
PEL-261 

THE SMALL-ANGLE NEUTRON SCATTERING FACILITY AT PELINDABA 

by 

C. Hofmeyr 
R.M. Mayer 
J.R. Starkey 
D.L. Tillwick 

W I 
ATOMIC ENERGY BOARD 
Pelindaba 
PRETORIA 
Republic of South Africa May 1978 

m 
r 
0> 

i l l lftMlf i l l i . -



PEL-26M 

ATOMIC ENERGY BOARD 

The small-angle neutron scattering facility at Pelindaba 

by 

C. Hofmeyr», R.M. Mayer" , J.R. Starkey'**, D.L. Tillwick* 

Pelindaba 
May 1978 

* PHYSICS DIVISION 
" PHYSICAL METALLURGY DIVISION 

*** INSTRUMENTATION DIVISION 
Atomic Energy Board 
Private Bag X256 
PRETORIA 
0001 



PEL2612 

CONTENTS 

Page 
SAMEVATTING 2 

ABSTRACT 2 

ACKNOWLEDGEMENTS 3 

1. INTRODUCTION 3 

2. LAYOUT OF THE FACILITY 3 

3. DESCRIPTION OF THE FACILITY 5 
3.1 The Guide-Pipe 5 
3.1.1 Design principles 5 
3.1.2 ln-pile collimator 7 
3.1.3 Out-of-pile section 10 
3.2 The Shutter/Filter 11 
3.3 Monochromator 11 
3.4 Collimator and Scattering Chamber 14 
3.4.1 Introduction 14 
3.4.2 Design 16 
3.5 Electronics 18 
3.6 Alignment 20 
3.6.1 Datum-line 20 
3.6.2 Neutron-selection section 20 
3.6.3 The monochromator, collimator and scattering chamber 20 

4. CHARACTERISTICS OF THE FACILITY 21 

4.1 Waveicr.yth Selection 21 
4.2 Degree of Collimation 21 
4.3 Sample Size 21 
4.4 Scattering Angles 21 

REFERENCES 22 

SAMEVATTING ABSTRACT 

Die kleinhoekverstrooiingsfasiliteit vir stadige 
nautrona by die reaktor SAFARI-1 word in besonderhede 
beskryf, tname met teor*..ese en praktiese 
ontwerpoorwegingh Mikrogolfgeleiers van koper word vir 
die geleiding van stadige neutrone gebruik en dit verskaf die 
grondslag vir 'n nuttige, maar betreklik eenvoudige fasiliteit. 

Die eienskappe van die deurgelate neutronspektrum 
van die finale fasiliteit met verskillende konfigurasies van 
die neutrongtleier, beide S- en enkelgekrom, kom goed 
ooreen met verwagte waardes op grond van meting» met 'n 
toetsfasititeit. 

Die intensiteitsoorwegingi asook die ontwerp, 
konstruksie, oprigting en instel van die verskillende 
komponente word in breë trekke beskryf. 'n Algemene 
beskrywing word ook van eksperimentele proscdures 
verstrek en van die efektroniese beheer an dataverwerking 
vir die vierposisie-monsterhouer en telopstelling van agtien 
^He-detektors en 'n bundelmonitor. 

The small-angle neutron scattering facility at the 
SAFARI-1 reactor is described in detail, and with reference 
to theoretical and practical design considerations. 
Inexpensive copper microwave guides used as a guide-pipe 
for slow neutrons provided the basis for a useful though 
comparatively simple facility. 

The neutron-spectrum characteristics of the final 
facility in different configurations of the guide-pipe (both S 
and . ingle-curved) agree well with expected values based on 
results obtained with a test facility. 

The design, construction, installation and alignment 
of various components of the facility are outlined, as well 
as intensity optimisation. A general description is given of 
experimental procedures and data-acquisition electronics 
for the four-position sample holder and counter array of up 
to 18 3He detectors and a beam monitor. 
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1. INTRODUCTION 

It is wall known that the small-angle scattering of 
slow neutrons beyond die Bragg cutoff is related to 
fluctuations in nuclear scattering density with correlation 
lengths greater than the interplanar spacing* in the sample 
material. A large variety of bulk samples is amenable to 
such investigationfB], depending on the coherent and 
incoherent scattering and absorption properties. 

An effective way to obtain an intense beam of 
long-wavelength neutron* in a region of low overall 
background, is by utilising a neutron suide-ptpe, as 
pioneered by Meier-Leibnitz tt a\\\. This type of 
f*cilfty[2,3,4J is usually large and expensive, requiring a 
large investment in manpower to build and operate. Since 
small-angle neutron scattering ha* become a very useful 
non-destructive tool in the investigation of material 
properties, it was found desirable to build such a facility at 
PeJlndebe, but a concept had to be evolved which was 
simple, flexible and Inexpensive, thus requiring a minimum 
of manpower. 

Preliminary work had been done to investigate the 
neutron-transmission characteristic* of commercially 
available copper microwave guides(8). The main advantage 
in using this type of guide-pipe is that waveguides arc 
available in long lengths (6 ml which can be curved 
continuously by elastic deformation. This greatly simplifies 

the design and installation of such a guide-pipe m 
comparison with the mort sophisticated design* employing 
nickel coated glass. The loss in transmitted intensity with 
respect to an ideal guide-pipe was found to be a factor of 2 
to 3 over a length of dkect sight(8L thus limiting the total 
length over which a beam can reesorwbty be transported. 

In this report the general layout of the facility, the 
rationale behind the design, and • description of the 
components are given. A more comprehenuve description K 
given in the user's gutdeflOl The most important 
characteristics of the facility are alto discussed. 

Our experience shows that, using dm layout described 
in this report, a reasonably intense cold-neutron beam can 
be obtained without having to resort to an expensive cold 
source» Careful attention tn the exclusion of extraneous 
radiation, both self generated and from other sources, has 
brought about a peefc-tc-oackground ratio m the scattering 
chamber of the order of 100:1. In practice the facility has 
proved to be very versatile - radiation damage, 
polymerisation in wool, precipitation and magnetic 
scattering in alloys have so far been inveifigattd 

We conclude on the basis of our experience that a 
useful small-angle scattering facility can be installed at a 
medium-powered reactor, using commercially available 
copper waveguides. This type of facility is simple, flexible 
and inexpensive to build. 

2. LAYOUT OF T H E FACIL ITY 

A schematic plan view and a side view of the 
small-angle neutron scattering (SANS) facility at 
SAFARI-1, which is an ORR-type light-water cooled and 
moderated reactor, are presented in Fig. 1. 

