


WNR potential for neutron flux-hours due to VarlouS difficulties. Among these 

are fast kicker magnet reliability, the splitting of available beam time with 

nuclear physics research, LAMPF operation in a variable energy mode in the 

most recent cycles, and the use of nonoptimized target/moderator assemblies. 

We expect significant improvements in these operational problems in the near 

future. 

III. INELASTIC NEUTRON SCATTERING SPECTROMETERS 

A. Crystal Analyzer Spectrometer (CAS) 

A prototype crystal analyzer was installed at flight path 5 in July 1979 

at which time the target was viewed directly by the beam tube. The instrument 

utilized a set of nonoptimal pyrolytic graphite crystals with a mosaic spread 

of 0.40. Four of those crystals of dimension 5 cm wide by 7.5 cm high were 

mounted in a time-focused geometry with a mean scattering angle 2eA = 

90' at an angle of 90' and a distance of 50 cm from the sample. A Monte 

Carlo computer code due to Skb;ld (Crawford, private communication) was used t0 

optimize the crystal and detector geometries. Two blocks of beryllium, each 

with a cross-sectional area of 10 x 10 cm2 and length of 20 cm, separated by 

a cadmium sheet, were placed between the analyzer crystals and the detectors 

for elimination of higher orders. Thus the instrument had a final flight path 

of 1 m with a source-sample distance of 5.65 m. The incident beam was 

approximately 7.5 cm high and 4 cm wide. 

Spectra obtained with the prototype instrument included those of TiH2, 

ZrH2, and NaHF2. The noteworthy points of these trial runs were: 

the good energy resolution of the instrument: e.g. 
the splitting of the TiH2 fundamental optic peak 
was easily observed 

the background at early times (energy transfer 
greater than 100 meV) was large and rising steeply 
but was low in the thermal region 

cooling the filter was necessary 

The crystal analyzer was then moved to the tangential flignt path 6 as 

well as improved in several other ways. The analyzer crystal array was 

enlarged to include six of the 0.4" mosaic graphite crystals, more suitable 

3He counters were used in the counter bank, and a liquid nitrogen cryostat 

was installed to cool the beryllium filter. The present graphite analyzer 

incorporates further improvements, primarily in shielding. A view of the 

crystal analyzer combined with the separate prototype beryllium filter 

detector (see below) is shown in Fig. 2. The large improvement in background, 

which we attribute to the move to a tangential flight path, is demonstrated by 

the TiH2 spectra shown in Fig. 3. In the present configuration the 

background counting rate in the crystal analyzer is approximately l/4 count 

Per 3.2 I.IS channel per hour in the thermal neutron region, and approximately 

twice that amount in the epithermal range. 

At present the graphite crystal analyzer is considered to be operating in 

a production mode even though the instrument is not quite optimized. 

Installation of graphite crystals of approximately 1.2O mosaic of a size 

large enough (10 cm high) to accept the total beam would almost double the 

count rate with no deterioration of the energy resolution. This modification 

is being considered for the near future since in the present configuration a 

typical metal hydride spectrum takes approximately 24 hrs. to acquire with 

satisfactory counting statistics. 

Extensive data has been collected on NbH.87 at four different 

temperatures between 10 and 300 K. Some of the results are shown in Fig. 4 

from which it was founded that the hydrogen local mode peaks become split at 

temperatures somewhere below 200 K. At 78 K the magnitude of the splitting 

obtained by fitting Lorentzians convoluted with a Gaussian for the 

instrumental resolution is 8.4 meV at an energy transfer of 120 meV for which 

the calculated energy resolution is 5.5 meV FWHM. The intrinsic width of the 

peaks was found to be 1.5 meV, thereby indicating that the energy resolution 

of the instrument is known quite accurately. Additional evidence to support 

this conclusion is given by the fact that the results at 300 K agree very well 

with those of Richter and Shapiro as obtained at a Brookhaven High flux Beam 

Reactor. The deuterides did not show the same effect. 

