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more. 
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1. Introduction 

The advantages of using "position sensitive detectors" (PSD's) in 

neutron scattering measurements have been recognised for a "umber of 

years('). Hitherto, the most successful PSD's have bee" based on 

the gas proportional counter principle (Z)(3) in which a gas 

containing 3H@ or 10 B in the form of borontriflwride is used both 

to absorb the slow neutrons and to obtain gas multiplication of the 

resulting ionisation. A" outstanding example of the application of 

these detecturs has been to small angle scattering such as the Dll 

instrument at the Institut Laue-Langevi". The recent interest in 

intense pulsed neutron sources such as the Spallatio" Neutron Source 

(SNS) being constructed at the Rutherford laboratory or the Intense Pulsed 

N~otron Source at the Argonne National Laboratory, has created new 

requirements for PSD’s. These arise from the time-of-flight technique 

used for all measurements and from the fact that the neutron energy 

spectrum from these new sources is much richer in epithermal neutrons 

than that from reactor sources. It is anticipated that much of the new 

science will arise from the use of these higher energy neutrons. The 

requirements of a detector for use at a high intensity pulsed source are 

summarised below: 

8. the thickness must be less than about 20 mm for most types of 

measurement to avoid uncertainties in ttt? flight path length. Some 

instruments such as quasi-elastic scattering devices require 

detectors not more than a few mn thick. 

b. dead time of about 100 "s to cope with the high instantaneous count 

rates with acceptable dead time corrections. 

C. adequate detection efficiency over a wide range of neutron energies 

extending up to epithermal energies, eg an efficiency of about 30% 

at a neutron energy of I ev. 

It is very difficult to meet these requirements with the gas 

proportional counter technique. The dead time is limited by the drift 

velocity of electrons in the gas and cannot be,much less than I us in 

practical detectors. Also the need for adequate efficiency at 

epithermal ne"tron energies implies a high pressure gas filling with the 

attendant need for thick windows. 

Detection methods "sing a solid neutron convertor are more lfkely to 

meet the needs of instruments at pulsed neutron sources. The use of 

gadolinion foils together with conventional multiwire proportional 

counters to detect directly the charged particle products of the neutron 

interaction have been propos@d(4). The foils must be thin (C 10m 

micrometres) to allow the escape of a reasonable fraction of the 

charged particles,which results in a low detection efficiency for a 

single foil at epithermal neutron energies. The rapid fall of the 

gadoliniun absorption cross-section with increasing neutron energy above 

about 0.2 @V accentuates this problem for epithermal neutron detection. 

For example a foil of 
157 

Gd of thickness 5 micrometres would have a 

stopping power for 1 ev neutrons of 0.2%. The method is promtsing 

however for beams of cold neutrons. Furthermore, if the cost of 

multiwire proportional counters could be greatly reduced in the future 

so that several could be placed in series, at reasonable cost, then the 

detection efficiency could be increased. At the present time, however, 

it is considered that the scintillator technique offers the hest 

solutions for pulsed source detectors. 

Scintillators 

2. Two types of neutron scintillator have been used in the present work, 

both incorporating 6Li as the neutron convertor. Both are well k"ow" 

and corrnnercially available. 

2.1 Lithium Loaded Glass 

Silicate glass containing 6Li and using cerium as a" 

,,+1.._*,_(5) ..._..-.-c". h-s ttc foLLou:zg propzrtic. as d aivw llruiro" 

detector: 
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a. it is transparent to its own light emission which has a 

wavelength of 3900 1 at the peak of the emission 

spectr,nJ6). 

b. about lo4 photons are emitted per neutron absorbed (7) 

the light output decaying to half peak intensity in % 20 ns 

and to one-tenth peak intensity in 'I, 100 "6 (8). 

C. the absorption efficiency of 2mn thick scintillator is 

typically 80% for neutrons of energy 0.08 eV (wavelength Q lx,. 

