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1. Instrument Specification 

1.1 Design Overview 

The overriding aim behind the design of HRPD was that of producing an 

instrument with a resolution of - 4.lo-4• This resolution was chosen 

since the improvement ·(factor 7) over existing neutron powder 

diffractometers 

possibilities. 

These included: 

promised to open up many 

Large unit cells: complex molecules 

unit cells up to 2500 A3 

up to 400 structural parameters 

new 

Ab initio structure determination using direct methods 

Subtle symmetry changes: phase transition studies 

Line broadening effects: particle size 

strain broadening 

composition variations 

crystal imperfections 

Incoherently scattering sample: eg hydrogenous samples 

Accurate lattice parameter measurements. 

scientific 

Although the initial resolution specification was 10-3 it quickly 

became apparent that a higher resolution should be chosen. Since an 

improvement of a factor of two could be achieved, with all the 

benefits described above, while suffering only a small loss of 

intensity. Calculations showed that the difference in intensity 

between an instrument sited at 50 m (the distance required to achieve 

~tit - 10-3 ) and one at 100 m would only be - 0.75 - the transmission 

factor for 50 m of guide. Moreover for the following technical 

reason it was also found necessary to provide a primary flight path 

of - 100 m. For a 50 Hz machine, fast neutron contamination is a 
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problem that is only eliminated by a curved guide. Since a curved 

guide requires a following straight section to provide beam 

homogeneity and the distances for curved and straight sections ar~ 50 

m ( >-*=1 A) and 30 m respectively for a guide width ) 2 cm), the 

primary flight path is constrain~d to be ) 80 m for a homogenous beam 

with a>-*< 1A. The moderator and guide design has been optimised to 

provide a wavelength range from 0.6A + lOA, thus enabling as wide a 

range of d-spacings to be studied as possible. 

1.2 Moderator 

The correct moderator design is vital in a powder diffractometer 

since the ultimate limit to the resolution is set by the neutron 

pulse width ~t( >.) and neutron flight-time t( >.). The following 

section on the predicted moderator performance is taken from 

reference 2. 

Time Structure 

The intrinsically sharp proton burst (0.4µs) has been preserved using 

a thin hydrogeneous moderator heterogeneously poisoned by gadolinium 

and decoupled from the reflector by boron. The methane moderator is 

cooled to 9SK further modifying the time structure by delaying the 

onset of thermalisation to energies less than SOmeV. Details -0f the 

moderator are given in Table 1. 

Figure 1 gives the predicted full width at 50% height, 6t50 , for the 

HRPD moderator (curve CH4) together with those for the other SNS 

moderators (2]. It will be observed that the poisoned CH4 moderator 

has the lowest 6t50 over the longest energy interval. These 

predictions are based on Monte Carlo calculations and experiments at 
' 

Los Alamos and Argonne National Laboratories, USA. 

In addition to the full width at half maximum, the pulse shape is of 

critical importance. In the slowing down region the pulse shape is 

well described by [3]: 
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TABLE I 

Material 

Temperature (K.) 

Position 

Height (cm) 

Width (cm) 

Thickness (cm) 

Poison 

Poison Depth (cm) 

Angle to Moderator 

Normal 

Decoupler 

Void Liner 

CH4 (4 atm) 

95 

Bottom Front 

11. 5* 

12.0* 

4.5* 

0.05 mm Gd 

2.25 

14.() 0 

Boronx 

Liquid Methane Moderator 

Notes: * Maximum dimension. Moderator containment is a pressure vessel 

whose faces have radii of 25 cm. 

x 1/e transmission of boron layer at 3.6 eV. 
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where I:8 is the macroscopic cross-section and v the neutron velocity. 

In the Maxwellian region, the pulse shape is dominated by a long-time 

exponential tail {4]. 

4>max(t) - exp{-t/T} 

where 

In this equation a0 is the absorption probability, D the diffusion 

coefficient, C the diffusion cooling constant and B2 the geometric 

buckling. Values for the long time decay constant T have been 

predicted for the SNS ambient moderators [S] and are given in Table 

II. 

Intensity 

The intensity predictions are based on calculations with the Monte 

Carlo code TIMOC, experiments in the low current target station at 

Los Alamos and experience at Argonne [2]. These neutronic data are 

normalised to the fast neutron production appropriate to the SNS 

plated uranium target assembly by assuming the value of 24. 7 fast 

neutrons per proton calculated by Atchison [6]. 

graphically in Figure 2 (line marked CH4)• 

They are shown 

The spectral distributions of Figure 2 may be described by a 

Maxwellian region 

<lmaxCE) J L exp {-E/T} 
T2 

a slowing down epithermal region 

joined together by an empirical switch function ~(E) 

4>( E) 4>rnax< E) + ~( E) 4>epi ( E) 
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TABLE II 

J 1.1 10 13 

(n/sr.100cm2 .s) 

4'o 6.0 1012 

(n/eV.sr.100cm2 .s) 

JI 4' 1.8 

T 11 

( rneV) 

A 0.9 

Wl 54 
1.. 

