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Director’s Introduction

fil tary sup

changes in the Laboratory’s progr men-
o the 1975 Annual Report have
if those projects which are still
d the shape of our future

Many of the
tioned in the Introduction t
now come to fruition and
under consideration are approve
programme will be firmly established.

We reported last year that Council had decided to .c:aa a
high-power laser facility at the Laboratory. This Eo_.oﬁ has
gone very well. The laser is operational and the nxva:Bn:.S_
programme has been started. We were fortunate in securing
the services of Professor Alan Gibson of the University of
Essex to run the Centre.

Last year we reported the merger of the Atlas Computer
Laboratory with the Rutherford Laboratory. This year the
Laboratory’s computer resources have been expanded by
the installation of a second large IBM 360/195 machine,
making the Chilton campus the site of one of the most
powerful research-oriented computer complexes in Europe.
We are also providing a home for the joint Computer Board-
SRC Networks Unit under Mr W Williams and for the Secre-
tariat of the National Committee on Computer Networks
under Mr D Audsley.

Unlike the other SRC Boards, the Engineering Board has
not had a tradition of funding research at any of the Coun-
cil’s laboratories on a significant scale. However, it has long
been recognised that the experience of the Rutherford Lab-
oratory in developing, constructing and operating sophisti-
cated equipment may be of value to the Engineering Board’s
vno_m_,»EBo. In October 1975, a Panel was set up under the
chairmanship of Professor G Allen of Imperial College
London, to study this possibility. The Panel has 3?:..55:H
ded that a small number of projects should be undertaken

to establish t
St he future role of the Rutherford Laboratory in

Qoumsu..bonmsw wcumn is supporting the Laboratory’s super-
g magnet P programme and work on.

the management of the Engineering w.oua
Computing Facility. Based on BE.#.:R- i

this service will soon become Oper: nmc:n_. h
ments to reduce SRC expenditure have meant t! 2!
tial service will be less ambitious than originally p!

Council also agreed in November 1976 to the
the Laboratory of an Energy Research Support
job it will be to assist university workers in an a
search crucial to the future well-being of our coun

Last year mention was made of an outline design fo!
intensity 800 MeV proton synchrotron which
used to generate intense fluxes of slow neutron

ideas and in December 1976 a proposal to build
Neutron Source (SNS) was put to the Scie

Council and approved in principle by them

would require no new buildings and would make use
lot of the Nimrod equipment when it is phasei )

Despite the growing commitment to multi-disci
reso

still devoted to high energy physics.

research programme has had its p;

financial cutbacks but the Labor

and the Fermi National A

the UK programme of h mmm‘
use of the new electron-positron ¢
PETRA at the DI SY ) G
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1 Particle Physics

The announcement in November 1974 of the discovery ofa
massive long-lived particle called J or W opened a new chap-
ter in High Energy Physics. So dramatic have been the sub-
sequent discoveries that the present era is frequently refer-
red to as the “New Physics” in contrast to all that went
before. The significance of the present time parallels the
momentous advances around 1930 and Rutherford’s des-
cription of those as “the heroic days of physics” has been
justifiably applied again today. 1976 saw the award of the
Nobel Prize for Physics go to the co-discoverers of the J/¥
meson which was the start of the new era. To appreciate the
discoveries of 1976 and their place in the recent expansion
of our understanding of Nature it is worthwhile to recall
the developments of the years immediately preceding 1976.

A primary aim in physics is to unify Nature’s phenomena.
Maxwell unified electricity and magnetism in the 19th cen-
tury and in the past few years there has been an increasing
belief among physicists that this familiar electromagnetic
interaction might be unified with the weak interaction. If
such an idea can be shown to work then it would signify a
major advance in understanding and hence much effort has
been directed towards investigating it. The original idea of
Glashow, and of Salam and Weinberg was attractive but
appeared to suffer from the difficulty that at high energies
certain processes had infinite probability. In the past few
years there has been an upsurge of interest in this model as
the result of three major discoveries.

In 1971 G. ’t Hooft of Utrecht showed that the theory was
renormalisable, that is to say the infinities are no different
moj those one is used to meeting in quantum electrody-
namics and can be removed by traditional and well proven
methods. This meant that for the first time one had a viable
theory .c». weak interactions which did not violate any gen-
ﬂ»* principle such as relativity, causality or unitarity and
s_.EF further, suggested an intimate link between weak
and electromagnetic interactions.

The first experimental support for this. C i
with the discovery of wwm::m_n.m...__”nmsoé e
which neutrinos interact with matter
electrical charge. These phenom
Weinberg-Salam model and

well known “char,

an

ent” interactions in-

which had the effect of cancelling the unwan
changing neutral currents. =

The J/¥ discovery was like a pointer Whi
direction to go in search of charmed wu«nno_;
experimentalists showed that such vwnan_n.m indee
May the first charmed mesons were found in ;E,m del
duced in the electron positron annihilations at SP.

California with precisely the predicted propertie Wha e

appeared to be the first charmed baryons were 52», 1€pO!
ed from the Fermilab near Chicago. Both of these sep:
experiments observed the decay products of the char
particles. In the autumn it was announced that a col

tion involving a team from University College London
made what appears to be the first positive identific

a charmed particle track in an emulsion exposure.

The identification of this new charmed property of
compares at first sight with the discovery of the
particles in 1947. What makes the discovery of
tentially more significant is its relation with the
theories of weak and electromagnetic interaction:
immediate future it will be necessary to verify th
has all of the required properties to fulfil this dre
iments at the new SPS at CERN will be instrt
vestigating the properties and spectro:

particles. The discovery of charm co;

quarks, out of which all hadronic mat

thought to be made, are supplemented by a fourt
ed) quark. ¢ ey

Experiments in 1976 have con
that quarks and leptons are ve:
Even more intriguing




from the reactor at the Institut Laue-Langeyi.. -
France. 8evin in O-o_.az
ﬂ»

In addition to research into the fi

Particle Physics, the practical %v:S:mw“:%Em_ aSpects op
to the field of radiobiology is being studieq Particle pegn
ticle beams in radiobiology is mainly &En.ﬁ._.:o Use of pg.,
treatment of cancer. Compared to - or xma towards gy,
charged particles are more easily 333:“5. beams of
greater potential for destroying a tumo and haye ,
healthy tissue viable. UEand leaying
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gh Energy Physics

From the physicists’s point of view, the material Universe
consists of elementary particles which interact through
| fields of force. Four apparently distinct force-fields are
~ known, namely gravity, electromagnetism, the weak force
) of radioactive decay and the strong force. It is hoped that
i one day the relationships between these forces will be un-
X derstood, perhaps to the extent of them being different
manifestations of a common “universal force”. Important
steps towards such a unification of the weak and electro-
magnetic interactions have been made in the last few years.

Stable matter consists essentially of three different element-
ary particles: protons and neutrons tightly bound together
by the strong force form the nuclei of all atoms, and the
nuclei are surrounded by a cloud of orbiting electrons which
determine the chemical properties of the atoms. Many other
kinds of elementary particle have been found, most of them
being highly unstable. They fall into two families known as
leptons and hadrons. The leptons, or “light” particles, do
not feel the strong nuclear binding force, and appear to be
truly elementary and without internal structure. This family
consists of the electron, the muon, which is just a heavier
electron, and two neutrinos which are electrically uncharged
and apparently massless. To each of the four leptons there
corresponds an anti-particle, making eight distinct objects.