A principal aim of the work on NbH is to gain information on anharmonic 

effects on the local hydrogen potential. To this end efforts were made to 

discern the higher harmonics of the local modes. However, because of the 

additional complication of the splitting in the low-temperature spectra, the 

weak peaks at higher energy transfers cannot be unambiguously identified, 

while in the high-temperature spectra the peaks are broadened too much. A 

SamDle with a concentratinn of 78% H which in 2 nrevinltc ~OZCN~PD~O~+ !.,=c &nllnrl - r. -. .--- .I._"__. -IIIc,I* ,.y~ , “u,lv 
not to have undergone the same transformation as in the 87% sample is 

currently being investigated for the purpose of measuring the higher harmonics. 
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Several options are being considered tor the future development of the 

crystal analyzer. Initially, we would like to improve energy resolution at 

large energy transfers. For this purpose the construction of a time-focused 

Ge(ll1) arm is being studied with a final energy of about 50 meV (Fig. 5). A 

trial setup for the investigation of count rates and background problems will 

use a Ge(ll1) crystal of large mosaic (' lo) previously used by Day and 

Sinclair. In preparation for the much higher intensity neutron beams 

available when the PSR comes on line, crystal analyzers for single crystal 

work such as the "constant Q' and "high symmetry" instruments will be 

investigated. 

B. Filter Detector Spectrometers (FDS) 

As part of the initial crystal analyzer trials a simple beryllium filter 

instrument was first set up at the target-center-looking flight path 5,5.65 m 

from the source, with a sample to detector distance of 45 cm. TWO 10 x 10 

cm2 x 20 cm long Be blocks were used uncooled. After the move to flight 

path 6 the filter detector was mounted opposite the crystal analyzer (Fig. 2) 

for a more direct comparison between the two instruments. The principal 

trade-off between the two instruments was a count rate more than a factor of 

50 greater for the FDS than the crystal analyzer but a factor of three 

degradation in resolution. Experience with these prototypes indicates that 

both may be of use. 

Since for large energy transfer the resolution of the FDS depends 

crucially on the ratio of final to initial flight paths, the present 

instrument was installed at a second sample position 11.42 m from the source 

and "downstream" from the crystal analyzer. In addition, five new Be pie 

sections were fabricated, each 10 cm high with an inner radius of about 9 cm 

radial length of 15 cm and subtending 18' of scattering angle. The 

individual wedges are separated by Cadmium foil ano each section is 

individually time-analyzed by six l/2" diam, 10 atm 3he counters. The final 

flight path is 28 cm and its dimensions were largely determined by 

requirements for sample cryostat and future filter cryostat dimensions along 

with a minimum thickness of filter material. 

The much improved resolution and background characteristics of this new 

filter instrument became quite obvious in the comparison shown in Fig. 6 which 

shows raw data on ZrH 2. The spectrum from the present FDS is that of one of 

the pie sections only. The energy resolution of this instrument has improved 

to about 10% (b/E, FWHM) with data rates still higher than the crystal 

analyzer in spite of the fact that the filter is not yet cooled. A more 

recent set of data is shown in Fig. 7 on the temperature dependence of the 

FeTiHle14 (&phase) local mode spectrum. 

Since the inelastic neutron scattering program at WNR includes studies 

where sample size may become a problem, the FDS will be retained. A 

liquid-nitrogen cooled Be/Be0 difference filter as shown in Fig. 8 is under 

construction. The final flight path will remain about 28 cm while the initial 

flight path (currently 11.42 m) may be increased to about 15 m by moving the 

instrument to a flight path of its own (flight path 7). 

C. Chopper Spectrometer (CS) 

The initial effort on inelastic neutron scattering at the WNR centered on 

a high energy transfer, small-9 chopper spectrometer. The 240 Hz Fermi 

chopper with Cd slits, a low-angle detector bank, and associated shielaing 

were acquired from the MTR in Idaho. The chopper was installed 5 m from the 

source and 50 cm in front of the sample. The evacuated final flight path was 

2 m and contained 24 1" 3He counters at an average scattering angle of 

5'. No additional shielding or collimation were constructed. 