( meV 2 ) 

Wz 6.7 

Es 65 

(meV) 

T 32 

( µs) 
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In these equations J is the integrated Maxwellian intensity, T is the 

effective temperature of the Maxwellian in energy units, <j>
0 

is the 

differential flux at leV and A is a leakage parameter. A suitable 

joining function for the ambient and methane moderators is 

~(E) 

This function is somewhat empirical and less significance ought to be 

attached to the values of w1 and w2 than to the parameters describing 

the Maxwellian and slowing down region. The switch energy 

does give an indication of the lower limit of the slowing down region 

for that moderator. The predicted parameters for the equations above 

are given in Table II. 

1.3 Guide 

The long primary flight path of HRPD demands the use of a neutron 

guide if reasonable neutron intensities are to be achieved at the 

sample position. In addition the guide permits the primary flight 

path to be curved, thus eliminating the worst effects of the y/nf 

pulse which occurs at 20 ms intervals. 'Both of these benefits are 

summarised in Figure 3 which indicates (line B) the relative flux 

expected for a 'no-guide' primary flight path and (line A) an 

optimised guide. 

The optimisation of the guide dimensions was performed largely by 

Monte Carlo simulation techniques [7] and is described elsewhere {8]. 

The guide consists of a nickel plated glas-s guide tube of cross

section 8 cm x 2.5 cm. The curved section of the guide tube, which 

extends from 6 m to 60 m from the moderator, has a radius of 

-curvature of 18 km. These parameters represent the optimised 

configuration for a SO Hz source in which no line of sight neutrons 

reach the sample yet the radius of curvature is sufficiently shallow 

to allow transmission of sub-angstrom neutrons. The 60 m - 96 m 
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straight section of the guide is necessary to smooth out beam 

intensity inhomogeneities in the guide. Figure 3 shows the expected 

flux (curve A) at the sample when the SNS is working at full 

intensity. No neutrons are transmitted with A~ 0.5A whilst for A)5A 

the flux varies as - A- 5 • Curve B gives the expected flux at 100 m 

in the absence of a guide. It is evident from comparison of curves A 

and B that the use of a guide produces an increase in flux at the 

sample by allowing neutrons to be carried over the long flight path 

without the usual inverse square loss of intensity. Indeed at lA and 

2A the flux expected for HRPD are roughly equivalent to 40 m and 18 m 

machines respectively. 

Table III summarises the HRPD guide design parameters. 

The guide comprises lm glass sections closely abutted to approximate 

the required curve geometry. The lm sections were mounted inside 

steel vacuum vessels with mounting and adjustment points accessible 

from the outside. Each lm section is closely fitted with steel 

shield plates within the vacuum vessel to prevent fast neutrons 

streaming along the sides of the guide. The vacuum vessels are 

supported on concrete plinths at approximately 3m intervals. The 

beam line is completely shielded externally with 60 cm thickness of 

steel and 30 cm thickness of borated wax out to a distance of 

approximately 30 m. The remaining beam line for 30 - 90 m is 

shielded with 30 cm of concrete. 

The alignment of the guide was carried out with respect to survey 

datums on the floor of the experimental hall. Datum lines which 

represent a tangent to the emergent neutron beam (the prime trangent) 

and a 45 cm translation of this line have been marked out together 

with a 1° offset line to the prime tangent. Mirrors and metre scales 

perpendicular to the prime tangent were positioned on the target 

shielding wall, midway along the guide and at the end of the guide. 

This arrangement enabled any angular line to be defined. 

Guide heights were adjusted by means of 1/5' arc second spirit levels 

and the horizontal settings by a theodolite set along the prime 

tangent at the beam height. Glass ports along the steel vacuum 

vessel enabled each guide element to be viewed during the alignment 

process. 
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TABLE Ill 

The geometrical design parameters oft-he HRPD guide 

Moderator-guide entrance 

distance 

Initial Straight 

Section 

Curved Section 

Guide Aperture 

Characteristic 

Wavelength ')..* 

Cut-Off Wavelength 
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2.28 m 

55 m 

80 mm x 25 mm 

0.98A 

o.sA 



1.4 Choppers 

An overall flight path of - 100 m introduces problems of frame 

overlap that may be eliminated by using beam choppers. HRPD has been 

designed with two disk choppers situated at 6.135 m and 9.2 m from 

the first moderator. The first chopper, which rotates at SNS 

frequency (- 50 Hz), has 3 slots that allow through 1, 2 and 5 frames 

(19.S ms, 39.5 ms and 99.5 ms at 98 m respectively): the second 

chopper, running at (50/n) Hz, allows through every nth frame where n 

1,2,5. These three configurations enable wavelength windows of 

0.79A, l.59A and 4.02A to be selected, which may be moved to higher 

or lower wavelengths by phasing the chopper relative to the initial 

neutron pulse. 

