleasure to give a greeting this morning to the 
attendance at this meeting as a part of the UK-Japan collaboration on the 
neutron scattering research program. Especially, I would like to express 
my gratitude to the persons, Dr. Williams, Dr. Johnson and Dr. Taylor 
who are here from Rutherford Appleton Laboratory on the purpose to 
attend at this meeting. 

As you know, the neutron scattering research facility KENS was 
completed and came into commission in 1980 as the first world-wide 
full-dressed pulsed spallation neutron source. During the passed seven 
years since the commissioning of KENS, the facility has successfully 
operated and contributed to the condensed matter research field with a 
lot of valuable experimental results together with the other partner, 
Meson Science Laboratory in Booster Synchrotron Utilization Facility of 
KEK. 

During this period, on the other hand, the next generation neutron 
sources have been undertaken at several active laboratories in the 
world to provide large interesting areas on the material science. In 
particular, the recent completion and successful operation of the world
wide biggest pulsed spallation neutron source ISIS in Rutherford 
Appleton Laboratory give us great encouragement to realize our future 
plan, KENS-II program, including a powerful pulsed spallation neutron 
source. 

Finally I should mention the late Professor Yoshikazu Ishikawa of 
Tohoku University, suddenly passed away on February 28 of 1986. He 
was the prime motivator and promoter for the development of the KENS 
pulsed neutron source and its instrumentations in addition to one of the 
most vigorous members of the world community of neutron physicists. 
Recently, he had been enthusiastic about realization of UK-Japan 
col laborat ion on the neutron scattering research program. 
Unfortunately, he could not make sure of the final agreement of UK-
Japan collaboration. However, he would be contented with such a 
smooth progress of the collaboration, including the construction of a 
neutron spectrometer as a main part of the collaboration. Incidentally I 
may remark that the spectrometer was named MARI after the late 
Professor Ishikawa's lovely daughter in the memory of him. 

I believe that this meeting will make great contribution toward the 
mutual benefit to the material science of United Kingdom and Japan. 

Thank you. 
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Review of UK-Japan Collaboration 

N. Watanabe 

National Laboratory for High Energy Physics 

1-1 Oho, Tsukubashi, Ibaraki 305, Japan 

First of all let me welcome you all to the workshop and to the National 

Laboratory for High Energy Physics, KEK. The organizing committee is particularly 

thankful to our British friends who are visiting us with a gift of beautiful neutron 

data recently obtained Using ISIS, the world's most intense spallation neutron 

source. I learned, that the ISIS is now in operation with proton beam current about 

90 |iA, which is already a half of the design value of 200u.A. The 4jt-equivalent peak 

thermal neutron flux would be about 5 x lO1^ n-cm'^s"^. 

This Workshop is organized as a first scientific meeting of UK-Japau 

collaboration on neutron scattering. I believe the workshop will make the 

collaboration more fruitful. Now I would like to take this opportunity to speak 

briefly about the background of the collaboration. Both countries have a long 

history of pulsed neutron research. In Japan the first neutron diffraction 

experiment using a pulsed accelerator was successfully achieved with the Tohoku 

linac in 1968 conducted by prof. M. Kimura. Based on the experience at Tohoku a so-

called KENS program was proposed by the late professor Y. Ishikawa and myself. 

The construction of KENS-I facility was completed early 1980 by the distinguished 

leadership of Prof. Ishikawa as the world's first full-scale facility of pulsed 

spallation neutrons for condensed matter research. I think our results should 

encourage the large scale projects in the world. The KENS facility was upgraded 

December 1985 by the improvement of target and accelerator. Neutron beam 

intensity was increased by a factor 4-6 (KENS-I1), but is still far below the values at 

the recent large-scale facilities. We therefore proposed a so-called KENS-II as a next 

generation pulsed neutron source in Japan which is expected to be authorized by 

the government in the near future as a part of Japanese hadron facility. In order to 

maintain the research activities with pulsed neutrons untill the time KENS-II 

becomes available, collaboration with an organization which has an intense pulsed 

neutron source is indispensable. 
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On the other hand, in the UK they have also a long history of pulsed neutrons. 

It dates more than twenty years back to the age of the old Harwell linac. Then they 

proposed the famous "Super booster" which was an intense repetitive fast-pulsed-

reactor with an injector electron linac. Their dream for the intense pulsed 

neutrons is now realized by ISIS. 

I think it would be very natural for both countries to collaborate with each 

other. The possibility for a collaboration was first tapped by Dr. Leo Hobbis, who was 

a former head of the neutron unit at Rutherford Laboratory and thereafter a 

director of material science division of the Science and Engineering Research 

Council (SERC). He visited Japan two times. His last visit to KEK was in 1979 before 

the start-up of KENS-I. A more concrete plan of the present collaboration was 

presented to us by Dr. Hobbis and Prof. A. J. Leadbetter, head of Neutron Division and 

associate Director of Rutherford Appleton Laboratory (RAL), in 1984. Prof. Ishikawa 

was keen to realize the collaboration and he did his best on this task. The 

collaboration was authorized financially on early 1986, but it is to be regretted that 

he passed away soon. I believe that the successful start of the collaboration is really 

due to his great effort. The agreement between SERC and KEK concerning neutron 

scattering using ISIS was signed December 1986 by Prof. E. W. J. Mitchell, the 

chairman of SERC, and Prof. T. Nishikawa, director general of KEK (see Appendix G). 

KEK provides a neutron scattering instrument, the so-called Multi Angle Rotor 

Instrument MARI, and its installation at ISIS. In return SERC provides access for 

scientists coordinated by KEK to ISIS neutron scattering facilities. Duration of the 

Agreement is for a period of ten years from the date of signature. 

On this opportunity I would like to talk about the origin of the name of our 

instrument. Our British colleagues requested us a beautiful Japanese woman's name 

for the instrument, because it is provided by Japan. On the other hand Prof. 

Leadbetter asked me to suggest a good name which commemorates the late Prof. 

Ishikawa. We suggested the name of Ishikawa's beloved daughter, MARI, who is now 

a student of Tohoku University, Sendai, studying pedagogics. Then, Prof. Leadbetter 

gave a name MARI to the instrument. This is the formal name since last April. 

MARI, which is currently being constructed on ISIS pulsed neutron source, is 

a direct geometry chopper spectrometer designed for studying inelastic scattering 

with energy transfer resolution Ae/e ~ 1 % over a wide range of energy and 

momentum transfer. The instrument was designed to perform experiments in the 

following research fields; 
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(1) High energy, especially magnetic, excitations 

Measurement of high energy magnetic excitations in 3d systems such as 

acoustic and optic magnons below T Q , spin fluctuations above TC) and more 

ambitiously Stoner excitations, to obtain a complete understanding of itinerant 

electron system. Direct observation of a time-space distribution of valence 

fluctuation in some rare-earth and actinide metal compounds to understand the 

magnetic and electric properties in 4f system. 

(2) Collective excitations 

Measurement of dynamic structure factor S(Q, e) in glasses, liquids and 

polycrystalline solids. 

(3) Chemical Spectroscopy 

Measurement of vibrational spectra in molecules and fluids over a wide range 

of energy and momentum transfers (say e = 10-250 meV and Q = 0.1-10 A"1) with 

higher energy resolution of about 1% to understand fundamental aspects of the 

dynamics of these systems, such as the relationship between dynamics and the 

potential governing molecular motions. 

(4) Momentum distribution of atoms 

Measurement of the scattering law at very large Q where the impulse 

approximation becomes valid (the recoil energy is much higher than the kinetic 

and potential energies of the system) and the scattering law is determined by the 

momentum distribution. 

Higher incident-neutron energies are important for all classes of 

experiments mentioned above, not only for high energy excitations (say e > 100 

meV) but also for modest values of energy transfer below 100 meV in order to keep 

the Q values reasonably low. Figure 1 shows the Q-E space covered by MARI with a 

typical incident-neutron energy E 0 = 800 meV. For example, if one wants to measure 

magnetic excitation at e = 250 meV with Q < 4A"1, high incident energy such as E0 = 

800 meV and lower scattering angle <{> 2 10° become indispensable due to the 

kinematic constraint of neutrons. As another example, let us consider the 

measurement of S(Q,e) from liquid aluminum, which is a typical polyvalent liquid 

metal and the pair potential of which is not well established. The Q-range where 

collective excitations exist is considered to be a sensitive measure of details of the 
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pair potential, and therefore molecular dynamic calculations long for 

measurements of collective excitations in this liquid in order to examine the 

assumed pair potentials. If we want to detect a collective excitation at about Q = 0.5 Q0 

(Qo is the wave number at the first peak of S(Q)), a typical set of E 0 and <|> would be E0 

= 1 eV and ty £ 3° assuming excitation energy of about 30 mcV. This experiment 

requires very high energy resolution, because e « E 0 ~ E i . 

Momemtum Transfer : Q (A-1) 

Fig. 1 Q-e space covered by MARI with incident energy Eo=800 meV 

The energy and momentum resolutions in direct geometry chopper 

instrument are given in Eq's (1) and (2) in ref. 1. The fundamental design of MARI 

was performed in the cooperation of both parties. In table I are summarized the 

main design parameters and the instrument specifications. In order to realize 

better resolution A E 0 / E 0 as well as higher neutron-beam intensity at thermal and 

epithermal neutron range, it was decided to install MARI on a beam line which 

views the 100K liquid methane moderator of ISIS. The neutron spectrum and the 

pulse width from this moderator are shown in Figs. 2 and 3 reproduced from the 

Rutherford Appleton Lab. report.2) The moderator can provide narrow pulses of 

slowing-down neutrons in the range E 0 > 50 meV, where the pulse width 9 in Full 

Width at Half Maximum is approximately given by G(u.s) ~ 7X(A). The instrument will 

have two choppers: a monochromating chopper and a background supperssion 

chopper. The monochromating chopper, which will placed at about 10m from the 

moderator, can provide pulsed monochromatic neutrons as narrow as the neutron 
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Table I. Main Design Parameters and Instrument Specification of MARI 

Moderator: 

Monochromating chopper: 

Sample position: 

Beam size: 

Neutron Detector: 

Liquid methane at T - 100K 
heterogeneously poisoned by Cd 
interleaves at 2.25cm from the view 
surface 

Positioned at about 10 m from the 
moderator 
400-600 rps 
Phased to ISIS neutron pulse within 
the accuracy ±0.5 us 

About 11 m from the moderator 

6 x 6 cm^ 

Scattered flight path length: 4 m 
Neutron Detector: 

3 He gas propotional counter 10 atm 
1"<]> in diam. 

Low angle counter bank: 
3 -10° (see Fig. 5) 

High angle counter bank 10 - 135° 

Energy range of incident neutrons: 50 - lOOOmeV 

Energy resolution: AE0/E0 ~ 1 % 

Momentrum resolution: AQ/Q ~ 2 - 5 % 

pulses from the moderator. The minimum chopper opening time is as short as 1 JIS 

which is rather shorter than the neutron pulse width at 1 eV (the highest neutron 

energy for MARI). Such short opening time can only be realized by rotating a 

narrow slit package, a curved slit Fermi rotor with alternating layers of neutron 

opaque and neutron-transmitting materials, at a very high speed. The chopper 

opening time Atc is simply expressed as 

Atc = d/2pfr, 

where d is the slit gap and f the rotating frequency and 2r the slit length. If we take 

2r = 10cm, which is reasonably large for a high speed rotor, and d = 0.5mm, which 

will be narrowest slit gap in the technical point of view, then f ~ 600 (rps) is 

necessary to realize Atc ~ lu,s. We adopted slit packages developed at Rutherford 
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Appleton Laboratory and a magnetic bearing system which was developed at KFA 

Jtllich and manufactured at Uranit (Company in West Germany) in order to realize 

the revolution frequency f ~ 600 Hz. We will have four or five slit packages with 

different slit aperture in order to match the different pulse widths at different 

neutron energies in the range of 50-1000 meV. 

High intensity capability is one of the most important design concept of MARI 

in comparison with HET and therefore the chopper window (neutron beam size) 

must be as large as possible under actual mechanical constraint and allowed beam 

collimation. We decided to adopt a 6cm x 6cm window which is maximum available 

value for rotor diameter of about 10 cm. 

As mentioned above smaller Q values can only be be achieved by the condition 

E 0 » e and smaller scattering angle. In order to realize higher energy resolution of 

Ae/E0 ~ 2% at smaller value of e/E0 ( say e/E0 < 0.2), the scattered neutron flight path 

length of L2 ~ 4 m becomes a necessary condition (see Fig. 8 of ref. 3). Due to the 

spatial restriction in the ISIS experimental hole for the installation of MARI, we 

judged that a horizontal detector layout was impossible and decided to adopt a 

vertical one as shown in Fig.4. It suited our convenience that there was a deep and 

large pit, which had been used with NIMROD, just at the place for the detector tank 

of MARI, although a small modification was necessary on the actual installation. 

Monochromating chopper 

11m from the moderator 
1 m 

10m from the moderator 
Low angle 
counter bank 

Background 
suppression 
chopper BEAM 

DUMP 

High angle 
counter bank 
R= 4.0 m 

Fig. 4 Vertical detector layout of MARI 
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The detector bank at smaller scattering angle is most important and we 

discussed extensively about the detector configuration which can accommodate as 

many detectors as possible within a given maximum scattering angle. A hexagonal 

geometry .was first proposed as adopted in INC, a sister instrument at KENS, but 

altered later on to the present geometry as shown in Fig.5 because of the reason that 

a x-y symmetry is important for single crystal samples. 

Fig. 5 Configuration of 
MARI low angle counters 

In order to realize high intensity capability at higher scattering angle, the 

solid angle subtended by detectors must be as large as possible. After extensive 

discussions we decided to design a detector tank in such way that the detectors can 

be lined in columns of three which enables the installation of up to one thousand 

detectors. It may be difficult to arrange such a huge number of detectors from the 

beginning, but this configuration has the advantage for future upgrading. 

Continuous coverage of scattering angles is also important to obtain a 

complete S(Q,e) in an wide Q-e space without any region missing. This requires a 

continuous detector layout over the entire scattering angle. With this respect the 

design of the vacuum scattering chamber, which consists of sample and detector 
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tanks, became another important discussion subject. The vacuum tank is fairly 

large in size and therefore must be strong enough against external pressure. At the 

same time the detector tank has large-area thin aluminium windows for detectors. 

Therefore, only small number of narrow structural supports, which also act as a 

part of the picture frame to hold windows, are allowed to minimize the blind angles 

for continuous angular coverage. The filial drawing of the detector tank and 

windows are shown in Fig. 9 in ref. 3 . 

Here, I would briefly explain, for Japanese users, the procedures for the 

application of experimental proposals for use of neutron scattering facilities on 

ISIS. Application form must be submitted to KEK for domestic screening by Japan-

UK Steering and Program Advisory Committee at KEK (members are listed in 

Appendix D). Those experiments which could apprently be done with KENS-I' and 

those which are not worthwhile to perform at ISIS will be rejected, and all 

remaining proposals shall be transmitted to the Head of Neutron Division of RAL for 

the screening by Experiment Selection Panels (ESP's) on the respective fields such 

as "Excitation and Momentum Distribution" etc. The selection will be done in an 

international competition base. A Japanese scientist can be a member of ESP where 

the proposals on MARI are reviewed. KEK shall be informed of the results by ESP's 

after authorization by ISIS Science Advisory Committee. Applicants on those 

proposals finally accepted are formally informed of the results from KEK. KEK will, 

in principle, support favel and local expenses of one scientist of each proposal 

accepted to perform the experiment at ISIS. Each financial year there are two 

periods of beam time, Round 1 (from March to July or August) and Round 2 (from 

August or September to December), and the dead line for application at RAL is about 

five months in advance of the beginning of each period and that at KEK is about six 

months. Japanese users can use not only MARI but also other neutron scattering 

instruments existing at ISIS. I strongly hope that a lot of "excellent" proposals will 

be submitted each year. Joint proposals with UK scientists are also encouraged. 

Some proposals for test experiments using ISIS have already been accepted 

and are partly being performed on HET and IRIS (see Appendix E). 

I am convinced that the collaboration shall not simply be the use of ISIS 

beam time for Japanese scientists but must be very complementary and creative; 

only in this way will important research be accomplished. For example, Japanese 

could contribute in growing large single crystals which will make it possible to 

open new science combined with the intense neutrons from ISIS. 
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The collaboration extends to more general items including exchange of 

scientists. Two British scientists already visited KENS for collaboration on the 

design study of the KENS-II target station and on the improvement of KENS data 

acquisition software as listed in Appendix F. Several Japanese scientists also visited 

ISIS to contribute on various spectrometers. RAL contributed in supplying a 

complete chopper system for INC at KENS. The results obtained by INC will be 

feedback to the MARI experimental program. 

References 

1) M. Arai et al.: Chopper Spectrometer INC at KENS, in this proceeding 
2) A.D. Taylor: SNS Moderator Performance Predictions, RAL-84-120 
3) A.D. Taylor: Chopper Spectrometer at ISIS Facility, in this proceedings 
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ISIS STATUS, SEPTEMBER 1987 

W G Williams 

Neutron Division, Rutherford Appleton Laboratory 

1. Description of ISIS [1] 

ISIS is now the most intense operational pulsed neutron source in the 

world. Figure 1 shows a schematic layout of the facility and its nominal 

design performance is given in Table 1. The injector is a 70 MeV linear 

accelerator for H - ions whose electrons are stripped at injection into the 

proton synchrotron. Intense ~ 0.4 us pulses of protons are then 

accelerated in the synchrotron up to an energy - 800 MeV, after which they 

Table 1 Nominal Design Performance of ISIS 

Preinjector 1 0 ^ H~ ions per puli. it 665 keV 

Injector 5 x 10 H~ ions per pulse at 70 MeV 

Synchtrotron 2.5 x 1013 protons per pulse at 800 MeV 

Repetition rate 50 Hz 

Mean current at 800 MeV 200 uA 

Fast neutron production 3 x 10*° per second 

Heat dissipation in target 200 kW 

are extracted down a beam channel to the target station. The target 

consists of plates of depleted uranium clad with zircaloy, and each proton 

produces 25 neutrons with energies up to the MeV range. These neutrons 

are then slowed down in two ambient water moderators placed above the 

target, and two cryogenic moderators, one of liquid methane at 95K and one 

of supercritical hydrogen at 25K, placed below the target. The 

target/moderator assembly is surrounded by a beryllium reflector cooled by 

D2O. The whole target complex is surrounded by a biological shield in 

which there are 18 neutron beam holes which currently serve approximately 

12 spectrometers. 
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2. Recent Performance of ISIS 

Figure 2 shows the integrated current in uA-hr taken over two-week periods 

from June 1985 to September 1987. During the long shut-down in April-

August 1986 great efforts were made to improve the reliability of the 70 

MeV injector where there were two main problem areas. Firstly the 665 keV 

pre-injector accelerator column sparked over frequently at beam current 

levels of only about 10% of full intensity. The transient voltages caused 

by these breakdowns damaged other low level electronic units which took a 

long time to repair. An intensive study of the breakdown phenomenon, 

though it failed to reveal the cause, did result in a reduction of the 

breakdown rate. In addition an extensive improvement to the electrostatic 

shielding of the pre-injector area eliminated the problem of interference 

with other equipment. The second main problem lay in the unreliability of 

the four high power, high voltage (35 keV) modulators for the r.f. power 

valves feeding the four accelerating cavities of the linac. Substantial 

changes were made to the low level control circuits and a new high power 

switching valve circuit was installed, replacing a single tetrode with two 

different valves in parallel. There has been a marked improvement in 

reliability since these changes were made. 

The running up to March 1987 was at a maximum proton energy of 550 MeV. 

The first operation of the experimental programme with 750 MeV protons 

occurred in April 1987. The neutron yield from the moderators increased 

as expected at this higher energy: there was a 55% increase for the two 

moderators near the front of the target and a 90% increase for the two 

back moderators. Some problems ware revealed in running at 750 MeV, 

including a demonstration of the beam power when a malfunction resulted in 

part of the stainless steel r.f. shield inside the synchrotron vacuum 

vessel being melted. Development of operating and monitoring techniques 

have gradually been improved so that operation at 750 MeV has recently 

reached the reliability levels obtained at 550 MeV. 

The first target failure, following over 2 years' operation, was observed 

in August 1987. The target consists of 28 plates of uranium clad in 

zircaloy with heavy water cooling and is shown in Figure 3; there are 

three cooling circuits each cooling 8 or 10 plates. It is mounted in a 

pressure vessel which has its own independent heavy water cooling circuit. 
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Measurements of the flow and pressure drop in channel 1 indicated that 

there was a blockage in this channel, and this was followed by observing 

that the temperatures of plates 2 and 4 were some 50°C above their normal 

temperature of 200°C. Eventually an internal leak developed between the 

main target cooling circuit and the casing circuit. In addition to the 

problems with the target cooling, a small amount of fission products were 

found in the cooling water, the level of these contaminants being 

consistent with there being some minor damage to the zircaloy cladding. 

It was then decided to replace the target. 

The reason for these problems is not known and the intention is to 

dismantle the target in the Harwell Laboratories active handling cells to 

examine it. A new target was installed over a period of about 20 days. 

Improvements to the procedures and tooling will be made to speed up the 

operation of future target changes. It was very gratifying to see that 

the flow and temperature monitoring diagnostics on the target worked 

exceedingly well during this experience. 

There has been a noteworthy progress in the technique for preparing the 

stripping foil which converts H~ ions from the injector to protons in the 

synchrotron. The thin alumina film (0.25 microns thick) was previously 

supported on three sides by an aluminium frame. It was found that if the 

bottom edge was cut through along almost the whole length, the mechanical 

stresses were relieved and the foil lasted much longer in the synchrotron. 

For example one foil prepared in this way lasted for approximately 20 

days, having transmitted 13200 liA-hr of beam. This should be compared 

with the average "life-time" of 1600 uA-hr for the earlier uncut foils. 

The record of the average currents achieved each day during the last 

monthly period of ISIS running is shown in Figure 4. ISIS now produces 

well in excess of 1000 uA-hr per day on a routine basis. 

3. ISIS Experimental Facilities 

ISIS currently provides 11 experimental facilities or instruments for 

condensed matter research. There are 6 elastic instruments: HRPD (High 

Resolution Powder Diffractometer), LAD (Liquid and Amorphous 

DiffTactometer), SXD (Single Crystal Diffractometer), POLARIS (Polarised 

Neutron Spectrometer), CRISP (Critical Reflection Spectrometer), LOQ (Low-
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Q DiffTactometer); 4 inelastic instruments: HET (High Energy Transfer 

DiffTactometer), TFXA (Time-Focused Crystal Analyser Spectrometer), IRIS 

(Quasielastic and High Resolution Inelastic Spectrometer), eVS (Electron-

Volt Spectrometer); and also a recently commissioned pulsed muon facility. 

In addition there are three further neutron spectrometers at various 

stages of construction: SANDALS (Small Angle Neutron DiffTactometer for 

Amorphous and Liquid Samples), PRISMA (High Symmetry Coherent Inelastic 

Spectrometer) provided by Italy, and MARI (Multi-Angle Rotor Instrument) 

supplied by Japan. The beam lines occupied by all these instruments are 

depicted in Figure 5. 

Detailed descriptions of these instruments and their scientific programmes 

are provided in the papers of M W Johnson and A D Taylor presented at this 

meeting. More extensive accounts are available in 'ISIS 1987' and the 

Rutherford Appleton Laboratory Annual Reports, copies of which can be 

provided on request. Here it suffices to highlight the more recent 

advances on three elastic instruments: HRPD, CRISP, LOQ; and three 

inelastic spectrometers: HET, TFXA, IRIS. It is also appropriate to 

present the first results obtained at the muon facility, and to give a 

brief description of the new spectrometers SANDALS and PRISMA. 

3.1 Elastic Scattering Spectrometers 

High Resolution Powder Diffractometer - HRPD [1] 

This instrument was designed to provide the highest practical 

resolution consistent with reasonable counting times. Its d-spacing 

resolution Aj/d is "• 5 x 10"^ and is achieved by placing the 

scattering chamber at the end of a long curved neutron guide which 

approches 100m length, and by using back-scattering geometry. The 

guide aperture is 2.5 cm (width) x 8.0 cm (height), and its curvature 

corresponds to a characteristic wavelength A* = 0.98A; its 

transmission is therefore good down to wavelengths •* 0.6A. The main 

back-scattering detector comprises 20 concentric rings of Li-doped 

glass scintillators, and current developments include the provision of 

a low angle (28 = 5-7°) detector for high d-spacing measurements, and 

a 29 = 90° scintillator detector for high pressure work. The high 

resolution obtainable on HRPD is amply demonstrated in the 

measurements by Paul et al. [31 on the high-Tc superconductor 
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La1.85Ba0.15CuO4* T n e res°lut:I-on enabled the orthorhombic splitting 

of the (040) and (400) peaks to be readily determined, and Figure 6 

shows the anomalous temperature dependence of the spontaneous strain 

(which is simply related to the orthorhombic splitting) in the 

vicinity of the superconducting transition temperature Tc = 35K. 

Critial Reflection Spectrometer - CRISP [4] 

The form of the reduction of the neutron reflectivity above the 

critical scattering vector Qc 0r (sin 6/X)c for total reflection gives 

information on the depth variation of the neutron refractive index 

perpendicular to the reflecting surface. Measurements over a large 

(sin8/X) range are needed, and a fixed angle pulsed source instrument 

operating over a wide X range is ideally suited for such measurements. 

CRISP has now been producing novel results over a period of 6 months 

over a broad range of surface science including chemical interfacial 

phenomena, surface magnetism and low dimensional structures. The 

collimation for this instrument is designed to provide a horizontal 

slit beam inclined downwards at 1.5° to the horizontal plane, and it 

can therefore be used to study liquid surfaces. A polarising 

supermirror and a spin flipper is incorporated into the reflectometer 

to allow the magnetism of surfaces to be investigated. Figure 7 shows 

schematically the experimental arrangements of CRISP in the 

unpolarised and polarised beam modes. An important future development 

on this instrument involves the replacement of the single 3He gas 

detector by a linear position sensitive detector. 