The primary purpose of these experiments was to learn how to phase the 

neutron chopper with the LAMPF proton pulses. Since the proton pulses are 

fired at the crossing, to, of the line voltage from the power grid, the 

frequency and phase of the proton pulses are variable. The period can vary by 

as much as 2 us on a 10 s time scale resulting in phase errors of several 

milliseconds. We have developed a technique to define the phase to within + 1 

us, for a range of 16 values spaced 64 us apart, but the method is limited 

as we shall discuss. The importance of the ability to control the timing of 

beam extraction cannot be overemphasized. This will be possible at the WNR 

when the proton storage ring becomes operational. 

The WNR chopper operates by: (1) controlling the period and phase of the 

chopper using a microprocessor based active damping system, and (2) by 

selecting the time of firing the LAMPF proton pulse within an allowed window 

of 64 us about the LAKPF to. The microprocessor averages the period error 

over a full libration period, and makes a correction Of 80% of the computed 

value of the maximum acceleration. This simple feedback system is adequate to 

maintain the long term average rotor period within a fraction of 1 US of the 
accelerator. 
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The phase of the chopper cannot be tightly defined because of the rotor 

stability, and the time required for feedback control. As a result the 

control system can only achieve a distribution of phase errors, typically with 

a FWHM at 400 Ws centered about the correct phase, i.e., the desired 

incident neutron energy. To fire the LAMPF proton beam, a train of 16 pulses, 

produced 64 us apart, is sent to LAMPF and a measurement of the chopper 

phase relative to the succeeding to tells which (if any) of the pulses fell 

into the allowed window, and therefore fired the proton beam. Data collected 

from that neutron pulse is sorted into one of 16 different spectra each 

corresponding to a different incident energy. In the most recent operation of 

the chopper spectrometer, typically about 90% of the data fell into eight 

different spectra with about 30% of neutrons at the nominal incident energy. 

A schematic of the control system is shown in Fig. 9. Fig. 10 shows the 

spectra of TiH2 taken at two incident energies with this method. The peak 

at - 140 meV is apparent in both spectra. 

While this control scheme is adequate, data collection is for several 

incident energies simultaneously so that the signal-to-noise at any given 

spectrum is reduced. Also, this method will work for only one chopper at a 

time. Recently, LAMPF operations has agreed to wiaen the winaow to 128 us 

which will improve signal-to-noise somewhat. The data in Fig. 10 also show a 

large background due to inadequate shielding against neutrons scattered by the 

chopper. The MTR chopper is unsuitable for scientific research at the WNR 

because of its poor mechanical reliability, and because it has a Cd slit 

package which is ineffective for epithermal neutrons. The next step is to 

acquire a chopper with a boron slit package, to build proper shielding and 

collimation, and to optimize further the control system. At present, this has 

been postponed because of budgetary and manpower limitations. Chopper 

development will have high priority in the planning for instruments to be 

available when the PSR becomes operational, at which time phasing will not be 

a problem. 

IV. DIFFRACTION INSTRUMENTS 

A. The General Purpose Neutron Diffractometer (GPD) 

A time-of-flight neutron diffractometer has been built at the WNR pulsed 

source with a capability for liquid, amorphous, and medium resoiurion powder 

diffraction (0.5% M/d) experiments. The instrument tests the concepts of 

electronic time and geometric resolution focusing. The instrument consists of 

62 3He proportional counters arranged in four banks at scattering angles 

1500, 900, 400, and loo, and two 235~ fission beam monitors. Each 

bank of detectors is mounted inside a borated polyethylene box and nose cone, 

designed to eliminate as much background scattering as possible. The whole 

detector array and sample position are housed in a shielded room constructed 

from large slabs of borated wax 30 cm thick contained in steel plate. This 

modular design will facilitate future modifications. See Fig. 11. 

The sample is located 10 m from the target and the detectors are located 

1 m from the sample, except for the low-angle bank where the flight path 

varies from 1 m to 2 m. The detector banks are angled relative to the 

scattered beam: this is the so-called resolution focussed configuration, 

where each detector in a bank has approximately the same resolution. The 

nominal specifications for each bank are shown in Table 1. 