Neutrons are extracted through the lower tangential 
beam-tube aperture from a high-flux region on the pool 
experimental facility of SAFARI-1 via a 0,8 m long 
trumpet mounted tangcntially with respect to the core. It 
subtends the solid angle required by the guide-pipe, a 
rectangular copper microwave guide approximately 14 m 
long which acts as a guide-pipe for slow neutrons. The 
curved guide-pipe passes through the reactor bio-ogical 
shield and through the beam-port experimental area up to 
the mechanical monochromator. An appropriately curved 
guide-pipe preferentially passes long-wavelength neutrons 
and simultaneously eliminates unwanted radiations from 
the reactor, which are absorbed in the reactor biological 
shield and in external concrete shielding blocks. The 
guide-pipe is divided into an in-pile section inside the 
reactor biological shield, and an out-of-pile section; these 
are separated by the shutter/filter, where the beam can be 
stopped or treiwnitted through either » filter crystal or a 
piece of waveguide. 

The mechanical monochromator (velocity selector), 
which selects neutron velocities, can be replaced by an 
extension to the guide-pip* if maximum neutron fluenc* i* 
required. 

The final collimator allows for an alteration of its 
length and aperture size in order to limit the beam size to 
one which is smaller than the sample am, and also to 
adjust the angular divergence of the beam. The collimator 
and scattering chamber form a mechanical and vacuum unit 



PEL-261-4 

PLAN VIEW SIDE VIEW 

x v w v v w w I wwvwv. 

REACTOR CORE 

TRUMPET 

BELLOWS 
IN-PILE COLLIMATOR 

WAVEGUDE 

BIOLOGICAL SHELD 

CUBICLE 

ALUMNUM WINDOW 

SHUTTER/FILTER 
FILTER CRYSTAL 
ALUMNUM WMDOW 

OUT-OF-PILE COLLIMATOR 

CONCRETE SHIELOING BLOCKS 

WAVEGUIDE 

VACUUM CONNECTION BETWEEN 
WAVEGUIDES AND PUMP 

I BEAM 

VACUUM CONNECT**! TD W E G U D E 
OR ALUMINUM WINDOW 
M0N0CHROMAT0R ON RALS 
COLLIMATOR 
COLLIMATOR STAND 
CADMIUM APERTURE 
FLANGE 
WATER SHIELDING TANKS 
REACTOR CONTAINMENT WALL 
SAMPLE HOLDER 
SCATTERING CHAMBER 

RAIL 

.COUNTER RACK 

Fig. 1 Schematic plan and side views of facility 
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which protrudes through the reactor containment wail into 
an annex housing the scattering chamber and its supports. 
Additional shielding from other experiments is thus 
provided by the containment wall. Samples of up to 17 mm 
diameter can be mounted in a sample changer. The sample 
changer with four positions allows for accurate calibration 
against a standard sample and continuous monitoring of 
parasitic scattering and background counts. The scattered 
neutrons art detected simultaneously under 
low-background conditions in the angular range down to 5 
x 10~3 radians which can be varied by moving the detector 
rack containing up to 18 3He proportional counters along 
the length of the evacuated scattering chamber. 

In order to limit background problems and intensity 
losses resulting from air scattering, the complete system is 
evacuated to less than 0,1 kPa. The scattering chamber is 
evacuated to less than 0,1 Pa to prevent high-voltage 
breakdown in the cable connectors. 

3. DESCRIPTION OF THE FACILITY 

a i T h t G u i d t - P r p t 

3.1.1 DESIGN PRINCIPLES 

The neutron guide-pipef 1,5,7] is based on total 
reflection of slow neutron* by a smooth surface of a 
material with suitable scattering characteristics, e.g. copper 
or nickel, glass, graphite, etc. The index of refraction, as in 
the case of X-rays, is slightly smaller than unity, so that the 
phenomenon takes place only at glancing angles, when the 
neutron travelling in air or vacuum impinges on the 
material. The refractive index, n, for neutrons is given by 

n = 1 - 6 
with 8 = X2Nac o h/2ir (1) 
where X is the De Brogjie neutron wavelength, N is the 
atomic density and «con ** the coherent scattering 
amplitude. The following summarises the results of 
Meier-Leibnitz and Springer[1,5], whereat Alefeld */ o/[t) 
use the wave-vector notation. The theory is treated 
comprehensively by Jacrot(7]. The critical angle for total 
reflection 

irc = >/5«V! N«coh X;=p.X (2) 

where the proportional parameter p per Á* is 1,7 x 10~3 for 
Hi, 1 x 10-3 for glass, 0,84 x 10~3 for aluminium, and 
1,39 x 10-3 for copper. 

For reflection angles y beyond 7c the reflectivity 
decreases rapidly according to 

* W 
l l + V l - ( 7 c / 7 > 2 

13) 

e.g. from 0,52 at y - 1,05yc to 0,03 at y = 1,*yc- In 
experiments concerned with multiple reflections, i.e. 
guide-pipes, it is sufficient to approximate R(?) by a step 
function, since the intensity contribution beyond ?c 
becomes very small. This approximation will be used 
throughout. For a straight waveguide the solid angle wtthin 
the allowed cone of radiation becomes 4 yc2. 

The Maxwell spectrum 

^ = 2 . e x p M X r A ) 2 j . ^ . d X (4) 

(where XT = h/V JinkeY". 

kej being the Bottanan constant and T the temperature of 
the Maxwell spectrum), can be approximated by X—'*» at 
wavelengths longer than a few angstroms» ConeoQuenuy, 
because of eq. (2), an ideal straight neutron guide-pipe 
should transmit a reflected spectrum that falls off 
approximately as X~3. 

There is a twofold purpose in curving a neutron 
guide-pipe uniformly with a radius of curvature p : 

1. The first is to dispose of unwanted radiations' 
the reactor core (e.g, T-rays and fast neutrons) which 
penetrate the watts of the guide-pipe in the first 
length of direct sight and are absorbed in die 
close-fitting shielding around i t One distance of 
direct sight in die tube is given by 

L 1=V8.d.p (5) 

where d is the width in the direction of the radius of 
curvature. 

2. Secondly, by using die appropriate combination of 
guide-pipe width and radius of curvature, die tube 
favours a characteristic wavelength (eq. (10)). 
Beyond a distance Li from die entrance aperture, the 

decrease in the solid angle w from die outer radius wall is 
given by 

w = *7c JT-Ixlo (6) 

for the wavelength corresponding to y^, the radial 
coordinate x being measured from die outer radius wall 
toward die centre of curvature along the radius. The 
number of neutrons m - 2 | - 1 »tjr is 

g = MX). 4TCIX> y/y&\)-2xlp (7) 

where I is die differential flux per unit solid angle at die 
tube entrance. Integration ovtr x yields die total 
transmitted current of a guide-pipe of perfect reflectivity 
with cross-sectional dimensions h and d 

g | = MX). 4. h. yd** Jy\ - Ixlp 6x 

= MX).h.p.<rJ4

rl1-(1-2*#p<r2) / 2 J 

where x* = d for yc > y* 
*Pïl/21orye<y9 

and y* *y/2d/o 

(8) 

(9) 

is the limiting "garland" reflection angle. It corresponds to 
the characteristic wavelength 
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X* (10) 

which cuts off at the x-coordinate of the inner radius wall 
of the guide-pipe. 