The hadrons, or “heavy” particles, interact among them-
3_3 th the strong force, and appear to have a complex
internal structure. A very large number of different hadron
-Rﬁo- have been discovered with differing masses, spins,
ges and so on. A very great deal of effort has been de-
searching for these states and measuring their pro-
rties as a step in the process of bringing order to chaos.
theoretical scheme which does this most successfully
economically is the quark model. The hypothetical
 the _pw»oza. are assumed to be truly elementary
internal structure. Given a set of four different
ed up, down, strange and charmed and four
itiquarks it appears to be possible to con-
‘known hadrons. Three quarks can bind to-
baryon (e.g. proton = up + up + down), or
tibaryon, or a quark and an

amount of energy into a sufficiently small
The energy then transforms itself into massiv 2
following Einstein’s energy-mass €quivalence o_ﬁnso_a.
E = mc®. The method used for 8:3::»::8 i
energy is to accelerate a beam of stable ?:zo_aw o i
electrons) and allow these beam particles to noﬂ.o fons or
either a stationary target nucleus or, in some Swmmaa. .
oppositely directed beam. The produced E:mo_wms_sg
observed with a variety of different techniques Mm: e
Chambers make visible, as discernable tracks :6. m“n_ga
all the charged particles produced in 2 oo:Em:. iwf .
are then measured with automatic machines which is »-wn_f
tively slow process. Counter experiments sample the ”w,
ticle trajectories at several points using electronic no%oﬁ.
called scintillation counters, spark chambers, multiwire w:”
portional chambers and so on. The information is less com.
plete but adequate for most experiments, and can be hand-
led directly by computers at high speed. These two extreme
techniques are brought together in hybrid detectors, in
which a bubble chamber is surrounded by an electronic
apparatus (Experiments 13, 23, 47).

Volume of Space

During 1976 a total of 50 High Energy Physics experiments
were supported by the Rutherford Laboratory. Most of
these experiments are carried out by teams of physicists
from British universities working in collaboration with
groups from overseas universities and research institutes,
and approximately half of the experiments also directly in-
volve physicists from the Rutherford Laboratory.

The majority of the experiments are carried out at the Euro-
pean Centre for Nuclear Research (CERN) in Geneva. The
CERN experiments are grouped around three main mach-
ines: the 28 GeV Proton Synchrotron (PS), the 400 GeV
Super-Proton Synchrotron (SPS) and the Intersecting Sto
age Rings (ISR). The PS has the dual role of providing s¢
ondary beams of particles of up to about 20 GeV for &
periments and of injecting proton beams into the other tW0
machines. The approved British experiments using the PS »M
a source of particles completed data-taking during G.qm p=>
the emphasis has shifted to the higher energy Bno:..m_ara.
major step forward for European High Energy ?wuama |
curred in 1976 with the successful completion and o
operation of the 400 GeV SPSaccelerator. Fourte! 27
periments at the SPS are supported by the Rutherford

oratory and a great deal of effort has gone int® v_.%wnnnm
equipment in order to be able to take data as SO0 &
‘machine comes into routine operation. In many Suomﬁ_nE
‘experiments are far more sophisticated than one
finds at a new machine, much of the “preliminary *
tion” having been carried out at the Fermilab 400
rator. Thus it is expected that already in 1
will be highly competitive with

MRS

secting Storageé Rings at CERN, in ouon»:w” M_MMN
vide a unique facility in that proton-pro 0
L be studied at a still higher energy than avail
e oum nd Fermilab. TWo stored proton cnmaw om. up to
e wm. Mnr are brought into head-on collision giving a
ﬁ__M.M: M:ﬁ@ equivalent to :z._.ﬁ of a 2000 GeV beam on
e ary target. The limitation to proton-proton (or
; m_m:o—”w oMan:m is however a severe one, hence Em com-
%Emﬂ richness of the SPS programme. Storage rings .,oﬂ
Mﬂ‘nu:o:.vo&:o: collisions have proved wx:anJ\:D.EM%,
over the past two years, opening up the __,2” M MMMHno:
spectroscopy- Higher energy (15 GeV) elec Hw nﬁo: -
colliding beam machines are now an.a noﬁ :Mnmvv e
Hamburg va.:wz and Stanford in ow:mo::a ( ES,,W>
two major experiments (Experiments 42 and 43) at
involve UK physicists supported by the Laboratory.

The Inter

The Rutherford Laboratory itself houses the x GeV 7;.::0&
proton synchrotron which also has a very active mx_ﬁ.:_‘:n?
tal programme with 12 current experiments. Despite the
obvious interest of the very high energy mxmm::d«:;.vﬂ:.
ticle physics is complex already at Nimrod energies, with a
large variety of particles and resonances which are produced
and whose interactions can be studied. The basic goals of
particle physics being to understand the structure of the
particles and of the forces between them, it is clear that E.m
detailed information obtained in these lower energy experi-
ments forms a vital part of the jigsaw puzzle’.

The Rutherford Laboratory has also been involved in ex-
periments at the Stanford Linear Accelerator Laboratory
(SLAC) and the Fermi National Accelerator Laboratory
(ENAL) in the United States during 1976.

A short review of each of the experiments supported by the
Rutherford Laboratory during 1976 is given in the follow-
ing pages. The division into section is rather artificial fo

various reasons. Some of the experiments are powerful (and
complex!) enough that they can simultaneously work in
several fields — for example meson and baryon spectro-
scopy, searches for new particles and reaction mechanisms.
Furthermore, happily, many of the barriers between weak,
electromagnetic and strong interactions are crumbling.

1.1.1 Meson Spectroscopy
EXPERIMENT 1

A Study of Neutral Bosons using a Neutron Time of Flight
Trigger

Birmingham  University; Tel Aviv University; Westfield

College, London; Rutherford Laboratory
‘This experiment is studying the reactions
Tp>mtnn 1

Tp=r'r nn 2

Particle Physics

. no-ox.

Close relationships aré being Emno,.an.on coﬁnﬁﬂm_ﬁmxvan.

ample, lepton production in hadronic interac g

Bamﬁ. 27 and 36) and hadron ancosoﬂr n e

interactions (Experiments 38, Aotv.. m<o=n oxvo_.w.—o:n»—

distinction that existed between Em.n—.on g

i is di i bubble chamber:
techniques is disappearing uw. o
rounded by electronic particle nopmnnou_.m ﬂ:mw unmoMM”noan
& i > begin to 100!

called “counter experiments : 4

bubble chambers. A most interesting %<£ov:.6=~ _m w_...o K:M«.

of photographic emulsion stacks in Moé.ﬂh__nsmmﬁvﬂ“ nhu 8

i i 46) and with a
tronic detectors (Experiment e
i ion stacks have been use
ber (Experiment 47). Emulsion ) L
i ime; with the advent o

cosmic ray physics for some time; h -
i mportant new roi.

energy neutrino beams they have an 1 : :

The wwnocsc_m observation of a charmed particle track in

Experiment 46 deserves a special mention.