TABLE I 

Scattering Angle No. of Detector Resolution 

(20) Detector Height (cm) ',~p,'~~;',"t'h"~;; [Ad/d(%]* 

10 14 15 and 30 l-2 E-12 

40 16 15 1.0 2 

90 16 30 1.0 0.8 

150 16 30 1.0 0.5 

*at X - 1.3 A 

The incident collimator consists of an evacuated aluminum pipe with 

poly-boron inserts (5% boron) throughout its length. The area of the 

moderator viewed is 10 cm high by 5 cm wide and the collimator tapers this in 

five stages to a beam 5 cm high and 1.3 cm wide at the sample position. The 

walls of the collimator are smooth and uncoated. This configuration has 

produced a cleanly defined beam at the sample position with little spreading. 

After the sample the beam passes through a box filled with argon, to 

reduce air scattering into the low-angle bank, and then into an evacuated 

get-lost-pipe which carries the beam a further 10 m to a beam dump outside the 

-~,^,-.-im,?n+., +-nnm snp,r, IlllL,l*U, ,“_,,._ The well-defined character of the beam can be seen from 

the fact that an "Albatross" neutron monitor placed on the get-lost-pipe 
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registered about 3 &/hr but when placed near the beam dump recorded 120 

mR/hr. So far we have not been able to test for beam carried background 

(i.e., neutrons down-scattered by the collimator and arriving at the sample at 

later times.) 

A schematic for the electronics to accumulate neutron CountS is shown in 

Fig. 12. The output from each detector is fed into a Le Croy charge sensitive 

pre-amp TRA510. The output of the pre-amp is pulse shaped to have a width of 

- 250 ns and this narrow width is partly responsible for its low amplitude 

(' 4 mv). The outputs from all the pre:amps are fed into a multiplexer by 

co-axial cables which vary in length from 0.5 m to 2 m. The signals are 

amplified and discriminated using a Le Croy Model PC 700 hybrid, and then 

multiplexed for subsequent computer processing. The discriminator level is 

set for 32 detectors by one control. 

We have found this system susceptible to the r.f. noise present in an 

accelerator environment. We believe we are susceptible to this noise 

primarily because of the low level signal from the preamplifier. Other 

problems have arisen from having one discriminator control for many 

detectors. We are presently considering both a reconfiguration, which should 

overcome the major problems, and alternative preamp/amplifier/discriminator 

systems which can be purchased at reasonable cost. There have been no 

problems with multiplexing 64 detectors into the CAMAC crate. 

Experimental Data: Preliminary samples have been run to characterize the 

instrument. Figure 13 shows the raw data from 16 detectors combined as they 

would be for a powder diffraction experiment, for a vanadium rod 0.635 cm in 

diameter and 5 cm high, together with the air scatter over an equivalent 

counting period. The vanadium count rate suggests a thermal flux at the 

sample of - 1 x lo5 n/cm2-s. The relatively low background is a source 

for encouragement. Fig. 14 shows part of a MgO powder pattern for the 

150" bank of detectors, taken in about seven hours. In Fig. 

15 we show a preliminary analysis of a diffraction experiment on D20, 

compared to a typical reactor spectrum. NO absorption, multiple scattering or 

Placzek corrections have been made, but the measured spectra have been divided 

by the incident beam monitor and then normalized to the vanadium data to 

remove the counter efficiencies. It will be seen that the structure factor 

possesses all the usual features for 020. The Placzek 'droop'.which appears 

in reactor data has largely disappeared, even for a material for which 

S(Q,w) is quite broad in w relative to thermal energies. 

Future Program: Initially we expect to use the instrument on a variety 

of simple experiments: crystalline powders particularly to look at 

magnetic structures at large d-spacings; molecular liquids and gases, to 

determine the variation of bond lengths as a function of pressure and 

temperature, and also determine inter-molecular orientations; structures of 

amorphous materials, where a broad range of momentum transfers are 

required. For accurate work it will probably prove necessary to 

incorporate a frame overlap chopper which is at a design stage. 