For copper waveguides of the type used, it was found 
that A* corresponds approximately to the wavelength of 
optimum transmission(8]. Note the inverse relationship of 
X* with the radius of curvature. The Maxwell thermal input 
spectrum shifts the maximum in the transmitted spectrum 
to shorter wavelengths (cf. Fig.2). 

J0«10 

Fig.2 
Neutron wavelength spectrum as measured: 
dependence on the waveguide configuration 

and radius of curvature 

By continuing the guide-pipe with the same radius 
but opposite sense of curvature (S-configuration) after one 
length of direct sight through the tube, L i , geometric 
factors cause a small-wavelength cutoff at 0,7IX*[6]. This, 
together with the shape of the tail-end of the Maxwell 
spectrum, determines the shape of the transmitted 
spectrum (cf. Fig.2). 

Table I. 
Copper guide-pipe: 

characteristic wavelengths 

Configuration p(m) d(mm) X #(*> W* 
Single curve 
S-curve 

420 
200 

17 
17 

6,25 
0,05 

5,4 
8,1 

^mean w a * measured by transmission through gold. 

A reduction of the fast-neutron flux from the reactor 
core along the in-pile collimator should lead to a lower 
general neutron background outside the reactor biological 
shield. This could be achieved by using a tangential beam 

tube so that the guide-pipe only "sees" the moderated flux 
adjacent to the core. (After being scattered through 90 ° by 
hydrogen, a neutron wili have lost nearly all its kinetic 
energy.) This configuration : used for the subthermal beam 
tube as well as for the tangential tube (west), which is 
exactly opposite to the former. The thin volume of water 
between these two "trumpets" acts as a scatterer of thermal 
neutrons. The small volume that acts as a scatterer would 
also reduce the 7 ray and fast-neutron intensity entering the 
guide-pipe, when compared to a radial configuration facing 
the reactor core. 

The guide-pipe itself is made of electrolytic copper, 
which has favourable reflection properties. Precision-drawn 
rectangular copper microwave guides are commercially 
available and were obtained from Evered and Co., 
Warwickshire, UK. From eq. (1) and (2) and sample size 
requirements it was found that a nominal internal 
dimension of 51 x 17 rnrn^ was a suitable size of 
waveguide. For maximum flux utilisation with this 
tangential configuration, the longer dimension had to be 
parallel to the reactor-core face (i.e. vertical), due to the 
narrow flux peak in light-water-moderated reactors. From 
eq. (5) it is evident that the shortest distance of direct sight 
L] is achieved by curving in the horizontal plane (d = 
17 mm): 

Li = 7,56 n for p - 420 m 

^or minimum total length of the facility and 
maximum shedding of unwanted radiation inside the 
reactor biological shield, as well as for maximum flux, it is 
imperative to start the curved guide-pipe as close to the 
neutron source as possible. A compromise must be reached 
between this condition and the activation problem in 
copper. The curvature thus starts 0,80 m from the reactor 
centre-line inside the concrete biological shield of the 
reactor. 

The radius of curvature of the guide-pipe was selected 
at 420 m, giving a characteristic wavelength X* of 6,24 A. 
Copper microwave guides of the precision-drawn type used 
showed an inherent preferential transmission for 7 A 
neutrons!8]. The waveguides of different batches showed 
very consistent reflection properties. 

The installed guide-pipe predictably yielded a 
transmitted neutron current somewhat higher than the 
expected values extracted from integrated, experimentally 
measured beam prof iles[8|. Compare the expected value for 
an S-configuration, p = 170 m, of 2,5 x 10^ m - 2 s - 1 with 
the finally measured fluence of 8,5 x 10^ m _ 2 s _ 1 

(nominal wavelength 8,1 A) with p - 200 m, measured by 
gold-foil activation before the final collimator. The 
difference is less pronounced if the effect of the radius of 
curvature is taken into account. The assumed 
thermal-neutron source flux was 10 1 8 r n _ 2 j - 1 . ( n t n e 

S-configuration, with the shutter/filter installed, the 
neutron current was unchanged. 

With the final single-curve configuration, p - 420 m, 
the beam had an intensity at the monochromator input of 
1,7 x 1 0 1 1 m~2s-1 with a nominal wavelength of 5 A. The 
mean wavelengths were determined by transmission 
through gold. 
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(Fig.4). In the installed position the trumpet subtends a 
solid angle sufficient to illuminate the entrance of the 
adjacent curved neutron guide-pipe, which is mounted 
inside a rectangular aluminium channel and is surrounded 
by shielding material (Figs. 6 and 7). The trumpet can be 
swiveled for geometrical reasons and can be actuated 
remotely from the reactor bridge to facilitate the loading of 
the collimator into the beam tube. 

The trumpet is attached by a stainless steel bellows 
(Fig.3(c)) to the aluminium tube and the joints are sealed 
by deformable metal seals. The aluminium tube extends 
through a special port-box flange, which incorporates two 
kinds of water seal to block the reactor pool water, viz. a 
sliding seal operative during installation and a 
supplementary O-ring seal operative in the installed 
position. The exit flange has an aluminium window to 
transmit the neutron beam (Fig.4). A vacuum connection, 
which can also be used for filling the tube with helium gas, 
is provided. 

tig. 3(a) 
pile collimator: top view 

rig. 3(h) 
trumpet ,ind in pile collimator: end view 
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For purposes of installation and removal of the in-pile 
collimator, a telescopic screw fitting can be attached to the 
port-box flange and the end flange respectively (Fig.4). The 
amount of travel of this screw is sufficient to allow the tube 
to be inserted and/or retracted such th»t the throughtube 
end-flange can be installed inside the reactor pool. 

Since the in-pile collimator in the installed position 
seals the reactor pool water, the maximum credible 
emergency would be as a result of a failure in the in-pile 
section in such a manner that reactor pool water would leak 
onto the experimental floor. The design provides for 
maximum security against such an occurrence, but in the 
improbable case of the simultaneous failure of two 
bulkheads, the leakage rate could be much reduced by 
positioning an emergency shutter. Installation and removal 
procedures have been designed to eliminate any serious 
leakage risk. 

