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The successful appl ication of a large aperture modular neutron detector, cons isting 
of 14.5 nlastic scinti Il ata r elements, operating in a high intensity background environ
ment is reported. A description of the on-I ine data acquisition and monitoring system 
is also presented. The thresho ld on eac h counter was m~intained within ±t dB and the ti
ming was monitored to ± 300 psee, using a multip lexed I ight diode system under computer 
contro l. The efficiency a nd s patia ·1 resolution measurements in the neutron kinetic ener
gy range 15 - 120 MeV are reported and compared with Monte Carlo predictions. 

1. I NTRODUCT I ON 

A large aperture neutron detector is cu rrently being used in a series of electropro
duction experiments(1) at the Daresbury Nuclear Ph ys ic s Laboratory, in which the final 
state neutron is detected in co incidence with the inelastically scattered e lectron. The 
first e xperiment comp leted was a measureme nt of t he total cross section and angular d i
stribution of the process e-p -+ e- n~+(PION ELECTRO-PRODUCT ION) near the threshold re
gion(2). 

The exper ime ntal layout i s shown in fig. 1. A high e ne rgy e lectron beam (typical in
tensity 5x1011 e-/sec) is focussed onto a liquid hydroge n target, 3.8 cm diameter by 10 
cm long. The scattered eJectron is detected in a conventional high resolution spectrome 
ter; the e nergy and pr od uction angles of the associated neutron are measured in a l arge 
neutron TOF spectrometer, having a total sens iti ve area and vo lume of 3.39 m2 and 0.916 
m3 respectively. A double fence of scinti Ilati on counters (veto counters), covering the 
front face of the neutron counter a nd bia ssed for minimum ionizing particles, is used to 
measur e the charged particle background from the target. The whole assemb l y, housed in 
a lead/stee l bunker, weighing approximately 40 tons, can be set at angles between 12° and 
63° to the incident electron beam and at a distance betwee n 3 m and 8 m from the target. 

2. THE PEP NEUTRON COUNTE~ 

The design and performance of the ne utr on counter were dictated by the requirements 
of the threshold experiment. A counter was required which would: 

i) have a high and reproducible detection efficiency (of the order of 20%) for neu
trons in th e ene rgy range 30 - 200 Me V; 

i i) measure the polar and azimuthal angl es of the neutron over the total so l id angle, 
N 0.24 sterad, covered in PEP; 

iii) determine the energy of the ne utron using time of fl ight technique with an accura
cy of ± 1 nsec; 

iv) operate e ffectivel y in the hi gh background e nv ir onme nt assoc iated with an intense 
e lectron beam. 

These considerations l ed to a hodoscope type of counter consisting of a 2x2 m array of 
145 plastic scintillator (NEllO) blocks,each 15.3xI5.3x27 . cm long. The basic constructio-
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nal simpl ieity is shown in fig, 2. The seinti Ilator blocks, wrapped in reflecting alumJ. 
nium foi I, are ~upported in a 13x13 lattioe formed by interlocking black perspex sheets, 
6 mm thick, the ends of which are retained in slots machined on the inside of a 50 rom 
thick black perspex box. Six compartments at each corner of the lattice are unoccupied 
giving the counter an approximately cyl indrical geometry. Each block is viewed by an 
RCA8S75 photomultipl ier Vii';l an air I ight guide, which is simply an extension of the sci.!! 
ti Ilator compartment coated with a diffusive reflective paint (NE560). The veto system 
consists of 26 pairs of seinti Ilatian counters, each covering a single neutron block in 
the vertical direction and extending half way across the face of the neutron counter. 
NEllO scintillator, 1 cm thick, was chosen for its excellent light transmission and Phi
lips 56AVP photomultipl iers for their high gain. To provide a compact and accessible 
structure the so lid perspex light gu i des are bent through 90 0

• Each neutron and veto 
counter is fitted with a sol id state light source (Ferranti type PD5002) for the purpose 
of checking the counter's timing, gain and associated logic channel. To reduce the bac~ 
ground rates the counter system is shielded towards the target by 2.5 em of ' lead and by 
10 cm elsewhere. The whole assembly is supported on a steel base, resting on four large 
ball castor units. It can be set at any desired position within the constraints imposed 
by the shield walls and the electron beam I ine by means of two hydraul ic rams attached 
to a guide beam passing beneath the counter. 