Low-Q DiffTactometer - LOQ 

The LOQ spectrometer at ISIS currently in operation at ISIS is a 

simplified version of the earlier design and is shown in Figure 8. 

This instrument was constructed following the availability (on loan 

from AWRE, Aldermaston) of a LETI detector which is identical to the 

one used on D17 at ILL. This is a BF3 position sensitive detector 

with about 16000 sensitive elements, each 5 mm x 5 mm in area, and 

arranged in a square array of size 64 cm x 64 cm. The source-sample 

distance is 11.1m, and the sample-detector distance is now fixed 

(unlike in the original design) at 4.3m. A single chopper running at 

25 Hz and a set of Ni-coated silicon mirrors are used to select a 
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wavelength band ca 2-10A; the Q range is 0.007-0.2 A-1. Typical 

experiments carried out so far include: studies of molten and solid 

polymers, the ageing behaviour of Al-Li alloys, and biological 

measurements on histone core particles in H2O and H2O/D2O solutions. 

3.2 Inelastic Scattering Spectrometers 

High Energy Transfer Spectrometer - HET [5] 

This is a direct geometry chopper spectrometer which views a poisoned 

ambient temperature water moderator and has a source-sample distance ~ 

11.8m; it is shown in Figure 9. One of the principal design criteria 

was that it should provide the capability of measuring energy 

transfers "nui in the range 100-500 meV with low associated scattering 

vectors. Incident energies from 200-1000 meV are selected to 

resolutions &±/Z± - 0.7% by a fast Fermi chopper which is equipped 

with one of four slit packages. This chopper operates at 600 Hz and 

is phased with respect to the ISIS pulse to within ± i lis. It is 

preceeded by a Nimonic chopper .vhose function is to attenuate neutrons 

at energies > 5 eV in the incident beam. 

The scattered neutrons are detected at 4m from the sample in a low 

angle array (3°-7°) of -Hte gas tubes, at 4m in a movable high angle 

array (80°-140°), and at 2m in an intermediate angle array (10°-30°). 

The 2m array was originally composed of 2 mm thick glass 

scintillators, but their intrinsic backgrounds (- 0.5 n/cmVmin) were 

too high for inelastic scattering measurements, and these have now 

been replaced by 10 atm -*He tubes of 2.54 cm diameter. For safety and 

reliability reasons the large thin window at 2m is to be replaced at 

the end of 1987 by an eight fold array of locally thin windows, and 

the scattered flight path to these detectors will be 2.5m. The 

scientific programme on HET may be broadly classified in four main 

areas: vibrational spectroscopy (34%), isotropic magnetic systems 

(25%), momentum distributions (6%), and single crystal magnetic 

excitations (25%). 
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Time-Focused Crystal Analyser Spectrometer - TFXA [6] 

TFXA is an inverted geometry inelastic spectrometer equivalent to the 

KENS I spectrometer CAT. Time-focusing is achieved by placing the 

sample and detector arrays in the same plane with the reflection 

planes of the PG analysing crystal parallel to this plane; see Figure 

10. This geometry ensures that all the scattered neutrons reflected 

by the PG crystal, in this case at a mean energy 4 meV, have the same 

flight times between the sample and detector. A cooled beryllium 

filter is inserted between the analysing crystal and detector in order 

to minimise the detection of higher order Bragg reflected neutrons. 

The secondary flight path has been kept down to 0.66m to maximise the 

analysed solid angle. Typical energy transfer resolutions are •* 2.5% 

over a "nw range between 20 and 1000 meV. In addition to the time-

focusing, energy focusing is obtainable from a knowledge of the 

slightly different mean Bragg analysing angles appropriate for each 

individual detector. This reduction in the uncertainty of the 

analysed energy is a feature which has not previously been exploited 

in crystal analyser spectrometers. Good energy transfer resolution is 

maintained down to energy transfers of a few meV. There have been two 

recent improvements to the spectrometer: the replacement of the 

cylindrical gas detectors with elliptical 3He counters which has 

resulted in a halving of the energy transfer resolution at energy 

transfers greater than approximately 100 meV, and the provision of a 

thicker VG analysing crystal which gave a threefold increase in the 

reflected intensity. Typical recent experiments include a study of 

the vibrational modes in potassium hydrogen carbonate, the dynamics of 

hydrogen absorbed on M0S2 and WS2 catalysts, and a determination of 

the magnetic levels in tri-chromium carboxylate complexes. 

Quasielastic and High Resolution Inelastic Spectrometer - IRIS 

IRIS is a crystal analyser spectrometer which uses the (002) 

reflections from pyrolytic graphite in the backscattering geometry in 

its highest resolution (15 peV) mode. High resolution over the 

incident flight path is achieved by conducting the beam from the cold 

moderator through a 34m long curved neutron guide. Details of the 

1350 cm^ array of PG analysers and the Li-loaded glass scintillator 

position sensitive detector are shown in Figure 11; it was finally 
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commissioned in Summer 1987. The best elastic resolution of 15 peV is 

obtained at an analysed energy of 1.83 meV. An extension to the 

dynamic range covered by IRIS can be made by rephasing its energy band 

selecting chopper and analysing at higher scattered neutron energies 

by using the PG (004) and (006) reflections. For example by analysing 

at 7.3 meV with the (004) reflection the (elastic) Q range accessible 

becomes 0.5 to 3.7 A- at a resolution of 45 ueV. Representative 

examples of the experiments carried out so far include: the 

temperature dependence of the broadening of the tunnelling peak in 4-

methyl pyridine, and a similar investigation of the tunnelling 

splitting in acetyl acetone. 

3.3 Pulsed Muon Facility 

First muons were observed at the ISIS pulsed muon beam facility in March 

1987. The muons are produced in three water-cooled graphite blocks placed 

in the extracted proton beam line approximately 20m upstream from the 

spallation target; see Figure 5. The commissioning experiments confirmed 

the expected quality of the beam line and the prospects for the muon 

research programme. This is illustrated in Figure 12 which shows a log 

(Positron Count Rate) vs time plot recorded for an aluminium sample. The 

muon precession signal is superimposed on the radioactive decay of the 

muon which has a (1/e) lifetime of T U = 2.2 us. This shows that 

precessions are observable out to times ** 22 us, i.e. 10 muon lifetimes. 

This is an achievement which has not been approached elsewhere and opens 

up possibilities of measuring very low depolarisation rates, e.g. 

diffusion studies in metals where interstitial diffusion is fast, or 

allowing more sensitive studies of the spin dynamics in magnetic 

materials. 

4. Future Neutron Scattering Instruments 

There are 3 neutron spectrometers at various stages of construction: 

PRISMA (High Symmetry Coherent Inelastic Spectrometer), SANDALS (Small 

Angle Neutron Diffractometer for Amorphous and Liquid Samples) and MARI 

(Multi-Angle Rotor Instrument). The chopper spectrometer MARI is being 

built as part of the Japan-UK collaboration in neutron scattering and is 

described in the paper presented by Professor Watanabe at this meeting. 

We now describe the new spectrometers PRISMA and SANDALS. 
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4.1 PRISMA [7] 

PRISMA has been funded under an agreement between the UK Science and 

Engineering Research Council (SERC) and the Consiglio Nazionale delle 

Ricerche (CNR), Italy. It was built by the ISM Laboratory of the CNR at 

Frascati and has now been installed for commissioning on ISIS. It is a 

crystal analyser inelastic spectrometer which is designed to study 

coherent excitations in single crystals, and is similar to the KENS 

spectrometer MAX. The scattering function can be measured along any high-

symmetry direction in reciprocal space selected by the experimentalist. 

There are 16 analyser crystals (initially Ge) on a single scattering arm, 

and each crystal can be rotated independently together with its detector 

arm assembly. The angular separation between the analysers is 2° so that 

a total scattering angle range of 30° is covered by the scattering arm 

which itself can be rotated through ±100° about the incident beam 

direction. An elaborate suite of software programs has been developed to 

allow the spectrometer to be calibrated, the sample to be aligned, and the 

required instrument configuration to be set up. First measurements with a 

single crystal specimen are expected early in 1988. 

4.2 SANDALS 

A second liquids-amorphous materials diffractometer SANDALS is being built 

with an emphasis on using short wavelength neutrons at small scattering 

angles. In comparison with LAD this instrument has a much larger solid 

angle with a much-improved performance at low Q values. Its ability to 

perform diffraction at low angles and high incident energies (tens of eV) 

means that inelasticity effects from light atoms will be minimised. The 

small angle detector will be a conventional 'dartboard' scintillator 

detector covering the angular range l°-5°. At larger scattering angles 

the detectors are divided into three groups with constant resolutions of 

1% (100°-55°), 2% (45°-20°) and 4% (20°-8°) in AQ/Q. The small angle 

detector is placed at 4m from the sample position. With this combination 

of detectors it will be possible to obtain data in a continuous Q range 

from - 0.02 A-1 to 50 or 100 A-1 without aiiy adjustments of sample or 

detector positions. The incident beam line, collimator, shielding and 

beam stop were completed in 1987. Feasibility tests using a prototype 

detector tank are about to begin, and it is intended to install the real 

detector tank in 1988. 
- 2 5 -



References 

[1] B E F Fender, L C W Hobbis and G Manning, Phil Trans Roy Soc Lond B290 

(1980) 657 

[2] W I F David, W T A Harrison and M W Johnson, Proc III European Conf 

Solid State Chemistry, Vol 3 Regensberg (1986) 428 

[3] D McK Paul, G Balakrishnan, N R Bernhoeft, W I F David and W T A 

Harrison, Phys Rev Lett _58_ (1987) 1976 

[4] J Penfold, R C Ward and W G Williams, 'A time-of-flight neutron 

reflectometer for surface and interfacial studies', to appear in J 

Phys E: Sci Instrum (1987) 

[5] A D Taylor, B C Boland, Z A Bowden and T J L Jones, 'HET: the high 

energy inelastic spectrometer at ISIS', Rutherford Appleton Laboratory 

Report RAL-87-012 (1987) 

[6] J Penfold and J Tomkinson, 'The ISIS time-focused crystal analyser 

spectrometer TFXA', Rutherford Appleton Laboratory Report RAL-86-109 

(1986) 

[7] C Andreani, C J Carlile, F Cilloco, C Petrillo, F Sacchetti, G C 

Stirling and C G Windsor, Nucl Instrum Meth A254 (1987) 333 



Figure Captions 

Figure 1 Layout of ISIS. 

Figure 2 Time integrated current in pA-hr taken over two week intervals 

from June 1985. Planned shutdown periods are shaded. 

Figure 3 Diagram of uranium plates with heavy water cooling channels used 

as the spallation target at ISIS. 

Figure 4 Microamp-hours of protons produced per day on ISIS during the 

period 15 September 1987 - 14 October 1987. 

Figure 5 ISIS beam lines and instrument. 

Figure 6 Temperature dependence of the orthorhombic splitting of the 

(040) and (400) peaks in the high Tc superconductor 

La1.85Ba0.15Cu04 observed on HRPD. 

Figure 7 Layouts of the critical reflection spectrometer CRISP in the 

unpolarised and polarised beam modes. 

Figure 8 Schematic diagram of LOQ spectrometer. 

Figure 9 The high energy transfer chopper spectrometer HET. 

Figure 10 The time-focused crystal analyser spectrometer TFXA. 

Figure 11 The backscattering analyser arrangement on the quasielastic and 

high resolution inelastic spectrometer IRIS. 

Figure 12 Decay of the effective positron count rate vs time plotted on 

log-linear scales for the first uSR experiment on ISIS using an 

aluminium sample (room temperature, 20 mT applied field). 
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Schematic diagram of the unpolarlsed mode of the 
CRISP reflectometer. C: chopper, B: beryllium filter, J: coarse 
collimating jaws, S1, S2: collimating slits, F: frame-overlap 
mirrors, R: downstream collimation, M: neutron beam 
monitor, S: sample, and D: detector. 

D 

FIGURE 7 

Schematic layout of the polarised mode of the 
CRISP polarised reflectometer. The principal components 
are: A: frame-overlap Nimirrors set at a reflection angle 9 = 
13°, B: a Co-Ti polarising supermirror, C: a two-coil non-
adiabatic spin flipper, D: permanent magnet guide fields, E: 
the sample position, and F: the neutron detector. 
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OCTOBER 1987 

DIFFRACTION INSTRUMENTS AT THE ISIS FACILITY 

M W JOHNSON 

RUTHERFORD APPLETON LABORATORY 

CHILTON 

DIDCOT 

OXON 0X11 OQZ 

In this talk I would like to describe the instruments used for elastic 

scattering experiments at the ISIS facility. I will give one or two 

examples of the type of science performed on each instrument over the last 

year, so as to give you an idea of the capabilities of the instruments 

concerned. I should point out that all of the work I shall describe is 

the work of others, especially the members of the elastic scattering group 

at the Rutherford Appleton Laboratory. They have also been kind enough to 

allow me to make copious use of their existing descriptions and figures, 

for which I am extremely grateful. 

Figure 1 shows the layout of the ISIS Instruments with the elastic machine 

shaded. The following table lists the instruments concerned and gives a 

brief description of their areas of work, range and resolution. 
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Ins truments at ISIS 

DIFFRACTOMETER Features 

HRPD: 
high-resolution ab initio structure 
powder diffractoraeter determination, large unit 

cell structure refinement, 
phase transitions, mixed 
phases, line broadening, 
high-pressure studies 

LAD: 
liquids and amorphous structures of liquids 
diffractometer and amorphous solids, 

medium resolution powder 
diffraction 

Ad/d ~ 5 x 10"4 

(backscat ter ing) 
Ad/d ~ 0.1 (low-angle bank) 
guide: \* » 0.98 A, 
minimum wavelength =0.5 A 
100 K methane moderator 

0.5 < Q < 100 (A - 1) 
AQ/Q = 0.004 (backscat ter ing) 
100 K methane moderator 

SXD: 
single-crystal 
diffractoraeter 

POLARIS: 
polarised neutron 
spectrometer 

single crystal structure 
determination, study of 
structural phase changes 
and magnetic order 

magnetic structures 
and excitations 
ambient water moderator 

0.2 < Q < 30 (A-1) 
1.2 - 300 K accessible 
Anger camera in development 
ambient water moderator 

AQ/Q - 0.006 - 0.1 
polarised incident beam 

CRISP: 
pulsed source neutron surface structure, 
reflectoraeter for 
surface studies 

LOQ: 
low-Q diffractometer 

interfaces and 
surface magnetism 
0.5-26 A wavelength 
neutrons, inclined beam 
for liquid surface studies 
25 K hydrogen moderator 

biological, raacromolecular 
and other large scale 
structures 

resolution 2 - 10% 
sin6/X range 0.0005 
- 0.02 A"1 using 

«-l ) 0.008 < Q < 0.2 (A~ 
AQ/Q -0.05 
25 K hydrogen moderator 

HRPD: HIGH RESOLUTION POWDER DIFFRACTOMETER 

HRPD is a very high resolution neutron powder diffractometer situated at 

the end of a - 100 m guide. The Ad/d resolution of ~ 5 x 10"^ permits not 

only traditional neutron powder diffraction experiments based around the 

Rietveld profile refinement method but also new experiments such as ab 

initio structure determination and line broadening analysis. The number 

of backscattering detector octants is now 6; and run times are now in the 

range of one to twelve hours. A low-resolution low-angle bank has also 

been installed that permits access to reflections with d-spacings up to 
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50 A. We have recently completed the design of a 90° detector bank that 

will be used for specialised sample environment work, such as the study of 

structures at high pressures or under controlled atmospheres, at a Ad/d 

resolution of ~ 10"" . 

The three examples of work recently performed on HRPD are G^CPO^^, 

squaric acid and the work on high Tc superconductors. 

POWDER DIFFRACTION STUDIES OF MAGNETICALLY ORDERED Ca3(P04)2 

The very high resolution of HRPD over a wide range of d-spacings is 

ideally suited to the study of magnetic materials, where reflection 

positions and intensities must be accurately determined at long d-

spacings. Copper phosphate, Cu3(p04)2 (triclinic: a - 4.853A, b = 5.285A, 

c - 6.182A, alpha - 72.35°, beta - 86.99°, gamma - 68.54°) was 

investigated at room temperature and 5K: d-spacings out to 5A were 

accessed as shown in Fig. 2. Peaks are easily resolvable at a d-spacing 

of 0.7 A. The 5K data showed additional Bragg peaks indicating 

antiferromagnetic ordering. Even for this low symmetry spin-} system, 

these could be unambiguously assigned as the (003), (101) and (111) 

reflections, assuming a doubled magnetic unit-cell along c and we are now 

attempting to solve the low-temperature magnetic structure from these 

data. The CCSL profile refinement suite is being modified to account for 

magnetic scattering for both time-of-flight and constant wavelength modes. 

The copper phosphate data also serve as an excellent test for the ab 

initio powder methods. The unit cell was successfully determined from the 

first 20 reflection positions by the program Visser, then reflection 

intensities were extracted by our CAILS (cell and intensities least-

squares) program which refines cell and peak shape parameters with 

individual integrated intensities. We have extracted over 200 usable 

unique intensities from these data from a d-spacing of above 1 A (Fig. 3). 

We are developing the direct methods of programs MITHRIL and SHELXS for 

neutron diffraction as part of our suite of programs for the solution of 

ab initio powder diffraction problems. 

SQUARIC ACID 

HRPD has been used in a recent refinement of squaric acid. Room 

temperature single crystal neutron and x-ray structure determinations of 
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squaric acid (H2C4O4) indicate that the material has a planar structure 

that possesses a small monoclinic distortion from tetragonal symmetry. 

The small pseudosymmetry (Ad/d < 0.001) and hydrogenous content of squaric 

acid necessitate high resolution for a powder diffraction experiment to be 

successful. The location of hydrogen using powder diffraction techniques 

has hitherto been extremely difficult using traditional x-ray and neutron 

diffTactometers. With x-rays, hydrogen scatters so weakly in the presence 

of other nuclei as to be almost invisible, whereas with neutrons, 

naturally occurring hydrogen produces very large backgrounds, resulting 

from a large incoherent scattering cross-section, which masks all but the 

strongest Bragg peaks. Deuteration obviates the above problems in neutron 

diffraction studies but is an expensive and often complicating option. 

The considerably higher resolution of the high resolution powder 

diffractoraeter HRPD over similar machines results in a substantial 

increase in the peak to background ratio thus allowing problems of 

significant complexity to be tackled. 

The data, recorded in 12 hours from a sample 2 x 1.5 cm in cross-section 

and 0.5 cm deep, were refined straightforwardly to give an excellent fit 

(weighted profile R-factor «• 4.60%; expected R-factor = 4.55%; x2 » 1.02). 

Atomic positions agree closely with the single-crystal neutron diffraction 

study; the locations of the hydrogens are substantially different and less 

well determined in the single-crystal x-ray study. Lattice parameters 

obtained from profile refinement indicate the sroallness of the raonoclinic 

distortion and the high lattice precision available using the time-of-

flight method (a = 6.12890(5) A; b = 5.26781(5) A; c = 6.14025(6) A; B = 

89.9632(5)°; spontaneous ferroelastic strains are e ^ = 9.25(6) x 10 » 

Ei3 a 3.21(4) x 10 ). The initial refinement reported above involved 

profile analysis with a minimum d-spacing of ~ 1 A (Fig, 4(a)). A second 

data set, collected over a range of shorter d-spacings (dmin =» 0.54 A), 

Proved to be even more successful allowing the resolution of the real 

space scattering distribution (Fig. 4(b)) to be substantially improved. 

The shorter d-spacing data permitted an analysis of the order-disorder 

character of the 0-H—0 link between squaric acid molecules. As 

anticipated, this bond was found to be fully ordered at room temperature. 

ANOMALOUS STRUCTURAL BEHAVIOUR OF THE SUPERCONDUCTING COMPOUND 

^1.85830.150004 

Compounds which exhibit superconductivity are often prone to structural 
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instabilities. The structural phase transitions which occur may or may 

not be directly associated with the superconducting phase transition. 

Similar reasoning leads one to consider the anomalous behaviour of certain 

vibrational modes of the lattice potentially coupled to the onset of 

superconductivity through an enhanced electron-phonon interaction. In 

view of the possible interdependence of crystallographic and electronic 

(superconducting) phase transitions it is clear that- a detailed and 

accurate knowledge of structural instabilities may clarify the origin of 

superconductivity in such materials. Furthermore, any realistic model of 

the high-temperature superconducting phase will have to satisfy the 

observed structural constraints. 

Recent medium-resolution neutron diffraction experiments reported that 

^al .85^a0.15('u^4 adopts the tetragonal 14/mmm structure (similar to 

K2MF4) at various temperatures between 10 and 295 K. Our measurements 

however clearly show that a tetragonal-to-orthorhombic transition occurs 

at 180 K, together with further structural anomalies on approach of the 

onset of the superconducting phase transition at 35 K. 

The materials used in our experiments were prepared by reaction of La203, 

BaCOj and CuO in the appropriate cation ratios at 1100 K for 24 h; the 

reacted mixture was then ground, pressed into pellets, and sintered at 

1100 K for an additional 12 h. The samples exhibited a sharp 

superconducting transition with no low-temperature resistivity tail. 

Our high resolution neutron diffraction data indicate the following 

anomalous behaviour in the barium-doped compound La^gjBaQ.isCuO^. At 

temperatures greater than 180 K we observed the tetragonal I4/mmra 

structure (as in the parent compound above 500 K). Below this temperature 

a symmetry-breaking orthorhorabic transition occurs with a splitting ratio 

which increases monotonically with decreasing temperature, reaching a 

maximum value at 75 K. Below 75 K a highly unusual and unexpected 

decrease in lattice distortion is observed which saturated at 35 K 

coincident with the onset of superconductivity in this sample. Direct 

evidence for this orthorhorabic distortion is presented in Fig. 5 which 

clearly indicates the development of the splitting between the (400) and 

(040) Brag^ reflections on entering the orthorhorabic phase and its 

subsequent collapse with further lowering of temperature. 
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All data, taken in 5-K steps between 10 and 185 K, have been refined In 

both the (Abma) and (Fmmm) space groups. The preferred structure in the 

orthorhorabic phase is found to be (Abma), as in the parent compound, and 

allows us to calculate the orthorhombic splitting as a function of 

temperature. The temperature dependence of this splitting, the 

spontaneous strain, is presented graphically in Fig. 6. 

In addition to the site positional anomalies, the Bragg (hOO)-type 

reflections are noticeably wider than their (OhO) counterparts. This 

broadening, which is well described by a Lorentzian line shape, is 

consistent with the existence of stacking faults taking the structure 

locally from the (Abma) into the (Fmrara) sequence. The presence of such 

stacking faults may be anticipated in this weakly split orthorhombic state 

since the required energy to shift between the (Abma) and (Fmmm) space 

groups is small. 

STRUCTURE AND CRYSTAL CHEMISTRY OF THE HIGH-TC SUPERCONDUCTOR YBa2Cu307_x 

Materials within the phase diagram Y203~BaO-CuO have recently generated 

great interest because of the observation of superconductivity with a 

critical temperature (Tc) of > 90 K associated with the phase YBa2Cu30y_x. 

An early single-crystal x-ray diffraction experiment concluded that its 

structure was based on the corner-linked octahedral perovskite structure: 

the tetragonal unit cell (space group P*4m2) arises from a tripling of the 

c-axis resulting from the ordering of yttrium and barium cations and 

associated oxygen defects. Our results agree with the x-ray data with 

respect to cation positions, but the location of one set of oxygen defects 

is substantially different and necessitates the lowering of lattice 

symmetry from tetragonal to orthorhorabic (space group Pmmra), in agreement 

with separate findings. In contrast to the 35-K superconductor, 

^al.85^a0.I5CUO4, the corner-linked CUO4 planar groups are connected not 

only as sheets in the a-b plane but also as chains parallel to the b-axis. 

The average copper valence is 2.23 (5). From bond valence argument we 

infer that the Cu^+ and Cu^+ ions preferentially occupy square-pyramidal 

and square-planar sites respectively. Crystal chemical considerations 

suggest that these structural features may be involved in the 

superconducting mechanism. 

Simulation of the x-ray structure showed clear structural similarities 

with the HRPD diffraction data. Lowering lattice symmetry by introducing 
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a small orthorhombic distortion (space group symmetry reduction from P"4"m2 

to Pmm2) resulted in excellent agreement between observed and calculated 

peak positions. The space group symmetry was raised from Pmm2 to Pmmra as 

no evidence for a lack of centre of symmetry was found. 

Structural analysis was performed using the Rietveld method based on the 

Cambridge Crystallography Subroutine Library (CCSL). The cations were 

located before refinement in the x-ray positions. The positional 

parameters of all possible oxygen positions were based on the ideal 

perovskite structure and refined along with the oxygen site occupancies. 

Results of the profile refinement indicate two principal sets of oxygen 

vacancies compared with the ideal perovskite structure: one a-b-plane 

layer of oxygen ions surrounding the yttrium cation and one line of oxygen 

ions parallel to the b-axis (see Fig. 7). The location of the latter 

vacancies is significant, because, despite the pseudo-tetragonal lattice, 

no structural phase transition to tetragonal symmetry is possible in this 

material without the disordering of these oxygen vacancies. This is 

crucial to the understanding of superconductivity in these materials. 