An interesting experiment which could in principle m—woi.n
direct connection between the weak and an:o.:wﬂ_mao
interactions is (Experiment 37) an attempt to :5&@.9
weak decay process K ~m'm~ with a very strong me:onc
field. It is by no means clear whether fields mn:o—..uﬂmm in the
laboratory can be high enough to cause this predicted .gos.
omenon, so this experiment is something of a “shot in the
dark”, but a positive result would be of major importance.

Mosi of the experiments in Sections 1.1.1 and 1.1.2 are
aimed at searching for resonant states or unstable hadrons
and systematically measuring their properties. In the now-
standard quark model this information allows the quark-
quark forces at relatively large spatial separations (low
relative momenta) to be inferred. Experiments studying
large transverse momentum production (for example Ex-
periments 30, 33, 35, 36) may provide complementary in-
formation on the strong quark-quark forces at small spatial
separations (high relative momenta). Many of the experi-
ments in Section 1.1.5 are concerned not only with the
weak and electromagnetic interactions but also with the
quark-proton structure of hadrons. The influence of the so-
called “New Physics”, i.e. J/¥ and charm, on the experi-
mental programme is particularly evident in Section 1.1.6.

mTp>ntnTntaTn 3

Tp-> H.vﬂlﬂ#ﬁlﬂob
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Fig 1.2. mmm Mass spectra from Experiment 1

EXPERIMENT 2

Polarisation Measurements for fp Annihilations into 77+
and K'K* ]
Queen Mary College, London; Daresbury Laboratory
Rutherford Laboratory

This experiment measured the angular distribution of the
polarisation asymmetry parameter P in the reactions

pponnt
and pp~> KK*

using a polarised target. Several thousand 7~ 7" and several
hundred K K" events were recorded at each of 11 momenta
in the range 1.0 to 2-2 GeV/c.

Data analysis was 8312&.»25 in the year. The polarisa-
tion asymmetry in both reactions is extremely striking, be-
ing very large and positive over most of the angular range.
Moreover, it is very similar for the two reactions, although
their differential cross section behaviour is quite different.
As a stringent test of the experiment, differential cross sec-
tions for pp = m~n* were generated and compared with
previous hydrogen target measurement; the nw-noag..co:.
in shape and overall normalisation, is remarkably good-

An amplitude analysis of the 7" data, using new polarisé-
tions and earlier cross sections, has been carried out by
members of the group. This indicates the existence of Eam
new meson resonances, whose properties are summarise
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Fig 1.3. Meson resonances (Experiment 2)

EXPERIMENT 3

Production Threshold Effects in Pion Proton Elastic
Scattering

Imperial College, London

Generally, interactions of particles at high energies result in
several alternative final states. Although these states are
physically distinct, the individual processes cannot be con-
sidered in isolation. The sum of the probabilities over all
the possible final states must be unity and this simple re-
quirement leads one to expect quite a complex reaction of
one state back on the other. The complexity arises essen-
tially because not only the amplitudes but also the relative
phases of the various waves have to be considered. Con-
versely, if the reaction can be measured, then direct inform-
ation on the phases may be available.

J had been recognised for many years that the best condi-
tions under which to observe such effects would be found
close to the threshold for the production of two quasi-
uSc._u particles. This is because the abrupt change in cross
section from zero right at threshold Propagates as an equal-

ly abrupt change, or cusp, in the other channels. Several

cross section rises BE&.% D.ma
zero spin and the isotopic ”v_“. o ,

sis, and finally the relatively wﬁ 2t
W—S important final states to just n:.«?. stic scatter
charge exchange scattering and 7 production.

the present experiment the I

Mo o_»mﬂo channel was measured at ES:.B_.m of — e
incident momentum. The data were mccESn«.u into. -
gions of cos 6%, where 0* is the c.m. wowzn_.Em nm_m_o. B

1.4 shows typical results for two values of cos 8*. n_.”x“_ oE‘
shapes of the cross sections just below and wc.o<o. o,; < L
both the amplitude and phase of f, the non mm.:...nﬁ mnw el
ing amplitude, can be extracted. The result is m_..ogw: E , ig
1.5, which however should still be regarded as pre ary- .
An interesting point is that the method n.onon._::ou the ab- &

solute phase of f away from the forward direction.
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EXPERIMENT 5

Study of Meson Resonances D\ ing i
: ecaying into i
in the Omega Spectrometer at the mvm -

Birmingham University

Mesons made of strange quark-antiquark pairs are Eo&_n&.
much more copiously by incident kaons than by pions sing

the kaon itself contains a strange quark. Apart from EoM
meson, only one other, the f'(1514), is known to be in this
o_mum. Several more are expected and will be searched for
”M_MW Mw%aamu spectrometer and the RF separated beam

EXPERIMENT 6
pp Interactions at 4-1 GeV c.m. Energy in OMEGA
CERN; Glasgow University, Liverpool University

The OMEGA magnetic spectrometer at CERN will be used
to study the characteristics of the pp interaction in the
centre of mass energy region around 4 GeV in order t0
search for evidence of new bosons or charmed particles: A
complicated structure has been revealed in this energy re-
gion in e*e ™ experiments.

A trigger on a forward proton or K* is chosen in order 10
reduce the background of non-resonant processes

The advent of the long pulse superconducting R-F- separal”
m into OMEGA will provide CERN with a facility
ce for

Grser

{1 Baryon Spectroscopy

m%—.ma_smz‘—. 7
Study of 1P~ anN Interactions in the 1 GeV/c Region

u
cunbridge Univesity; Imperial Collge, Londor heasd
College, London

d at 9 momenta from threshold to 1700

energy with the imperial College four-

yariable, maximum likelihood, isobar model program were

ma.s_:oa at the Topical Conference on. wuﬂu\o:.wmwcnwnoam'

Oxford in July 1976. The higher statistics permitted a much

more detailed study of the decay properties and hence the
sU(6) classifications of the 1 = 2 resonances in this region
than had been possible in the previous analyses of the
Berkeley-SLAC and Saclay groups. Among the results ob-
tained was the observation of the sign of the p; N decay of
the S3;(1650) about which there was uncertainty in the
previous analyses. The value of this sign is a non-trivial test
for the current theoretical models based on Melosh trans-
formations which appear to be the only ones even to ap-
proximate to a description of the confused state of pN
decays. In addition the first evidence was presented for the
decay of the P3; wave to P11 (1470)m around 1690 MeV.
This tends to confirm the assignment of the P33 state in this
region to a (56,0) radial excitation. This may help to clear
up the very confused situation which exists with regard to
the P33 wave.