A simpl ified schematic of the fast logic is shown in fig. 3. Five scinti Ilation coun 
ters (COC1C2C3C4) a gas Cerenkov (e) and a lead-Iuchte shower (S) counter define the 
"electron trigger". This is fanned out to strobe the neutrbn and veto coincidence lat
ches and generate the TOF start pulses. Trigger counter C1 contains the "zero time" in
formation; since this a large counter the transit time variations of the I ight within 
the scinti Ilator are corrected for by reconstructing the electron's interaction point u
sing the electron arm hodoscope information. After gating, the neutron and veto TOF stop 
pu r se s are grouped in 20 and 8 sep arate time encoder cha nne Is re spect i ve I y, in such a way 
as to maximize the physical distance between counters in the same channel. Zero crossing 
discriminators, triggering at the 50% ampl itude phase point of the cl ipped anode pulses, 
are used to reduce the time slew due to the large dynamic range of pulse heights produced 
in neutron interactions. ' j 

In order to minimize the number of control operations, the neutron counter photomulti
pi ier EHTs are kept constant (within ± 0.1%) and the bias levels are adjusted using vari~ 
ble attenuators situated before the discriminators. In this way it is possible to compe~ 
sate for large gain changes wir.thout affecting the counter timing. Prior to data tak i ng 
the fol lowing setting up pro~ure is carried o~t: 

i) the bias on al I the 145 counte~s is initially set at a level corresponding to the 
mid point of the Compton edge of the ThCllt -spectrum. A fixed amount of attenua
tion is then added to each channel to give a working proton b~s level of 15 MeV; 

i i) the relative timing of the counters is determined using cosmic ray tracks defined 
by the top and bottom counter rows. An ' analysis of the tracks 'gives a time accura 
cy better than ± 300 psec; -

iii) an absolute TOF cal ibration is carried out using the process 11 p .... 1t.+n, detecting 
the ~+ in the electron spectrometer; 

iv) the correct operation of each counter channel is automatically checked using a co.!!), 
puter control led monitoring system; reference tables of the neutron counters' gain 

and timing are recorded for control purposes. 

3. ON-LINE DATA ACQUISITION AND MONITORING SYSTEM 

A schematic of the on-I ine system is shown in fig. 3. Data acquisition, contr(o)1 and 
setting up of the experimental hardware is achieved using a 5-cpate CAMAC ~y~tem 3 I in 
terfaced to Honeywell DDP 516 (8K) computer connected via a fast data I ink\4) and an IBM 
1800 multiplexer to the laboratory's large time shared IBM 370/165 computer. An ASR 35 
teletype, several CAMAC interfaced keyboards and two Tektronix 611 storage displays pro
vide operator interactive control over the experiment. The DDP 516 is programmed entire 
Iy in machine language (DAP 16); a fixed partition foreground/background configuration -
wqs adopted, servicing 8 real time interrupts and organising a background cycl ic JOBQ. 
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The resident 370 on-I ine programme occupies 70 Kbytes of core. Use of the roll in-rollout 
pro~ure in the MVT operating system allows additibnal subtasks to be attached at the r e 
quest- of the "main task" or at the specific re'quest of the expe rime nter via the data 1 ink. 
The main functions of the system are: 

3.1.1. - Data acquisition. Up on receipt of the master trigger event data are strobed 
into the CAMAC system and read into a 50 word event buffer in the DDP 516. When five buf 
fers are fi lied the DDP 516 ' generates an int errupt to request service at the IBM 1800. 
When the request is granted the transfer commences asynchronously at a rate of 50xl03 16-
bit words per second, althol'gh rates of 260xl03 ~ords'are possible using a DMA chann~ l. 
The data are stored on a 2311 disk at the IBM 370, being automatically transferred Ito rna 
gnetic tape when the disk is fu l I . Magnetic tape back up is providea in the event of 370 
fai lure. 