Although the structure of VBa2Cu307_x is substantially different from the 

35-K superconductors Laĵ  ,85A0.15CuO4 (A • Ba, Sr), both structures may be 

considered to be derived from the perovskite structure and to contain 

corner-linked CuO^ square planar arrangements. In La^,85A0.15^U^4 these 

planar groups are two-dimensionally connected in the a-b plane and are 

derived from a Jahn-Teller-like elongated octahedral (4 + 2) coordination 

as in the parent La2Cu04 phase. In YBa2Cu307_x two types of planar groups 

exist: two thirds of the a-b planes containing copper consist of CuO^ 

planar-like groups corner-linked in the a-b plane, derived from square 

pyramidal (4 + 1) coordination of the Cu(2) site at (0, 0, 0.3555(3)). 

These two-dimensional sheets are slightly puckered, with the copper 

displaced from the oxygen plane by ~ 0.262 A towards the apical oxygen. 

The planar copper-oxygen bonds all lie between 1.93 and 1.96 A. In 

addition, there are one-dimensional chains of true CuO^ squashed planar 

groups oriented in the b-c plane and linked parallel to the b-axis; these 

are weakly bound to the a-b plane CUO4 planar groups by the long (2*308 A) 

apical Cu-0 bond of the square pyramid. There are no linkages between 

these square planar groupings in the a direction. This is reflected in 

the large anisotropic temperature factors for 0(1). 
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IAD: LIQUIDS AND AMORPHOUS MATERIALS DIFFRACTOHETER 

A diagram showing the present configuration of the LAD instrument is shown 

in Fig. 8. 

There have been no recent modifications to the instrument, though for a 

short period one of the 20° gas detectors was replaced by test modules of 

scintillator detector - both the Li-glass and ZnS types of detector were 

investigated. The performance of the Li-glass module was sufficiently 

encouraging to justify replacing the gas detectors in the angular range 

20° to 90° with scintillator and this will be carried out during 1987/8. 

At each angle the single gas detector and slit will be replaced by five 

segments of curved scintillator which together with increased efficiency 

should improve the total count rate at each angle by about a factor of 

eight. 

The science areas to be described are molten salts, molecular liquids and 

amorphous systems. 

MOLTEN SALTS 

The temperature variation of S(Q) has been measured in two systems. N H 2 

exhibits a large prepeak in the S(Q) at about Q - 0.88 A~l similar to 

MgC&2 and ZnC£2» Such a feature has been interpreted as being indicative 

of a high degree of structural ordering of the cation species. The 

position of this peak can be related to the distance between the layers of 

the hexagonal crystal structure with a period of 7 A. Data obtained at 

830 and 900°C (the melting point is 800°C) show little change in the peak 

height and the change in position is consistent with thermal expansion. 

CsCJl spectra were obtained at 670 and 970°C (melting point 640°C). 

Differences were observed in the S(Q) between the two temperatures and are 

being compared with the computer simulations. These simulations were in 

disagreement with previous data at 690°C and indicated that some scaling 

of the interionic potential may be required. 

MOLECULAR FLUIDS 

An experiment on methanol was performed to test the feasibility of carbon 

isotope substitution using natural carbon and 13c. The data on the 
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natural carbon sample agree with previous results and there is a 

difference between the two samples, in particular a peak at about 1.75 A. 

Krypton has been measured in the gas phase at two pressures along the 220 

K isotherm. At the lower angles the Intensity increases as Q decreases to 

a value at Q • 0 dictated by the compressibility. 

AMORPHOUS SYSTEMS 

The amorphous alloy Fe4oNi4oB20 n a s b e e n extensively studied with many 

techniques because of its peculiar ferromagnetic properties. This 

experiment investigated the dependence of structure on different quench 

rates. Three samples were measured and little difference was observed. 

One problem which had to be overcome was the presence of highly absorbing 

boron in the sample; the analysis used the transmission monitor spectrum 

as the absorption correction. 

Whilst many applications of ferromagnetic metallic alloy glasses involved 

their laminar (thin-ribbon) form, these have now led to investigations as 

to how the same materials might be used as bulk magnetic materials. In 

this work a comparison was made of the structures of a commercial alloy 

Metglass 2695 SC of composition FesiB13.5Si3.5C2 i n t n e as-received state 

and after embrittlement and pulverisation. The pulverisation produced a 

diminution of the amplitude of the peaks in S(Q). In real space there are 

small but systematic shifts of the peaks in G(r) to lower radial distances 

and a splitting of the first peak. 

The structure factor of AS2O3 glass has been measured and at the backward 

angle detectors (150°) oscillations in S(Q) are observed out to a Q value 

of 40 A"1. 

The system amorphous silicon-hydrogen is the subject of considerable 

interest at present because of its technological use in for example solar 

cells and thin film electronics. The system containing 12% hydrogen has 

already been studied on reactor instruments but the interpretation of the 

data is complicated by the pronounced fall-off in scattered intensity with 

Q due to the inelasticity effects of the hydrogen (Placzek droop). In 

this first set of experiments two samples were measured - one with 

hydrogen and the other with deuterium. The hydrogen data however are 
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further complicated by the large incoherent scattering contribution. The 

deuterated sample data at low angles show very little if any droop and at 

20° structure can be observed up to Q ~ 20 A"1. On transforming these 

data to G(r), many of the interatomic distances can be identified, see 

Fig. 9. 

SXD: SINGLE CRYSTAL D1FFRACT0METER 

During the past year good progress has been made on the Single Crystal 

DiffTactometer. Determination of the instrument characteristics using a 

single 20 x 20 mm scintillator detector has continued, the software for 

data reduction has been improved and refined, and significant progress has 

been made with the commissioning of the Anger camera position-sensitive 

detector. 

Work on a well characterised single crystal sample of SrF2 has produced 

some interesting and unique data on the anharinonic thermal vibrations of 

the fluorine atoms (see below). In addition, a range of samples have been 

studied to examine data collection rates. In the extreme case a very 

small ( 2 x 1 x 1 mm) crystal of a small molecule organic (5-

fluorocytosine, C4H3N3FO) was studied and the data collection rate in the 

Bragg peaks proved to be as predicted by the simulation program SIMX. The 

results of these studies on various types of sample confirm earlier 

predictions of data collection time for experiments on the SXD, which were 

of a data set about every 20-30 minutes from the Anger camera, being 

processed in about the same time to ensure no backlog problems. 

ANHARM0NIC THERMAL VIBRATIONS IN STRONTIUM FLUORIDE, SrF2 

Earlier work on this sample had suggested that the results of the 

refinement would improve if allowance were made for anharraonicity in the 

thermal vibrations of the tetrahedrally bound fluorine atoms. 

The expression for the simplest potential describing the anharraonic 

thermal vibrations in the strontium fluoride structure is 

Vj(r) » Voj + 1/2OJ(X2 + y2 + z2) + Bj(xyz) (1) 

where j * Sr, F; x, y and z are the coordinates of the thermal 

displacement of the jth atom; the x2+y2+z2 term is the normal harmonic 
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potential with Oj related to the mean square displacement of atom j; and 

the term in Sj reflects the contribution of anharraonicity to the third 

order term in the potential. In this expression, BSr»0 but 0p affects 

reflections for which the sura of indices |h| + |k| + |£| = 4n±l. For such 

reflections, the ratio of two structure factors is given by 

Fj. 2bp exp[(BSr-BF)(h
2+k2+Jl2)] Bp

 3 %[ l ^ k ^ |+|h2k2£2| ] 

F_ b S r 4a 4ira kT 

where 1F|+ are the structure factors for a reflection (hk£) with 

|h|+|k|+|l\ - 4n±l, b S r and bp are the scattering lengths, Bsr and Bp are 

the isotropic temperature factors, a is the cubic cell parameter, k is the 

Boltzraann constant, T is the absolute temperature and Bp is the 

anharraonicity parameter. 

Hence the effect of the anharraonicity should be manifest in the 

intensities of reflections with the same d-spacing, in which those with 

h+k+£ = 4n+l have higher intensities then those in which h+k+£ = 4n-l (see 

Fifl. 10). The experiment was to measure these pairs of reflections and 

determine the magnitude of the anharraonicity. 

The intensities of 12 such pairs of reflections were measured on SXD at 

room temperature using a single 20 x 20 ram scintillator detector in the 

equatorial plane. Since the crystal is oriented with <110> vertical, the 

accessible reflections in this plane are those of type (hhk). 

Measurements were made of all four equivalents of all reflections and 

intensities averaged. 

The experiment exploited the high flux of short wavelength neutrons 

available from ISIS to reach a sin6/X - 1.696 A-1 (Q-21.2 A - 1), 

considerably higher than in previous work which reached sin6/A = 0.9 A-1. 

Of the 12 pairs measured in only one did the expected F +/F_ ratio give the 

wrong sense of the anharraonicity correction. Using a value of the 

anharraonicity parameter 8p = -3.95 x 10 erg A-^, the ratios calculated 

from the expression (2) were reproduced very well by the values derived 

from the measured intensities. 
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Refinement of the IF^JJ values measured for these reflections was carried 

out in the Oak Ridge National Laboratory least squares program modified to 

include anharraonic effects. Extinction, which is severe in this crystal, 

was corrected for In a variable wavelength adaptation of the extinction 

correction using a one parameter model. 

The results of the refinements quite clearly show the effect of the 

anharraonicity. Using the parameters as found from the refinement of a 

full SrF2 data set collected on SXD, BSr - 0.600 A2, Bp » 0.732 A2, 

together with bSr = 0.690 x 10~12 era, bp = 0.560 x 10-12 cm, the 

refinement without anharraonicity converged to an R-factor of 0.0502 (unit 

weights). However, when the anharraonicity parameter was included in the 

refinement, R was reduced to 0.0189, a marked Improvement. 

The Bp parameter determined from the value of the r(l,2,3) tensor 

component in the refinement was -4.02(0.28) x 10~*2 erg A--*. A, least 

squares fit of the observed F+/F_ ratios yielded Bp = -4.19(0.30) x 10~12 

erg A-3. It can be seen that the value of Bp obtained in this experiment 

agrees well with previous work but is more precisely determined. 

POLARIS: POLARISED NEUTRON SPECTROMETER 

Introduction 

P0LA.RIS is the polarised neutron spectrometer in development at ISIS. 

Neutron polarisation analysis Is the only method by which an unambiguous 

separation of magnetic, nuclear coherent and nuclear spin incoherent 

scattering can be achieved. Many of the techniques associated with 

polarised neutron scattering are valid only for a monochromatic beam and 

there is need for development work to extend the techniques for 

application on polychromatic pulsed neutron sources. Development work so 

far has been concentrated on producing broad-band polarising filters. 

Measurements described in ISIS 1986 showed that the permanent magnetic 

alloy SmCo5 performs as an efficient neutron polariser at all neutron 

energies below 200 meV, when it is cooled in a dilution refrigerator to a 

temperature of ~ 15 mK. 

These measurements were performed during the first few months of ISIS 

operations during 1986. Since then the beam intensity has increased by a 
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factor of ~ 10 and serious problems with beam heating of the filter have 

become apparent. Measurement of the ^He-^He mixture temperature in the 

dilution refrigerator has shown that the mixture temperature is increased 

from 9 to 12 mK by heating from the beam. However, the measured 

transmission of the filter corresponds to a temperature of 55 mK. This 

clearly indicates poor thermal contact between the filter and the mixture, 

presumably caused by Kapitza resistance at the filter-mixture interface. 

Recently, an attempt was made to reduce beam heating by removing the 

gamma-flash and fast neutron components of the beam with a Nimonic 

chopper. This was unsuccessful and measurements made with the beam 

attenuated in turn by cadmium, lead and polyethylene suggest that the 

major contribution to beam heating comes from thermal neutrons. 

Clearly the solution to the problem lies in improving thermal contact 

between the filter and the -̂ He-̂ He mixture. Ion implantation of a copper 

layer into the filter is being pursued and initial results are promising. 

CRISP: CRITICAL REFLECTION SURFACE SPECTROMETER 

The critical reflection spectrometer, CRISP, is designed to study problems 

In surface and interfacial chemistry, surface magnetism and low-

dimensional structures. The instrument measures surface reflectivities 

over a large scattering wave vector range, the principal interest being at 

scattering vectors above the critical mirror cut-off for total reflection, 

where the reflectivities provide a very sensitive measure of the 

refractive index profile normal to the surface on a distance resolution 

down to about 10 A. 

A particularly important feature is that the incident beam is inclined at 

approximately 1.5° to the horizontal, thus allowing liquid surfaces to be 

investigated. The other important feature is that the incident neutron 

beam can be polarised, thus providing a unique probe for studying surface 

magnetism. 

CRISP has now been installed on ISIS; its unpolarlsed and polarised 

configurations are seen diagrammatically in Figs. 11, 12. Both modes of 

operation have been fully commissioned. The performance of the 

spectrometer has exceeded expectations. Good resolution (< 2% in A8/8, 

-52 -



where 8 is the angle of incidence) and low backgrounds (reflectivities 

down to ~ 10~6 have been achieved) have resulted in data of high quality. 

In the polarised mode the almost perfect incident beam polarisation 

(~ 0.9995) and high flipper efficiency give rise to a well characterised 

polarised neutron beam, and the high degree of sensitivity of the 

technique for investigating surface magnetism has been demonstrated in 

early experiments. 

Already a wide ranging experimental programme has been undertaken. In its 

unpolarised mode this includes the investigation of Langrauir-Blodgett 

films, polymer and hard carbon films, liquid surfaces (absorption of 

surfactants at the air/water interface, insoluble monolayers of butyl 

arachidate and spread monolayers of fatty acids), and low dimensional 

structures (Pt/C, GaAs/GaA£As, and Si/Si3Nz, multilayers). 

Studies in surface magnetism, exploiting the polarised beam mode, have 

included the investigation of magnetisation in thin nickel films, and 

ultrathin (~ 2 - 4 monolayers) cobalt films, the magnetisation profile in 

Fe-A£2C>3 films and flux penetration in YBa2Cu30y_x high temperature 

superconductor. 

LANGMUIR-BLODGETT FILMS 

The ability to exchange deuterium and hydrogen has been used to some 

advantage in the investigation of LB films, polymer and hard carbon films. 

In the case of LB films deposited on glass, interference fringes which 

relate to the overall thickness, and diffraction peaks which give the 

repeat distance within the film have been observed. By alternately 

depositing protonated and deuterated layers it can be shown that the fatty 

acid diffuses in the LB film. Figure 13 shows the temperature dependence 

of the first order Bragg peak from a 20 layer HH/DD C22 acid LB film. 

Plots of Bragg intensity with time and temperature indicate that the 

origin of the mixing process may be due to diffusion of molecules between 

the layers with a characteristic lifetime ~ 100 hr. Films with Cd++ ions 

included rather than the pure acid appear to be more stable. The films 

containing Cd gave Bragg reflectivities close to expected values, whereas 

the Cd-free films were rather lower. It is difficult to obtain these 

types of results by other techniques. 
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LOW DIMENSIONAL STRUCTURES 

Total reflection of neutrons from layered structures allows the non-

uniformity of the layers to be investigated, and gives information about 

the thickness distribution and degree of homogeneity of the layers. This 

is of particular importance in low dimensional structures where other 

techniques often have little sensitivity (for example, the x-ray contrast 

scattering from GaAs/GaAiAs multilayered structures is very small). 

With this in mind, the total reflection from a number of multilayer 

structures, including platinum-carbon, GaAs/GaASAs and silicon-silicon 

nitride have been measured on CRISP. We describe here some of the 

features of the platinum-carbon and Si/Si3N4 multilayers. 

The reflectivity profiles of 3 and 30 bilayer films of platinum-carbon 

have been measured (these structures are used in mirrors on x-ray 

satellites). Figure 14 shows the well resolved fringe pattern from the 

total layer thickness for the 30 bilayer film. In addition (see Fig. 15) 

a weak first-order Bragg peak from the bilayer (d-spacing ~ 40 A) is 

observed. In Fig. 14 the solid line represents a simulation assuming a 

single layer of the total film thickness and mean scattering length 

density, and with diffuse boundaries both at the air-film and film-

substrates interfaces. The data are particularly sensitive to the density 

of the carbon layers and the fit enables estimation of the deviation of 

its density from its normal value. These data are of a far superior 

quality to those obtained elsewhere, giving detailed information about the 

nature of the layers. Further analysis is in progress to correlate the 

total reflection region with the Bragg reflection, and will give a greater 

insight into the uniformity of the layers. 

The complementarity of information available from the total reflection and 

the Bragg reflections from the bilayer spacing in multilayer systems has 

been well demonstrated in a recent measurement on a silicon-silicon 

nitride multilayer. Measurements were made in the region of total 

reflection from the total film, and in the region of the first order Bragg 

peak. A fit to the total reflection gave a total film thickness of 1299 A 

(corresponding to a layer thickness of 32.48 A), compared with a layer 

thickness from a fit to the Bragg peak of 32.8 A (corresponding to a total 

film thickness of 1312 A). The mean scattering length density from the 
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fit to the total film is less than the ideal mean for Si/Si3N4 

(0.348 x 10"5 compared with 0.399 x 10"5 A" 2). To obtain a good estimate 

of the fitted mean scattering length density, and to predict to correct 

Bragg peak, intensity the data are consistent with hydrogen incorporated 

into the Si^ti^ layers. The quality of the fit to the Bragg peak is such 

that the boundaries between layers appear to be well defined. 

SURFACE MAGNETISM 

We have measured here the magnetisation in two and four monolayer cobalt 

films grown epitaxially onto a copper <0Ol> substrate, and covered by a 

100 A copper overlayer. The copper layer enhances the reflectivity of the 

cobalt film, as well as providing protection from contamination. 

Figure 16 shows the flipping ratio, R+/R-, and the spin dependent 

reflectivities R+, R- for a 4 monolayer cobalt film. The solid line 

represents a fit to the data for a cobalt film of 7.6 A and a copper 

overlayer of 100 A. The fit is to the R+, R- curves, with no adjustable 

parameters except the sign of the magnetic component between the two 

reflectivity curves: the flipping ratio is a direct comparison based on 

those fits. 

The simulation suggests that the cobalt moment does not show any 

appreciable deviation from its bulk value of 1.8 Bohr magnetons per atom 

for both the 2 and 4 monolayer samples. The sensitivity suggests that 

monolayer samples can be measured, and experiments are planned. 

LOQ: L0W-Q DITFRACTOMETER 

During the early part of 1987, the LOQ instrument has undergone a 

substantial modification to incorporate a new multiwire LETI detector. A. 

layout of the new design is shown schematically in Fig. 17. The moderator 

to sample distance has been reduced from 16 ra to 11.4 m thereby increasing 

the flux on sample and permitting routine operation at 25 Hz instead of 

12.5 Hz using only one chopper. This has required the addition of frame 

overlap mirrors, similar to those successfully used on CRISP, to remove 

long wavelength (.» 12 A) frame overlap contamination. The sample to 

detector distance has initially been fixed at 4.3 ra and the scattered 

flight path is now well shielded. The supermirror bender in the incident 
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beam (before the chopper) has been retained, and we have confirmed that it 

provides excellent suppression of backgrounds due to fast neutrons by 

removing neutrons of less than 1.5 A from the incident neutron beam. 

As a consequence of the fixed sample to detector distance of 4 m, the Q 

range for a 2 to 12 A band is now ~ 0.007 to 0.2 A" 1. 

Preliminary Results 

Figure 18 shows a contour map of the small angle scattering over the 

wavelength range 6 - 8 A from a nickel superalloy. Single crystals of 

nickel superalloy have been developed in order to eliminate problems 

associated with the nucleation and growth of voids at grain boundaries of 

polycrystals which degrade the mechanical characteristics. In the nickel 

superalloy, a very high volume fraction of f' precipitates (t^Ax.) develop 

in the form of aligned cubes. The (100) axis of this sample is aligned 

parallel to the Incident neutron beam, and the precipitates exhibit the 4-

fold symmetry expected of cubes. 

Figure 19- shows Bragg reflection from rat tail collagen plotted in the 

wavelength band from 8 to 10 A and corresponds to the first to fifth order 

Bragg reflections from the ~ 670 A spacing of the collagen. The data have 

enabled us to estimate the instrumental resolution, as the natural width 

of the Bragg reflections is negligible: Fig. 20 shows the wavelength 

dependence of the measured resolution for the third order Bragg 

reflection. The solid line is the expected resolution, which is in good 

agreement with the measured data. 
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MEETING ON ANGLO-JAPANESE COLLABORATION ON NEUTRON SCATTERING 

OCTOBER 1987 

INELASTIC INSTRUMENTS AT THE ISIS FACILITY 

A D TAYLOR 

RUTHERFORD APPLETON LABORATORY 

CHILTON 

DIDCOT 

OXON 0X11 OQX 

This talk summarises the status of the inelastic spectrometers at the ISIS 

facility and gives some highlights from their scientific programme. The 

inelastic spectrometers HET, TFXA and IRIS are now being used routinely by UK 

and International research groups and have produced notable scientific 

results. Work has progressed steadily on eVS. The PRISMA spectrometer, the 

product of a collaboration between CNR, Italy and RAL, was installed this 

summer. Earlier this year an agreement was reached in principle between the 

Rutherford Appleton Laboratory and the University of Wurzburg (West Germany) 

to build a second spectrometer (ROTAX) for the study of coherent inelastic 

excitations. A more sophisticated technical concept than that of PRISMA, 

based on a nonuniformly rotating analyser, it will allow a greater flexibility 

in the choice of dynamic scans. Substantial progress has also been made on 

the design of MARI, the sister spectrometer to HET, which is being built as 

part of the UK-Japan collaboration on pulsed neutron scattering. 

The layout of these spectrometers at the ISIS Facility is shown in Figure 1 

and their performance characteristics summarised in the following Table. 
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INELASTIC SPECTROMETERS 

HET: high-energy transfer 
spectrometer 

magnetic and vibrational 
excitations, single 
particle motion in 
quantum systems 

chopper incident 
energy 100-P000 meV 
hco range '0-500 meV 
IX energy transfer 
resolution 
ambient water 
moderator 

TPXA: time-focused crystal 
analyser 

inelastic scattering from h» range 0-1500 meV 
hydrogenous systems, ~ 1.5% energy transfer 
e.g. molecular spectroscopy resolution, elastic 
hydrogen in metals, line width 0.2 meV 
surface science ambient water 

moderator 

IRIS: high-resolution 
inelastic 
spectrometer 

eVS: electron-volt 
spectrometer 

rotational and 
translational diffusive 
motion in molecular 
systems, quantum 
tunnelling and low 
lying inelastic modes 

electronic energy levels, 
crystal field excitations, 
single particle motion in 
quantum systems 

Graphite analyser 
(002) reflection 
resolution 15 ueV at 
E = 1.83 meV . 
Q = 0.25-1.85 A _ i 

(004) reflection 
resolution 45 ueV at 
E = 7.2 meV . 
Qa= 0.5-3.7 A"1 

25K H 2 moderator 

resonance analyse*s 
being developed in the 
range 1-20 eV 
ambient water 
moderator 

PRISMA:MAX-type 
coherent excitation 
spectrometer 

R0TAX: Non uniformity 
rotating analyser 
coherent excitation 
spectrometer 

structural and magnetic 
excitations in single 
crystals 

structural and magnetic 
excitations in single 
crystals 

16 Ge analysers 
E. 10-500 meV 
Q1 0.1-10 A - 1 

3-axis analogue 
100K CH, moderator 

Single analyser, 
multidetector 
3-axis analogue 
located downstream of 
PRISMA 

MARI: Multi angle 
rotor instrument 

magnetic and vibrational 
excitations, single 
particle motion in 
quantum systems 

monochromating chopper 
50-1000 meV continuous 
angular coverage 
3° < 4> < 135° 
100K CH4 moderator 
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The performance of ISIS is now at the level where even the inelastic 

spectrometers are collecting copious amounts of data. Many experiments 

have been performed this year and detailed analysis is not yet complete. 

Some selected highlights from the scientific programme are given in the 

following sections, together with details of recent technical improvements 

to the spectrometers. 

HET: HIGH ENERGY INELASTIC SPECTROMETER 

The HET spectrometer is a direct geometry chopper spectrometer designed 

specifically to study inelastic scattering at high energy transfer e with 

low associated momentum transfer Q and good energy transfer resolution Ae. 

During the past year the range of experiments has been extended from 

localised magnetic excitations and vibrational spectroscopy to include deep 

inelastic scattering (using a high angle detector bank), and a programme to 

study coherent magnetic excitations in single crystals of the itinerant 

ferromagnets has started. 

The monochromating fast-Fermi chopper and the background suppressing 
3 

chopper were both very reliable. An array of 50 10-atmosphere He 

detectors was installed in the intermediate angular range 10°-30°, and a 

further 21 detectors at 136° allowed measurements to be made at high Q. 

Very low background levels have been obtained in all the detector systems 

and this has made feasible many of the experiments described below. 

The major project on HET this year has been the upgrade of the intermediate 

angular range detector. A new thin window arrangement with eight-fold 
3 

azimuthal symmetry has been designed to accommodate 256 He detectors. It 

will be installed on the spectrometer in Spring 1988. 

HIGHLIGHTS OF THE SCIENTIFIC PROGRAMME ON HET 

The increased performance of the source has not led to a greatly increased 

throughput of experiments on HET. Experiments which are substantially more 

difficult have been run with the average duration nnv being 3 mA-hr rather 
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than the few hundred uA-hr typical of the previous year. 

Vibrational Spectroscopy 

Vibrational spectroscopy was dominated this year by work on the new high T 

superconductors. In La. o5Ba0 15Cu0ii a n a n o m a l ° u s behaviour of low energy 

(~ 10 meV) modes was observed in the region of T , and significant 

differences between the superconducting compound and its non-

superconducting parent were found in the oxygen breathing mode region 

between 60 and 120 meV. The density of states of the ordered hydrogen-

bonded system H2S0, and the ordered/disordered system KH^PO, was measured 

by an Italian group. Figure 2 shows the vibrational density of states for 

KH2P04 in its disordered phase at 150 K. Both the OHO bending modes (100 -

200 meV) and the OHO stretching modes (250 - 375 meV) may be clearly seen. 