The waveguide is supported inside a 
precision-machined and bolted aluminium channel (Figs. 5 
and 6). There are clamping brackets and adjustment screws 
every 0,40 m to locate the waveguide, as well as apertures 
to check the coordinates with respect to the channel side 

(datum line) by means of a depth micrometer. The 
waveguide is curved into a single curve of radius 420 m. 
starting from the trumpet, so that the major part of 
unwanted radiation is shed inside the biological shield of 
the reactor. The shielding between the guide-pipe and the 
collimator tube is designed to moderate and stop neutrons 
and shield against gamma radiation. From the trumpet the 
first metre of the space between the waveguide and channel 
is packed with aluminium, followed by steel and polythene 
shielding. The space between the channel and the outer 
tube is filled (from the pool side) with a 0,60 m spacer, 
then with 0,60 m of mild-steel rings bolted together (Fig.7), 
followed by one metre of polystyrene sectors and, finally, 
2,5 m of araldite sectors containing 5 % boron carbide. The 
polystyrene and araldite sectors are interspaced every 
half-metre by a mild-steel ring, and the sectors and the rings 
are bolted together in a sandwich-type construction. The 
described shielding-pieces support and pre-align the 
aluminium channel containing the waveguide and primary 
shielding (steel and polythene) around it. The guide-pipe is 
interrupted after the in-pile collimator by the shutter/filter 
(length 0,3 m). 

BEAM PORT LINING 
OUTER TUBE OF IN-PILE COLLIMATOR 
SHIELOINO SECTORS AND SUPPORT RINOS FOR ALUMINIUM CHANNEL 
ALUMINIUM CHANNEL 
STEEL AND POLYTHENE SHIELDING 
ADJUSTING SCREW IN A THREADED INSERT 
LOCKING SCREW 
WAVEGUIDE BRACKET 
COPPER WAVEGUIDE 

Fig. 5 
Cross section through the In-pile collimator 
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Fig. 6 
Waveguide (A) held by adjusting screws (B) and shielding (C) 

mounted inside aluminium channel (lid removed) 

I ( ^ • n . " * * " 

Fig. 7 
ln-pile aluminium channel (A), containing waveguide, 
with steel shielding rings B and spacer rods C which 

fit into the outer tube (Fig. 3(a)) 

3.1.3 OUT OFPILE SECTION 

The out-of-pile section consists of a continuation of 
the curved guide Dipe to complete at least one length of 
direct sight, at present 1,15 L i , and a further section 
carrying the beam to the velocity selector and/or 
collimator. This section may be straight or, alternatively, 
curved in the opposite sense (S-shape). 

The out-of-pile waveguide, consisting of either two or 
three flanged sections, is sealed at hath ends by 
vacuum-tight aluminium windows. The waveguide is kept 
under roughing vacuum with a liquid N2 cold trap to 
prevent oil contamination. 

After the shutter/filter, the waveguide continues for 
4,8 m inside an aluminium channel (similar to the one in 

the in-pile collimator) which is supported in a recess on 
large concrete shielding blocks (Fig.8). The bottom blocks 
and covering blocks interlock to prevent radiation shine 
paths. 

Final adjustment of the aluminium channel is 
effected by bearing-ended push-rods (horizontal plane) and 
eccentric rollers (vertical plane) mounted in the bottom 
shielding blocks. Wooden shims are used to fill the 
remaining crevices. 

From the end of the aluminium channel, the 
guide-pipe is supported in alignment brackets on a steel 
I-beam. The vertical alignment is done by using suitable 
shims. In the single-curve configuration this section is 
straight, and shielding is provided by machined wooden 
blocks. The third out-of-pile section of the waveguide can 
be interchanged with the monochromator, if required. 
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CONCRETE SHIELDING BLOCK 

PUSH-ROD WITH POLLER BEARING 

ROLLER BEARING ON ECCENTRIC CAM 

Fig. 8 
Out-of-pile aluminium channtl and its adjustable supports 

installed in the concrete shielding blocks (schematic 
isometric view). Shielding inside the channel is not shown. 

3.2 The Shutter/Filter 

The filtering qualities for subthermal neutrons of a 
crystal are determined by its absorption, coherent and 
incoherent scattering cross sections, its Bragg cutoff Amax-
and its grain size. Ideally, 0coh/(°ïnc + c>a)should he large, 
giving a strong attenuation of neutrons with X < Xmax a n c l 

a good transmission of longer wavelength neutrons. By 
cooling a filter crystal, the inelastic component of the tot .I 
scattering can be reduced and the transmission of 
subthermal neutrons would be enhanced. 

The shutter/filter (Fig.9) has been designed to housa 
the filter crystal. This unit fits inside the port box between 
the in-pile and out-of-pile sections of the guide-pipe, and 
provides three alternative settings: 

(1) a 300 mm straight section of unevacuated waveguide 
for maximum uninterrupted beam transmission, 

(2) a laminated steel and polythene beam-stop position, 
(3! a filter crystal, 180 mm long, diameter 62 mm, which 

is intended primarily for spectrum shaping by 'he 
attenuation of neutron wavelengths shorter than the 

Bragg cutoff of the filter material. Provision has been 
made to evacuate the gap around the filter crystal 
with an external high-vacuum pump if the crystal is 
cooled to liquid-nitrogen temperature for improved 
transmission. 
The blank waveguide and filter-crystal positions are 

located by mechanical stops and are indicated by 
microswitch-controlled lamps. The beam stop position !2), 
between positions (1) and (3), is indicated by a further 
indicator lamp. 

3.3 Monochromator 

A mechanical monochromator can be used to select 
and restrict the transmitted wavelengths, in which case the 
relative wavelength resolution is a constant of the 
monochromator design. 

Basically a monocruomator consists of a cylinder 
which is rotated around its axis (Fig.10(a)). The instrument 
utilises the velocity selectivity of a helix rotating around 
the same axis. It consists of slotted neutron-absorbing 
discs (Fig. 10(b)) which are set on a helical path (Fig. 10(c)). 
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1 LIQUID NITROGEN IN OUTLET TUBES 
2 TO VACUUM PUMP 
3 VACUUM CHAMBER 
4 LIQUID NITROGEN COOLING COIL 
5 FILTER 
6 ALUMINIUM WINDOW 
7 FLANGE WITH ALUMINIUM WINDOW 

8 STOP FOR Fl LTER CRYSTAL 
9 BEAM STOP (POLYTHENE AND STEEL) 

10 WAVEGUIDES 
11 IN-PI LE ALUMINIUM CHANNEL 
12 ALUMINIUM WINDOW 
13 ALUMINIUM WINDOW 
14 OUr-OF-PILE ALUMINIUM CHANNEL 

Fig. 9(a) 
Schematic illustration of shutter/filter situated 

between in-pile and out-of-pile collimators 

Fig. 9(b) 
Reactor side of shutter/filter showing A: filter 

housing, B: shutter, C: waveguide. 

Fig. 9(c) 
View of shutter / filter seen from outside, 
illustrating access flange to filter crystal 
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M"'«ONS 

\ 

fig. 10(a) 
Síhematií illustration of the first and last discs 

of the nionochromutor, offset with respect to each 
other by an angle H, turning with an anguler velocity u). 

• • % 

T) - 3.2740 
NUMBER OF SLOTS 

Fig. 10(b) 
A monochromator disc 

Fig. 10(c) 
Assembly of monochromator discs on rotor shaft, 
showing a helical key way to locate the identical 

discs coated with lithium fluoride. 