The position of the first chopper (11) is largely determined by the 

extent of the biological shield. It is as close as possible to the 

moderator while being reasonably accessible for maintenance purposes. 

The second chopper is present to suppress the higher wavelength 

harmonics and its position (t2) is determined by t 1 • This is 

illustrated in Figure 4 which shows a ray diagram for c1 and c2 • 

00'-00" are the transmitted rays, AA'-AA", BB'-BB" are the rays 

stopped by the 9 m chopper and AP-AQ, BS-BT are the first harmonics. 

c1 is open for - 6 ms every 20 ms and c2 is open for - 9 ms every 

100 ms representing the 'worst case' for higher harmonics. It will 

be seen that the optimum position for t 2 is t 2 = 1.511 so that PQ is 

exactly out of phase with AA', BB' etc. 

1.5 Sample Tank/Detectors 

A schematic drawing of HRPD is given in Figure S. Two sample 

positions are available, at 1 m and 2 m from the backscattering bank 

of detectors, with vertical access to both positions for sample 

environment instrumentation. In addition a low-angle annular 

detector is incorporated. The backscattering detector consists of 

eight octants which form a series of 20 concentric detector rings. 

Each octant is a fibre-optic coded position sensitive detector, using 

a 61i cerium scintillator. The concentric geometry of detector 

matches that of the Debye-Scherrer cones thereby eliminating 

geometrical contributions to the profile line shape. Other detector 
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details are summarised in Table IV. The incident and transmitted 

neutron beam intensity is monitored by two Davidson monitors situated 

at 93.46 m and 97.05 m respectively from the moderator. 

2. Instrument Performance 

2 .1 Resolution 

A detailed account of the resolution of powder diffractometers has 

been given elsewhere [9]. The contributions to the resolution of a 

particular pattern are 

- Atm arising from the time distribution of neutrons leaving the 

moderator surface 

- og the 'geometrical' (or macroscopic) contribution from the finite 

size of the moderator, sample and detector 

- os the microscopic sample contribution from particle size effects, 

strain broadening and other crystal imperfections. 

2 -x The nature of the peak shape (i.e. y = x e ) arising from. the time 

distribution of neutrons leaving the moderator surface (see section 

2. 2) means that the full width at half peak height of Atm adds 

approximately linearly with the FWHM of the other, Gaussian 

components og at as, which naturally add in quadrature. 

Thus the purely instrument terms in the resolution are: 

where 1\n = At50/t 

If microscopic sample contributions are included the resolution 

becomes: 

where R
8 2.355 OS 
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Table IV Sample/Detector Parameters 

moderator - monitor 1 

moderator - sample ( 1 m posn) 

moderator - sample (2 m posn) 

moderator - monitor 2 

Sample (2m) - 180° detector ring 1 

Sample (2m) 180° detector ring 20 

Sample (lm) - 7° detector 

180° detector - t60 elements - 20 rings 

7° det·ector - 4 elements - 1 

ring 1 

ring 20 

Q 

n 
29 

20 

ring r = 

Q 

Q 

2-e 

26 
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93.460 m 

95.000 m 

96.000 m 

97.050 m 

2.040 m 

1.996 m 

1.507 m 

3 ( r1 

35.S <; rzo 

0.37 ster 

0.1 ster 

176° ( 26 ( 

( 4.5 cm 

( 37 cm 

(lm posn) 

(2m posn) 

160° (lm posn) 

178° -. 2 e ( 170° {2m posn} 

18.5 cm 

.-005 ster (lrn posn) 

.04 ster ( 2rn posn) 

70 (lrn posn) 

20° (2m posn) 



Figure 6 plots the value of R1 for rings 1 and 20 assuming no 

microscopic contribution crs• 

In Figure 6 crg has been calculated from the following approximation 

for the 2 m sample position. 