The results obtaine!
MeV centre-of-mass

One of the refinements introduced into the analysis has
been the addition of an incoherent I = 2, one-pion-exchange
term. It was found that this contribution made little differ-
ence to the magnitudes and phases of the major partial
waves. However, evidence that this I = 2 7 scattering term
was necessary, and had been introduced in a consistent way,
.snm provided by the similarity of the I =2, S-wave scatter-
M..M M:mn..m obtained from independent fits at different en-

It . 5
S.MNM: .ESE that this analysis could make a significant
e a”Mcn to the determination of this important am
i parameter about which there i i -
B ere is considerable ex-

,_.,..,n..o,SE.uocTrv Iveisthe i

s to the isobar ,_Mono_ has
for a Dalitz plot dependence
found, s

P

EXPERIMENT 8

Differential Cross-section, _.o_n-.muuaen_ u_-a. w—.p-..—d.ﬁnmoﬂ
measurements in the reaction 7°p = K°A

Bristol University; Cambridge University; Rutherford

Laboratory

This team has been conducting a series of experiments at b
Nimrod to study nucleon resonances and their couplings to :
inelastic channels. The intention is to measure the masses, :
widths and ct ] coupling constants of resc of iso- 1
topic spin 1/2. The K°A° channel has a number om advan- ;
tages in this respect. First, it is pure l-spin 1/2. (The only :
other nucleon channel of pure I=1 /2 accessible to experi-
ment is n°n). Secondly, there is no Pomeron exchange, sO
that diffraction is absent and one expects the partial-wave
amplitudes to be dominated by resonances at low energies.
Thirdly, the final state is relatively massive, so that angular-
momentum barrier effects suppress the high partial waves,
making resonances of high mass but low spin dominant. Ak
Fourthly, the A° decay acts as a polarisation analyser. One
can therefore measure differential cross-section and polar-
isation simultaneously in an experiment with a hydrogen
target. The spin rotation par ters can be ed by re-
placing this with a target polarised along the incident beam
direction.

A series of experiments has been undertaken:

1. (Proposal 87) Differential cross-sections and polarisation
from threshold to 1333 MeV/c. Results from this experi-
ment were presented at the Topical Conference on Baryon

2. (Proposal 114) Differential cro:
tions from 1400 to 2380 MeV/c. Data
ment was completed early 976.
were recorded at eleven momenta
analysed. <25 g




EXPERIMENT 9

A Study of the K

o
Interactions ;
800 McV/c L ntemctions in thpipe SR

Bologna University; Edinbyr,

iclosn versity, gh Universisy,.
sity; Pisa University; Rutherford hgewawwhvasﬁee Uniyey.
The experiment is based on tw:
nmwz 2 metre hydrogen bubble chamber ¢
particles of well defined momenta. A total WN = a:nm
photographs were obtained and have been e illion
final event sample is available analysed ang the
tape.

iseparate E€XPOsures op the

on data Summary

Papers have been published on th

e d i
first exposure in the channels of . ata available frop, the

rimary interegt:

Kip-Kgp 1
A°mt

2
=0t 3
4

A°m*n®
The complete data sample will yield about 600 events pe
10 Zw< centre of mass energy in the range 1550 — _%8_.
.Za< in channels 1 and 2 and about 400 events per 10 MeV
E.o__»bnm_ 3. These data allow the phase shift solutions in
this range to be well determined. Also, with this level of

wooE.»o.S narrow structures such as the reported 2(1580)
can be investigated.

Other channels currently being measured are:—
Kip > 2*r° 5
SipFgt 6
the first to complement and verify the data from reaction 3

and the second to look for a cross-section bump at 1580
MeV reported in another experiment.

?w analysis of the Dalitz plot in the decay Nm.|v=+=.=.
(K°3m) has been performed using 4700 events. The know-
ledge of the K} momentum allows these events to be separ
ated from the more numerous semi-leptonic decays Of! the
basis of a constrained kinematic fit, which means that the
final data are free from background.

REDUCED m® ENERGY SPECTRUM

i linear in the 7°
described by 2 spectrum )
nau“\_w“x parameter g = 0-610 £ 0-022 wm_m 1.7).
%omkmn together with those from the _A 3n aamuw
e -MEME&%.E violation of the non-leptonic Al =3
indicate

rule-

The date
energy W

EXPERIMENT 10

Coherent Production of =% Baryon States on Helium

university Colleges London; CERN; Uppsala University

Data collection for this experiment ended in 1974 and the

data analysis has been completed.

A beam of 183 Oo.<\n protons from the CERN PS was _=
cident upon @ cylindrical, thin-walied target oc:ﬁ:,..::m
helium gas at high pressure. Fast forward charged particles
from an interaction in the target were detected in a conven-
tional spark chamber spectrometer, which contained two
modular, atmospheric-pressure Cerenkov counters for par-
ticle identification. Recoiling alpha particles were detected
in scintillation counters surrounding the target. Both pulse
height and time-of-flight were recorded to aid in separating
alpha particles from recoiling 3He, tritons, protons and
pions. The direction of the recoil was obtained from two
cylindrical spark chambers operating at low pressure.

The principal reactions observed are single pion production,
p“He ~ p n° “He 1
p*He—nn* “He 2)

and double pion production,

p*He—>pn* 7~ *He 3

The n_m..u are particularly interesting because the observation
H_.h JMEB nucleus recoiling intact in the final state implies
S e N7 or z.aa.mv.wﬁa produced by the coherent dis-
ociation of the incident proton is in a pure I=% state. A
mﬁ%ﬂ“ﬂ%ﬁ:ﬁ of this constraint is that the cross sec-
el ion 1 should be one half of that for reaction 2.
P data are with this expectation.

“Mo”s_ -.“_S mosmwp of mass distributions for the three re-
B o oMY mas il Delogg?
i E.nw E.ie:ﬁ:g_.. transfer distributions to the hel-
eus and decay angular distributions. Spherical har-
& EMMJV. distributi 1
~channel helicity fram
tgcing pion 2 analyse
o y

WEIGHTED EVENTS/ 40 MeV
3
o

24

Fig 1.8. p7*m~ effective mass distribution. Shaded events have the
p* sub-mass within the A* mass region. The smooth curve is the
result of fitting two non-interfering Breit-Wigner resonances to the
shaded distribution. The masses and widths of the two vuwru are
M, =1-50 GeV/c?, [;=0-20 GeV/c?, and M,=172 GeV/c?, =
0-20 GeV/c?, respectively (Experiment 10)

minent in the p 7* 7~ data, because Deck effect background.
is relatively smaller than in the single pion channels. In fact,
the distribution of p " m~ masses, with the p " sub-ma
selected to be in the A™ mass band, can be fitted rather
better with two non-interfering Breit-Wigner resonances
than with a A™ 7~ Deck distribution and a single reson-
ance, so the evidence for significant A m~ Deck
ground in reaction 3 is by no means strong.

The four-momentum transfer distributions ha

teristic narrow forward peak expected for coherent proc
tion from *He. Fitting the pn* 7~ t-distribution the f
AeBt, with t in the range 0-07 < - 115 (GeV/e
coefficient B is found to decrease !

(GeV/c) ? at Mp 7 g- = 1+ (

(GeV/c) ? at 2:0 GeV,

duction show a simil

smaller. By compariso

same t region is measu




ifferential Cross Section and Polarisa-
“p~>n°nand 7 p->n’n

rd Laboratory

: w%:«kﬁm!o=nn have been made of the 7°n
@aaﬁ_ cross sections (DCS) and polarisation
(PO .u., dpo DCS measurements were made at
ta between 620 and 2730 MeV/c and the

at 22 beam momenta between 620 and

plete &_E results have already been published. The

tial cross section analysis is well advanced; some
,naw_.oi_. in Fig 1.9. Production of data
all momenta is now in progress. A study
atic effects and a careful check of the analysis
also being carried out.