Fig. 10(d) 
Monochromator (A) installed between waveguide on I-beam (B) 

and its extentlon on the collimator stand (C). Note that 
waveguide extention (C) can be replaced by an 

additional length of collimator (D). 
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I* •' anal*- o' helix 
~ anguld' velocity 
v neutron veloC'ty 
L length of helix 
r; angular si/e of one slot 

then only those neutrons of velocity 
v w-L/0 

are selected and the velocity spread is given by 
Lv rj.w 0 

Hence, from the De Broglie formula A - h/mv, where h is 
Planck's constant and m is the mass of a neutron, the 
wavelength of neutrons transmitted is 

The specifications for the monochromator are 0 = 
20,4o, L ~- 500 mm and r\ - 3,274°. With tiiese values and 
the monociiromator speed given in rpm, the selected 
neutron velocity is given by 
v -0 ,1471 x «(rpm) (m/s) 
and the selected neutron wavelength is given by 

. _ 26920 
A — • I*] w(rpm) 

For this monochromator the wavelength spread is 

X/X = 0 ,154or15 ,4% 
The monochromator consists of some 400 discs of 

0,9 mm thick type 7075 T6 aluminium alloy. Each disc has 
86 slots of length 25 mm, tapering from 8 to 6,6 mm 
(Fig. 10(b)). The discs are coated on one side with a 0,2 mm 
thick layer of an epoxy resin containing 50 % by volume of 

lithiun- fluo'iJe wvhich acts as the neutron absorber Thp 
geometric efficiency is 80 V 

Lubrication of the vacuum seals in the steel rotor 
housing is effected bv an oil drip feed. Safety devices 
consist of an anti-vibration switch and an overspeed switch. 
The monochromator is driven via a toothed belt by a DC 
motor fitted with a tachometer feedback, controlling the 
speed to less than one per cent in the range up to 
5000 rpm. The rotor speed is monitored continuously by a 
magnetic induction device with a digital readout, f i tted 
onto one end of the rotor shaft. 

The rotor in its housing and the drive motor are 
mounted on a movable stand which can be cranked in and 
out of the beam along two rails against pre-aligned 
mechanical stops at either end of its travel (cf. Fig.10(d)). 

The monochromator can thus be easily interchanged 
with an appropriate length of waveguide. 

3.4 Collimator and Scattering Chamber 
3.4.1 INTRODUCTION 

The collimator is used to l imit the angular divergence 
of the beam to a required amount, which is 
wavelength-independent. The beam size is reduced to 
smaller than the sample diameter to prevent interference by 
the sample holder and reflection off the sample surfaces. 
The smallest angle et which scattered neutrons can be 
detected is governed primarily by the beam divergence. 

Schmatz et al\9\ derive the optimum conditions for a 
scattering experiment, rssulting in the following (cf. 
Fig.11(a)): 

COUNTER do 
TUBES 

WAVEGUIDE 

VELOCITY 
MONOCHROMATOR 

INITIAL 
APERTURE 

COLLIMATOR 

BEAM STOP 

SCATTERING CHAMBER 

Fig. 11(a) 
A schematic Illustration of the beam 
geometry after the monochromator 
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SIDE VIEW FRONT VIEW 

T7 

" L D — | LpJ 

0 - RING HOLDER 
0 - RING 
COLLIMATOR TUBE 
ADJUSTING SCREWS 
ALUMINIUM APERTURE HOLDER 

CADMIUM APERTURE 

Fig. 11(b) 
Cadmium aperture mounted in collimator tube 

showing the alignment mechanism 

ALUMINIUM HOLDER 

CADMIUM APERTURE 

HOLE USED FOR POSITIONING AMD 
CLAMPING HOLDER 

Fig. 11(c) 
Final collimator apertures 

, d E = d D = 2d,,^0=251 

where 8 is the collimator length, 
L is the sample-to-counter distance, 
dE is the diameter of the first collimator aperture, 
d s is the diameter of the final collimator aperture, 
do is the diameter of the counter tube, 
6 is the scattering angle, 
^ is the relative wavelength resolution. 

L = K, 

and 

If the collimator is defined by an input aperture, area 
A j , and an output aperture, area A2, where 8 is the 
distance between them (cf. Fig.11 (a)), the number of 
neutroi* transmitted through a collimator per unit time is 
approximately proportional to A1.A2/K?. With the initial 
S-configuration of the guide-pipe and a 1 7 m m y first 
aperture to the collimator, the intensity impinging on the 
samples was measured at 8,5 x 108 m _ 2 $ - 1 , compared 
with an incident neutron intensity on the collimator of 8,6 
x 100 m _ 2 s - 1 . Due to the true profiles, the loss in 
intensity with smaller apertures is overestimated by the 
expression. The magnitude of the scattering vector 2n0/X, 
where 0=scattering angle, can be measured down to ~ 5 x 
1 0 - 3 Á 5 - ! . 

Neutrons can be reflected off most surfaces under the 
right conditions of incidence, even cadmium. The 
collimator apertures were therefore tapered slightly to 
prevent beam-widening by parasitic reflection. Parasitic 
scattering off the collimator walls was reduced by further 
tapered apertures between A1 and A2- The main 
collimation is done by the first and last cadmium apertures 
and the intermediate ones should not interfere. The size of 
aperture A2 is determined by the sample diameter. A1 is 
selected for maximum intensity, taking into account the 
required beam divergence and angular resolution. 

In experiments of this nature one aims for maximum 
efficiency in the detection of scattered neutrons above 
background. The neutron background is made up of the 
following: 

I 

III 

IV 

Thermal and fast neutrons leaking from the reactor 
and other experiments around the reactor; 
Scattering of neutrons out of the primary beam by 
any material in its path other than the sample (i.e. 
also residual gas in the chamber); 
Scattered neutrons that are subsequently scattered 
further by the counting-chamber walls and it» 
surroundings; and 
Scattering from the beam stop. 

The scattered intensity is generally very low and thus 
the signal-to-background ratio in neutron detection is of 
prime importance. If one assumes that I is the main 
background component, it is obvious that there is an 
optimum detector efficiency of less than 100% for an 
optimum signal-to-background detection ratio. 

http://Fig.11
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The most suitable combination of angular resolution 
and efficiency was provided by 12.7 mm diameter JHe 
detectors filled to a pressure of 4 atmospheres and spaced 
17 mm anode-to-anode. The exposed length of the 
detectors is regulated by cadmium strips according to 
considerations of slit and point geometry. 

The symmetry in the counting chamber is around the 
horizontal plane through the centre of the neutron guide. 
The choice of a horizontal symmetry plane is necessary 
because there is a smaller variation in intensity in the 
vertical plane than in the horizontal plane across the 
guide-pipe exit. 