3.1.2. - On-I in e analysis. The OOP 516 performs a simple unpacking and histogramming 
of selected words from the data event block on a sampl ing basis. A more comp le x analysis 
such as kinematic reconstruction and multipl icity calculations i s carri ed out by the IBM 
370 on a statistically significant number of eve nts. The current or any previous run, 
wh i Ie the data are sti lion di 'sk, may be analyzed at a rate of", 500 events per second of 
the CPU time. On demand, the results of the analysis are returned down the I ink and di
splayed in tabular and hi stogram form on a storage scope (fig. 4). These displays form 
an invaluable control of the data qual ity and reproducibi I ity . 

3.1.3. - 0"-1 ine monitorins . The values of important parameters such as counter gain 
and timing are periodically scanned and me~sured by the OOP 516; the basic phi losophy 
and proooodures used are we i I establ i shed(5J, The results of these measurements are di
splayed on a storage scope by the DDP 516 (fig. 5a) and are sent to the IBM 370 to be co~ 
pared against standard reference values he ld on disk. Out of I imit values together with 
the correct settings are returned to the DDP 516 so that corrections can be made to erra~ 
channels (fig. 5b). A complete scan of al I the 145 neutro n counters including feedback, 
measuring a single parameter in each channe l, takes as I ittl e as two minutes. A schema
tic of the monitoring system hardware is s hown in fig. 6. Each counter is fitted with a 
I ight diode driven by multiplexing, under CAMAC contro l, the output of a common avalan
che pulser. Extensive stabi I ity tests, made on the I ight diode~~ showed tl:lat the gain 
and the timing of the counters can be control led to better than ± 1 dB and ± 300 psec 
respective l y. Analogue and logic signa ls are routed by means of input strip I ine multi
plexers to common monitoring systems to measure counter gain and timing, gated and unga
ted singles rates, discriminator threshold leve ls and to check~the data acquisiti~n s1:. 
stem. The multipl exers, implemented in NIM format, use transistor can relays mounted in 
a SOn. strip I ine configuration. Up to sixteen 60 way systems may be I inked together and 
driven from a single 16 bit CAMAC output driver. An analogue voltage multiplexer is used 
to scan the counter EHTs and crate voltages. 

A modular approach was also adopted for the monitoring system software. Each systems 
programme modul e, which performs a specific monitoring function, is stored on the IBM 370 
disk from the DOP 516. On demand, anyone of 26 such programmes may be "OVERLAYED" into a 
reserved 512 word sector of the DDP 516 core, and run on a time sharing basis with other 
jobs in the JOBQ during data taking. Subroutine I inks made between the OOP 516 executive 
programme a.nd the OVERLAY sector lead to an efficient uti I isation of the I imited core sPi!. ' 
ce avai lable. 

4. EFFICIENCY AND SPATIAL RESOLUTION MEASUREMENTS 

The efficiency of the neutron detector was determined by measuring the efficiency of a 
3x3 4{'lement module of identical construction(6), using the Harwell Time-Of- FI ight faci I i
ty(7J. The neutron beam, produced by deflecting the extracted 143 MeV proton beam from 
the synchrocyc lotron onto a thin AI target, was then col J imated along a 50 m path to pr£ 
duce a "beam spot" of""* 20 mm square at the neutron module. The maximum neutron energy 
was 137 MeV, but for stat i stica l reasons the useful range was between 15 and 120 MeV. 
For each trigger, the address of each counter firing and the time of fl ight of the event 
was recorded. A standard counter of known eff i c i ency par i od i ca I I y rep I aced the modu lei n 
the beam. The efficiency as a funct i on of energy was then determined by comparing the 
two TOF spectra, normal ized to the same number of incident neutrons. Several measurements 
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-were made at different threshold levels, ranging from ~ 2.4 MeV to - 13.5 MeV eq uival e nt 
electron energy and for d i ffer e nt lead sh i e I d i n9 th i ckncs~ i n front of the sc i nt i I I ator 
(up to 3"), A series of measurements were t~ken changing the position a nd the ang le of 
the modul e with respect to the beam to reproduce the illumination' condit ion s e ncountered 
in the PEP expe riment. 