]

arisation analysis is now almost complete and
(s._ﬁﬁ been published. The nn polarisation
liminary stage and work is continuing to
ackground from other processes. A prelim-
distribution is shown in Fig 1.9.

These data Smauoa the best ang most
measurements in the charge exchange chy, Omplete ¢,
vide powerful constraints to partial w, el and wij )
aN system. e analyses %ﬂm

EXPERIMENT 12
Interaction of Slow and Stopped K~ Mesons
Birmingham University; Durham University;

sity of Brussels; University C.
Y ol
University . e e

Free Uniyey.
don;  Warsay,

This was the last experiment in the British 1.5 Bi
Q.wn._vwn. 900,000 pictures were taken, with K~ ._”__2 :EW_o
teracting in a sensitive hydrogen target (TST) mcnoﬂ_”_:”_.
by a neon-hydrogen mixture in which y-rays ,ncca c:%
tected. A considerable effort is still being spent on w&:n:_h
and measuring the film, concentrating on the region of _A.m
momenta from 420 MeV/c down to rest.

Mw__nm HMWMM ~M owM.E_ M“_MM a ::,”,:32 of parts, each in a differ-
measurement of :mm Mmm. f Wm Boﬁl u%u:o& il
The result (to be :me_—._o no di el
i i:m e .v isagrees by about five .zw_a.
£ an earlier bubble chamber experiment,
_E". is in good agreement with a result from an emulsion ex-
periment. This is especially interesting since a recent anal
ysis of the real parts of KN and KN forward scattering
N.Bv:ncnmm. using higher energy data and dispersion-rela-
tions, was in severe disagreement with the results of multi-
mwu_.:m_l analyses only in one region; at rest and close to rest
in the KN channel. The multi-channel analyses all depend
very heavily on the data from the same earlier bubble cham-
ber experiment, and preliminary calculations have shown
that inserting the charged value for the Z* to 2~ ratio into
a multi-channel analysis does reduce the discrepancy with
the dispersion calculations. The collaboration is therefore
changing its priorities in the continued analysis of the ex:
periment. As well as completing the planned programime ».a.
work on the A° to 2° ratio at rest, and up to 420 MeV/e, it
is intended to collect data in all channels over the nam
momentum region. This will provide a totally neW ¢
numbers for the multi-channel analysis both close tol e
where the earlier data disagree with the dispersion arnMM..
bove 250 MeV/c where there has never been ¥

memza 13
Resonance Studies using the Ra;
CcVD)

EXP

-2 Baryo?
w&ax petector (R

pid Cycling

College de France, Paris; Oxford University;

CEN SaclaV: = e itherford Laboratory

Rome University;
5 e RCVD —a small fast cycling bub-
?wa%o_“ﬂow“wmmo“_ﬂw\ designed to work in conjunction
E.« %M:H_ nal electronic detectors which provide a trigger
e i ao taking on selected events. The physics of the
- v_.a“: makes use of the detailed vertex information
MMM”“ from the bubble chamber and its relatively high
sensitivity to small cross section processes mo study the S u
_7 states produced by incident K~ at 28 GeV/c. The anti-
cipated sensitivity is 3-500 events/ub for 2 run of 90-100
days of data taking.

The experimental set up is shown in Fig 1.10. The bubble

The S = -2 states occur in typically multiverte>

topologically well suited to analysis using the bubble

ber and leading to high final state multiplicities. The

trigger is therefore designed to allow picture takin,

particles are detected outside of the vacuum tai
=-2 reactions are:—

K p—Z K" > (A7) @)yt = (pr) m )@ T) o

K-p~>ZK'n'n™ > (A°n) K'n'n™ > ((pr7) n) K'm'n™
Kp— = Kor'n™ > (A°n*)(@'n ) mn” =

((pr) 7)o m ) wm™
K-p~ A°K°K°® > (pr )™ )
expected from the five or more

S =-1, and from primary and
the walls of the ‘bubble |

Background triggers are
body direct channels having
secondary interactions occurring in
rrc.. tank.

chamber is 30 cms in diameter, 20 cms deep and is designed

to cycle at 60 Hertz. The relatively thin walls allow particles
to emerge over a large solid angle with the minimum of in-
teraction or scattering. The optics and the expansion system
are both at the base of the chamber, the piston also being
the main window. The chamber and trigger system are
mounted in a 20 Kgauss magnetic field.

R
|| )=

Beam
Direction |

Four

Cylindrical
‘Wire Spark
Chambers,

The trigger system ists of four c« tric wire spark
chambers which surround the vacuum tank of the bubble
chamber, which are in turn surrounded by a set of large pre-

trigger scintillators.

The sequence of events is as follows:—
The bubble chamber sends a beam demand pulse to the
accelerator about 4 msec before sensitivity. The fast spill
thus requested lasts less than 500 psec and occurs just
fore the liquid pressure minimum. The beam defining coun:

ters require that a K~ particle enters the chamber and the
pre-trigger scintillators give a candidate event pulse if mo!
than three secondary particles are detected enc
This pulse starts the timing of the bul
the high tension on the spark chaml
spill to minimise background in

memory of the bubble chamber durin;

spark spectrum and obtain by co;
chambers and the S
the condition n




,&n.—.aa.owu and the associated fast electronics
gc&a& by the Saclay, College de France
collaboration. The system has been set up and
t 4 d for K~ incident particles with
1d off and on. The results are consistent with
Carlo predictions.

¢ @mn,_n chambers were constructed by Rutherford
boration with the University of Rome. The cham-
 completed and have been extensively studied dur-

! year and it is clear that they now provide the basis
%Eo required main trigger. The special purpose CAMAC
to read out the four chambers in parallel, to clean the

ef Ena analysis of large batches of spark chamber and
_&nnnon, data written on tape using the PDP 11 /40 isin
together with a scan of some 14,000 triggered pic-

% ing the n > 3 pre-trigger condition only — all spark
imber data on tape for off line selection) and the asso-

The analysis of the 7%p data js almost ¢q

sults of this experiment were vc_u:m:“c_ﬁm.u:a the e,
Baryon Conference in July. The Comalerar e Oxforg
51 momenta in the ran e

f g8 04-2.15 Goy/g oo e BKen gy
than 1-6 million elastic scattering events, le Containg More

The setting up of the ex
tering is completed. Data has been take
Sﬁ.u, and in all more than 7 million ¢
w\:Sm: onto magnetic data tapes. Data analyss

ing well, and it is hoped to complete this ex; vé.m o
further 3 months of data taking during Edvm:_.:mﬂ Yithie

periment to study K p elastjc
scat-

N at 13 k-

2 mom.
Tiggers haye been

EXPERIMENT 15
Polarisation Measurements in K*N Interactions
Queen Mary College, London; Rutherford Laboratory

1976 saw the installation and commissioning of apparatus
for this experiment which is designed to measure the polar-
isation parameter in the reactions K'n - K'n and K*n -
K°p, where the target neutrons are polarised. In the momen-
tum range 0-7-1-4 GeV/c.