Background of type I can be measured by a cadmium 
beam stop in the sample position. With an empty sample 
holder (empty can) the total neutron background 
contribution can be ascertained, i.e. I I , III and IV can be 
found by appropriate subtraction. 

There are four sample positions. Let the count rates 
in a given channel be denoted by 

B = background (i.e. cadmium position) 
C = empty can, beam open 
S = sample, beam open 
R = vanadium reference sample, beam open. 

It can then be readily calculated that the intensity 
from the sample and reference sample in each channel is 

N s ef(S - B)/T$ - (C - B)] 
N R e[(R B) /T r - (C-B)J 

where T s and T r are the transmission coefficients of the 

sample and reference sample respectively, and e the counter 
efficiency for the neutron wavelength used. 

If the ratio of N S / N R is multiplied by the microscopic 
differential scattenng c CÍS section for vanadium 
(390 mb/sr), the scattering cross section of the sample 
do/di2 can be obtained. The magnitude of the scattering 
vector is K =(4jf)sirtó), 0 being the scattering angle. 

3.4.2 DESIGN 

The scattering (counting) chamber and collimator 
housing form a single mechanical and vacuum unit to 
ensure consistent and stable alignment. The whole unit is 
lined up with the waveguide axis at its exit. 

The final collimator consists of four or five circular 
and slightly tapered cadmium apertures of which three/four 
(cf. Fig.l Kb)) are mounted in a 50 mm inside-diameter 
thick-walled mild-steel tube, and the final aperture 
(Fig.11(c)) is mounted in the sample block. The collimator 
consists of either two or three sections (available total 
length 3,2 m) bolted together by flanges, depending on the 
required angular divergence (cf. Fig.12). The longer 
configuration has one additional intermediate aperture. The 
first three/four apertures are each mounted on four 
adjusting screws which can be operated from outside the 
vacuum-tight mild-steel tube (Fig. 1 Kb)). The tube is sealed 
by an aluminium window. To prevent shine paths between 
the mild-steel tube and the adjustable apertures, initial 
beam restriction to 20 mm is done by an external cadmium 
plate on the end window, as well as cadmium rings close to 
the apertures. 

COPPER 
WAVEGUIDE FLANGE 

ALUMINIUM WINDOW CADMIUM APERTURE 
FLANGE 

COLLIMATOR TUBE 

COLLIMATORS C1,C2,C3 
WAVEGUIDE W1.W2.W3 
APERTURE! A1,A2,A3,A4,A5 

0) 
00 
(ill) 
(Iv) 

SCATTERING CHAMBER 
'FACEPLATE 

Fig. 12 
Possible combinations of the collimator and waveguide 

sections and monochromator: 
Collimator length 3,2 m, no monochromator 
As (I), waveguide section W2 replaced by monochromator 
Collimator length 2,0 m, with monochromator 
As (III), with monochromator replaced by waveguide section W2 
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The scattering chamber consists of an aluminium 
vessel. 0,5 m in diameter and 3,2 m long (Fig. 13(a)), 
containing a four-position sample holder and the counting 
rack. It consists of four flanged sections. The 
sample-to-counter distance (and thus the scattering angle) 
can be altered by sliding the counter rack on a track. Access 
to the counting chamber is by means of various access 
hatches with Perspex windows and by means of the back 
plate. Some of the access hatches are used to carry the 
connector plate for the high-voltage cable connectors to the 
detectors. 

The sample bloc!, and the last collimator aperture can 
be accessed via the first two hatches or, alternatively, by 
detaching the main body of the scattering chamber from 
the face plate and rolling it back. 

The scattering chamber vessel is flanged to the face 
plate, which is a thick, solid aluminium plate mounted on 
brackets against the reactor containment wall. Further 

adjustable supports rest on a cantilever, which is also 
suspended from brackets against the reactor wall. Two of 
the four adjustable supports have wheels on which the total 
length of scattering vessel can be rolled back when 
detached. 

To reduce parasitic scattering in the scattering 
chamber, four cadmium sheets are positioned inside the 
scattering vessel (cf. Fig.13(b)). One of the plates is 
attached to the face plate. The second cadmium plate is 
fastened to a support which can be moved on the rails 
between the sample and counter rack. This so-called 
cadmium shield limits the solid angle which the counters 
subtend, through a rectangular hcle in the cadmium shield. 
A third cadmium plate with a central circular hole is 
mounted on a support behind the counter rack, which 
enables the direct beam to pass through to the beam stop 
but intercepts any radiation scattered back from the 
cadmium beam stop towards the counters. 

1 COLLIMATOR TUBE 
2 REACTOR BUILDING WALL 

BRACKET 
•RAM «PACER 
FACE PLATE OP 
SCATTERING CHAMBER 
FLANGE CONNECTING THE ALUMINIUM 
ORUMI OF THE SCATTERING CHAMBER 
FINAL CADMIUM APERTURE 
SAMPLE BLOCK 
RAILS 
ADJUSTING SCREW» 

12 MECHANICAL SUPPORT 
13 WHEELS 
14 ADJUSTABLE SUPPORT 
15 COUNTER RACK 
IS BACK PLATE 
17 CADMIUM BEAM STOP 
IS PRESSURE RELEAVE PLATE 

1» CABLE PEED THROUGH HATCH 
20 ACCESS HATCH 
21 FRONT CADMIUM SHIELD 
22 BACK CADMIUM SHIELD 

Fig. 13(a) 
Schematic side view of scattering chamber showing 

the position of the sample (9) and counters (15) 
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COUNTER RACK 
MILD-STEEL PLATE 
KITH CIRCULAR HOLE 

INCIDENT-NEUTRON 
M A M 

: \ CADMIUM 
BEAM 
STOP 

BACK PLATE 

SAMPLE MILD-STEEL PLATE WITH 
CADMIUM « C T ANGULAR SLOT c »oM1UM 

Fig. 13(b) 
Use of cadmium shields and beam 

stop to suppress parasitic scattering 

The counter bank, (Fig. 14) can contain a maximum of 
eighteen modified LND 251 counter tubes of diameter 
12,7 mm and length 100 mm each. They have aluminium 
cathodes and female MHV connectors. The exposed 
counter length is defined by two cadmium plates. The two 
inner counters have additional cadmium shielding so that 
their effective active length can be further reduced. 

Provision has been made for the counters in the 
counting rack to be adjusted a limited amount in the 
vertical plane. 

The counter rack and front cadmium shield which 
slide on the two parallel rails ;an be accurately positioned 
at various distances from the sample by microswitches 
actuated by markers on the rails. 

The present sample changer (Fig. 15) contains 
positions for four samples mounted on a brass block. The 
block can move vertically between steel slides and is 
actuated by a pneumatic cylinder. The entire sample holder 

Fig. 14 
Section of the scattering chamber with the movable 

counter rack (A) on a track (B). The cables feed 
through the access hatch (C) 

is mounted m two ground silver steel shafts, en.,' '• •-••-> ' 
be moved horizontally b,- :i fur the: pnewm^.ic cylrv.::»' 
This enablps al' f o i r sa"nr •- <o he positioned m the : ' : Í C T 
beam stro/j. . 