From these data detailed information about the anharmonicity of the 

hydrogen atoms has been obtained. The vibrational- rotational modes of H„ 

sorbed into the intercalated graphite Cj/Cs have been observed for the 

first time at an energy transfer of 550 meV. At the other end of the 

energy scale, the high resolution of HET has been used to determine the 

vibrational density of states of the amorphous glass B„0o» where a feature 

at 100 meV is the narrowest yet observed in an amorphous material by 

neutron scattering. Work on S(Q,w) has also begun with a study of amorphous 

boron, see Figure 3. 

Magnetic Excitations 

Work continued on UO, where the temperature dependence of the crystal field 

splittings was measured through the Neel temperature (30.8 K), Figure 4 . 

A high energy measurement using an incident beam of 2 eV neutrons confirmed 

the crystal field assignment but failed to observe the weak intermultiplet 

transition around 500 meV. 

Such an intermultiplet transition at 260 meV was easily observed in a 

specially purified sample of praseodymium metal. The Q dependence of this 
3 3 
H, -» He transition confirmed its magnetic origin. Such an observation 

was only possible because of the excellent low background of the He gas 
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detectors. The same system gave a new record for high energy inelastic 

magnetic scattering with energy transfers in excess of 800 meV being 

observed. The neutrons induce excitations of an electron from the ground 
o 

state of the 4f ion to excited states with different LSJ quantum numbers. 

Several such intermultiplet transitions were found, see Figure 5a, and this 

more than doubles the energy range over which magnetic excitations have 

been observed by inelastic neutron scattering. 

The momentum transfer dependence of the intensities was found to be in good 

agreement with calculated, free-ion inelastic structure factors. These are 

not simple functions of momentum transfer, see Figure 5b. Dipole and 

higher order multiple excitations have been identified with the aid of 

these calculations. Transitions to a different value of orbital angular 

momentum were found to be shifted significantly from the free ion value. 

These results will lead to a better understanding of the interactions 

between localised f-electrons and delocalised conduction electrons in these 

rare-earth metallic systems. Again such measurements were only possible 

because of the excellent resolution and signal to noise achievable on a 

pulsed neutron source. 

HET's first experiment on a single crystal (Pd-Fe) was performed during the 

year. .Procedures were established for lining up crystals on the pulsed 

source and several points on the magnon dispersion curve (previously 

measured by triple-axis spectrometer) were observed. Since only a few 

detectors are used at one crystal setting, as opposed to the 50 or so 

available for polycrystalline samples, long runs of several mA-hr are 

required to give adequate statistics. 

Momentum Distributions 

By scattering high energy (1 eV) neutrons at high angles, the distribution 

of the momentum in quantum systems may be directly measured. Experiments 

have been performed on the validity of the impulse approximation in 

polycrystalline lithium, and measurements have been made of the mean 

kinetic energy of liquid helium above the lambda point. Figure 6 shows 

scattering from this system and from the empty aluminium cell. The mean 

-8 2 -



kinetic energy at 2.5 K and saturated vapour pressure was found to be 12.0 

± 0.3 K. This is considerably below the currently accepted value of 15.5 K 

for these conditions. Theoretical work predicts that the momentum 

distribution at finite temperatures is initially Gaussian but then develops 

long exponential tails. The high resolution HET data are in good agreement 

with the initial Gaussian predicted by these path integral calculations 

TFXA: TIME-FOCUSED CRYSTAL ANALYSER SPECTROMETER 

The time-focused crystal analyser, TFXA, is an indirect geometry 

time-of-flight inelastic scattering spectrometer, using a time-focusing 

pyrolytic graphite analyser to give good count rates, and good energy 

transfer resolution over a wide range of energy transfers. TFXA has been 

designed for the study of vibrational spectroscopy of incoherent scatterers 

and polycrystalline samples, to complement the traditional infrared and 

Raman techniques in chemistry, physics and materials science. 

The spectrometer is based on a time-focusing geometry in which the sample 

and detector arrays are in the same plane, and the analysing crystal is set 

parallel to this plane. In such a geometry, for an ideal crystal, all 

detected neutrons have the same flight time after scattering. In addition 

to the time focusing, energy focusing can be obtained after the slightly 

different analysing angles are known. This reduces the positional 

uncertainty in the analysing energy, and is a feature not previously 

exploited in crystal analyser spectrometers. It enables the good energy 

transfer resolu-ion to be maintained down to energy transfers of a few meV. 

The energy of the detected neutrons is small compared with the incident 

energy. Thus, there can be little variation in the neutron momentum 

transfer vector, Q, independent of energy transfer. This particular 

kinematic arrangement renders spectra less sensitive to multiple scattering 

effects, and is exploited to advantage. The direction of Q lies along the 

incident beam direction for all values of energy transfer, above ~ 20 meV. 

Instrument development on TFXA continues with the original neutron 

detectors being replaced by an entirely new detector assembly using 
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3 
"squashed" He gas counters. The spectrometers's resolution, reliability 

and signal to noise have been improved as a result of this change. A 

factor tvo increase in data rate was achieved by increasing the thickness 

of the analyser crystals and relaxing their mosaic. 

HIGHLIGHTS OF THE SCIENTIFIC PROGRAMME ON TFXA 

In the last year, TFXA has seen the successful study of hydrogenous systems 

such as KHCOo, KH„PO,, layer-structured proton conducting compounds, 

intermetallic hydrides, amorphous alloys, zirconium polynuclear ionic 

solutions, hydrogen adsorption and proton location in materials like iron 

oxides and MoS-. From the vibrational spectra of KHCO, (see Figure 7), for 

example, the prominent vibrational features of the molecule were assigned. 

Comparison with other complementary spectra will enable a single dynamical 

model to evolve. An experiment on ice, and on water-adsorption by iron 

oxides has allowed resolution of the previously unresolved - 80 meV 

librational mode peak of the ice spectra, comparison with the 

adsorbed-water on magnetite spectra indicates that the latter material 

demonstrates ice-like characteristics in the adsorbed phase. 

Hydrodesulphurisation Catalysts 

The high sulphur content found in North Sea oils can be reduced by the 

hydrodesulphurisation process. The presence of sulphur poisons the surface 

of normal active metal catalysts in the cracking and reforming reactions 

necessary to refine the oil. An understanding of the desulphurisation 

reaction is essential for the efficient use of expensive hydrogen. 

Following earlier neutron studies on the sorption of H„ on MoS,, work on H„ 

+ MoS„ and H„ + WS„ has been extended to higher pressures, the original 

high pressure results produced convincing evidence that more than one 

absorption site was present in MoSn. The second absorption site was 

associated with a spectral feature at 50 meV. This site saturates at 50 

bar. Kinetic data shows that the hydrosulphurisation reaction over MoS, is 

first order in hydrogen partial pressures up to 50 bar. It was assumed 

that the second absorption site was responsible for the behaviour of the 
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hydrogen in this important industrial process, the 50 meV band was 

understood to be due to atomic hydrogen. 

The TFXA data for H« on tungsten disulphide may be compared with those 

obtained from solid H„ in Figure 8. The theoretical response of a 

'recoiling' H- molecule is also shown. The TFXA results show clearly that 

non-dissociated H„ molecules are involved. This is confirmed by the very 

sharp transition at 14.7 meV which is the 0 — 1 rotational transition of 

molecular hydrogen. The spectra obtained, however, are not simply those of 

solid H~ condensed on the sample. This is seen in Figure 9 which shows the 

widths of the 14.7 meV lines in both pure H2 and the (h„ + MoS,). This 

demonstration of the molecular nature of the adsorbed hydrogen as distinct 

from the atomic nature previously accepted has far-reaching consequences in 

understanding these important chemical reaction mechanisms. 

IRIS: QUASIELASTIC AND BIGH RESOLUTION INELASTIC SPECTROMETER 

The backscattering crystal analyser technique for high resolution 

quasielastic and inelastic neutron spectroscopy has been extended with its 

application to pulsed neutron sources in the IRIS spectrometer. Whilst the 

incident energy band for reactor-based spectrometers of this type is 

obtained by complicated instrumental techniques (e.g. Doppler shifting or 

temperature scanning), the pulsed source variant of such a spectrometer is 

provided with its energy band by the pulsed white beam nature of the 

neutron source. The dispersion of the neutron pulse over the long incident 

flight path provides the necessary energy resolution in the incident beam. 

Not only does this technique enable a wider energy band to be selected but 

by simply rephasing the energy band selection chopper the high energy 

resolution capability can be extended to study inelastic features in the 

meV range. 

The spectrometer has been brought up to its complete specification with the 
2 

installation of a large (1350 cm ) pyrolytic graphite analyser array 

(9R = 87.5°) on the end of a 36 metre neutron guide. It now provides an 

energy resolution of 15 ueV over a wide and continuous momentum transfer 
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range Q. By rephasing the incident beam chopper the 004 analyser 

reflection can be illuminated giving a 50 peV resolution over double the 

Q-range up to a maximum of 3.7 A" . This high Q-range is particularly 

useful for differentiating between various diffusive models for molecules. 

A diagram of the (Q-w) range accessible with IRIS is shown in Figure 10. 

The excellent resolving power of the instrument is illustrated in the data 

from 4-methyl pyridine (Figure 11) where the tunnelling level at 516 ueV is 

accompanied by a previously unresolved low intensity satellite at 474 ueV. 

Quasielastic Scattering from Ammonium Bromide 

The value of the large momentum transfer Q range of the IRIS spectrometer 

is illustrated by an early measurement on ammonium bromide, NH.Br, at room 

temperature when only half of the new analyser bank was installed. The 

Elastic Incoherent Structure Factor (EISF) determined using three orders of 

reflection from the analyser simultaneously go out in Q to beyond double 

the first minimum in the EISF (Figure 14). The data are plotted without 

any internormalisation and fall on a continuous curve out to 5.5 A" . It 

is only beyond the first minimum that the correct model of the molecular 

trajectory during reorientation can be confidently distinguished. The full 

line is a fit of the data to a model of jump reorientation of the NH,+ 

tetrahedral ion in the cubic cage of the Br- ions. The angular 

reorientations are 90° steps about the 100 axes of the cubic cell 

confirming that it is the symmetry of the crystal lattice and not the 

symmetry of the ammonium ion itself which determines its dynamic behaviour. 

eVS: ELECTRON VOLT SPECTROMETER 

The development of analysers capable of operating in the electron volt 

range continued on the Electron Volt spectrometer, eVS, where there have 

been significant improvements in data quality, allowing test experiments to 

be performed at low momentum transfer. Measurements in the impulse regime 

have been made on a variety of systems at momentum transfers which cannot 

be achieved by any other technique. A multidetector system has recently 

been installed (Figure 13) based on seven BG0 detectors and a cooled 
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annular resonance foil. Both single and double coincidence counting is 

possible, giving a substantial improvement of signal count rate or 

reduction in background. 

PRISMA: A HIGH-SYMMETRY INELASTIC SPECTROMETER 

PRISMA stands for PRogetto del'Istituto di Struttura della MAteria del CNR. 

Under an international collaborative agreement signed in 1985 between SERC 

and the Consiglio Nazionale delle Ricerche (CNR), Italy, PRISMA has been 

built by the ISM Laboratory of the CNR at Frascati for installation on 

ISIS. 

PRISMA, similar in concept to MAX at KENS, is designed to measure coherent 

excitations in single crystals. The scattering function S(Q,w) can be 

measured along a high-symmetry direction in reciprocal space as specified 

by the user. The instrument is an inverted geometry spectrometer, with a 

white incident neutron beam and 16 analyser crystals on a single scattering 

arm to select the final energies of the neutrons. Each analyser crystal 

can be rotated independently and each has its own detector arm assembly. 

The angular separation between the individual analysers is 2°, so that a 

total grange of 30° is covered by the scattering arm which itself can be 

rotated ± 100° about the incident beam direction. If the ratio 

(sin<j>./sin6.. ) is kept constant for all analysers then each 

analyser-detector arm records S(Q,co) along the same Q direction in 

reciprocal space. 

The positioning of all the analyser and detector motors, as well as the 

motors for the sample angles $ and ty and the sample goniometer, are 

computer controlled. An elaborate suite of software programs especially 

for PRISMA has been developed at RAL to allow the spectrometer to be 

calibrated, the sample to be aligned, and the desired configuration of the 

instrument to be achieved. Also a single motor or a physical quantity 

(like the sample lattice parameters) can be driven and scanned 

individually. A simulation program including a graphics display enables 

the user to select in advance the most favourable configuration for a 
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measurement. An example of a calculated phonon spectrum is shown in 

Figure 14. 

In Spring 1987, the manufacturing of all parts of the instrument was 

finished. At the ISM, Frascati, the PRISMA analyser tank was equipped with 

the delicate analyser-detector assembly and linked to the microVAX computer 

and tested. Together with the rotating collimator which, allows a variety 

of incident beam areas and divergences to be selected, the spectrometer has 

now been delivered to the Rutherford Appleton Laboratory for installation 

on the N2 beamline at ISIS viewing the liquid methane 100K moderator. On 

the PRISMA beamline itself the shutter, together with its collimation and 

lifting mechanism, the insert shielding, the collimation of the beamline, 

the analyser shielding and the beam stop have been installed. The 

instrument crane and cabin with the data acquisition electronics are also 

in place. The various sample environment services and data cabling are 

presently being installed. 

PRISMA was installed on ISIS this summer and commissioning tests are well 

underway. 

HARI: MULTI-ANGLE ROTOR INSTRUMENT 

MARI is a direct geometry chopper spectrometer designed for studying 

inelastic processes with an energy transfer resolution Ae/e ~ 1%. The 

spectrometer is similar in concept to HET but with two important 

differences. It will have an extensive detector bank with a continuous 

angular coverage from 3° to 13i">° allowing interpolation from S(<|>,t) to 

S(Q*e) and the spectrometer will view'the 100 K liquid methane moderator 

giving an effective lower bound for the incident energy of 50 meV. The 

scientific fields it will cover will include molecular spectroscopy, 

magnetic excitations, measurements of the dynamic structure factor S(Q,e) 

and the determination of the momentum distribution n(p) in quantum systems. 

The spectrometer is illustrated in Figure 15. 

MARI is being provided by Japan as part of a collaboration between the 
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Japanese National Laboratory of High Energy Physics, KEK, and RAL. It was 

originally called MARS but has now been renamed MARI in honour of Professor 

Ishikawa's daughter. Professor Ishikawa, who died last year, initiated 

this collaboration. 

The general design has been completed and detailing of some of the major 

components is now in progress. The collimation and shielding for the 

sections within the target station and up to the sample position have been 

manufactured and will be installed at the end of the present run cycle-

The detailed design of the sample and detector tank is now neailug 

completion and it is intended to order both tanks for delivery by the end 

of the next financial year. The tanks will then be lined with shielding 

and installed in the Summer of 1988. The fast Fermi chopper has been 

specified and will be ordered for delivery in the Spring of 1988. 
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Figure 3 The scattering function for amorphous Boron determined using 
an incident energy of 360 meV. The angular range covered is 
3.4° to T and 10° to 30c 



siiuirqjv ] 

0) 
u 
3 

- 9 3 -



CO 

CO 
n 
•K 
CN 

O 
0\ 
CO 

QJ 
CO 
Ct) 

JC 
Q. 

> 
CD 
E 

CN 
ON 
CN 

o. 

UJ 

T 1—r 
CO 

d ' d ' d J ' d 
vo m ro CN 

C O) ZJ4-> t_ O C CO E C D > 4-> t_ Ct) C CO<t-CU • -

VI 
c 
o 

• H 
4 J 
• H 
M 
B 
id 
u *J 

*J 

u 
H 

n) 
4-1 
id 

• o 

01 
10 
01 

JS 
H 

* > 01 
6 

D . O 
• M 
4 J 

i-H 
3 
E 
Li 
01 

4-f 

c • H 

01 
J ; 
*J 

E 
O 

O 

• a) 
rH 
a 
R 
id 
V) 

n M-I 
I - I 

M-l 
O 

s? I-I 
01 
c 
01 

4-1 

c 
01 

U T3 
U J 

bo 
c 

• H 
I J 
01 
4 J 
4-> 
id 
o VI 

o 
• H 
4-» 
VI 
id 

• - < 
OJ 
c 

H 

id 
m 
0) 
n 
3 
M 

•3 
c 

• H 

c 
n) 

o 
bo 

O 
O 
—l 
e 
o 
u 

U-l 

IJ 
J= 

1 

2 
IVJ 

c 
• H 

bo-o 
B 

• r t 
V) 
3 

i -H 

« 4-> 
0) 
E 

!-• a. 

01 

*-» o 
01 

i -4 
r-l 
o 
o 
a» 
u 
o> 
> 

- 9 4 -



o 

S 0-01 
o 

CO 

0001 ~ 

Figure 5b A comparison of the inelastic structure factor calculated by 
Balcar and Lovesey for the intermultiplet transition 
3H, — > H5 in Pr. The Q dependence of the intensity of the 
260 meV mode determined on HET by varying the incident energy 
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using no adjustable parameters. 

-95 -



j : 
U) 

(T 
LU 
U_ 
(/) 
z: 
< 

>-
o 
cc 
LiJ z: 

IT) 

CM 

e 
c o 
to u 

I 

rt bo 
C 

bO-H 
C U 

•rt 
M 
V 

<U 

<D n) 

n) 
U 
w 

o 
to <u 

(U 

(I) 

CO 
CD 

T3 J3 
-r t T3 
3 B 
O* (0 

• H 
r-i > 

E E 
O 
U 00 rH 

*W CM U 
CO l-i 

> -H 

e o 

bo co 
l-l O 
(U i - l 

*-» e o 
n) (U 

CD 
bo *-» JS 
C C H 

• H <D 
l-l T3 • 
<U - H O 
rt -i-t i-t o 
o >, 
m c <^ u 

id o u 

o 
m 

ro 

•H bo <u >i 
C rH 4-J 

bO O. 
Q> W C E 

PS 3 <0 0J 

o 
u 

vD 
<U 
U 
3 
bO 

U3JSNVU1 A^^/SN0din3N 

- 9 6 -



Ul 

O 
CO 
CC 
<X. 
C_) 
•z. 
UJ 
o 
o 
cc 
Q 
>-

c/> 
•a: 
h-
o 
o_ 

"ON 

o 

o 
-CM 

o 
-o 

o 
"to 

o 
•vo 

o 

o 

to 
E 

UJ 
I 

*H 
UJ 

t_ 
(D 

t f -
V) 
C 
TO 

t_ 
CO 

c 
LU 

CM 
H 

C 

o 
T3 
a 
u 
2 
VI 
rt 
01 
E 

co 
n) 

m 
o 
u 

1 
I 

c 
o 

3 
(V 

c 
ai 

H 

3 
bO 

ON 

o o O o O 

4 ' J, • A 
O 

C CO Z3-M I - O C (/) E < D > -M t_ CO C t/W- CD c_ 

- 9 7 -



Inelastic Transition 

Recoil" type interaction 
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the sharp 0—>1 rotational transition. 
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Thermodynamical and Magnetic Properties of SmX3(X=Sn,In) 

M. Kasaya, B. Liu and T. Kasuya 

Department of Physics, Faculty of Science, Tohoku University, 

Sendai 980, Japan 

Studies of the dense Kondo effect in Ce compounds have 

been rapidly growing for the last few years. For example, 

CeSn3 and CePd„ are typical dense Kondo materials with 

very high Kondo temperature. However, there have been no 

experimental results on Kondo effect in Sm compounds. 
3+ 3-*-Both Ce and Stu ions have the same value of J=5/2 and 

furthermore f level of Ce and Sm are expected to locate nea.r 

the Fermi level. The only difference is that mixing effect 

of Sm is smaller than that of Ce. Therefore it is worthwhile 

to perform experiments on Ce and isomorphous Sm compounds to 

investigate the effects of mixing effect in the Kondo effect. 

SmSn„ is a candidate for this purpose, since the corresponding 

CeSn3 has a very high Kondo temperature of about 400 K. 

We expect that SmSn„ shows the Kondo effect with rather low 

Kondo temperature. In this report, we will present our recent 

experimental results on SmSn3 and Smln3, which crystal structures 

are of cubic AuCu3 type and the same as those of CeSn3 and Celn3. 

First, experimental results on SmSn„ are presented. 

Single crystals of SmSno were prepared in a sealed Mo crucible 

by Bridgman method. Temperature dependences of electrical 
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resistivity of SmSn„ is shown in Fig.l. As expected, SmSn„ 

shows in fact the dense Kondo behaviour. Within our knowledge, 

SmSn- is the first example which shows Kondo effect in Sm 

compounds. Figure 1 also suggests that SmSn3 shows magnetic 

phase transition at about 10 K. Specific heats of SmSn3 were 

measured using a standard adiabatic calorimeter rnd the results 

are shown in Fig.2. Surprisingly, intensive experiments near 

10 K revealed that the specific heat of SmSn„ is not a simple 

lamda-type but consists of two sharp peaks and a broad one 

at 9.3, 9.6 and 10.8 K, respectively. From the temperature 

dependence of magnetic entropy, we have also obtained the 

fact that the ground state of the crystal field fr split J=5/2 

level of SmSn„ is rg quartet. Experimental results of 

magnetic susceptibility show that SmSn„ is an antiferromagnet 

below about 10 K. Based on these experimental results, we 

suggest that the phase transition at 10.8 K may correspond to 

a quadrupole ordering and that the other two peaks may arise 

from the successive antiferromagnetic phase transition. 

It is to be noted that physical properties of SmSn_ are very 

similar to those of CeBg. 

Next, we will present our experimental results on Smln3 
briefly. The Kondo temperature of Celn3 is about 10 K, so 

we expect the Kondo effect in * Smln3 to be weak. Electrical 

resistivity as a function of temperature is also shown 

in Fig.l. The result revealed that Smln3 is a magnetic metal 

free from the Kondo effect. The specific heat of Smln„ near 

T„ is shown also in Fig.2. One large and sharp peak, one 

small and sharp peak and one broad peak were observed at 

14.7, 15.2 and 15.9 K, respectively, suggesting again 

successive phase transition due to magnetic and quadrupole 

ordering. 

To summarize, SmSn„ and Smln„ are antiferromagnets 

accompanied with the quadrupole ordering. SmSn3, the ground 

state of which is the r„ quartet, shows the Kondo effect, 

whereas Smln3 is antiferromagnet with normal metallic 
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behaviour. It is very interesting and hopeful to do neutr n 

diffraction experiments to determine the magnetic structure 

and the magnitude of magnetic moment in these Kondo materials 

of Sm compounds. Magnetic moment of Sm ions free from Kondo 

effect in cubic crystal, such as Smln_, is g,̂ y~|J JP^= o.52 u 
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High energy magnetic excitations 

Yasuo Endoh 
Department of Physics tohoku University Sendat 980 Japan 

Synopsis 
I emphasize here that current development In the condensed matter 
physics opens a research field f i t to inelastic neutron scattering 
experiments in eV range which is easily accessed to spallation neutron 
sources. I show several important subjects carried out at thermal 
reactors. Then I propose to extend to perform spectroscopic experiments 
looking at higher energy magnetic excitations. 

Introduction 
Since pulsed neutron scattering research was started at the KEK some 
years ago, It was Immeadetely accepted that the most promising subjects 
to elucidate by this new technique are the high enegy neutron spectroscopy 
which is hard in any steady state neutron beam experiments. One obvious 
reason is the fact that the neutron flux in epithermal energy regions are 
much intense for the pulsed spallation neutron source compared with 
thermal neutron beam reactors. Another factor Is the fact that technically 
the time of flight ( TOF ) method is much more convenient in higher energy 
regions once the very fast neutron pulses are avallable.fl] 

On the other hand, the scientific demand for neutron scattering studies 
In high energy regions Increases very rapidly just now and at the same 
time this new field opens very recently but already prospects future just 
as the thermal neutron Inelastic scatering studies performed with the 
three axis neutronspectrometer. This is clealy visible when we look at the 
statistics to search a users' interest at ISIS for example, and the high 
resolution high energy chopper spectrometer, HET is one of the most busy 
as well as successful spectrometers there. In particular the recent 
development In the codensed matter physics requires not only very precise 
and detail energy spectrum with narrow energy resolution but also In a 
very broader energy range up to much higher energy, which is hard to carry 
out at the thermal reactors. In this respect we are very exciting to know 
that the ISIS spallation source clearly demonstrates the capability and 
usefulness of high energy neutron scattering experiments in the condensed 
matter physlcs.[2] Therefore I point out here by choosing a realistic 
example how the high energy Inelastic neutron scattering studies are 
important. My experience Is rather limited but you can understand how we 
currently struggle by the lack of the high energy neutron experimental 
results. 
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Before discussing our subjects I emphasize that HET Is one of the most 
valuable instruments for pulsed beam nuetron facility like throe axis 
neutron spectrometers at thermal neutron reactors. Without these chopper 
machines the appealing for spallation neutron sources seems to be cut In 
more than half. Although we are behind to the ISIS, we are now 
constructing a new chopper machine, INC which Is very similar to the 
mldlum energy resolution chopper spectrometer, MARI at ISIS.P) We hope 
that we will be able to work with INC very near future. 