Clean identification of kaons in the separated beam incident
on the target has been achieved by time-of-flight techniques
in the momentum range 0-7 - 1-0 GeV/c, and by usinga
DISC Cerenkov counter for momenta above this region.
Deuteron polarisations of 28% have been measured in the
deuterated propanediol target. The technical details of the
target are described in Section 4.1.1.

Optimisation of the performance of the low mass, capacity
readout spark chambers, which detect final state charged
particles, is near completion, as is the setting up c% :.M
neutron counters. These latter consist of one array of __n__w
scintillation counters, used previously in a Wsrﬁmoa.i%
oratory experiment which measured the reaction 7 v‘%
7°n, and two arrays of plastic scintillation counters, ¥ic!
were used in the slow neutron trigger mxvoaBaE.. mx.“nmc:”___
ed on the Omega spectrometer at CERN by the w:.:::mﬂ“ 3
— Tel Aviv — Westfield — Rutherford Laboratory coll

ation (Experiment 1).

Test data written onto tape have enabled successful an”w.
ction both of beam tracks in multiwire chamPer b
the target and of tracks in the spark nh”:.ﬁ%

ge of the experiment includes datd !
pler reactions to EBER% :

s

Particle Physics

pXPERIMENT 16

p Interactions in the 1 GeV/c Region

study of K~
ial College, London; Rutherford Laboratory
Impert X
aph i in the momen-
i istics data of K7p Sgaozo.:w in
mehg m,nm—w._omo to 1.400 GeV/c obtained from 415,000
i B:mmmo:a CERN 2m hydrogen bubble chamber, to-
s & a carefully selected set of the most recent KN

ith A
w@sovua used to find an energy dependent partial wave
ata . 2
solutions to the reactions:—

KN~>KN KN- Zn KN - An

These partial waves parametrised as a sum of resonances
and simple backgrounds fit the data well o¥ex the Ea.o cm
energy range 1480 to 2170 MeV. The wc:.,_:c_._w E.os.an a
better determination of the parameters of the mmﬁwc:mrwa
resonant states, confirming several other states and provid-
ing evidence for some new states. At present, noZE.: o_mw,m
of ambiguities associated with the solution are being investi-
gated using the method of Barrelet zeros.

Kp— An '’
MASS =1388.0 £ 0.3 MeV
WIDTH = 39 £ 1 MeV

3
8

No. OF WEIGHTED EVENTS

_
15 16 17 18 19 2.0 21 22
EFFECTIVE MASS SQUARED OF Ar(GeV?)

Fig1.12. Results from Experiment 16

The analysis of 3 body channelsi.e.:—

Kp>Kpr® (15,000 events)
K'p>K°pii~ (20,000 events)
K'p>K-Nr* (20,000 events)
K'p~>Ar'n (25,000 events)

- progressing throughout the year, This consisted
Of the quasi.ty

analysis of the pure I = 1 channel A(1520)x is in progress
including data from earlier experiments covering the cm
energy range 1700 — 2170 MeV. The more complicated
channel K*(890)N is being analysed over the same energy
range. This is believed to be the first attempt of this type of
analysis for this channel.

Using data from this and previous experiments, an energy.
dependent partial wave analysis of Z(1385)m channel was
carried out in the cm energy range 1775 — 2170 MeV. An
interesting feature of this channel is that the subsequent
decay of A° from 2(1385) enables one to measure the full
polarisation matrix of the 2(1385) which provides an extra
useful constraint on the partial wave solution. The results
of these partial wave analyses should provide further tests
of the quark model and SU(6)w predictions. As an example
of the quality of the 3 body data, Fig 1.12 shows the effec-
tive mass? distribution of A°r~ in the A°m*m~ showing
clearly the £7(1385) resonance. This has led to the most
precise determination of the masses and widths of
2(1385).

There are two data extensions to the experiment. The first
is from 310,000 2m hydrogen bubble chamber pictures at 4
incident K~ momenta between 0-92 and 1.04 GeV/c. The
second is from 480,000 81 cm hydrogen bubble chamber
pictures covering the K~ momenta range between 0-675 —
0-850 GeV/c, which were obtained from the Heidelberg-
Munich Collaboration. Final data summary tapes are now
being produced.

EXPERIMENT 17

Search for Exotic A* States in n'p > K*Z* using RMS

Edinburgh University; Westfield College, London; Ruthe 2r-
ford Laboratory &

The Rutherford Multiparticle Spectrometer (RM
have had a new proposal approved to study the
trum between 1900 and 2400 MeV by measuring

P. A and R in the reaction m*p - K*'Z*. Tk

will involve data taken from a liquid hydr

oS

Laboratory (Section 4.1.1). Using 1 na&wmz
independent partial wave analysis free




ENT 18

of 4 GeV/c n'p Interactions in a Track Sensitive

i
\w@w; Lawrence Berkeley Laboratory; Rutherford
- Laboratory; Turin University

is the first experiment using the Track Sensitive Target
technique developed at the Rutherford Laboratory.
cperiment involved the operation of a neon-hydrogen
ubble chamber surrounding a perspex walled target con-
g liquid hydrogen. The liquid neon-hydrogen and the
n in the target are simultaneously track sensitive so
roduction vertices can be seen inside the hydrogen,
vhilst gamma rays from the decay of 7° mesons penetrate
spex and are converted into electron positron pairs
 neon-hydrogen.

inyolving more than one neutral particle can be anal-
a TST. These are difficult to study in other exper-
particular the reaction n'p - 7*pn°n® can be
reconstructed using the converted gamma
om the #° decays. Such a multineutral final state can-
di in a chamber filled entirely with hydrogen,
techniques such as heavy liquid bubble cham-
. chamber arrangements have been unable to
wa | information on the 7°7°.

TST experiment is a major development of

ber technique and has led to several pro-

ergy experiments at CERN. The new pro-

reconstruction, kinematical fitting and

all been solved and this groundwork
© experiments.

 that over 500,000 pictures have
ut 80,000 events have been meas-
ese events include over
*pr°n°. A study of
should yield results

[ntermediate Energy Reactions
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Fig 1.13. Weighted experimental ‘e~ pair mass spectrum. The
curves are theoretical predictions (Experiment 18)
EXPERIMENT 19
Differential Cross-Sections and Polari in Hypercharg®

Exchange Reactions

Birmingham University; Genova University; Stockholm

University: CERN; Rutherford Laboratory

This experiment has measured differential cro
and polarisations for the pairs of line reversed hype

exchange reactions
ap->K'Z*
Kp-o>nz*

#'p > K*=(1385)
~ Kp->nZ'(1385)

ss-sections
rcharg®

Particle Physics.

i i resented in the
attering Cross-sections were p /
amEa,»o:_ww_M Momon. They show only modest E,nwx:.m oM
e hange degeneracy prediction of equal EBWE::.N
Emmmaw.“nmonm The analysis is expected to be completed in
Cross- 2

the near future.