The bearing and miooswitch blocks are also used to 
define the limits of motior >•- the sample block, since the 
stroke of th ai' cylinders is greater than the 
centre-to-c distance between the sample positions. 

Certain additions and alterations to the sample block 
are possible to accommodate individual experimental 
requirements, e.g. temperature regulation between 
77-600 K. Pressure buildup due to pneumatic leakage might 
oceir accidentally inside the scattering chamber, and 
therefore a pressure-relief plate is provided in the back 
plate. 

The scattering chamber and collimator are evacuate 
through a flanged connection in the back plate. To prevent 
high-voltage breakdown on the counter connectors, the 
vacuum must be maintained beiow 0,1 Pa (typically 
1 0 _ 2 p a ) D y a n oil-diffusion pump. After sample 
replacement and evacuation of the scattering chamber, the 
system is controlled automatically by the electronics. 

3.5 Electronics 
The experimental H angement measures the scattered 

intensity of r v i ^ o n i from samples placed in the collimated 
low t:igy neutron beam. Up to 18 ^He filled proportional 
counting tubes monitor the scattered neutrons. To enable 
comparative measurements to be made, four different 
samples can be cycled in and out of the beam, and the 
neutron counts for each specimen are independently 
counted and stored. The time for which each sample is 
placed in the beam during each cycle is determined by a 
control circuit which operates in one of two modes. In the 
preset time mode each sample is exposed for a preset time, 
whereas in the preset count mode a low-efficiency monitor 
counter, placed directly in the neutron beam, gives a count 
rate proportional to the neutron f lux, and the sample is 
exposed for a preselected monitor count. 

A six-digit LED display enables the contents of the 
various channels to be read out, and the experiment can be 
^p', 'n •..'-: lot ,-t pr-'determined number jf cycles A 
Teletype terminal is connected to the device, giving 
automatic printout of data after each preset number of 
cycles. A paper tape suitable for computer input can be 
simultaneously generated. 

Each of the 18 neutron-counting tubes has a separate 
charge-sensitive preamplifier, main amplifier and a 
single channel analyser. The charge-sensitive preamplifiers 
are built four to a module, and five such modules plug into 
a common housing which accepts and distributes a single 
HV input from a suitable power supply. Power for the 
preamplifiers is obtained through the signal cables from the 
main amplifiers. 

The amplifier discriminator units are also modular 
and plug into two rack-mounted cases. Adjustable gain and 
a variable threshold are provided on each, and "integral" or 
"di f ferent ial" discrimination can be selected. In the case of 
the latter a fixed "window" is used for optimising the bias 
setting on each counter. Neutron-counting is done in the 
"integral" mode. 
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Fig. 15 
Face plate of the scattering chamber with pneumatically 
controlled 4-position sample changer. A: sample block, 

B: pneumatic activators, C: vacuum feed-throughs, 
D: final aperture holder (Fig. 1 1(c)) 

The ^He counters are operated at 1 100 V. The ideal 
discrimination level is in the minimum of the energy 
spectrum, so that slight amplification drifts do not change 
the total efficiency. 

The neutron-counting tubes are contained together 
with the sample holder in a vacuum chamber, and the 
voltage on the tubes is such that breakdown occurs if the 
vacuum deteriorates to above 0,1 Pa, invalidating the data. 
It is therefore important to monitor the state of the 
vacuum, and for this reason suitable sensors and interlocks 
are included. 

Instead of conventional scalers (counters), a digital 
memory bank is used with an incrementing facilityl 11). 
There are effectively 80 counting channels (20 tubes and 4 
sample positions), and each one corresponds to a unique 
memory address. When a count is received in any one 
channel, a special circuit generates the appropriate address 
code, and then the incrementing circuit transfers the 
memory content to a counter, increments the counter, and 

then stores the incremented number back in the original 
location of memory. This process takes approximately 1 M* 
and while it is in progress no further counts can be 
recorded. However, the normal count rate is low and the 
effect of the incrementing time is negligible. 

Status lights on the instrument panel indicate which 
of the four samples, if any, is in the beam, and also give 
information about the control circuits. 

If it is necessary to terminate an experiment before 
the preset number of cycles have been completed, a "stop" 
pushbutton is available. This does not terminate counting as 
soon as it is pushed, but waits until the end of the current 
cycle, thus ensuring that all the data accumulated are 
statistically valid. 

In the normal sample control mode, the sample 
holder will sequentially position the four samples in the 
beam, completing one cycle. The counting time or preset 
monitor counts and the number of cycles can be selected. 
After completing this number of cycles, the automatic 
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controller will activate the Teletype and the data stored in 
the 80 memory locations will be printed out and, if 
required, punched out on a papertape. 

3.6 Alignment 
3.6.1 DATUM LINE 

The centre-line of the in-pile liner, installed in its final 
position, is projected onto the reactor containment wall, 
defining the x axis (direction east). The horizontal y axis 
points north and the z axis points vertically upwards. 

In order to be able to recover the x axis, two points 
are marked, one on the biological shield, the other on the 
containment wall. The former is defined by markers on the 
cubicle frame, between which cross-wires can be drawn, one 
horizontal and one vertical (a plumb line). The point on the 
containment wall was obtained by rotating the telescope 
through 180 o. 

For the alignment of the shutter/filter and all 
elements up to the collimator, the telescope is best 
mounted on a precision coordinating table (translating 
along the y axis) positioned close to the reactor 
containment wall. With the aid of plumb lines passing 
through the two abovementioned reference points, a 
reference line parallel to the x axis can be obtained. 

The x and y coordinates are calculated with respect 
to this datum line. The required accuracy of alignment is 
1 mm in the x coordinate and 0,1 mm in the y and z 
coordinates. Originally the facility was used without the 
shutter/filter, with the waveguide in a double-curved or S 
configuration. With the shutter/filter installed, a modified 
S' configuration was used. The present waveguide 
configuration is a single curve with p - 420 m and an added 
straight section to improve beam homogeneity over the exit 
aperture. 

3.6.2 NEUTRON-SELECTION SECTION 

There are two sections of machined and bolted 
aluminium channel, containing the selection section of the 
guide-pipe, one in-pile and one out-of-pile, separated by the 
shutter/filter. 

The geometrical constraints inside the in-pile section 

are as follows: 
(a) the trumpet axis in the operational position must be 

tangential to the waveguide curvature at its origin; 
and 

(b) the length of the channel and the width of both the 
channel and the waveguide, as well as the orientation 
of the channel with respect to the reactor core, result 
in a maximum radius of curvature of 420 m, which 
corresponds to a characteristic wavelength of 6,24 A 
(cf. eq. 10). 
The alurrinium channel sections each consist of four 

precision-machined and recessed flat plates of B51S alloy 
which are held together by countersunk bolts. For 
alignment purposes, one side panel was selected as a datum 
at the elevation of the waveguide centre. This is also the 
elevation of the threaded adjusting screws and the 
inspection holes for determining the waveguide coordinates 

with respect to the datum. The clamping mechanisms every 
0,40 m minimise distortion of the waveguide. The 
rectangular waveguide fits closely between the top and 
bottom plates so that its longer dimension is parallel to the 
datum face. 