2 dimensional quantum spin antlferromagnetlsm In La2Cu04 [4] 

Since discovery of the high Tc superconductor by the Nobel Prize laureates 
of 1987, Bednorz and Muller, the excitement for searching new high Tc 
materials has been globally preva111ng.[5] Although the world record of the 
highest Tc Is continuously going up, the public approved highest value at 
present must be around 125K. However, it Is very interesting that the 
present excitement led to renew an Important subject of thermodynamics 
which Is an S = 1/2, 2 dimensional Helsenberg antlferromagnet. This 
subject has not'yet solved until the present time. La2Cu04 which Is the 

mother crystal of the first high Tc materials found by Bednortz and Muller 
seems to be believed that the magnetism Is well characterized by the 2 
dimensional Helsenberg antlferromagnetlc Hamlltonlan, and it Is widely 
accepted that the magnetism 1s a most probable progenitor of high Tc 
superconducors.[6] The unusual properties of spin correlations in this 
crystal have extensively been studied by standard neutron scattering 
techniques with steady neutrons at BNL.[4] Since the results were already 
presented, I do not duprlcate In this paper. However It should be worth 
emphslzlng that the ground state of magnetism in La2Cu04 is well 

approximated by such a Hamlltonlan that the quantum effect Is taken as 
the manner of renormallzation group into the classical 2 dimensional 
ant1ferromagnet1sm.[7] This Hamlltonlan also gives a long range ordered 
state at T=0 as Is the pure classical case. Note that La2Cu04 undergoes 
the 3 dimensional long range order ( LRO ), due to the fact that the crystal 
transforms to the orthorhombic structure and hence anisotropic 
interaction takes place. However when we made scans by the three axis 
mode of spectrometer operation which directly gives an energy spectrum 
or a scattering function at constant Q, we Immediately found two 
Important features. Namely the characteristic wave velocity for such spin 
fluctuations Is extremely large. Therefore the peak is always centered at 
Q = a* ( c*) even for highest energy we reached. Then we analyzed the 
observed data by applying the ususal spin wave model and extracted the 
spin wave velocity value as 0.6eVA, which agrees with recent two magnon 
Raman scattering exper1ments.[8] We should note that some umblgulty 
Includes In the estimation since there are no rigorous calculations for 
both neutron scattering and Raman scattering spectra of quantum spin 
excitations for S = 1/2. Nevertheless we should definitely study high 
energy Inelastic neutron scattering experiments by using spallation pulsed 
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neutron beams In order to elucidate the Important quantum effect 
regarding spin 1/2. Our experiments performed at BNL are limited In 
energy fur below the exchange energy of about 0.12eV. 

Since the spin dynamics In this crystal seem to be quite similar to 
those In 1 dimensional S =1/2, Helsenberg antlferromagnet of Copper 
Pyridine Chloride, the quantum effect Is expected to resemble each other 
at least qualitatively.^] Therefore the main aim In the future high energy 
Inelastic scattering studies should be to find out whether the quantum 
effect Is dominant like In 1 dimensional quantum chain case. If it is, then 
we should find out how the quantum fluctuations give an essential role to 
the appearance of the high Tc superconductivity In such oxide materials. 
We believe such experiments to look at the high energy magnetic 
exciotatlons In this crystal are very essential to answer these crucial 
questions just above. 

Temperature Induced magnetism In FeS1 [10] 

There is an Interesting class of materials belonging to the cubic structure 
( P2j3 ) of transition metal monoslllsideJmSI. MnSI Is a spiral ferro-
magnet with the Curie temperature Tc = 29 K.[11] FeSI, on the other hand, 
does not order magnetically but shows a very unique feature of 
temperature Induced magnetism, which also has extensively been studied 
by using thermal neutron scattering technique at BNL In these 
experiments polarized neutrons were Indispensable to extract the clean 
magnetic component out of other components of non magnetic scattering. 
First of all, temperature depehdent quaslelastic scattering cross sections 
near the ferromagnetic Bragg peak Just follows the temperature evolution 
of the magnetic suscept1bility.[12] Furthermore, the Q scans of 
quaslelastic scattering revealed the ferromagnetic spin correlations 
which was predicted by Moriya and Takahashl who developed a theory for 
the weak itinerant electron ferromagnetism In terms of the renormalized 
spin fluctuation model{13] The general features of paramagnetic 
scattering from a correlated spin system or a ferromagnet above Tc are 
well characterized by the double Lorentzlan function , 

Since FeSi has no ferromagnetic LRO, it is interesting to know how the 
paramagnetic scatering function obeys this general scattering feature. 
Although the data were limited In energy the scattering function Is 
markedly asymmetric In energy, especially at low temperatures. 
According to the susceptibility as well as the theoretical consideration, 
there may exist an energy gap in the d electron band and probably about 
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50meV. However we cannot definitely conclude due to the lack of much 
higher energy scattering data as well as thermal evolution of the 
scattering function at a very low temperature region which seems to have 
an energy gap. Thus the magnetic excitation Is expected to appear in higher 
energies beyond our reach by the standard method at thermal reactors. At 
this moment we can also f i t the data with the function presented above 
with taking proper thermal factor In the same expression. Therefore the 
origin of asymmetry In energy is Interpreted In both ways that It is 
associated with the thermal factor 1n the cross section calculation, or 
that it is really the result of the exsitense of the energy gap. 

The TOF method with using monochromatlzed pulsed incldnt beams by 
spinning a chopper never be available a constant Q scan like three axis 
scans at thermal reactors. Hence 1t Is not easy to convert the TOF 
spectrum to the S(Q,w) function at a constant Q. directly, but this TOF 
experiment at spallation sources should be an only available way to look at 
the whole paramagnetic scattering response in wide energy region more 
than .1 eV. which we need In order to complete the energy spectum in FeS1. 
Such a definitive experiment helps to further theoretical calculations for 
the Itinerant ferromagnetlsm. 

Short summary 

These are typical examples to show a limit or experimental difficulty by 
thermal neutron scattering technique, although the essence of the physics 
was already evinced in these experiments performed at BNL I believe that 
there must be many more examples in not only the field In magnetism but 
also other subjects In condensed matter physics, if we can extend the 
energy scale to just higher energy difficult to reach by any existing 
methods in thermal reactors. Recently we are notified some interesting 
results of the high energy spectroscpy looking at the excited lmultlplets 
splitted by the crystalline field surrounding the rare earth or actinide Ions 
or the spin orbit coupling in these Ions. The energy scale of these 
Interactions is mostly higher than the Interatomic exchange Interaction 
which fits to thermal neutron energy and therefore a lot of Interesting 
subjects regarding the Intraatomlc interactions remain unsolved at least 
In experiments with neutrons which should be carried out by such TOF 
method at spallation sources that we propose here. 
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The dynamic structure factor S(Q. w ) in liquids 

Isao Okada 

Department of Electronic Chemistry, Tokyo Institute of Technology 

at Nagatsuta, Midori-ku. Yokohama 227, Japan 

By inelastic neutron scattering of liquids, the dynamic structure 

factor S(Q. u>) can be obtained. This quantity can be derived also from 

molecular dynamics (MD) simulation. 

Recently, the S(Q. w ) determination of some simple molten salts by 

neutron scattering has intensively been done by McGreevy's group at 

University of Oxford. Let us here introduce their work and compare some 

results with those obtained from MD simulation by Dixon. 

The differential cross section for neutron scattering from a pure melt 

(cation + anion) can be written as 

<l/N)d2a/dQ d w ) = (k/k0)[(b? - b
2)S+

s(Q, w ) + (b?-b2)S.s(Q. w ) + 

b2S++(Q. u>) + b
2S__(Q. w ) + 2b+b_S+_(Q. w ) ] ^k/kQ^SjCQ. w ) . 

(1) 

N is the total number of ions! k0 and k are the incident and scattered 

neutron wave vectors: Q=kg-k is the momentum transfer and tito the energy 

transfer: Ti^is the coherent scattering length of type a', bittr = 27t<b^ + 

b 2 ) : S|(Q, w ) is the total neutron-weighted dynamical structure factor. 

Alternatively, the differential cross section can be written as 

(l/N)d2£/dQ dw=(k/k 0)(l/w
2)[w 2(b 2 - b2)S+

s(Q, w ) 

+ w 2(b? - b2)S.s(Q. w ) + a ^ / C Q , w ) + aq
2Cqq

L(Q, w ) 

+2afflaqCnlq
L(Q, (^Mk/koXP/w^C-rkci. w ) , (2) 

where C-p^CQ. w ) is the power spectrum of the total neutron-weighted 

longitudinal current. 

A property density can be defined like the particle density. By 

analogy with the particle and property densities, particle and property 

currents. J a(Q, t) and JA(Q» t). respectively, can be defined. Because of 

the vector nature of the currents there are longitudinal and transverse 

current-current autocorrelation functions: 

CAB
L(Q, t)=Cl/N) <Q • JA(-Q, 0)Q'JB(Q, t)> , (3a) 

CAB
T(Q. t)=(l/N) Tr<Q x jA(-Q. 0)Q x jB(Q, t)> . (3b) 

In Eq. (2) CAB^(Q, w ) is the power spectrum of the longitudinal 

current correlation of two quantities A and B: here, the mass (m) and charge 

(q) are taken as A and B, respectively. 
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There is a relation between intensity and dynamical structure factor 

l(Q. T ) O C ( W 0 - W ) 2 S T ( Q . W ) , (4) 

where ficaQ is the incident neutron energy . 
For tio))> fitoQ. 
I(Q. T ) C C W 2 S T ( Q I W ) =C TL(Q, W ) . (5) 

Thus, the inelastic peak corresponds to the power spectrum of the total 

longitudinal current. 

For CsCI melt [1] they have employed the first-order difference method. 

In addition to CsCI with CI of the natural abundance, enriched isotopes ^C\ 

and 37Cl have been used. These are referred to as CsNCI, Cs35CI and Cs37CI. 

respectively*, the isotope abundances are given in Table 1 together with the 

parameters needed for the present calculation. 

Table 1. Parameters needed for the calculation 

' Cs37CI CsNCI Cs35CI 

Percentage 3^CI 

b + (10"12 cm) 

b. (10"12 cm) 

b? - b2 (10"24 

b? - b2 CIO"24 

am CIO"12 cm) 

aq CIO"12 cm) 

ara
2/bZ 

a,,2/?2 

2afflaq/b2 

cm2) 

cm2) 

1.8 

0.55 

0.324 

0.088 

0.016 

0.874 

-0.268 

2.984 

0.281 

-1.830 

75.53 

0.55 

0.959 

0.088 

0.274 

1.509 

-1.268 

2.875 

2.030 

-4.832 

99.4 

0.55 

1.165 

0.088 

0.184 

1.715 

-1.584 

3.045 

2.597 

-5.624 

am and aq are defined as 

a„ = b+ + b. (6a) 

aq = (b+m_ - b.m+)/2(m+ + m.) (6b) 

From Eq. (2) and the values in Table 1, it follows that 

CT
L(Cs37CI)/2.586 - CT

L(CsNCI)/18.682 = C m m
L -0.449Cmq

L + 

w2(0.26S+
s + 0.006S.S) ̂ Cmin

L(Q, w ) (7a) 

and 

- 117-



CTL(CsNCI)/1.760 - CTkCs37CI)/1.826 = CqqL - 1.743Cmq
L + 

ui2(0.162S.2 - 0.125S+
S) ^ C q q

L ( Q , to) . (7b) 

The data collected at fixed scattering angles have been interpolated to 

constant Q. The total dynamic structure factors for Cs^CI and Cs^CI are 

shown in Fig. 1. The total static structure factor SyCQ) derived from Sf(Q, 

to) by integration with respect to to agrees well with that obtained by 

diffraction [2]. 

Interpretation of the quasi-elastic scattering is difficult because 

both coherent and incoherent contributions are important in this region. 

From the curves of CT
L(Q, w)/Q 2 for molten Cs35CI, CsNCI and Cs37CI at 

a set of constant values of Q, the power spectrum of the partial 

longitudinal current-current correlation functions Cmm^(Q.. cd)/Q
2 and 

CqqL(Q, w)/Q 2 are calculated. From the peak positions a quasi-dispersion 

curve is obtained (Fig. 2). Peak positions of CT
L(Q, to) for CsNCl taken 

from the low-angle data in the IN4 spectrometer at ILL are also shown there. 

The acoustic and optic branches, which correspond to Cmm^(Q, to) and Cqqkci, 

to), respectively, are well separated in energy over the measured region (1 

A"1 < Q < 4 A" 1) with relatively flat dispersion. The Cram
L(Q, to) has a 

very broad minimum centred around Q=2.3 X"1, while the energy for Cqq
L(Q. w 

) would appear to have a sharper minimum at Q^l.4 A"1. 

The modes are strongly overdamped and although the energy of the low-Q 

optic mode corresponds to the crystal LO there is no evidence of a side peak 

in Sqq(Q, to). Thus, the observed optic mode is not propagating even at the 

lowest values of Q. Small maxima in the widths of Sj(Q, to) at Q>1.7 A"^ 

indicate the possible existence of a soft acoustic mode, de Gennes 

narrowing may be observed at 0.^2.0 A"1, which corresponds to a change in 

diffusion mechanism. 

For Nal melt MD simulation has been done by Dixon [3]. The 

experimental data [4] can be compared with those derived by the MD. In Fig. 

3 the full width at half-height of the total dynamic structure factor for 

Nal (973 K) is shown. The solid curve is based on the simple diffusion 

model proposed by Egelstaff and Schofield [5]. The MD simulation based on 

the rigid-ion model leads to the values shown by x in Fig. 3. 

Figure 3 shows that de Gennes narrowing at Q=d.6 l'^ distinctively 

appears. The general shape of the experimental curve, including the de 

Gennes narrowing, is predicted reasonably well by the MD simulation. 

Quasi-dispersion curves derived from the peak position of Cj^ for 

molten Nal are shown in Fig. 4. The results by MD-simutation based on the 
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rigid model are compared there. They assume that the cross correlation 

C mqKQ, co) is small and hence that mass and charge are good dynamical 

variables. As the ratio am2/aq2=3.g6, scattering is predominantly from 

Cmm^(Q, co). At low Q the peak positions in the simulated curves for 

Cmni^(Cl, to) and Cqq^(Q, w ) are close to those for the corresponding 

longitudinal acoustic and optic modes in the crystal. 

At around the position of the first peak ( d ^ 1.5 X" 1) in the partial 

static structure factors S++(Q) and S..(Q) the two modes coupled with an 

'optic' peak in Cq-^CQ, to) and an 'acoustic' peak in 

CqqL(Q, w ) . For 2.0 A"* < Q <3.0 I"* the modes decouple, but the intensity 

of CqqKQ, to) has dropped and so only the 'acoustic' peak is seen and the 

peak energy is low. The experimental results for the peak positions in 

C-pKQ. to) agree quite well with the simulation prediction. 

The procedure for deriving the S(Q. to) from MD simulation is as 

follows. Partial van Hove (time-space) correlation functions G(r. t) are 

calculated by MD simulation. Then, these are Fourier-transformed with 

respect to time and space. Then, the dynamic structure factor can be 

obtained. 

Similar experiments and analyses have been done also for molten SrCl2 

[6]. MgCI2 [7], and CaCI2 [7] as for molten alkali halides [1. 3. 4, 8]. 

In conclusion, the single-particle motion is represented by S+
S(Q, to) 

and S.S(Q, to). The longitudinal 'acoustic'-type modes are represented by 

CfldjHQ., u>). The longitudinal 'optic'-type modes are represented by Cqqk 

Extension of measurements to lower and higher Q with instruments such 

as IN4 at ILL is limited by the available intensities. They expect that 

many of the features of the Spallation Neutron Source at the Rutherford 

Appleton Laboratory will make it ideally suited for extending this kind of 

work. 
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E/meV 

Fix. 1. The total dynamic structure factor for molten Cs Cl( ) and 
CsNCI(-—) at D73 K. 
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Q/A-' 
3.5 4.0 4.5 

Fig. 2. Quasi-dispersion curves for molten CsCI. Peak positions of 

C„n
L(Q. u ) ( O ) and Cqq

L(Q. u ) ( D ) at constant Q and of 

CT
L(Q. W ) / Q 2 ( V ) at constant 0. The broken curves indicate the 

experimental range of IN6. The full carve refers to the velocity 

of the sound. 
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Fig. 3. Full width at half-height of the total dynamic structure factor 

STCQ. w ) . The solid lines are based on the Egelstaff-Schofield 

model. The temperature is 973 K. The data for Nal are compared 

with the MD simulation (x ). 

25 

| 2 0 

15 

10 

5 

0 

• t 

UJ 

Nal 

*t 
y 

1.0 2.0 3.0 4.0 5.0 

Fig. 4. Quasi-dispersion curves from the peak position of Cj^(Q, w ) from 

the experiment ( D ) and the MD ( V ). 
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In this talk I will describe in detail the performance of the High Energy 

Inelastic Spectrometer HET at ISIS and give some rational behind the design of 

its sister spectrometer MARI which is being built at ISIS as part of the 

UK-JAPAN collaboration on pulsed neutron scattering. 

INTRODUCTION 

The HET spectrometer is a direct geometry chopper spectrometer designed 

specifically to study systems at high energy transfer e with low associated 

momentum transfer Q and good energy transfer resolution Ae. This is achieved 

by monochromating at high incident energies (100-2000 meV) and scattering at 

low angles (3°-30°) 

Fields of interest include: 

o High frequency localised magnetic excitations such as crystal 
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field and spin-orbit transitions in 4f and 5f electron systems, 

where the electronic form factor severely reduces intensities 

when Q is greater than 4 A~ . 

o Vibrational spectroscopy where the low momentum transfer 

minimises multiphonon effects and the excellent energy 

resolution, particularly at high energy transfer allows new 

features to be distinguished. 

o Coherent excitations at high energy transfer in itinerant 

ferromagnets where again form factor considerations severely 

limit the available intensity. 

In addition a high angle detector array allows measurements to be made at high 

energy transfer and high associated momentum transfer. Such measurements probe 

the momentum distribution of particles and is of particular interest for 

quantum systems such as hydrogenous materials and the helium liquids. 

INSTRUMENT 

The spectrometer is illustrated in Figure 1 and details are given in Table I. 

The standard ISIS primary collimation system is used which consists of B,C 

beam-defining irises alternating with borated-resin/iron-shot spacers. After 

the monochromating chopper, a further set of B.C irises (which can be easily 
2 

changed) limits the beam area to 5 x 5 cm and prevents the lowest angle 

detectors from directly viewing the chopper. 

The primary flight path and the entire spectrometer are under rough vacuum, 

and the sample chamber is turbo-pumped to a cryogenic vacuum. Almost all 

samples are run at low temperature. All internal surfaces of the spectrometer 

are lined with tiles of a low-hydrogen B,C-resin mix to minimise the 

scattering of high energy neutrons, and the same material is used as a shield 

behind each detector. 
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Choppers 

The monochromating chopper (Figure 2), located 10 m from the source, spins on 

magnetic bearings at frequencies up to 600 Hz and produces a sharp (~lus) 

burst of neutrons on the sample. Three different slit packages each made of 

boron-fibre/aluminium composite are optimised (600 Hz operation) to give peak 

transmission for 500 meV, 250 meV and 100 meV neutrons. By rephasing the 

chopper opening time vith respect to the accelerator pulse and by spinning at 

reduced multiples of the ISIS frequency, monochromatic beams of neutrons 

ranging from 100 meV to 2000 meV may easily be produced, see Figure 3. Such 

versatility has been invaluable in optimising the resolution and momentum 

transfer characteristics of the spectrometer for a given experiment. 

The chopper control system, whereby the chopper is phased to a master 1MHz 

oscillator which controls extraction from the accelerator, has proved to be 

very effective. An additional veto system has been introduced which rejects 

data on a frame by frame basis unless an optical monitor of the chopper 

indicates that the chopper is at the correct time delay with respect to the 

extracted proton burst. This has eliminated a 10% jitter which occurred under 

some accelerator operating conditions. 

The background suppressing chopper, located upstream of the monochromating 

chopper, has been recently commissioned. This chopper, see Figure 4, blocks 
2 

the beam during the power pulse with 30 cm long bar of nimonic alloy 6 x 6 cm 

in cross-section and prevents fast neutrons from entering the spectrometer. A 

substantial reduction in background has been obtained, see Figure 5, allowing 

experiments to be performed with incident energies up to 2000 meV. 

Detectors 

Scattered neutrons are detected 4 m from the sample in a low angle array 

(3°-7°) of He gas tubes, at 4 m in a high angle array (136°) and at 2 m in 

an intermediate angle array (10°-30°). Originally the low angle bank of gas 

detectors was complete, but only a test octant of 2 mm glass scintillators 

were used at the 2 m position. It was known that the intrinsic background (0.5 

n/cm /min) in the considerably less expensive scintillator detectors was a 
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factor of 100 worse than achievable with gas detectors, but before operational 

experience it was not known whether this intrinsic background would be 

dominated by all other sources. One result of the quality of spectrometer 

shielding and the separation by time-of-flight of fast neutron background from 

signal neutrons was that the major background source for incident energies 

below 350 meV was the intrinsic noise of the detectors. The difference in 

intrinsic noise levels may be clearly seen in Figure 6. Signals clearly 

observed with the gas detectors were not seen in the scintillators. An early 

decision was taken to use gas detectors throughout the spectrometer. All 
3 

detectors are now 10 atmosphere He tubes 2.54 cm diameter. The majority have 

30 cm active lengths, but some 20 cm and 15 cm active length detectors are 

used in constrained geometries at low angles. „ 

For safety and reliability reasons, the large thin window at 2 m is being 

replaced in Spring 1988 by an eightfold array of locally thin windows, see 

Figure 7. This configuration will have 32 detectors mounted immediately behind 

each window at a distance of 2.5 m from the sample. A total of 256 detectors 

will be used. The inner four detectors of each group will have a 20 cm active 

length. The outer 28 will have a 30 cm active length. In the current 

(October 1987) configuration there are four arrays of 25 large detectors in 

the horizontal and vertical locations. 

EXPERIMENTAL PROGRAMME 

The experimental programme on HET is now well established with many UK and 

International groups participating in studies of vibrational spectroscopy, 

isotropic magnetic scattering, momentum distributions and single crystal 

excitations. Recent work includes the study of the vibrational density of 

states of high T superconductors, the observation of intermultiplet 

transitions in metallic Pr up to 800 meV energy transfer, the study of 

anharmonic effects in Li by deep inelastic scattering and the observation of 

spin waves along (hOO) in a single crystal of hep-Co to beyond 230 meV. Some 

details are given in the accompanying paper on 'Inelastic Instruments at the 

ISIS Facility' and will be found in the forthcoming report 'ISIS 88'. 
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LIMITATIONS OF HET — THE NEED FOR MARI 

HET was designed as a high resolution, high energy transfer chopper 

spectrometer with very low intrinsic background and versatile incident energy. 

It has been scientifically very productive and has generated a large and 

expanding programme of new science. Whilst we would make no significant 

changes in the general concepts of the spectrometer, there are some 

improvements which will be implemented on MARI. 

The major restriction is the limited angular cover available. The 'blind area' 

between 30° and 130° precludes the study of momentum distributions in H and D 

systems and limits the study of the phonon background in magnetic systems. The 

change in resolution between the 4 m low angle array and the 2 m 10° to 30° 

array (see Figure 8) also hinders the estimation of the phonon contribution at 

low angles. Both these problems will be overcome by MARI where there is 

continuous angular coverage with a 4 m secondary flight-path from 3° to 135°, 

see Figure 9. 

A less serious problem which will also be overcome on MARI is with the 

incident spectrum. HET was conceived as a HIGH energy transfer spectrometer 

and as such was given an ambient temperature moderator. Whilst the majority of 

problems still use incident energies above 100 meV, there is a growing demand 

for lower incident energies. MARI, with its 100K liquid methane moderator, 

will continue to have excellent flux and resolution down to below 50 meV . 

When MARI becomes operational at the end of this decade, it will take over 

much of the work pioneered by HET. The next stage in the development of 

chopper spectrometers at ISIS will then be to push for even higher resolution 

with longer secondary flight paths and to explore the options available for 

polarisation analysis. 
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Specification 

TABLE I 

Incident energy 

Energy transfer 

Momentum transfer 

Resolution 

100-2000 meV 

20-500 meV 

Depends on incident energy, energy transfer, 

and angle of scatter, eg 2.5 A" at 200 meV 

transfer; 40 A~ (maximum) using high angle 

detector 

AE0/E0 =0.7% 

Instrument 

Beam 

Moderator 

MonitorJL 

Background Chopper 

Chopper 

N9 

316K H«0 poisoned at 1.5 cm 

Primary beam monitor 

8 m from moderator, closed at t = 0. 

10.0m from moderator, 600 Hz phased to ISIS 

pulse + 1/2 Ms 

Slats 0.5mm 3-layer Boron-Aluminium composite 

Slit Package Slit-width Radius of Curvature 

500 meV 0.89 mm 1.32 m 

250 meV 1.32 mm 0.92 m 

100 meV 1.76 mm 0.58 m 

Monitor_2 

Sample position 

Beam size 

Intensity at sample 

Detectors 

Monitor_3 

Sample environment 

-1.615 m from sample 

11.8m from moderator 
2 

50 x 50 mm max 

4.4 x 103 n cm"2 s"1 at E = 1 eV (full ISIS 
o 

intensity) 

3°-7° 4m counter bank: 50 10 atm 3He 

10°-30° 2m counter bank: 100 10 atm 3He 

136° 4m high angle bank: 11+10 10 atm 3He 

+5.694 m from sample 
Accepts standard sample environment equipment 
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Figure 1 

HET Spectrometer 

. „ T«;T<; showing the background 

reducing chopper, the tast 
detector arrays. 
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Single crystal line-up detector 
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CO 

Figure 2a The monochromating chopper, prior to assembly, shoving the 
boron-aluminium slit package. 
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Figure 2b The monochromating chopper being mounted in its magnetic 
bearing drive system. 
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Figure 3 The calculated transmission characteristics of the medium 
energy HET chopper. It has an effective slit width of 0.89 mm 
and a radius of curvature of 1.32 m, which give it a peak 
transmission of 515 meV when spinning at 600 Hz. The data 
points are an experimental determination of the 600 Hz 
performance. By reducing the frequency to a lower multiple of 
the ISIS frequency, the peak transmission may be shifted to 
lower energies. (Eg: 10*ISIS = 500 Hz is optimised for 360 meV 
and 8*ISIS = 400 Hz gives 228 meV neutrons.) 
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Figure 4 The HET nimonic background-suppressing chopper removed from 
its housing. 
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Figure 5 Comparison of time-of-flight scattering data from vanadium taken 

without (A) the chopper and with (B) the chopper. For clarity two 

different incident energies ( A : 220 meV and B: 600 meV) are 

shown. The background effect is independent of the choice of fast 

chopper energy. 
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Figure 6 A comparison of the time-of-flight response of the He gas 
detectors and the Li glass scintillators. The difference in 
intrinsic background which dominates at long times is obvious. 
These data have been corrected for differences in solid angle. 
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Figure 7 The eight-fold array of thin window and detectors which will 
provide continuous angular coverage at 2.5 m between 10 and 
30°. 
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Figure 8 The calculated resolution of the 2 m and 4 ra detector arrays 
on HET as a function of the fractional energy transfer e/E. 
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Chopper Spectrometer INC at KENS 
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1. Introduction 

The promising prospect of a direct geometry chopper spectrometer 
combined with an advanced pulsed neutron source is well acknowledged 
for its wide dynamic range in Q-co space accessible and for the variety of 
fields applicable such as high energy magnetic excitations, molecular 
dynamics and dynamics in liquids and glasses. 