where 

(2t ) 2 + (sin(l4°)W )2 
s m 

9800112 

0 .001 n.cot 8 
h2 

Wcot8 
2x2soh2 

w 
for .0017 ;\ ~ 2xZSO 

w 
for .0017 ;\ > Zx.ZSO 

w f a t e 
0 e2 "' 2x200 1l2 

where cote == .019 for ring 1 

cote .091 for ring 20 

Ws sample width 

W jaws width 

ts sample thickness 

Wm effective moderator width i.e. the width of the 

moderator illuminating the guide entrance 

0.5 cm, Ws 1.5 cm, W 1.s 

2 .2 Intensity 

The intensity of an individual Bragg reflection is given by the 

expression: 

where 
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(j)(A) neutron intensity at sample position [neutrons.cm- 2 .A- 1] 

wavelength [ A] 

J multiplicity 

Fhkl structure factor 

solid angle of detector [ster] 

Vs sample volume [cm3 ] 

Ve unit cell volume [A3] 

Substituting the values for (j) shown in Figure 3 leads to the 

following predicted intensities for individual Bragg reflections 

recorded in the backscattering detector from an Alumina sample 

(dimensions 1.5 x 1. 5 x 1.0 cm) situated at the 2m position. 

2. '3 Background 

hkl 

104 

113 

003 

143 

d 

2.55 

2.08 

1.37 

0.88 

I (n/ s) 

193 

5366 

2047 

190 

Contributions to the background may arise from a nwnber of sources 

- fast neutrons 

- thermal neutrons 

- gamma ray 

- scintillator 

- electronic 

The design of the sample tank has included a large quantity of 

borated wax (shaded area in Figure 5) and B4c resin tiles which line 

the entire tank. 'l'his has been included to remove as much of the 
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external fast neutron background as possible and thermal neutrons 

which would be multiply scattered within the tank. It is difficult 

to give an a priori quantitative estimate of the likely resulting 

background from these sources. 

The scintillator background has been designed to be below 1 count per 

minute per cm2 • For the completed detector (4146 cm2) this 

contribution should give rise to a flat background of approximately 

7 cts/µs per 105 frames - a typical run duration. 

Electronic background is predicted to be at ,least a factor of 10-2 

less than this value and is therefore negligible in comparison. 

3. History and Acknowledgements 

HRPD first appeared in print in 1977 as an instrument proposed by the 

· Structure Determination Working Group chaired by Dr B E F Fender as 

part of the "Blue Book" [l] proposals for a Spallation Neutron Source 

at the Rutherford Appleton Laboratory. The scientific design was 

largely completed during a period between 1977 and 1980 and was given 

generous assistance by J B Forsyth, E Steichele, AD Taylor and GS 

Pawley who suggested the inclusion of a low-angle bank. 

It should be emphasised that this instrument was largely inspired by 

the 140 m time-of-flight instrument constructed by E Steichele at 

Munich and it was the successful transmission of 0.7A neutrons 

through this guide that gave us the confidence to proceed with HRPD. 

Detailed engineering design which started in September 1978 has 

largely been the work of H Hadley, D W J Bellinger, R Wolfenden, A F 

Gilleard and F Row. 

involved. 

A total of 466 engineering drawings were 

Construction and assembly of the major components took place between 

1981 and 1984 and it is a great pleasure to acknowledge the efforts 

of the following people: 
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Electronics: S PH Quinton R T Lawrence AW Joines 

Moderator Design: AD Taylor 

Control Software: K J Knowles W C A Pulford E G Smith 
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Figure Captions 

1. The predicted 6t (FWHMH - µs) of the six 
faces of the SNS moderators as a function 
of energy. 

2. The predicted intensity distribution as a 
function of energy from the six faces of 
the SNS moderators. 

3. Predicted flux (n/cm2 sA) at the lm sample 
position for the HRPD guide (curve A) and 
with no guide present (curve B). 

4. Ray diagram to show the possible neutron 
flight paths. The horizontal axis 
represents time and the points A,B,O,C 
the pulses of neutrons emanating from the 
moderator. Possible flight paths 
(00',00") are shown in relation to the 
two disk choppers (CH1,CH2) . All other 
flight paths (AA' ,BB" etc.) , including 
the 'harmonics' (AP,AQ) are blocked. 

5. General Layout of the HRPD machine. 

6. Predicted resolution 6d/d (FWHMH) for 
rings 1 and 20 (R1 R20 ) as a function of 
wavelength (A) 
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Figure 1 The predicted FWIL"1 of the six faces of the SNS moderators as a 

function of energy. 
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Figure 2 The predicted spectral distribution from the six faces of the 

four SNS moderators. The CH4 moderator has two identical faces. 

Physical details of the moderators are given in Table I and the 

parameterisation of the spectral functions are given in 

Table II. 
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