EXPERIMENT 20

study of pp Annihilations at 2-0 GeV/cina Track-Sensitive

Target

Tata Institute, Bombay; Melbourne University

The main aim of this experiment, using the Track Sensitive
Target (TST) in the 1-5 m Bubble Q&Eucﬁ ﬁ.&o W::.@..
ford Laboratory, has been the study of pp annihilations in-
volving two or more neutral pions. About 40,000 events
with two or more associated y-rays have been scanned and
measured. The final results on these reactions are expected
in the coming year.
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Over the last year considerable interest has been ».OM_M“&
on the anomalously high rate of direct _ovaoﬂ An_oomnoma b

i d in many counter ex

muons) production reporte ) . ;
in :mmwo?run_.g collisions. The ratio of Eo?uihu_uﬁﬂo“- w”w
pion production has been reported to be about 1 > “B <
jous incident energies and at transverse momenta do

about 200 MeV/c. A search for these _om.:oan w\sw_“w_uh ooc_w
throw light on the mechanism 5<n.v_<on_ in causing th w _.oou
tively high level of lepton production. -: _Noboo pictur m
around 10° interactions have been examined with a total o

1.3 x 10° 7°s involved. Preliminary results based on mom-
entum measurement on the scan table indicate :_.R n_-—n.vun
all the direct electron candidates are consistent i_.nr Dalitz
pairs (n° > ye'e”) (Fig 1.14). Correcting for detection nnm.o.
iency a value of 1:21 £0:04 x 10=2 is obtained for 45 ratio
of Dalitz pairs to, n°s produced, to be compared with a re-

ported value of 1-17 £0-05 x 10" 2.

There are, however, 10 unexplained candidates that may be
examples of e'e” decays of a vector meson V° with mge
<mye < 2m, . While investigations are still in progress, "m—o
ratio of direct electron production to m° production in pp
collisions at 2-0 GeV/c is found to be about 1074, but de-
finitely smaller than the value 6-0 x 107* reported at ISR
energies for pp around 200 MeV/c. The measurement is
consistent with the results obtained from 22,500 annihila-
tions at 1-6 GeV/c in the Gargamelle heavy liquid bubble
chamber.

EXPERIMENT 21
Helicity Amplitudes in 7-pt - K°A at § GeV/c

CERN; ETH Zurich; Helsinki University; Imperia] College,
London; Southampton University

Data taking for this experiment was completed in December
1975. 7 x 10° triggers for the reaction 7~p - K°A were re-
corded on magnetic tape. These include 6 x 10° triggers
from the propanediol frozen spin polarised target .I.n<c~wwm Y
vo._»%»:o: greater than 90%: the remainder were taken
using a pure carbon target and a liquid hydrogen Ewn...

The data reduction programs for V° finding
hypothesis testing are now processing data o
ford Laboratory 360/195 computer,

In 40% of the triggers a
mass precision Am v




(% d University; Pisa University; Pavia University;
Rutherford Laboratory

e m@» wnv:o:n was carried out using the Big European
Bubble Chamber (BEBC) filled with hydrogen and exposed
a beam of 22 GeV/c 7 ~mesons.

' fraction of the exposure allocated to the Rutherford
boratory contained some 11K pictures suitable for anal-
sis. The film has been triple scanned and all events con-
ning a strange neutral particle decay have been measured
1 an HPD and processed through geometry and kinematics.
event recovery chain (PATCHUP) working off-line on
the HPD measurement information has been found very
ffective in increasing pass rates through the analysis chain
is being used on all current measurements. Data from
laboratories will be combined and a study of inclusive

~--=CERN 2m BUBBLE
CHAMBER

on a sample of BEBC events containin

st
ticle decays is given in Fig 1.15. e Teutral Par.

EXPERIMENT 23
Y* Production in 7 GeV/c n*p and K~p Interaction
Imperial College, London

The mxvmz_.:oq: uses the SLAC Hybrid Facility Am:mu 10
vestigate Y* production in the reactions: "

Tp->at Y* 1
Kp>n Y* 2

The SHF consists of the 40" SLAC rapid cycling chamber
which is capable of being triggered by means of data from
proportional wire planes (PWC) and a large multicell Cerep.
kov counter downstream and other proportional wire planes
upstream of the chamber. Detection of a fast outgoing K
for reaction 1 or 7 for reaction 2 triggers a picture.

During February 1976 the third downstream PWC was suc-
cessfully installed and the first data for reaction 1 with3
downstream PWC stations was taken in March. After a sec-
ond run in June data equivalent to about 100 events/ub
was chosen. Full approval for the 300 event/ub originally
requested has been granted. L
At the September PAC Meeting, approval was also given for
the K~ exposure. As this involves a fast m trigger which can
easily be simulated by muon decays of the beam Ks it has
been necessary to construct a muon veto counter. The
hodoscopes for this have been constructed by the Ruther-
ford Laboratory and were shipped to SLAC where they 3
currently being checked out.

With the beam plane PWC information it has proved feasible
to guide the scanners so that they need examine only 3
small subset of the tracks on each frame. This has made ns
scanning much quicker and more reliable than in conver
tional bubble chamber experiments. The very high quality
of the film from this chamber has enabled a first measut®

pass rate approaching 90% to be achieved

EXPERIMENT 24

: i i bble chamber data at incident
imszu:mm &:How__mwﬂm%nﬂ:&nwa that the annihilation
is am“%mnma_w different from other processes, the
O features being high values of the average trans-
o ntum, and the absence of strong leading particle
= aﬂ:ﬂ Ba_._, aim of this experiment is to study these
g the exclusive multibody reactions pp —~ ' 2m
features 11~ 4t 8, 15 and 30 GeV/c, and hence gain
i %_u:_mmwg into the development of the annihilation
M“r»ama with energy and multiplicity.

Lo
Bcaniu o

Since the annihilation n:.w::o_ cross sections amn_..mmwm <2w~
rapidly with energy relative to .:5485_ Cross wao:.o___ a sel-
ective trigger is necessary to obtain reasonably w_uoa. data
samples. Not enough is yet known mcm:: the m«:w::om of
antiproton annihilation at these energles to ﬁm_m: an un-
biased trigger, and so an enrichment trigger will be imple-
mented on the CERN Omega Spectrometer to remove those
commonly occurring events which are clearly not the de-
sired annihilation channels. Thus a counter system around
the target will demand at least three charged particles, while
a large Cerenkov counter downstream will veto the majority
of events containing an antiproton, and a Jead-scintillator
y-veto system will reject a large proportion of 7° containing
final states. The major feature of this enrichment trigger is
that inefficiences in the veto system will not result in any
loss of, or bias to, the sample of required events.

Various studies have been performed to simulate real Omega
operating conditions, and a method developed to correct
for the (very small) loss of events due to geometrical factors.
In addition the group has been working in conjunction with
members of the CERN-Glasgow-Liverpool collaboration
(Experiment 6), using Monte Carlo methods in the design
of the y-veto system being built by them for the use of both
experiments.

EXPERIMENT 25

Spin Dependence of Elastic Proton-Proton and N

Fig 1.16. Omega layout for Experiment 24

correlation between the two outgoing protons, and time of
flight, were sufficient to distinguish the elastic events. But
at larger scattering angles, where the differential cross sec-
tion becomes very small, the velocity of the forward par-
ticle measured with a Cerenkov Counter, and the momen-
tum of the recoil proton measured by a spectrometer

magnet were also required.