The development of the sophisticated magnetic bearing made it possible 
to realize the short chopper burst, due to the high speed revolution, as 
narrow as the neutron pulse width from a moderator at the epithermal 
neutron region, providing higher momentum and energy resolution with 
less sacrifice in intensity. 

In this report we discuss a spectrometer called INC, which is under 
construction at the KENS, aiming at neutron scattering with the energy 
transfer from 20 to lOOOmeV and the momentum transfer from 0.3 to 
40A-1. 

2. Design concepts 

We decided to install the INC to the beam hole H-6, which views the 
polyethylene moderator at room temperature, where the LAM-D, a crystal 
spectrometer for molecular spectroscopy, was originally located, because 
the available space around the H-6 beam line was largest. (LAM-D was 
removed to the beam line H-9.) 

The most important problem in designing the spectrometer was the 
restriction of the available space in the experimental hall. Only 7m is 
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available for the flight path out of the bulk shield of 4m thick. We tried to 
find optimal parameters to achieve the better performances under this 
restriction. Taking into account the actual constraint, we decided to adopt 
horizontal layout rather than the vertical one and the parameters Ll=7m, 
the distance between moderator and monochromating chopper, L2=1.3 or 
2.5m, between sample and detector , and L3=lm, between chopper and 
sample. (L2 is 2.5m for the scattering angle 5° - 40° , while 1.3m for 40° -
130°.) These parameters satisfy most of our required performances as 
discussed below. 

2.1. Momentum and energy coverage in Q-co space 

The direct geometry configuration allows to put detectors continuously 
in the wide scattering angles, and gives continuous and wide coverage in 
Q-co space. Figure 1 shows the accessible Q-co space at the scattering angles 
of 5°, 11°, 25°, 40°, 80° and 130° with the incident energies of 100, 400 
and lOOOmeV. As well known that due to the kinematic constraint of 
neutrons small angle scattering with high energy neutrons is indispensable 
in measuring the scattering with high energy transfer at smaller Q, which 
is especially important in high energy magnetic excitations. 

2.2. Resolutions 

The momentum and energy resolutions of a chopper instrument are 
expressed to a good approximation as1) 

f = ^ < J* <cos(°o>- V I " ) 2 ( t ) 2 + 1 s i n 2 ( ° o ) A°2 ] 1/2 (1) 

fp=t{2Ri[i +JYT1 (1_i?3/2] }2+ { 2 R 2 [ 1 + h (1-i?3/2 ]}2]1/2 (2) 

, where 
W 

Ri=Atch/tch, R2=Atm/tch = 8m/Li, AtCh=27~ P ^ ' 

P(u)=l+j for 0<u<0.8 

P(u)=2+u-(4u-u2)1/2 for 0.8<u<2 
P(u)=u for 2<u 

- 1 4 5 -



w m n e t w 

2pLi f sin(a) 
•Wmnct = Wm(cos(a)- — ). 

The notations used above equations are defined as below, and shown in 
Fig.2. 

neutron pulse width 
moderator effective thickness 
moderator declining angle 

moderator width 

flight path length from moderator to chopper 
flight path length from sample to detector 
flight path length from chopper to sample 
chopper rotor diameter (assumed to be 10cm) 
chopper rotor slit width 
time of flight at chopper 
chopper burst width 
revolution frequency of chopper (assumed to be 600Hz) 
chopper peripheral speed (vp=7tDf) 

scattering angle 
angular ambiguity by a detector (detector diameter 2.5cm) 

vo : velocity of incident neutrons 
Ei : incident energy of neutrons 
Ef : final energy of neutrons 
e : energy transfer 
Ae : ambiguity in energy 
Q : momentum transfer 
AQ : ambiguity in momentum 

Atm 

Sm 

a 

W m 

Li 

L2 

L3 
D 
W 

tch 
Atch 
f 
V P 

<E>o 
A d > 

For the room temperature moderator in the KENS, neutron pulse width 
Atm-1.5/VE[eV] fis is a good approximation at epithermal neutron range 
above 250meV, which gives 2.1cm in 5m . but becomes longer than the 
above with asymmetric long tail below 250meV. For example it is about 
lOjis at Ei=100meV. The moderator declines clockwise by 15° to the H-6 
beam line, and this configuration gives a optimal time focusing for 
500meV. The view surface of the moderator is 8cm in width (Wm). The slit 
width W of the chopper rotor is determined from AtCh = W/vp, with 
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optimizing condition AtCh = Atm. For instance for the incident energy of 
300meV, the slit width becomes 0.10cm. 

In Fig.3 the energy resolution Ae/Ei is plotted as a function of e/Ei. The 
solid line is for L2=2.5m, and the upper broken line for L2=1.3m. The 
resolution of HET(high resolution chopper spectrometer in ISIS, RAL) is 
also plotted as a reference. At e » E; the energy resolution is simply deter
mined by the chopper and the moderator time ambiguities, and becomes 
Ae/Ei = [(2Ri) 2+ (2R2) 2]1/2. For lower e/E{, which is important for the 
scattering of high energy transfer with lower Q, the resolution becomes 
poor, because the terms including the flight bah ratio (Lj+L3)/L2 and 
L3/L2 become significant. 

Figure 4 shows AQ/Q at e of 0.2Ei, 0.4Ei, 0.6Ei and 0.8Ei as a function of 
Q/ki. The discontinuities at Q/ki=0.7 correspond to 0=40°, where L2 
changes from 2.5m to 1.3m. 

2.3 Required resolution 

i) High energy magnetic excitations 

Here we consider an example of crystal field splitting in UO2 demon
strated by HET2). They observed excitations around 150, 160, 170 and 
180meV with FWHM about 6meV. Now suppose Ei = 250meV with Q < 
4.5A"1. For this condition the scattering angle O <12° is required. We can 
resolve those excitations by a shave. 

Ei O L2 e Ae FWHM 
250meV <12° 2.5m 150meV 3meV 6meV 

ii) S(Q,a>) of glassy materials 

In general glassy materials do no have sharp structure in Q-co space3), so 
that we believe the INC will be useful for most cases of measurements on 
glassy materials. We, however, estimate the resolutions for the following 
extreme examples. 

SiS2 glass is known for its exceptionally sharp peak in the Raman 
spectrum at 420cm-1 (52meV) with FWHM » 20cm-i (2.4meV) 4 ) 
corresponding to Al mode. When we use Ei =100meV, the resolutions are 
as follows. 
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Ei L2 e Ae FWHM 

lOOmeV 1.3m 52meV 4.0meV 2.4meV 
lOOmeV 2.5m 52 2.8 2.4 

The energy resolution for L2 = 2.5m is just comparable to the natural 
width of the excitation. 

In some glasses5), there is a first sharp diffraction peak (FSDP) in S(Q) 
at around 1A_1 with FWHM » 0.2 A*1. Here we show the calculated 
resolution for the elastic scattering at Q = 1 A"1 using Ei=100meV. This 
condition is not the optimal for the measuring the elastic scattering, but 
the momentum resolution is again comparable to the FWHM of the FSDP as 
shown in a Table below. 

Ei O L2 Q AQ FWHM 

100 meV 8° 2.5m l.OA-i 0.15-l 0.2-1 

3. Chopper System 

3.1. Monochromating chopper and background suppression chopper 

A chopper system is supplied from RAL as a part of the UK-Japan 
collaboration. The chopper is equipped with a magnetic bearing system 
developed at KFA, Jiilich6). The chopper is almost the same as that of the 
MARI. The rotor can be spun at 600Hz with ±0.2|is phase ambiguity for 
fixed frequency operation, and is designed to rotate clockwise viewing 
from the top in order to realize time focusing. We will have four rotors 
with different slit packages, which are optimized to 50, 100, 200 and 
500meV. The beam aperture of the chopper is 6x6cm2. 

In order to suppress delayed fast neutrons from the uranium target as 
well as fast burst neutrons, a background suppression chopper is indis
pensable for INC. Now we are developing a mechanical chopper system for 
this purpose. 

3.2. Phasing 
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To achieve required resolution, the chopper rotor must be phased 
accurately with the accelerator having time ambiguity about ±5}is in the 
successive beam extractions. "We developed electric circuits to solve this 
problem.7) There is an acceptable time band for the extraction of proton 
beam from the Booster synchrotron about ±50jis centered at peak 
magnetic field. Within the acceptable band, the beam can be extracted 
according to the request signal from the chopper. Otherwise, the beam is 
extracted automatically at the end of the band. Figure 5 shows a typical 
results of the phasing experiment using Harwell Mk VIII rotor spinning 
head at the rotor revolution speed of 500rev/s. In the figure the distribu
tion of the extraction time after request signal is plotted. The results show 
that the beam extraction time is phased to the request signal with the time 
ambiguity of ±0.4|is and the duty factor of 99%. These values are sufficient 
for the practical operation. 

4. Collimator system 

The inner collimator in the bulk shield and the outer collimator between 
two choppers consist of sintered B4C, steel and bora ted resin (boric-acid 
40%, polyethylene-beads 40%, epoxy-adhesive 20% in weight) making an 
image 6x6cm2 at the sample position. Those were designed, so that the 
iron soften fast neutron spectrum, the hydrogenous compound slow down 
neutrons to be absorbed by boron, and the scattered neutrons are 
captured by B4C scraper. Figure 6 shows the details of the collimators. 

5. Spectrometer 

The spectrometer shield enclosing the scattering chamber is mainly 
made of borated resin (boric-acid polyethylene-beads epoxy-adhesive 
combination, 45, 45, 10% in weight) of 30 - 40cm thick, and partly made of 
ordinary concrete 30 - 50cm thick. These thicknesses were determined by 
dose measurements at the actual environment. The shield has a shield 
door for accessing to the detectors, and there is a sliding overhead shield 
for accessing to sample. 

Figure's 7 (a) and (b) show the layout of the INC. The scattering chamber 
consists of two parts; sample chamber (high vacuum) and detector 
chamber (low vacuum). Those are separated by a thin aluminum window 
0.1mm thick. The detector chamber has 13 windows of aluminum plates 
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2mm thick for detectors. The low angle bank has flight path length 2.5m, 
which can accommodate 80 detectors (6", 8", 10" and 12" in length.l" in 
diameter) in six-fold detector arrays covering scattering angle from 5° to 
11°. The medium angle bank consists of 50 detectors (12" in length, 1" in 
diameter) in single detector arrays, which extend from 11° to 25° in left 
wing and from 11° to 40° in the right wing. High angle bank has flight path 
1.3m, covering scattering angle from 40° to 130°, and can accommodate up 
to 80 detectors (12" in length, 1" in diameter). In order to save the angle-
missing between the detector banks, there are insertion detector banks in 
the detector chamber. 

The inside of the detector chamber is completely covered by B4C resin 
tiles 10mm thick, so that the detectors see only the sample. 

6. Discussions 

6.1. Intensity and back ground 

Here we show the estimated counting rate from the U4+ (U02) in the INC, 
comparing with the measured background level and the results from the 
HET. The cross section for crystal field splitting averaged over all direction 
is given by8) 

d2a . kf 
<dfide = r°kTP n f a j ° 2 + b J0J2 + CJ22 +. . } S(e - En. + En) . 

Here, j k is spherical Bessel function of order k. Now we consider the case of 
r 5 -> r 3 transition, i.e. from the ground level (n=5) to the first excitation 
level (n'=3) with e=180meV. P5 is product of the degeneracy and the 
population factor, which is about 1/3. a is matrix element for the transi-

yg2 
tion, and this is 1.28. r0 is (——)2 = 0.29 xlO"24. In case that the total 

u mcc 
momentum is a good quantum number, the zeroth Bessel function is 
dominant and the cross section can be written by 

d2a kf 
<dndT> = r o k T P 5 a j ° 2 5 ( e - E 5 + E 3 ) ' 
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Now we assume Ej=300meV (kj=12.2A-1), Ef=120meV and e=180meV. The 
cross section at Q=4.5A"1 (measured by 5° detector) with jo = 0.6 is 

d2a 
<dfl!de> = ( " 0 ' 5 4 x l 0" 1 2 ) 2 1 / 3 ^ E f / E i x L 2 8 x °-62 5^ e" E5 + E3 ) 

= 0.0256 x 10-24 8(e - E5 + E3 ) [cm2/meV/str] 

Then the counting rate ( integrated intensity of 1(e) ) at a detector is 

J 1(e) de = de i(Ei) N < ^ T > T(E0 /(Ef) P C d Q 

= 15.6 [n/day/detector/jj.A ] 

The flux intensity at the sample position i(Ej) is 

i(E;)= r/(Li+L3)2 Ae/Ei [n/cm2/p]. 

• The intensity of neutrons from a moderator per steradian per eV at Ei 
per proton expressed by r is 

r =1.0 x 10-2 x , £ _ ( l e V ) j 
Ei(0.3eV)\0 j 8 8 

[n/str/eV/p] for Ei = 300meV. 

• Ae/Ei=1.3% at 180meV , i.e. Ae=3.9meV or At=8p.s at t=516|is. 
• Sample amount is N=0.3mol (1.8 xl023 U atoms) assumingl0% scatterer 
and the beam size of 60x60x2(thickness)mm3. 
• T(Ei) is the transmission of chopper, typically 0.5. 
• /(Ef) is the detector efficiency, 0.8. 
• P is the number of proton pulses in a day, 1224 x 103 pulses/day. 
• C is the number of protons per proton pulse per |iA, 3.1*10n ppp/u.A. 
•The d£l is solid angle subtended by a detector (2.5x30cm2) at 2.5m 
position, 1.2 * 10*3 str. 

If the counting rate estimated above is spread over 20 meV (50u.s), we 
have 0.33cnt/day/u,s/detector/p.A. This value should be compared with 
the background counts, 0.034 cnt/day/|is/detector / J IA, which was 
obtained with a reference detector surrounded by 2.cm-thick B4C resin and 
30cm-thick boric acid. 
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The counting rates from UO2 measured in the HET were scaled by the 
parameters of the KENS, and we have 0.18 for signal and 0.056 for 
background. The counting rate 0.33 estimated above shows fairly good 
agreement with the scaled value of the HET measurement. The thickness of 
the shield constructed seems to be good enough for distinguishing the 
signal from the background. 

6.2. Competition and cooperation with the MARI(chopper spectrometer in 
construction under UK-Japan collaboration) 

It turns out that the performance of the INC satisfy most of the 
requirements for the targeting scientific fields. The the counting rate per 
detector of the INC I(E)INC is compared in a Table below with the HET and 
the MARI, 

INC 
HET 

MARI 

L i (m) 

7.2 
10 
10 

L 3 (m) L2(m) 

1 2.5 
1.8 4 
1 4 

P(uA) 

8 
200 
200 

M 

2 
1 
1 

A(cm2) 

6 x 6 
5 x 5 
6 x 6 

Ke)/I(e)iNC 
1 
1.2 
2 . 0 

, where, 1(e) » l/(Li+L3)2/L22 Ae/Ej P M A. P is proton current, M is target-
moderator coupling factor, A is sample area and I(e)/I(e)iNC is the ratio. 

As we see here, the counting rate per detector in the INC is encouraging 
even compared with that in the HET and the MARI in spite of the lower 
proton current at the KENS. Therefore the INC could produce reasonable 
scientific output with a relaxed resolution. 

Regarding the cooperation using the MARI under the UK-Japan collabo
ration, the results from the INC will be helpful for the farther 
measurements on the MARI with higher resolution and intensity. 
Especially for the measurements on S(Q,co) of glasses, the continuous 
resolution is sometimes important in Q-co space, and the MARI will give a 
good opportunities for such measurements. Therefore we believe a 
complementary use of two instruments will give fruitful outputs. 

We acknowledge Dr. C. K. Loong for the helpful advices in the early stage 
of the designing work. 
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Ii this talk I would like to give an overview of the hardware and software 

employed at the ISIS facility for data acquisition, analysis and display. 

I would like to explain the philosophy behind the systems chosen, and 

lastly, I would like to look to the future to see what problems have to be 

faced as we move towards neutron instruments employing large numbers of 

detectors and increased neutron fluxes. 

1 ISIS COHPUTING PHILOSOPHY 

Let me first outline the principles upon which the ISIS computing system is 

based. This is best done by way of a list. 
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a. Everthing concerned with the 'run' on a particular sample must be 

under computer control. Thus the instrument data acquisition 

electronics, the choppers, spin flippers (if used), sample 

environment controllers...etc. must all be set via computer 

commands. The reasons are threefold: the exact settings of the 

instrument and sample are then easily stored for future data 

analysis without the need for a detailed experimental notebook, 

the intervening sofware may check the settings for mistakes, and 

the entire system may then be run automatically without user 

intervention for many hours. 

b. The 'User Interface' should look the same on all instruments. 

c. The 'User Interface' should look the same from all terminals. 

d. The data should be correctly and completely recorded.('All the 

data and nothing but the data'.) 

e. Data display and analysis should be achieved by means of 

specialised high-level languages. 

f. The system must exhibit 'real-time' response. 

To see how we attempt to meet these objectives let me now describe the 

systems involved. 

2 Hardware Overview 

The interconnected systems of Data Acquisition Electronics (DAE) , CAMAC 

control , Front-End Minicomputers (FEMS), HUB computer and associated 

software which provides the ISIS instrumentation with its control, 

acquisition, display, analysis and archival functions is collectively known 

as the PUNCH system. It is best understood by reference to three diagrams 
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(figs 1,2 & 3) which illustrate the hardware functions and interconnections 

from three different viewpoints. 

The first, Fig.l, illustrates the PUNCH computer network. Each ISIS 

instrument is equipped with a VAX 730, VAX 750 or microVAX II minicomputer, 

the Front-End Minicomputer (FEH). Nine of this family of 13 FEM computers 

are linked by fast DMA interfaces to a Cambridge Ring local area network to 

provide a file transfer facility between them and a larger VAX 8600 - the 

PUNCH HUB computer. The remaining microVAX II machines are connected via 

Ethernet. The disk-to-disk file transfer rate over the Cambridge Ring 

network is 25 Kbytes/s. The Cambridge Ring also provides access to all 

PUNCH computers from all terminals in the PUNCH system via the 

multiplexers (PADs) shown in Fig.l. 

The HUB computer is a -4.5MIP machine with 28Mbytes of memory, 3Gbytes of 

disk storage and 3 tape drives. It is accessible from the outside world via 

the academic network JANET. The HUB computer provides a facility for 

extensive, post-run data analysis together with data archival and 

administrative purposes. 

The data acquisition, display and analysis hardware is illustrated in 

Fig.2. In this figure we show all of the equipment used in the data 

acquisition chain, from the detector input modules at the top of the figure 

to the HUB computer at the bottom. 

Data Acquisition Electronics 

The first element in this chain is the Data Acquisition Electronics (DAE). 

The DAE consists of a System Crate and up to 16 Instrument Crates for each 

instrument. They are joined by the Instrument Bus (IB) in the manner 

shown in Fig.2. The system crate is located close to the FEM computer and 

is connected to it by an extension of the VAX UNIBUS (or QBUS) . The 

Instrument Crates are located close to the instrument detectors and hence 

the Instrument Bus is typically 10-30 metres long. 

The component modules of the DAE are shewn in Fig.2. Each instrument crate 
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contains two Ping-Pong Frame Memory modules (PPFM) and an Instrument Crate 

Controller (ICC). In addition it can contain up to 16 Detector Input 

Modules (DIM). These modules record the neutron time-of-arrival in fast 

memory located within the DIM modules. The time recorded is read from a 

time channel bus (TCB - 16 bits) at the rear of the Instrument Crate. The 

events thus recorded in the DIM modules are transferred to a PPFM via the 

instrument crate bus (ICB) during the frame. All events recorded during 

the frame are stored in this PPFM. The other PPFM contains events from the 

previous frame which are transferred to the system crate if the frame is 

deemed a 'good' frame. A frame is deemed to be 'good' if no internal DAE 

or external exception conditions have been signalled. Descriptors 

transferred to the System Crate enter via the Instrument Bus Interface 

(IBI) and are 'pipe-lined' through the modules shown in Fig 2. The final 

result of each detected neutron is a read-increment-write operation on the 

appropriate word in the Bulk Store memory (MEM) which then contains a 

histogram of detected events. 

The shaded components in Fig.2 indicate the points at which data are 

stored. In the Data Input Modules the neutron events are time stamped and 

the time descriptors stored for up to 5ys before being read out on the 10 

MHz instrument crate bus. The time descriptors are then stored for one 

frame (20ms) in a PPFM. This is to ensure that the data are not corrupted 

by any incorrectly taken data during the frame. Following compaction from 

40 to 24 bits in the Descriptor Generator the event descriptor is finally 

recorded by incrementing the appropriate word in the Bulk Store memory, 

where it effectively remains for one run. The histogram of events is then 

copied to the Front End Minicomputer disk, where it may reside for one or 

two days, and on to the HUB computer where it may last for some tens of 

days for further analysis. Notice that data are stored for increasing 

lengths of time at subsequent locations and each pathway between these 

storage locations must be fast enough to remove all the data in the storage 

time of the 'up-stream' location. 

Instrument Control 
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The analysis and display functions illustrated in Figs.l & 2 do not 

describe the complete system, since the user must control the neutron beam, 

sample orientation and environmentj and initiate runs. Fig.3 shows 

schematically the main components of the controlling process and their 

connectivity. 

The user controls the instrument from the control terminal. This 

communicates with the Instrument Control Program (ICP) and the Environment 

Control Program (ECP) which in turn activates, or reads data from, 

beam-line components, the sample environment or the Data Acquisition 

Electronics (DAE). All of the parameters associated with the current 

instrument state are stored in the Current Run Parameter Table (CRPT). 

This is implemented as a 'global section' in the VAX VMS operating system 

and is accessible to a number of display and analysis programs. Two of the 

most important are shown in Fig.3. DASHBOARD provides a 'live' displaj on 

the control terminal of selected instrument parameters and the GENIE 

software is used to display and analyse current or past data. 

The following table provides a brief alphabetical summary of the main ICP 

commands that are available. The 'state' abbreviations (S»setup, Rerunning, 

P«paused) are used in the following table to indicate the states from which 

a command may be issued. 

TABLE OF COMMANDS 

COMMAND 

ABORT 
BEGIN 
CHANGE 

END 
GENIE 
PAUSE 
RESUME 
SET 

STATUS ON 
STATUS OFF 

STATE 

RP 
S 
S 

RP 
SRP 
R 
P 
S 

SRP 
SRP 

• 

EFFECT 

Abandons data collection 
Begins data taking 
Invokes full-screen parameter 
change program 
Stops data taking,records run 
Invokes display & analysis prog. 
Suspends data collection 
Resumes data collection 
Alters instrument or sample 
parameters 
Invokes the parameter display 
program 

FINAL STATE 

S 
R 
S 

S 
SRP 
P 
R 
S 

SRP 
SRP 
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Sequences of commands may be stored in a COMMAND FILE and used to initiate 

a series of runs. 

The CHANGE command is used for altering DAE parameters; the two most 

important of which are the detector mapping and time channel definition. 

Each detector is assigned a SPECTRUM number, and giving the same spectrum 

number to two or more detectors results in their being ganged together. 

By this method a flexible method of detector ganging is provided to the 

instrument user. 

Complete flexibility is also provided in setting the time channel 

definitions. The ISIS DAE allows the user to define the individual time 

channel boundaries (tl,t2,..tn) in terms of the primary 30ns clock, pulses 

thus permitting the choice of any channel width at any point in the 

spectrum. 

Display and Analysis Software 

Data analysis requirements vary widely across the range of neutron 

scattering instrumentation, and in the past software has been developed 

largely for a single instrument or group of instruments. At ISIS however 

it was realised that there was sufficient commonality in the primary 

analysis and display requirements to justify a common approach. The result 

has been the production of a language for neutron data manipulation and 

display which can be used either in an immediate command mode, or from 

predetermined stored lists of commands. The language has been given the 

name GENIE. 

GENIE is a language for manipulating and displaying data. The data takes 

the form of three vectors for each neutron spectrum x,jse . The y_ vector 

contains the contents of channels defined by the x vector, e is the erroi 

vector associated with y_. Note that the value y(l) lies between the x 

values x(l) and x(2) and that there is, of course ,one more value in the x 

vector than in the y vector. The x,y_,e vectors are stored in WORKSPACES . 

Vithin GENIE the data is normalised such that the y value is in units of 
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neutrons/x_unit. WORKSPACES are given the abbreviation VI, W2 ..etc. 