B. Single Crystal Diffractometer (SXD) 

A diffractometer is under development at the WNR for single-crystal 

structure determinations and the study of diffuse and incoherent 

scattering. The design is similar to an instrument being developed at ANL, 

but it has some unique features such as a novel megaword memory data 

acquisition system. 

The heart of the single crystal instrument is a 2 atm 3He filled 

multiwire Borkowski-Kopp type position sensitive area detector with 

dimensions 25 cm x 25 cm procured from Technology for Energy Corporation in 

Knoxville, Tennessee. This detector is designed to acquire data from a 

volume element consisting of x-y spatial information with a resolution of 

2mn and time-of-flight information with a wavelength dependent resolution. 

This detector is mounted on a portable frame and is positionable at several 

distances and orientations from the crystal. A schematic of the instrument 

is shown in Fig. 16. The crystal is positioned in the beam with a quarter 

circle goniostat. The Hg filled shutter collimation system views a 10 cm x 

10 cm area of the moderator and a 0.5 cm x 0.5 cm area of the sample. The 

moderator to sample distance has been chosen to be 5.8 m, just outside the 

biological shield, to attain the maximum neutron flux. 

We have attempted to keep the geometrical features of the instrument as 

simple as possible in the initial design to maintain flexibility. Among 

the features which we plan to develop and include in the instrument are a 

more sophisticated automated goniostat, continuously variable detector 

positioning, and variable temperature and pressure sample environments. 

Data Acquisition: The area detector design includes two orthogonal 

cathode grids strung continuously from single wires. The current pulse 

generated in the cathode circuits by the neutron reaction with 3He gas 
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within the detector reaches the two ends at different times. The 

difference in rise times of the pulse is used to locate the x-y coordinates 

of the event. The analog signal produced by the total energy 

discrimination and risetime circuitry is digitized by a fast analog to 

digital converter and passed to a fast time-of-flight clock which latches 

timing information to the position information. The data is passed on to a 

high speed digital data acquisition system designed through a LASL-ORNL 

collaboration for use with two-dimensional position-sensitive ,detectors 

when a third parameter, such as time-of-flight, must be monitored. This 

data acquisition system presently includes a half megaword of MOSTEK memory 

and a unidirectional 24 bit data bus with two control lines. The data can 

thus be stored in memory very quickly and can be accessed via a standard 

CAMAC dataway for computer processing. A block diagram of the acquisition 

and analysis system is shown in Fig. 18. The system is fully described in 

a joint ORNL/LASL report, ORNL/TM-7325 or LASL-8260-MS by R. Hendricks, 

P. A. Seeger, J. Scheer, and S. Suehiro. 

Data Reduction: The principal software problem involves the processing 

of the time-of-flight data from megaword sized histograms to simple 

reciprocal lattice intensities which can be analyzed with existing 

structural analysis software. A software package has been created for this 

purpose as a part of a continuing collaborative effort between ANL and LASL 

staff. It is anticipated that with an instrument of this complexity 

problems may arise which will require modeling corrections in the data 

reduction and processing. The reduced data will be analyzed with the LASL 

Crystal Structure Program Library. 

Experimental Data: Preliminary data has been collected on several 

single crystals of inorganic and organometallic compounds. Histograms 

collected from a postassium sulfate crystal, covering almost a complete 

independent unit, are being used primarily for characterization of 

instrument parameters. Fig. 17a shows a raw data contour plot from one 

three dimensional K2S04 histogram which has been compacted in the 

direction perpendicular to the incident beam and is displayed as 20 vs. 

time (or wavelength) in four resolution segments. The (011) lattice line 

is indicated with the dotted line. Figure 17b shows the raw intensity of a 

?i..^lr rnr^,,,+i*- ",^",^"C on tr,e -I-c--*.... ,^_,*.__-^^_-l-'l_ 
,,,,y,s I%Z~vIU*1",, C,SII~CIIC "=L='lrl."I face \C"l I c,~“l,“IIIg ts tiie same 

(011) lattice line) plotted vs direct wavelength in X. The signal-to-noise 

for the K2S04 data is remarkable and much better than what we saw for 

hydrogeneous samples. 