A FORTRAN programme was written to extrapo late the measured eff iciency to neutron e 
nergies greater than 120 MeV; thi s progr,mme was essential l y a reworking in Monte Carlo 
form of the successfu l programme of Kurz t 8 ) , based on the most r ecent total and differe!! 
tial n- C cross sections data. For the inelastic n-C channe l s, the "parametrized" c ross 
sections suggested by Ede l stein et a l .(9) ~ere used for a neutron kinetic energy greater 
than 30 MeV . The main features of this Monte Car lo are : 

i) it takes into account the modular structure of the counter, 
i i) it includes higher than second order rescattering, 
iii) it provides spatial resolution of the counter, 
iv) it simulates the c l ipping of photomultipl ier signal ~nd the effect of the electronic 

gat i ng system. 
Both elastic and inelastic scattering of the incoming neutron with the s hi e lding are 

also considered. The latter has been tre~te9 under the ass umption that the lead nucleus 
may be described by the statistica l mode/ tIO ), Good agreement was obtained with the exp~ 
rimental data for neutron kinetic energy greater than 50 MeV. L~ 

Fig. 7 s ho ws the efficiency measurements for two different s hi e lding thickne~and 
threshold lev e ls, compared with the Monte Car lo predictions. 

The spatial resolution, principally determined by the size of each block, i s also af 
fected by the r escattering of the neutron with i n the sc i nt i I I ator' and by the interact i on 
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of the neut r on with the s h ie l ding . The neut r on can be detected i n a bl oc k di ffe r e nt from 
the one struck and the directio ll of the neutro n can be a ltered by both e last i c a nd i ne l a 
stic scatter i ng in the s hi eld i ng . Fig . 8 shows for d i FFe r ent s h ie ld in g t hi ck nesses t he 
contribution of tl . i s effect to the detect i on effic iency as funct i on of ene r gy at t he PEP 
threshold leve l . Furthermore a s i ng le neutron can be detected in more t l,a n o ne block. 
fig . 9 shows for d i fferent oxperimental conditions the i ntegrated P10bab i I i ty over t he 
accepted energy range for a detected neutron to give a s i ng l e spark in t he b l oc k str uck, 
to give a sing le spark in a nearby counter ("mixi ng") and to g i ve mor e t han one s p ark 
("mult i fir i ngH) . 

The vetoing of a neut r o n , due to n - p conve r sion in lead/ was a few per t h ousan d over 
the accepted ene r gy range . 

5. CONCLUSIONS 

Seve r a l expe r iments have bee n comp leted wit h th i s apparatus over t he l ast two years; 
the ana l ysis was basica l ly cal' ri ed out using a miss i ng moss techni q ue . Fi g . 10 s hows a 
typ i ca l mi ss in g mass square plot obta i ned for the PEP experi me nt ; t he pio n peak i s c l ea~ 
Iy visib l e above the background frcim r andom cou nts . 

T he use of CAMAC greatly contr i buted to the f lexib i I i ty a nd to t he opt i miz ation of t he 
data acqu i s i tio n a nd mo ni toring system; t he on -I i nc system ass ur ed t he continuous co ntr ol 
of the l a r ge n umber of ana l ogul~ paralneters, esse nt i a l for the co r rect op e r at i on of t he 
appar atus. 
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