Data may be displayed using the command 

D Wn xl x2 

which displays the nth workspace from xl to x2. An existing display may be 

over-plotted with the command 

P Vn 

Having obtained the display it may be modified with the ALTER, LIMIT, 

TOGGLE, or ZOOM commands. Information may be obtained from the display 

using the CURSOR, KEEP, and PEAK commands. 

Data may be manipulated in several ways. The first is the arithmetic 

'FORTRAN' style manipulation which, in the following example loads the 

first workspace Wl with the sum of W2 and V3 divided by V4. 

VI = (V2 + W3)/W4 

In addition the units of the x-axis may be changed from time-of-flight to 

any of 9 other commonly used quantities ( wavelength,energy etc.) using the 

UNITS command. The boundaries of the channels on the x-axis may be 

changed using the REBIN command. 

Most importantly data may be manipulated or fitted by using user-written 

functions via the FUNCTION command. The FUNCTION command uses a shared-file 

protocol which enables user programs to be independently developed and 

quickly incorporated within the GENIE language. 

Groups of commands may be stored in GENIE COMMAND FILES which may be 

nested. These command files contain the normal 'immediate' GENIE commands 

together with control commands to facilitate flow-control,.the assignment 

of variables, parameter passing etc. A complete description of the GENIE 

language is provided in the user manual [1]. 

-168-



3 FUTURE LOOK 

Improved neutron detector technology now enables neutron scattering 

instruments with many thousands, or even tens of thousands, of detectors to 

be built. This increase in detector numbers vill have significant effects 

on the associated data acquisition systems for time-of-flight instruments 

and in this final section I will attempt to identify some of the problems 

that are likely to arise over the next two to five years. Having posed the 

problem I will look at one or two solutions. 

Over the next few years anger cameras will enter service with around 16,000 

detector elements per camera. Single crystal instruments can quite sensibly 

employ 3 such cameras per instrument making a total of 48,000 detector 

elements on a single instrument. Using 700 time channels implies a total 

of 33 million time/position channels. Similarly, new powder instruments 

with up to 10,000 individual scintillator tiles may be built which, when 

combined with the need to employ 4,000 time channels requires a total of 40 

million channels storage. Even instruments with more modest storage 

requirements, can quickly multiply them by the need to store time-dependant 

data. 

An experiment using 40.10 time-of-flight channels will require 80 or even 

160 Mbytes of memory depending whether two or four bytes of memory are used 

for each channel. Figure 4 shows a simple modification to the existing data 

acquisition electronics which shows the MEM module converted to a memory 

controller and large numbers of new memory cards introduced in a separate 

crate. This overcomes the present limit of 16Mbytes on the capacity of the 

bulk store, and with memory prices as low as £200/Mbyte a total memory 

configuration of 100 Mbytes is entirely feasible. 

However, with data sets of 80 Mbytes, the existing transfer speeds imply ? 

transfer time of -30m to the FEM computer and -60m to the HUB computer-

Clearly runs may last less than 1 hour and hence the transfei time vill 

become a serious problem. This could, in principle, be solved by improved 

transfer speeds between the DAE-FEH and FEM-HUB , although many of the 
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limits to these transfer rates are determined by VAX system software and 

may prove difficult , in practice, to change by orders of magnitude. 

More than the transfer time, there is also the problem of the shear bulk of 

data to be stored and the problem in displaying the entire data in some 

useful form. The elegant solution therefore resides in some form of data 

compression that may be applied either before, or at the histogramming 

memory stage. 

So far tvo types of data compression have been id-jntifjed. The first 

applies to single crystal instruments where the data ?P ^r.~--< ~nd consists 

of regions of intensity in a 3-d histogram. The da;v nay be compressed by 

factors of 1000 or more by extracting the integral* ' peak ik.r.er.."?iti«s and 

positions of the discrete Bragg reflections. The: ?ir.>nd t»jch.iique applies 

to powder and LOQ instruments where the data compression takes the form of 

a transformation of the time coordinates before the spectra from different 

detectors may be added together. The data may lalso have to be corrected for 

wavelength dependent effects before the transformation. 

Solutions involving the incrementer or descriptor modules have boen 

considered buth the solution currently favoured is the one shown in Fig.5. 

In this solution the large memory array is segmented into a number of 

individual memory boards each equipped with its own processor, shown as pi, 

p2, p3 etc. in figure 5. Programs would be down loaded via the CI 

interface into program storage areas (P). By a suitable choice of 

processor/memory board size, the data could be processed in between 10 and 

100s to compress the data from the large area of memory (M - Pig.5) to the 

compressed area (C). This would be especially suitable for peak intensity 

determination in SXD type machines and the same architecture could be 

employed in powder machines and low Q machines. The use of the incident 

spectrum in the data analysis process would present no inherent 

difficulties since the incident spectrum would be available in part of the 

memory at the time of analysis. It is further possible that the compressed 

areas of memory could be directly connected to display systems in order to 

provide fast real time displays for the experimenter who is trying to 

determine the course of the run. Clearly in the case of powder analysis if 

processor pi wishes to access memory allotted to processor pA there is 
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considerable advantage is the processors could be linked and it is in this 

way that the transputer with its inter-processor link could provide an 

additional advantage. 
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KENS Data Acquisition System KENSnet 

Masatoshi ARM, Michihiro FURUSAKA, Michael W. JOHNSON* and 
Setsuo SATOH 

National Laboratory for High Energy Physics 
1-1 Oho, Tsukuba-shi, Ibaraki 305, Japan 

*Rutherford Appleton Laboratory, Chilton, Didcot, Oxon, 0X11, OQX, UK 

1. Introduction 

We have completed the installation of a new data acquisition 
system KENSnet at the KENS neutron facility. 

Measurements made using the pulsed neutron technique have 
the advantage of a wide dynamical range in Q-co space with multiple 
scans along the loci defined by the kinematic constraint. The 
measured TOF data, however, do not give direct results in Q-co space , 
because the data is obtained as a function of time-of-flight (TOF), is 
modulated by the incident neutron spectrum, and the scanning path 
does not have simple loci in Q-co space. This is clearly different from a 
measurement at a reactor using a constant wavelength technique. 
Therefore it is important to make on-line analysis during the data 
acquisition phase of an experiment to understand the results 
obtained. 

The best science often requires that a number of neutron 
techniques are used on the same material. It therefore becomes 
necessary to use two or more spectrometers for a given sample, 
because most instruments at a pulsed neutron facility are optimized 
to make measurements in specific areas of the Q-co space. Thus it is 
also important to have a data acquisition system with the same user-
interface for all spectrometers. 

Furthermore it is helpful for visiting experimenters to finish the 
necessary data corrections during their stay at the facility and take 
back the data in a reduced form to their home institute for the further 
analysis. For this purpose an adequate CPU power is required. 

By satisfying the above requirements, a pulsed neutron facility 
can be more easily used by outside users and more competitive 
against a continuous neutron source. 

2. Requirements for the new data acquisition system 

In order to estimate the required disk storage and CPU power, we 
consider the data collection rate and turn-around time for preliminary 
data analysis in the case of the small angle neutron scattering 
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instrument SAN, which gives the highest data collection rate 
(word/hour) at KENS. 

2.1 Data Collection Rate 

We show the data collection rate at KENS in Table 1, where 4 
bytes are allocated per channel. One histogram of about 0.36 Mbytes 
(91k channels x 4 bytes) is taken within 1.5 hours, and the 
accumulated data becomes 650 Mbytes per year. The data are usually 
analyzed within three months, so roughly 160 Mbytes are necessary 
for temporally disk storage. 

During the measurement, the 2-dimensional data of 0.36 Mbytes 
are to be converted to S(Q) in a short time, say one minute. This 
requires 1 MIPS of CPU power from our experience. 

3. New Data Acquisition System in KENS 

3.1. Computing System 

We chose models from the VAX family of computers running 
their proprietary operating system VMS. They are made by the Digital 
Equipment Corporation and are used world-wide by other neutron 
scattering facilities. Most importantly, the VMS operating system has 
a very user friendly interface, and is well suited to instrument control 
applications. A hub computer, VAX8350 has 16 Mbytes of main 
memory, about one Gbyte of disk storage and about 2.5 MIPS of CPU 
speed. Data acquisition computers (DAC) are VAX station II/GPX's. 
There are eight DAC's, which have 5 Mbytes of main memory, one or 
two of 140 Mbytes disk storage and about 1 MIPS of CPU speed. The 
CPU power of the DAC is enough to make preliminary data analysis 
during the experiment to understand the results of the experiment. 
The disk storage of DAC is enough for the required data amount. The 
layout of the total system is shown in Fig. 1. 

These computers are connected by a network (Ethernet; 10 
Mbps) and form a local area VAX cluster (LAVc). An operating system 
(VAX/VMS) resides only on the hub computer (boot member), and all 
the other DAC's (satellite members) use the operating system through 
the network. Therefore, maintenance is done only on the operating 
system on the boot member, and this saves a lot of time and man 
power for system management. On the occasion of the shutdown of 
the boot member, the satellite member can start up by itself. 
Therefore there is no risk of cluster-wide failure caused by a single 
machine. The LAVc is also very convenient, because any disk in the 
cluster can be accessed from any VAX'es as if it is a local disk of its 
own. Each CPU is shared flexibly by batch jobs entered within the 
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local area cluster, and this gives an effective use of the total CPU 
power. 

The front end computers Apple Macintosh Plus and Macintosh 
II were chosen for their user-friendly manipulation and intelligence. 
These are connected to AppleTalk or Ethernet networks. These 
computers are used as workstations equipped with emulated termi
nals ( VT100 / Tektronics 4014 emulation ), word processors, spread 
sheets and drawing programs, and supply a very convenient front-
end system to the users. Laser printers on the AppleTalk network can 
be used from any Macintosh or VAX under Alisa Talk print spooler( 
made by Alisa Systems) via KINETICS FastPath, and the files in VAX'es 
can be also accessed from any Macintosh. 

IBM-PC 'clones' (PC9800), made by Nippon Electric Company, are 
now used as a data taking system by some experimental groups, but 
they will soon be replaced by VAX station II. PC's will be used as 
terminals and as floppy disk servers to put out data of MS-DOS 
format. 

Main frame computers (HITAC, FACOM) and a super computer 
can be used from any terminals connected to the network, as well as 
from their own terminals. 

All computers are accessible from outside universities through 
telephone modem links or a packet switching network (DDX-P). 
Various kind of electric mail service are available, such as BITnet, 
HEPnet, Nl (inter universities network in Japan) and DECnet mail. 

3.2. Data Acquisition Electronics (DAE) 

We have developed new data acquisition electronics (Fig. 2). A 
gate module receives a signal of proton extraction time from the 
accelerator, and checks the veto signals from the sample environment 
equipment (vacuum, temperature, chopper phasing etc). Then the 
enable signal is issued to a delay-time module. A time-control module 
starts timing from the. delayed start signal from the delay-time 
module, and distributes an encoded time-boundary address to 
memory modules at the preset times enabling the memory modules to 
accumulate data histograms. There are two types of memory modules, 
which have 4 or 8 inputs for detector signal. One memory module has 
16k words(16 or 24 bits) which is shared by 2 to 4 or 8 histograms. 
In order to match the time resolution with other contribution, the 
time boundary of the time-control module and the delay time of the 
delay-time module can be set by the DAC flexibly in arbitrary width 
with the minimum step of 64ns with the minimum base width of 0.5 
or ljis. 

We inherited the traditional concept in data acquisition elec
tronics of KENS, i.e. one to one correspondence of detector to 
histogram relation. This method needs enormous data storage in some 
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cases, however our low-cost high-performance memory modules 
enables us to realize the above concept. We can manipulate the data 
and reduce them for certain purpose after the experiment, and this 
provides a high degree of flexibility in the data analysis and reduces a 
risk of troubles from noisy detectors. 

CAMAC crates are connected to the DAC's via a pair of KINETICS 
CAMAC Crate Controller and Q-Bus Adapter, which enables us to put 
CAMAC crates up to 150 meters from the computers. 

Sample environment control is done by GP-IB devices which are 
connected to the DAC's via GP-IB extender, enabling very long cables 
(up to 1.8km) to be used. Sample environment, such as temperature 
and magnetic field, can easily be controlled by commercially available 
GP-IB devices. 

3.3 Software of New Data Acquisition System 

The data acquisition control program (ICP) and the general data 
analysis program (Genie) were both developed at ISIS1-2), and have 
been installed in the new data acquisition system. They give the 
experimenter 'user-friendly' data acquisition and a good environment 
for data manipulation. The ICP controls the DAE and transfers the 
histogram data into the computers. 

The hardware-dependent parts in the ICP were modified to fit 
for KENS's DAE. The modified ICP allows the use of different kinds of 
DAE depending on the detector system such as PSD's or single 
detectors. As Genie is independent to the hardware environment, only 
minor changes were performed to the data size. 

The compatibility with ISIS in data acquisition and analysis is 
very important in achieving excellent UK-Japan collaboration. 
Japanese scientists can immediately start their experiments at ISIS 
and the analysis of data taken at ISIS can be continued in Japan. This 
saves a lot of time for the scientists in the preliminary steps of an 
experiments and in its data analysis. 

Now all the pulsed spallation neutron facilities, ISIS, ANL, 
LANSCE and KENS, have the same proprietary operating system 
VAX/VMS. We can circulate or exchange analysis programs between 
the facilities and run them without any difficulties. 
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Table 1 Data collection rate in the KENS, nt is number of time 
channel, nd is number of detector. SD is single detector. PSD is linear 
position sensitive detector. 

Instrument 

nd of SD 
nt of SD 
no. of PSD 
nd of PSD 
nt of PSD 
n=nd*nt 
Typical time 

SAN 

6 
5 1 2 

43 
2.752 

32 
91.136 

1 .50 

TOP 

3 
512 

4 
2 5 6 

3 2 
9.728 

2 

LAM 

19 
5 1 2 

9.728 
6 

HRP 

9 
16.000 

144.000 
2 0 

MRP 

6 
8,000 

48,000 
4 

RAT 
/CAT 

2 
8,000 

16.000 
1 0 

PEN 

16 
5 1 2 

8.192 
3 

MAX 

16 . 
5 1 2 

8.192 
4 0 

HIT 

50 
1.000 

50.000 
2 

WIT 

16 
5 1 2 

8.192 
2 

FOX 

1 
128 
5 1 2 

INC 

200 
4.000 

65.536 800.000 
5 2 0 

to obtain one histgram (h) 

Data Collection 60,757 
Rate( in Word/hour ) 
Mbyte/day 4.86 

4.864 1,621 7,200 12.000 1,600 2,731 

0.96 0.13 0.22 0.39 0.13 0.58 

205 25,000 4,096 13.107 40.000 

2.00 0.33 1.05 0.02 3.20 
Mhytc/Ycar 6 5 6 5 3 1 8 7 8 1 3 0 1 7 2 9 2 7 0 4 4 1 4 2 4 3 2 
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BROAD-BAND NEUTRON POLARISATION AT ISIS 

W G Williams 

Neutron Division, Rutherford Appleton Laboratory 

1. Introduction 

The importance of providing 'white' polarised neutron beams at ISIS for 

studying spin-dependent elastic and inelastic scattering processes was 

recognised early during the specification of its experimental facilities. 

We now have one regularly scheduled polarised beam instrument, CRISP, 

which uses polarising supermirrors that are effective in the cold and low-

thermal spectral regions. In addition there is a continuing programme 

directed towards producing broad-band polarising filters for thermal and 

epithermal neutrons. This paper describes some of the recent polarised 

beam developments at ISIS. 

2. CRISP 

The polarised beam version of the critical reflection spectrometer CRISP 

was commissioned early in 1987 [1], and is shown in Figure 7 of the paper 

'ISIS Status, September 1987' in these proceedings. Incident beam 

polarisation is provided using a cobalt-titanium polarising superrairror 

which is effective over a 9/X range up to 2.0 deg nm-^, and contains a 

gadolinium-titanium anti-reflecting underlayer. Typically, the angle of 

incidence of the neutron beam on the polarising superrairror is 0.3°, and 

it reflects almost completely neutrons of wavelength longer than 0.2 nm 

with a polarising effeciency of 99.95%. The minimum wavelength 

polarisable at this setting is ideally matched to the spectral 

distribution of the ISIS hydrogen moderator since the peak of the 

Maxwellian distribution occurs at 0.25 nm. The anti-reflecting underlayer 

extends significantly the long wavelength limit of the mirror for good 

polarisation [2]. 

The neutron spin flipper (C) is a Drabkin two-coil non-adiabatic spin 

flipper which reverses the neutron beam polarisation over a wide spectral 

band. The coil current is 1.5 A providing a maximum magnetic guide of 

10-2T. The flipper efficiency is neutron wavelength dependent and 
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decreases from 98% at 0.2 nm to 87% at 0.7 nm. This is entirely 

consistent with the mode of operation of this non-adiabatic flipper, since 

slower neutrons have a greater tendency to adiabatically follow the 

magnetic field In the critical flipping between the two coils. Flipper 

"on" and "off" measurements are made alternately: the frequency of 

switching is variable and is typically ~10 min. 

We have used the calibrated values of the polarising efficiency of the 

superrairror and the flipping efficiency of the flipper (Section 3) to 

evaluate the "spin" intensities I+ at the sample position for the flipper 

"off" and flipper "on" instrument configurations. These are shown in 

Figure 1 as a function of neutron wavelength. The I_ intensity with the 

flipper "off" is not included, since it is negligible on the scale of the 

figure. The difference between the I + intensity and the I_ flipper "on" 

intensity is a result of the gradually diminishing spin flipper efficiency 

towards longer wavelengths. 

3. CALIBRATION OF POLARISED BEAM SPECTROMETERS 

We have devised a new method for calibrating the beam polarisation P(X) 

and spin flipper efficiency f( X) on CRISP which is applicable to all types 

of slow polarised neutron instruments [3]. The basic principle of the 

method is to use an analyser which is identical to the polariser, and to 

measure three quantities: (a) the flipping ratio with th-; :*pin flipper 

"off" and "on", (b) the shim ratio, i.e. intensity ratio "with" and 

"without" a depolarising mild steel shim with efficiency S placed between 

the polarisers, first with the spin flipper "off", and (c) ti:.. shim ratio 

with the spin flipper "on". The three ratios are measured &••> function 

of time-of-flight or neutron wavelength, and can be used to extract the 

three variables P^( X), f(X) and S(X), the first two of which are needed 

for the instrument calibration. The values found for CRISi? were P - = 

0.9995, independent of X, and f (X = 0.2 nm) = 0.98 decreasing towards 

longer wavelengths to f(X = 0.7 nm) = 0.87. In contrast to alternative 

calibration procedures this method allows the polarisation parameters to 

be determined rigorously without introducing approximationr . 
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4. RESONANCE ABSORPTION POLARISING FILTERS [4] 

The principle of using the spin-dependent absorption by polarised nuclei 

in a filter to polarise thermal and cold neutron beams is now well 

established [5], The first practical demonstration of the viability of 

the method was reported for paramagnetic 9Sm ions, which were doped 

into a cerous magnesium nitrate single crystal [6]. The main difficulty 

with this filter material is that it is an insulator, and since it is 

necessary for it to be cooled to dilution refrigerator temperatures, the 

desirability of finding a suitable Sm metallic material has been 

recognised for many years [7]. A further advantage is gained if the 

filter material is a permanent magnet, since there is then no longer a 

need to provide an applied field to polarise the magnetic electrons in the 

filter. Sintered C111C05 is potentially an ideal polarising filter material 

in this respect, and is now widely used commercially as a permanent 

magnet. 

We have pursued the development of S111C05 polarising filters at ISIS for 

several years. The filter relies on achieving a high ^'Sm nuclear 

polarisation and this is set up statically using the hyperfine field 

method and cooling the material to temperatures < 20 mK in a dilution 

refrigerator. Measurements at ISIS under low-current operating conditions 

(proton currents < 5 uA) in 1986 showed that the method worked well, and 

neutrons were polarised at all energies up to about 200 meV. More recent 

experiments at higher proton currents revealed that there is an 

appreciable neutron beam heating problem in this filter. For example 

measurements of the temperature of the dilution refrigerator mixing 

chamber showed this to increase from 9 mK to 12 mK due to beam heating. 

More significant was the fact that transmission measurements indicated 

that the filter temperature under these conditions was 55 mK, giving a 

peak filter polarising efficiency P ~ 85% compared with P ~ 98% at 10 mK. 

It was concluded that there was poor thermal contact between the SmCo^ 

filter and the ^He- He mixture caused by the Kapitza resistance at the 

filter-mixture interface. 

Recent developments to improve the thermal contact have included the 

successful ion implantation of a copper layer on to the filter followed by 

hard-soldering on to the extended Cu base of the mixing chamber. Tests of 

this assembly are currently in progress. 
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5. CURVED SDPERMIRROR POLARISING BENDERS 

Following the successful development of polarising supermirrors by Scharpf 

at the ILL it is opportune to consider using these at pulsed sources. 

Co:Ti polarising supermirrors now have good polarising reflectivities up 

to (6/X) ~ 3.5 mrad/A, but, more importantly, highly effective Gd:Ti 

antireflecting layers have been developed which absorb the unwanted spin 

neutrons at all (6/ X) [2], This means that the polarisation of the 

reflected neutrons remains high as (9/X) approaches zero, so that 

supermirrors can now be incorporated into polarising neutron guides and 

polarising Soller benders [8]. 

The polarising supermirror surfaces can be deposited on to 0.08 mm thick 

glass, and by accepting a 9% geometric obscuration loss factor (i.e. 

channel width 'a' = 0.79 mm) it can be shown that a line-of-sight 

polarising Soller device can be built with a characteristic wavelength X* 

= 0.9A (E* ~ 100 meV) which has the following design parameteis: 'line-of-

sight ' LQ = lm and 'radius of curvature' R = 158.2m. Such a device, with 

say 23 channels to cover a 2 cm wide beam, now seems to be realisable in 

practice, and has several potential uses at a pulsed source, e.g. for 

time-of-flight diffraction, spin echo spectroscopy, or as the incident 

beam polariser in a chopper spectrometer. 
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FIGURE CAPTION 

Figure 1 Wavelength dependences of the flipper "off" (I+) and flipper "on" 

(I+ and I_) neutron intensities at the CRISP sample position 
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Polarized Proton Filter at KENS 

Y. Masuda 

National Laboratory for High Energy Physics 
Oho 1-1, Tsukuba, 305 Japan 

Abstract : 
Polarized proton filter as a neutron polarize was constructed for the 
spallation neutron source. Protons in the filter material were 
polarized up to 80 % by the microwave pumping ~a a ^He bath. 
Epithermal neutrons were polarized upon passing through the 
polarized proton filter. The neutron polarizations were more than 70 
%. The neutron transmittance of the filter was about 0.25. This 
performance is satisfactory in caring out polarized neutron 
experiment with the spallation neutron source. In fact, a parity-
nonconserving effect in neutron radiative capture reaction was 
examined using this apparatus and a very large asymmetry was 
found in a p-wave resonance. 

For the study of the neutron physics, we have two kinds of 
neutron sources, steady and pulsed sources. The spallation neutron 
sources have been developed as the pulsed source, since it has a 
prominent feature of high intensity in the energy region from 10"1 to 
105 eV. If we can polarize a neutron beam of the spallation neutron 
source, a new field in physics will be developed. For this purpose, we 
need a wide band polarizer in the energy region beyond 10"1 eV, 
which can not be obtained by traditional methods such as the 
magnetic Bragg scattering and the magnetic mirror. A polarized 
proton filter satisfies this requirement.1'2*3'4 In the neutron-proton 
scattering, a large difference was induced in cross sections between 
parallel and antiparallel spin states by the spin dependent nuclear 
interaction. The difference is called polarization cross reaction ap , 
which is defined as 
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o-p =2"(at i - a t t ) . (1) 

Here, c t i and <ytt are cross sections for the antiparallel and parallel 
states. Therefore, neutrons are polarized upon passing through 
polarized protons. In the following, let me explain how to polarize 
protons in the present work and the result of the neutron 
polarization. Finally, I will describe a recent experiment using this 
apparatus. 

The method to polarize protons is similar to the one for the 
polarized proton target used in high energy physics experiments. 

Liquid N, 

He cryostaf 

Liquid He 

Superconducting 
Magnet 2 5 T 

Neutron Beam 

Vacuum 

Polarized Proton 
Filter 

0.5K LtqtiU 3 H e 

Fig. 1 Apparatus of polarized proton filter 
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Protons in ethylene glycol doped with a few percent of Cr complexes 
were polarized by a 70-GHz microwave pumping in a 2.5-T magnetic 
field at the temperature of 0.5 K. The proton polarization bailds up to 
about 80 % with the microwave power of few tens mW, when the filter 
material is directly coolied in a 3 He bath of 0.5 K in temperature . In the 
application to a neutron polarizer, however, liquid 3He should be 
removed from the neutron beam path, since the 3He nucleus has a large 
capture cross section for the neutron. While the filter material should 
have a good thermal contact with liquid 3He in order to remove a 
microwave heating, since the proton polarization strongly depends on the 
temperature in the filter material. For a neutron polarizer, we 
constructed a special cooling system, which is shown in Fig.l and 2.4 A 
2.5-T superconducting magnet and a 3He cryostat are installed in a 
liquid-helium container as shown in Fig. 1. The polarized proton filter is 
placed in a copper box, which serves as a microwave cavity. The box is 

. . . -i- 'ij. 
!-: - . f < | 
i .vjd__-Ge thermometer 

C heater 

^-Ge thermometer 

Cu fin ^ - — r ^ T ^ , /^mangamn 
liquid 3He b a t h heater 

Fig. 2 3Hc - ^He hear exchanger 

inserted into the 3He cryostat. The detail structure of the box is shown in 
Fig.2. The filter comprises five layers of plates (3.3 x 2.4 x 0.2 cm3). The 
gap width between the layers is 0.2 cm. Here, neutrons pass through 
these plates in the direction shown by the arrow in the figure. The box is 
filled with liquid 4He, which is cooled by liquid 3He from outside through 
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the heat exchanger which comprises copper fins. Total surface areas of 
the fins were 580 and 970 cm2 for inside and outside of the box, 
respectively. Using the heat exchanger, we could keep the temperature 
in the 4He bath around 0.5 K during the microwave irradiation of 35 mW. 
This cooling condition was no less than the one in the direct cooling by 
liquid 3He. In fact, we could polarize proton spin in the filter material up 
to 80 %. 