Each empty aluminium channel was set up 
horizontally on a measuring bench, supported at short 
intervals. Minor corrections to the datum face were 
determined with respect to an optically defined datum line. 

The waveguide was then placed vertically inside the 
aluminium channel sans lid and adjusted to the calculated 
coordinates with the aid of a depth micrometer. Shielding 
sections of laminated polythene and steel were fitted into 
the open spaces, and the lid bolted down. 

Inside the in-pile collimator the steel rings with 
machined rectangular holes locating the channel were 
fitted, separated by shielding sectors of polystyrene and 
borated araldite. The alignment was surveyed optically after 
installation of the outer liner. A special support frame with 
a PTFE surface was used during installation to keep the 
channel top horizontal. The end of the waveguide was 
surveyed with respect to the coordinate frame after 
installation, but before the end window of the in-pile 
collimator was installed. 

The straight waveguide section of length 0,3 m 
containefl in the shutter/filter, was aligned optically with 
the aid of targets while in the "straight through" mode, 
connecting the tangents to the extremities of the in-pile and 
out-of-pile sections of the guide-pipe. The shutter/filter can 
translate parallel to the y axis. 

The bottom concrete shielding blocks are aligned 
approximately with the aid of the reactor crane and shims, 
which are also used to adjust the blocks horizontally in the 
y direction. The adjustment of the channel inside the 
concrete blocks -, done by means of adjustable 
bearing-ended push-rods and eccentric rollers. These are 
actuated by rotation and then locked into position. 
Protective covers prevent their accidental maladjustment. 
The out-of-pile channel is parallel to, but offset 
horizontally with respect to the in-pile channel. 

The continuation of the waveguide on an I beam 
requires the height adjustment of the clamping brackets, 
which is effected by shimming up the individual brackets, 
ensuring that their toos are horizontal, and bolting them 
down. The waveguide is then positioned and clamped. 

3.6.3 THE MONOCHROMATOR, COLLIMATOR AND 
SCATTERING CHAMBER 

For alignment of the monochromator, collimator and 
scattering chamber, the telescope is positioned on the beam 
axis behind the scattering chamber. The alignment in the y 
and z direction is effected by suitable alignment brackets, 
which can be translated in the y direction and shimmed or 
adjusted in the z direction. 

The monochromator is aligned with the substituting 
piece of waveguide mounted onto the housing parallel to 
the rotor axis at the beam elevation. 

The position of the telescope on the beam axis is also 
used for changing and aligning the collimator apertures, and 
for sample centering. 
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4. CHARACTERISTICS OF THE FACILITY 4.3 Sample Size 
4.1 Wavelength Selection 

The basic transmitted spectrum can be changed by 
varying the waveguide configuration (cf. Fig.2). However, 
for the forseeable future, the single-curve configuration 
(radius 420 m) will be retained. In this configuration 
additional wavelength limitation is effected by a 
polycrystalline filter or, alternatively, by a monochromator. 

The filter is used to eliminate wavelengths below the 
Bragg cutoff of the filter material (bismuth or lead). Short 
wavelengths in the beam impinging on the sample may 
result in coherent scattering (double Bragg scattering) from 
the atomic planes, interfering with the actual small-angle 
scattering process. To avoid double Bragg scattering, the 
neutron wavelength must be larger than 2dmax> where 
dmax is the maximum interplanar spacing of the sample. 

A suitable filter crystal should satisfy the following 
requirements: 

a) dmax (filter) > dmax (sample) (to eliminate Bragg 
and double Bragg scattering). 

b) o a small (for minimum beam attenuation). 
c) ocoh/(°a + 0 i n c ) , a r 9 e (neutrons with A < 2 d m a x 

(filter) must be selectively removed from the beam 
much more strongly than neutrons with X > 2dfnax) 

d) The filter must be of suitably small grain size. 
e) Incoherent scattering from local density fluctuations 

and grain boundaries should be small. 
f) The filter length is a compromise between 

short-wavelength suppression and long-wavelength 
attenuation. 

Due to the temperature dependence of a\nc, the 
transmission of a filter can be increased by cooling to 
liquid-nitrogen temperatures. 

With the unfiltered beam, the monochromator can be 
used to select a portion of the wavelength spectrum above 
5,2 R with a resolution of 15 %. 

4.2 Degree of CoHimation 

The degree of collimation is determined by the size of 
the collimator apertures and by the distance between the 
first and last apertures. The various collimator 
configurations are shown in Fjg.12. The final aperture 
should be smaller than the sample diameter. 

The waveguide has inner dimensions of 17 x 51 mm2. 
Whilst the maximum sample size could be of this order, the 
max mum beam diameter currently available is 17 mm. The 
maximum cylindrical sample dimensions that can be 
accommodated in the sample block an 24 mm diameter 
and typically 20 mm long. Larger samples can be 
accommodated outside the sample block. 

To eliminate multiple-scattering contributions from 
neutrons scattered through large angles into surrounding 
materials, the cylindrical surface of the sample can be 
covered by 0,5 mm of cadmium. Care should be taken that 
direct scattering into the counters is not obstructed. 

To maximise the scattered intensity reaching the 
detectors, the sample length, 8, should satisfy the condition 

£t.£ * 1 

where I t '* th* total macroscopic cross section. 
Special sample holders for powders or liquids or for 

temperature control can be accommodated. 

4.4 Scattering Angles 

The angular range in which scattering can be recorded 
simultaneously can be varied by 

a) moving the counter rack along the track and 
b) changing the position of the counter banks on the 

rack. 

The distance of the counter banks from the centre of 
the beam can be varied in two ways. On one of the counter 
racks the height can only be adjusted inside the scattering 
chamber, whilst on the other rack the counters can be 
adjusted by means of a vernier screw and push-rod from 
outside the vacuum chamber. The anode-to-anode spacing 
of the 12,7 mm diameter counting tubes is 17 mm. Any 
repositioning of the counter rack requires new positions for 
the front and back cadmium shields. The front cadmium 
shield positions are also marked by actuators. The position 
of the back cadmium shield is not critical and is usually 
placed some 0,20 - 0,30 m behind the counter rack. 

The exposed counter length is reduced by cadmium 
plates on the counter rack according to point- and 
line-focus considerations. The present setup approximates a 
point-focus arrangement, but the effects of sample and 
detector geometry on measured angular distributions can 
best be taken into account by a computer-simulation 
procedure. 
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