C. 'Special Environment Diffractometer SED 

A geometrical time focused special environment diffractometer has been in 

operation for the last two years at the WNR facility. This has been used for 

powder diffraction by the profile refinement method at high pressures and 

temperatures. The primary object of study has been the phase diagram of Pu. 

Recently, the instrument has been rebuilt to improve the data rate. The 

new instrument has a source to sample distance of 6 m, a sample to detector 

distance of about 1 m, and two banks of 12, l/4", 40 atm 3He detectors 

geometrically time focused at an angle of 90°. The shutter-collimation 

SyStem VieWS a 3' x 4" moderator area time focused at 22.5O and produces a 

beam size at the sample of 3/16" x 1 l/2". The geometry is such that incident 

and scattered neutron paths cross inside the sample, so that there are no 

Bragg peaks from the sample vessel. With this new design we anticipate that 

it will take about one hour to obtain a good powder pattern at current neutron 

fluxes. The sample vessel in use can currently study pressures up to 5 kbar 

and temperatures up to 350 oC. The instrument is shown in Fig. 19. Tests 

with the new instrument are about to begin. 
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CRYSTAL ANALYZER WNR Flight Path 6 

Instruments 
wwec 1WOJ 

YFILTER DETECTOR 

Fig. 2. Inelastic neutron scattering spectrometers at flight path 6 of WNR 
as of March 1980. Source-to-sample distance is 6.33 m, 
sample-to-detector distance 1 m for the crystal analyzer, 0.45 m 
for the Be filter. 





BERYLLIUM l BERYLLIUM OXIDE 
DIFFERENCE SPECTROMETER 

Fig. 6. (Left) Raw inelastic neutron scattering spectra of ZrHR taken 
with the Be filter detector spectrometer at flight path 5 
(top) and flight path 6 (bottom). The ratio of final over 
initial flight path length improved by a factor of four 
from top to~bottom. 

Fig. 7. (Right) Corrected inelastic neutron scattering spectra Of 
~',T:",~+ (!$phase) as-a function of temperature obtained 

5. The contrlbutlons of three filter sectlons 
were added after correcting each data set. 

COOLED BERYLLIUM FILTER 

COLLIMATORS 

ROTATABLE COMMON CRYOSTAT 
FOR 60 AN0 Se0 FILTERS 

COOLED BERYLLIUM OXIDE FILTER 

Fig. 8. Be/Be0 difference filter instrument presently under construction. 
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Fig. 9 (Left) Schematic of the chopper control System. 

Fig. 10. (Right) TiH2 spectra obtained with the chopper spectrometer. 
The overall efficiency for 8 spectra corresponding to 
eight different incident energies was 91%, with 30% of 
the scattered neutrons falling into spectrum 5 (E. = 
308 meV). 

GENERAL PURPOSE DIFFRACTOMETER (GPD) 

Fig. 11. (Top) Schematic Layout of the General Purpose Diffractometer 
The sample is located 10m from the target. 

Fig. 12. (Bottom) Data acquisition system for the GPD. The present 
preamplifier is a LeCroy TRA 510. 
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Fig. 13. Raw vanadium and air scattering data for 400 and 1500 banks. 
The detectors are combined in Id'-spacing bins of width 0.025 A. 
These data were obtained in about 12 hrs., running at 2.3 UA. 
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Fig. 15. Neutron time-of-flight spectrum from D20 at 400 scattering 
angle. The data were normalized as in Fig. 14. They are compared 
with a spectrum for D20 obtained at the I.L.L. All the features 
at the reactor spectrum are observed, and the PiaczeK effecLs ai? 

much less noticeable. 
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Fig. 17a (Top) Contour plot of a typical‘K$Oh histogram containing 
the (011) lattice line. 

SPECIAL ENVIRONMENT DIFFRACTOMETER 

Fig. 18 (Top) Block diagram of the data acquisition system for the 
position-sensitive detector at the single crystal 
diffractometer. 

Fig. 17b (Bottom) Intensity vs wavelength for one resolution element 
containing the (011) line. 

Fig. 19 (Bottom) View of the special environment diffractometer at flight 
path 8. 
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