The neutron polarization after transmission through the filter is 
determined from the formula; 

P n = tanh (Ppncpt). (2) 

Here, Pn is the neutron polarization, Pp is the proton polarization, n is 
the proton number density and t is the filter thickness. The neutron 
transmitance is as follows. 

T = A exp (-no-Qt) cosh (Ppnapt). 

Here, o*0 is the total cross section in the absence of polarization and A 
represents the neutron attenuation by other nuclei in the filter. In 
order to reduce the neutron attenuation in the filter as small as 
possible, a high proton concentration is of course better. In this point 
of view, the ethylene glycol filter is better than the lanthanum-

-»v neutron po/arizatTon 

C P P = 0 . S ) 

T "transmi'tCance 

J I L 

0.1 I 10 loo e l / 

Fig.3 Neutron polarization, and transmittance 
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magnesium nitrate (LMN) filter which was previously used,1 since 

the proton concentration in ethylene glycol is 0.65 x 10 2 3 /cm 3 , while 

in LMN is 0.39 x 102 3 /cm3. The a p is larger than 16 b and the arj is 

around 20 b in the energy region from 10_1 to 105 eV. The results of 

the neutron polarization and transmitance are shown in Fig. 3 for the 

filter thickness of 1 cm and proton polarization of 80 %. The solid 

lines refer to the results for the present ethylene glycol filter. The 

dotted line corresponds to the neutron transmitance at the filter 

thickness which provides us the same neutron polarization at the 

same proton polarization. The results of the neutron polarizations 

were higher than 70 % and the neutron transmissions were around 

0.25 in the energy region beyond 0.1 eV. Thus the present polarized 

proton filter satisfies the requirement for the neutron polarizer of 

the spallation neutron source. 

Using this great advantage, several experiments are carried out. 

Here, let me review one of them. It is a good example of the neutron 

physics which is developed by the polarized proton filter and the 

spallation neutron source. In the experiment, we observed a parity-

nonconserving effect in a neutron radiative capture reaction.5*6 '7 

The experimental arrangement is shown in Fig. 4. Neutron spins 

were transversely polarized to the beam direction by the polarized 

proton filter. The spins were rotated to the longitudinal direction by 

the adiabatic passage. After the rotation, neutrons bombarded a 

target. 7-rays emitted from the target were detected at 0 = 90° with 

filler 0.5 K 
-neutron source 

Y -ray shield (Pb) 
microwave 70 GHz \ neutron collimator 

polarized proton | B<̂ Fa counter < \ '°5 ca^ne^ 
neutron spin 

0m / 4 m 

U - fission chamber 

. solenoid 
5.2 m/ magnet 

superconducting magnet 
/ neutron shield IB4C) 

-neutron collimator (B4CJ f a r g s f 

Fig. 4 Experimental arrangement for PNC experiment 
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respect to the beam by an annular BaF2 scintillation counter. The y -
ray signals were counted as a function of the neutron energy. The 
energy was determined from the neutron time of flight (TOF). The 
result is shown in Fig. 5 for a lanthanum target. In the figure, crosses 
and dotts are the results for positive and negative neutron heiicity 
states, respectively. The peak corresponds to a p-wave resonance of 
1 3 9La at 0.734 eV. An asymmetry AL in Y-ray counts in the peak 
was, AL = 9.4 ± 0.4 %. The present result is very large and beyond 
our previous understanding about the weak interaction in nuclei, 
since the ordinary asymmetries observed in nuclear phenomena 
were from 10-3 to 10 -4. It is very interesting for the nuclear physics 
and particles physics. The large parity-none onserving effect is 
explained by the parity mixing between p- and neighboring s-wave 
resonances. It arouses a great attention to conduct T-violation tests 
in neutron induced reactions, since this enhancement is also expected 
in T-odd correlation terms.8*9'10 Recently, we have several proposals 
for the test of the T-violation. According to the recent Stodolsky's 
proposal,1 1 one of the most favorable method is to observe the T-

O 
^ 10 

to 

c 
o o 

I 

5 -

1 

_ 1 

I •• • 1 1 1 

• * • • 

^••"••:, + positive heiicity 
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*• •» 

" • * • • • • • — • . • • • • . . 

I _ . ! „ 1 ,_ ., 1 . _., 
1.0 0.6 0.9 0.8 0.7 

neutron energy (eV) 

Fig. 5 TOF spectra around the p-wave resonance of 139La at 0.734 eV 

odd correlation term in neutron transmission around a radiative 
capture resonance. 

Though the effect is largely enhanced in such a reaction, it is 
expected to be very small. In order to perform this kind of 
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experiment, it is better to combine the polarized proton filter with 
more intense spallation neutron source. 

In conclusion, the present polarized proton filter at KENS works 
very well for the polarized neutron experiment and it will develop a 
very exciting field in neutron physics. 
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Polarized White Neutron Diffraction at PEN Spectrometer 

K. Ohoyama, R Fujimoto and M. Kohgi 

Physics Department, Tohoku University, Sendai 980, Japan 

The Polarized Epithermal Neutron Spectrometer PEN at KENS is 
designed to utilize the polarized white (thermal to epithermal) neutrons 
for the studies of the scattering phenomena which depend on the incident 
neutron polarization.1) The neutron polarization is achieved by passage 
through a dynamically polarized proton filter (DPPF). A typical example 
of the neutron polarization obtained at PEN is shown in Fig. 1. In this 
report we present briefly the study of the magnetic properties of TFeNi 
alloy ultra fine particles (UFP) by PEN spectrometer. 

The TFeNi alloy is well known as the system which shows the Invar 
anomalies with the Ni concentration around 35 at. %. At the present 
moment, no satisfactory explanation for the anomaly is given yet. The 
purpose of the present study is to measure the magnetization of the yFeNi 
alloy UFP by polarized neutron diffraction technique in order to 
investigate the size effect on the Invar anomaly as the particle size 
becomes very small. The neutron diffraction technique is the only way to 
obtain the correct magnetization value for such small size particles since 
the amount of the oxides or impurities around the surface of the particles 
is not negligible and it is difficult to measure correctly the magnetization 
by conventional magnatization measurement. 

Fig. 2 uhows the experimental configuration. As the typical examples 
of the obtained polarized neutron diffraction patterns, Fig. 3 shows those 
of the FeerjNi4o UFP at T - 18K at the scattering angle of 50 degrees. The 
size of the UFP is (150 ± 50)A. The upper and lower figures correspond to 
the diffraction for the flipper-on state (neutron polarization parallel to 
the magnetization of the sample), l + , and flipper-off state (neutron 
polarization antiparallel to the magnetization), I", respectively. The 
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vertical magnetic field of 1T was applied to the sample in order to get the 
saturation of magnetization. No significant depolarization of the neutron 
beam through the sample was observed. From the well known relations for 
the intensities of the Bragg peaks for the polarized neutrons, we get the 
following relations; 

I+ + I" oc 2 ( b 2 + p 2 ) , 

l+ - 1 " oe 4 bpP 

where b is the nuclear coherent scattering length , p = (Te2/2mc2)uf(K) 
the magnetic scattering length, u. the magnetic moment per atom, f(ic) the 
magnetic form factor, and P the neutron polarization. The first relation 
corresponds to the unpolarized neutron diffraction, and the second one, 
which corresponds the coherence between the nuclear and magnetic 
scattering, is useful for determination of the magnetic moment of atoms. 
We obtained the magnetic moment per atom of the TFeNi UFP by fitting the 
above relations to the sum and difference of the observed l+ and I" data by 
utilizing the profile fitting (Riedveldt) technique. In the fitting procedure, 
we omitted the data which are contaminated by any other diffraction than 
the yFeNi alloy phase, so that we can safely determine the magnetic 
moment of the alloys. For the form factors, we employed those of the bulk 
TFeNi alloys measured by polarized neutron technique2) or the extrapolated 
values from them in the case that Ni concentration is less than 30%. 

Fig. 4 shows the obtained magnetic moment per atom of the TFe-Ni 
UFP at the low temperatures (T <; 50K). The sizes (diameter) of the 
particles are around 200 A. The solid curve indicates the saturation 
moment of the bulk TFeNi alloys.^) For the Ni concentrate less than abouf 
30%, the bulk data are represented by the experimental results for fine 
particles with the size of 10 u. which are free from the martensitic 
transformation down to the low temperatures.4) We can see that the 
magnetic moments of TFeNi UFP are considerably larger than those of the 
bulk alloys. At the moment, the reason of the discrepancies is not well 
known. However, it is pointed out that the large change of the atomic 
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environment at the surface of the yFeNi particles may cause a sizable 
effect on the magnetization at least in the Invar region since the number 
of atoms on the surface is about 10% of the total number of atoms in a 
particle and the ferromagnetism in this region is very sensitive to the 
atomic environment. The difference of the concentration fluctuations 
between the UFP and bulk samples may be also accounted for the 
discrepancy. 

Further polarized neutron study by PEN spectrometer on this system 
is in progress. 
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Appendix A 

Workshop 
on 

"Neutron Scattering Research with Intense Spallation Neutron Source 
:Today and Tomorrow" 

—First Meeting of Japan-UK Collaboration 
on Neutron Scattering Research-

Lecture Hall of KEK 
National Laboratory for High Energy Physics 
1-1 Oho, Tsukuba-shi, Ibaraki-ken, 305 Japan 

October 6-7, 

Agenda 

6 October 
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10.45 Review collaboratoion 
11.30 ISIS status 

12.30 - 14.00 L u n c h 

14.00 Scientific activities at ISIS 
(I. Elastic Scattering) 
(II. Inelastic Scattering) 

15.30 - 16.00 Tea 

16.00 Anomalous Magnetic Properties 
Sm Compounds 

of 

Novel Magnetic Problem Related 
High Energy Excitation 
S(Q, <o) in Liquids 
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All participants are 

1987 
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room, the 2nd floow of 
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7 October 
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Chairman 
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N. Watanabe 
W. G. Williams 
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M. W. Johnson 
A. D. Taylor 
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Y. Endoh 
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the party at the party 
"SHOKUIN KAIKAN". 
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M. Kohgi 

A. D. Taylor 
KENS INC Group 

N. Niimura 
M. W. Johnson 
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N. Kunitomi 
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Y. Masuda 
M. Kohgi 

12.30 Closing 
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Appendix C 

Progress of UK-Japan Collaboration on Neutron Scattering 

Jan. 1986 The collaboration was approved by Monbusho (informal 
instructions on FY 1986's budget for the construction of MAR.I) 

22 Dec. 1986 Signature of the Agreement between SERC, represented by 
the chairman Professor E. W. J. Mitchell, and KEK, represented by 
the Director General Professor T. Nishikawa 

22 Jan. 1987 Signature of the Separate Agreement on administrative 
procedures for payment of costs or charges for which KEK is 
responsible under the terms of the Agreement between SERC and 
KEK (between Prof. A. J. Leadbetter, associate director of RAL, and 
Mr. S. Ueda, director of administration office of KEK) 

Mar. 1987 Successful operation of ISIS at 50 u.A 

7 Apr. 1987 Dr. Atokinson, director of science, SERC, visited KENS 
and discussed on the collaboration on attendance at the TRISTAN 
Dedication Ceremony and High Energy Summit 

July 1987 Application of first Japanese proposals (test experiments) for the 

use of ISIS 

11 Aug. 1987 Professor E. W. J. Mitchell, chairman of SERC, visited KEK and KENS 

Sept. 1987 Successful operation of ISIS at lOOfiA 

6-7 Oct. 1987 Workshop on UK-Japan Collaboration 

17 Nov. 1987 First meeting of Japan-UK Steering and Program Advisory 
Committee at KEK 

Jan. 1988 Application of first formal Japanese Proposals for the use of ISIS 
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Appendix E 

Japanese Experiments on ISIS under UK-JAPAN Collaboration (1987-1988) 

Ttile of Experiment Spokesperson Ins t rumen t 
(Institute) 

Allocated beam-time 
(days) 

[1987] 

Determination of 
Hydrogen potential 
and Wave Function 
in Metal 

S. Ikeda 
(KEK) 

HET 

Dynamic Structure 
Factor of Concentration 
Fluctuation in Metallic 
Glass 

T. Fukunaga 
(Tohoku Univ.) 

HET Reserve 

Elastic and Inelastic 
Scattering from Re
entrant Spin-glass Systems 
FeCr and FeAl 

M. Furusaka LOQ 
(Tohoku Univ.) 

Amorphous Selenium 

Magnetic Excitation of 
a Ferromagnetic Dense 
Kondo System CeSix 

S. Ikeda IRIS 
(KEK) 

M. Kohgi HET 
(Tohoku Univ.) 

(Director's dis on) 

(Test experiment) 

[1988] 

Neutron Scattering 
Study of Spin Quantum 
Liquid LiNiC>2 

K. Hirakawa 
(Fukuoka Inst, 
of Tech.) 

HET 

Magnetic Excitations 
of Ferromagnetic Dense 
Kondo System CeSix 

M. Kohgi 
(Tohoku Univ.) 

HET 
(Director's discretion) 

Lanthanide(III) Hydration 
in Perchlorate Solutions 

Two Dimensional Quantum 
Spin Fluctuations from 
La2CuC>4 

T. Yamaguchi LAD 
(Fukuoka Univ.) 

Y. Endoh 
(Tohoku Univ.) 

HET 2 - 3 
(Director's discretion) 
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Appendix F 

Exchange of Scientists (1986-1987) 

-From KEK to RAL-

N. Watanabe (KEK) 

Y. Endoh (Tohoku Univ.) 

Y. Endoh (Tohoku Univ.) 

M. Misawa (KEK) 

M. Arai 

N. Niimura (Tohoku Univ.) 

N. Watanabe (KEK) 

M. Furusaka (Tohoku Univ.) 

S. Bceda (KEK) 

T. Fukunaga 

Y. Endoh 

30 Mar - 4 Apr. 1986 

30 Mar - 4 Apr. 1986 

29 Sept. - 3 Oct. 1986 

29 Sept. - 3 Oct. 1986 

20 Jan. - 30 Mar. 1987 

2 Feb. - 2 Mar. 1987 

3 Mar. - 14 Mar. 1987 

31 May 1987 - 30 Mar. 1988 

18 July - 5 Sept. 1987 

22 Aug. - 10 Oct. 1987 

12 Mar. - 23 Mar. 1988 

General discussion on the collabo
ration and the Agreement 

General discussion on the collabo
ration and the Agreement 

Attending at MARI design meeting 

Attending at MARI design meeting 

Collaboration on MARI design and 
HET experiments, Local accounting 
officer 

Collaboration on Low-Q 

General discussion on the 
collaboration 

Collaboration on Low-Q and MARI 
design, Local accounting officer 

Test experiment on HET, 
Collaboration on MARI design 

Test experiment on HET and IRIS, 
Collaboration on MARI design 

General discussion on the collabo
ration 

-From RAL to KEK-

A. J. Leadbetter 

A. Came 

M. W. Johnson 

W. G. Williams 

A. D. Taylor 

21 - 23 Oct. 1986 

22 Mar. - 7 Apr. 1987 

29 Sept. - 31 Oct. 1987 

6 - 15 Oct. 1987 

6 - 15 Oct. 1987 

General discussion on the collabo
ration and the Agreement 

Collaboration on KENS-II design 

Collaboration on KENS data 
acquisition software, 
Attending at the Workshop and 
MARI design meeting 

Attendding at the Workshop and 
MARI design meeting 

Attendding at the Workshop and 
MARI design meeting 
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Appendix G 

AGREEMENT 

between 

THE SCIENCE AND ENGINEERING RESEARCH COUNCIL (SERC), POLARIS HOUSE, 

NORTH STAR AVENUE, SWINDON SN2 1ET, UK 

and 

National Laboratory for High Energy Physics (KEK) 

Oho-machi, Tsukuba-gun, Ibaraki-ken, 305 Japan 

concerning neutron scattering using the Spallation Neutron Source 

(IS.'.S) at the SERC's RUTHERFORD APPLETON LABORATORY (RAL), CHILTON, 

DIDCOT, OXFORDSHIRE. 



PREAMBLE 

The National Laboratory for High Energy Physics, hereinafter referred 

to as KEK, represented by the Director General Professor T. Nishikawa 

and the 

Science and Engineering Research Council, hereinafter referred to as 

SERC, represented by the Chairman Professor E W J Mitchell 

considering that 

this Agreement recognises the mutual interest of SERC and KEK in 

research using neutron scattering techniques and the mutual 

advantage of collaboration in the use of the Spallation Neutron 

Sources within the two organizations. 

the purpose of this Agreement is to define the terms whereby a 

neutron scattering instrument will be provided by KEK for 

installation on ISIS, In return for which SERC will allow use of 

ISIS by scientists sponsored under the terms of the Agreement by 

KEK, 

have agreed the following: 

DURATION OF THE AGREEMENT 

I. The Agreement is for a period of ten years from the date of 

signature. The Agreement shall be reviewed during the 

penultimate year when extension beyond ten years may be 

considered. 

KEK and SERC CONTRIBUTIONS TO THE AGREEMENT 
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Contribution 

2.1 KEK shall provide for a neutron scattering instrument, the 

so-called Multi Angle Rotor Spectrometer, hereinafter 

referred to as the instrument, and to install it at ISIS. 

2.2 KEK shall be responsible for direct costs associated with 

maintenance and operation of the instrument. 

2.3 KEK may provide staff to operate and maintain the instrument 

jointly with SERC staff. The person(s) concerned shall be 

generally responsible to the person designated by SERC as 

responsible for operation of ISIS instruments; they may 

take part in the scientific programme subject to the 

provisions of paragraphs 15 and 16 (see also paragraph 3.1). 

2.4 KEK shall meet the costs of using any services which are not 

normally required for neutron scattering experiments. SERC 

shall add a service charge of 15$ to any such costs. 

SERC contribution 

3.1 SERC shall provide access for scientists sponsored by KEK 

under the terms of this Agreement to ISIS neutron-scattering 

facilities equivalent in value to the total cost of the 

instrument plus other support, including manpower, provided 

by KEK. 

3.2 SERC shall provide, under the terms of this agreement, 

computing and technical support, electricity, water, 

liquefied gases, workshop facilities and the use of 

ancillary labour associated with the KEK neutron-scattering 

programme. 

3.3 SERC shall provide under the terms of this agreement, 

appropriate working areas and facilities for visiting 
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personnel sponsored by KEK. SERC shall also assist in 

finding accommodation for the personnel and their families. 

3.A SERC shall provide all information concerning ISIS facility 

required by KEK. 

k. Should KEK require instrument time in addition to that guaranteed 

by paragraph 3.1 SERC may, if sufficient capacity is available, 

provide further instrument time at charges to be agreed. 

SUPERVISION AND CONDUCT 

5. During construction KEK shall appoint a project manager 

acceptable to both parties jointly to supervise the design and 

construction of the instrument. His SERC contact shall be the 

Head of the Neutron Division, RAL. 

6. The technical arrangements for the instrument shall be subject to 

the approval of the Head of Neutron Division, RAL. 

7. Use of ISIS instruments under the terms of this Agreement shall 

be restricted to scientists normally co-ordinated by KEK. 

Applications solely from scientists in industrial organisations 

shall not be eligible for beamtime under the Agreement. SERC 

reserves the right to refuse use of the neutron scattering 

facilities under the terms of this Agreement by persons who are 

not Japanese Nationals. KEK shall notify SERC of the names of 

the scientists entitled to use ISIS instruments under the terms 

of this Agreement. 

8. Scientists sponsored by KEK according to the provisions of 

paragraph 7 shall remain under contract to KEK or their 

respective home institutions which shall retain responsibility 

for payment of salary and other liabilities of an employer 

including travel and subsistence costs, medical expenses, 

insurance etc, except as covered by Article 3-3. 
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9. SERC guarantees entry to RAL of the scientists sponsored by KEK 

as defined in paragraph 7• During their presence on site they 

shall be subject to the safety, business and other regulations 

currently in operation and be under the control of the RAL 

Di rector. 

OWNERSHIP 

10. The instrument shall remain the property of KEK. 

11. KEK shall be responsible for all expenses concerned with the 

importation of equipment and shall meet the cost of any taxes or 

duties that may be levied either in Japan or the UK in this 

connection. 

12. KEK undertake not to remove the instrument from RAL before 10 

years after the commencement of this Agreement except by 

agreement between KEK and SERC, and thereafter not without 1 

year's written notice from KEK. Similarly, SERC may give 1 

year's written notice to KEK following the expiry of the 

Agreement, should all or part of the KEK property no longer be 

required at ISIS. All removal costs shall be at the owner's 

expense. 

13. Documents, information etc provided by KEK and SERC shall remain 

the property of the provider and shall not be disclosed to any 

third party, except for the purposes of this Agreement, without 

the consent in writing of the provider. Proprietary information 

shall not be accepted or utilized in the Programme without the 

express written approval of SERC and KEK. 

SELECTION OF EXPERIMENTS AND ALLOCATION OF INSTRUMENT TIME 

1*4. Japanese scientists shall be eligible for membership of the 

appropriate beam allocation committees. 
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15. Experiment proposals forming part of the KEK-sponsored research 

programme shall be submitted to the Head of Neutron Division, RAL 

for incorporation Into the operational programme of the ISIS. 

Experiment selection procedures shall take account of the overall 

instrument time allocated to KEK under the terms of this 

Agreement. SERC reserves the right to seek advice on KEK 

proposals. KEK shall be informed of other proposals not 

sponsored by KEK for using the instrument, and reserve the right 

to seek advice on these proposals. 

16. Where an experiment is carried out as a collaboration between 

scientists from the UK and those sponsored by KEK, 50% of the 

instrument time involved shall count towards the overall KEK 

instrument time under the terms of this Agreement. 

EXPERIMENTAL RESULTS 

17. Scientific conceptions and results arising from experiments 

carried out under this Agreement shall be made freely available 

and will normally be published in accordance with normal academic 

practice. Where exploitable results arise from an experiment the 

usual procedures of the sponsoring organisation for that 

experiment (KEK or SERC) shall apply. 

18. Where collaborative experiments are carried out, ownership of 

exploitable results shall be subject to separate agreement 

between the parties involved and KEK and SERC. 

19. Neither KEK nor SERC accepts liability in the use to which the 

results are put by the other or by third parties. 

INJURY TO PERSONS AND DAMAGE TO PROPERTY 

20. KEK shall be liable for and shall indemnify SERC in respect of 

any liability, loss, claim or proceedings arising under any 
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statute or at common law in respect of damage to property or 

personal injury to or the death of any person whomsoever arising 

out of or in the course of or caused by any act or neglect of KEK 

or any person for whom KEK is responsible through the operations 

of experimenters sponsored by KEK at RAL. 

21. SERC shall be liable for and shall indemnify KEK in respect of 

any damage to the instrument, together with experimental 

apparatus supplied by KEK within the ISIS experimental area, 

caused by or arising out of any act or neglect of SERC or any 

person for whom SERC is responsible. 

22. SERC uses Its best endeavours to safeguard the property of all 

visitors to the Laboratory under the normal RAL operating and 

security arrangements. However, in accordance with its normal 

practice, SERC can accept no responsibility for death or injury 

to KEK staff or persons proposed by KEK or for loss or damage to 

KEK property as a result of breaches of security, save to the 

extent that such death or injury is caused by the negligence of 

the SERC, its servants or agents. 

23. SERC's responsibilities under the UK Health and Safety at Work 

Etc Act 197^ or any statutory modifications or re-enactment 

thereof are not removed or amended in any v/ay by paragraphs 20, 

21 or 22 above. 

UNDERTAKINGS 

2k. SERC undertakes to aim to develop the ISIS machine and target 

station to reach its design performance as described in 

RL-82-006. 

25. SERC and KEK jointly undertake to make efforts to ensure that 

ISIS and the instrument are matched in the best interests of the 

scientific programme. 
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TIME-SCALES 

26. ISIS is expected to produce neutrons routinely in 1986 and it Is 

expected that it will take 1-2 years from then to reach full 

performance. It Is expected to operate for 5000 hours per year 

with neutrons produced. 

27. An initial period of operation of the instrument with neutrons 

(expected to be about six months) shall be deemed to be a 

commissioning period, after which the entitlement to KEK under 

the terms in paragraph 3«1 shall apply. 

PAYMENT 

28. Possible costs or charges referred to in paragraphs 2.2, 2.k and 

4 are exclusive of UK Value Added Tax (VAT) which, if 

appropriate, shall be charged at the rate applicable at the time. 

29. Payment of possible costs or charges for which KEK is responsible 

and the procedures for payment, shall be made under a separate 

agreement in writing, which shall be agreed between both 

organizations. 

LAW 

30. This Agreement shall be considered as an Agreement made in 

England and subject to English law and arbitration procedures. 

AMENDMENT 

31. The Agreement may be amended by mutual written agreement of both 

organizations. 

LANGUAGES 
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32. This Agreement Is in the form of two originals, one in English 

and one in Japanese. Both are equally authentic, but in the 

event of legal dispute or arbitration the English version shall 

prevaiI. 

Signed:... .V.T.'/.'. .V?... .T7y?T.. for and on behalf of the Science 

£h* ®u.<^l . Hit 

Date: *:.. 'and Engineering Research Council 

Signed: /... I. .y... ̂ Jl^-r^for and on behalf of the National 

Date:..??.-: <Qf9?l4'&t.rll^Laboratory for High Energy Physics 

KEK 
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