The efficiency as a function of neutron energy is shown in 

Fig.1 

d. scintillator of thickness 2 mm ha appreciable gamma 

sensitivity(9) but this can be reduced by arranging it in 

the form of 0.5 mn thick wafers interspaced with 1 w thick 

sheets of plain glass. The predominant mode of interaction 

with gamna rays is via Compton scattering producing a recoil 

electron. The range of the electron in glass is such that it 

deposits most of its energy in the non-scintillating parts of 

the sandwich thus reducing the pulse height and enabling simple 

pulse height discrimination to be used. The ranges of the 

charged particles produced from the neutron interaction (an 

alpha particle of energy 2.1 MeV and a triton of energy 2.7 MeV) 

are short and contained within the layers of scintillator. This 

technique will be described more fully elsewhere. In the 

present work with glass scintillator it has bee" found possible 

to "se pulse shape discrimination against noise but not gammas. 

2.2 Lithium Loaded Zinc Sulphide 

Silver activated zinc sulphide is a well-known phosphor and it is 

combined with 6LiF and a plastic binder to form a slow neutron 

scintillator which has been used for many years for neutron 

radiography. It has the following properties: 

a. it is translucent with strong absorption and scattering of its 

own light which has a wavelength of 4500 I; at the peak of the 

emission spectr"m(lO). It can only be used in thin sheets 

(thickness 5 0.6 mm) if all neutrons absorbed are to be *'seen" 

by a photomultiplier. 

b. about lo5 photons are emitted per neutron absorbed (7) , 
the light output decaying to half peak intensity in 2, 150 "6 

and to one-tenth peak intensity in 5 1~s (11) . 

C. the,absorption efficiency of 0.6 w thick scintillator is 

c 20% for neutrons of energy 0.08 eV and % 6% for an energy of 1 eV. 

d. the gamma sensitivity is low and, in addition, pulse shape 

discrimination can be used. 

e. the cost is very roughly one-tenth of that of lithium glass 

scintillator. 

3. Principle of operation 

For PSD's "sing the scintillation technique and requiring many spatial 

resol"tion elements, the obvious method of optically coupling a 

photomultiplier (PM) to each element is impracticable due to the cost 

and complexity of a system containing many thousands of PM's. The 

present system "ses a fibre optic encoder to couple a large number of 

resolution elements to a much smaller number of PM's. Each resolution 

element is a separate piece of scintillator and is connected by 3 fibre 

optic channels to a unique combination of 3 FM's o"t of a bank of N. 

Thus a coincident output signal on 3 particular PM's identifies the 

resolution element in which a ne"tron capture event took place. The 

nrnober of resolution elements, n, which can be encoded by N PM's using a 

triple coincidence is given by: 

N! 

n=3!(N_3)! 

and the number of elements connected to each PM, M, is given by: 

M = f(N-I)(N-2) 

Also, any group of 3 PM's is connected to a large fraction of the total 

number of resolution elements and so a neutron detected in one element 
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FIG.1 EFFICIENCY OF NE905 (GS20)LITHIUM  GLASS SCINTILLATOR  VS ENERGY 8 THICKNESS
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FIG3. ILLUSTRATING METHOD OF MANUFACTURE OF FIBRE

OPTIC ENCODER.

- 652 -

NEUTRON ABSORBING
BACKING

FIBRES COUPLED TO /
EDGES OF ELEMENTS.

SCINTILLATOR

PHOTOMLLTIPLI&v  \sv”
FIBRE OPTIC ENCAPSULATED
ENCODER BLOCKS.

PLAN VIEW SHOWING STACKING OF MODULES TO FORM

LARGE DETECTOR AREA.

FIG.4. ILLUSTRATING METHOD OF BUILDING AN ENCODER USING
EDGE COUPLING OF PLASTIC FIBRES.
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FIG.5. HIGH VOLTAGE CURVES FOR 3 CHANNEL, EDGE COUPLED TEST PIECE