Preliminary results (Fig 1.17), which have been presented at
the Argonne Conference, show a peak with small positive

value at |t| = 0.3 (GeV/c)?, dipping to zero around |t

0-8 (GeV/c)®. The peak value at |t |= 1.7 (GeV/c)?, which
is dominant in lower energy measurements, is still present.
After falling to zero or becoming negative around [t |= 2-0
(GeV/c)?, the polarisation is consistent with zero. Around
[t1=1(GeV/c)?, there is evidence for a sharp negative dip.

.10 PRELIMINARY
DATA

Proton Scattering
Oxford University; CERN: Paris-Sud University

:wz_oaq@ the om..wz_ IPN Orsay, Oxford collaboration com-
W ed an axvojami to measure the polarisation parameter,
o, in the elastic scattering of 24 GeV protons by a polar-

sed proton target in the
ol 8 C9 beam at the CERN proton syn-

MWB&&Q above 7 GeV, there is diffractive structure in the
erential cross section for elastic
at a four-momen

 such

-05f
-10 )
1.0 2.0
~t(Gevic)2
Fig 1.17. Polarisation parameter for pp el

(Experiment 25)




=0and I = 1 t- channel exchange, and
effects which are closely related to each
e ge amplitudes. A comparison of P, in
ctions can place constraints on these amplitudes,
, on the isoscalar and isovector contribu-

niversity; CEN Saclay; Rutherford Laboratory

riment, designed to be run at the CERN SPS using
uropean Bubble Chamber (BEBC), has been fully
s scheduled to run in 1977.

xperiment and other BEBC experi-
ontinuing on a new micro-computer system
ta from the group’s film digitising
e is to be equipped with a micro-

dling all local interrupts and
The micro-computers are to be
¢ together with a GEC 4080 com-

standard CERN polarised target. The forward
ton is detected by multiwire proportional cha
momentum measured by a small aperture
magnet. The recoiling neutron is detected b
plastic scintillators. Elastic events are distin
the velocity of the recoil neutron as measur
flight, and by the momentum of the forwar.

Scattereq pro.
mbers, 34 i
%2;3522
Y an aray o
guished botp by
ed by its time of
d proton.

EXPERIMENT 27

Direct Lepton Production in 7¢ GeV/c 7 p Interactions
using BEBC Equipped with TST

Bologna University; Glasgow University; Rutherford Labor-
atory; Saclay; Torino University

The aim of this experiment is to determine in detail the
cause of the large e/n ratio (about 10 *) obtained in many
counter experiments.

This experiment is due to start after the May - June SPS
shutdown. The preparatory work for the experiment is now
well advanced and computer generated events have been
produced on film which has been scanned and measured in
order to understand the scanning and measuring problems
associated with this experiment.

The possibility of producing such film is only possible no¥
that the extremely high resolution microfilm recorder
FR80 (see Section 5) is available on site to produce images
on 35 mm film.

.muoacmo__oim:n P:v»_in_ou

D wo:ﬂ“om:%i%m Eo_.w to interact or decay by
throug? : nﬂw:..ﬂm:m.:e and weak processes. Charged par-
st o_o.o%cw_mm. which were projected :..3 any of the
i e _.“z_,a_n the distorted image position was recor-
i etic tape for plotting on the FR80. >‘= ﬁqu.
OO image is shown in Fig 1.18 where the Soim-:
P o .mca_.. »M¢<\o 7~ and inside the chamber, filled with
e .B. ture, there is a track sensitive target (TST) of
e .?n imposed camera distortions cause the
pe o curved. Besides this experi-

the TST to appear
= %w““ohagon has been used to study the problems of
__”Mmm__o interactions both with and without the TST.

EXPERIMENT 28
pp Interactions at 100 GeV/c

Cambridge University; Michigan State University and Fermi
National Accelerator Laboratory

Measurement of the film from this 100,000 picture expo-
sure at FNAL is now complete, yielding about 10,000 PP
interactions, and a similar number of 7 p interactions. In-
terest so far has centred on the pp interactions, and especial-
ly on comparing them with pp interactions at the same
energy, since differences between Ppp and pp interactions
may be expected to yield information about annihilations
in the high energy pp system. The work on topological
cross-sections has indicated that difference distributions do
indeed have properties similar to lower energy data on anni-
hilations, in particular a larger average charged multiplicity
than non-annihilations, and a lower value for the correlation
moment f5°,

”_Ea. aspects of inclusive particle production have now
cen examined. Fig 1.19 shows do/dy* for production of 7,
KSand AJ/A in 100 GeV/e pp and pp collisions. The pp data
are mon.maou& higher than pp, most strikingly in the cen-
nu Huﬁu_ for 7 and A/A. Much work has also been carried
G 0 Eams correlation effects, the inclusive produc-
i P and A™resonances, and on exclusive processes,
e should be published in the near future,
et Eau‘uuar«n“mﬂnamnaaﬁ ;..

Fig 1.19. Results from Experiment 28

EXPERIMENT 29

Internal Target Experiments at the Fermi National
ator Laboratory 5

Imperial College, London; Rochester |
University ¢

These experiments make u:
internal target which is th




ectrometer with particle identifi-
ring tunnel. In the first of

e K/m ratio was studied at fixed Py
t energy looking for an enhancement
charmed particle production. No en-
observed and an upper limit was obtained
"% cm? for the production of a 2-2 GeV mass
air, where B is the Kn branching ratio.
ment used essentially the same apparatus
.n atomic number dependence of :u,

P nucleus collisions. The inclusive cross-sec-
rametrised by A% where o was found to de-
cle species only. The results confirm the
of a from 0.7 to 1.3 with increasing p;
the Chicago-Princeton experiment at the
de detailed comparisons between different
d show a to be independent of s and PcM

this is due to the presence of an an
annihilates with a quark in the t
J/¥ then even more copious production should p,

from antiprotons because they contain thre, M el
Moreover the direct comparison of the v-onso:.::a__&_c.
particles by p and p should help to clarify the qu_rwm .E.
The experiment will detect the two-muon %Swao»,aus.
produced by p, p,7*, 77, K* and K- using the 40 G, <.<f
beam in the West area at CERN. A copper mcwo_&aw L
dump) immediately after a heavy target serves to _.a?nwa
muons and allows high incident fluxes to be used HM__E,«
per pulse) which combined with the large »oSEu:nno
Omega will yield several hundred I/ particles o

i X s per day fro,
pions. No data exist for p, K* or K~ at the present time, 4

tiquark in the
Pion yp;
Aarget nucleon tq mWNE%”

EXPERIMENT 32

Inclusive Particle Production at Low Transverse Momenta
and Large Angles at the CERN Intersecting Storage Rings

CERN; University College, London; Bristol University;
Massachusetts Institute of Technology; Niels Bohr Institute;
Lund University

The ISR experiment 131 was proposed in Autumn 1973,
the data acquisition was completed at the end of 1974 and
the final data has now been published. The experiment
measured single-particle inclusive cross-sections for pions,
kaons and protons at very low transverse momenta. A single-
arm spectrometer was used to detect particles emerging at
90° in the CMS, and a very good data normalization was

hieved by using the hodoscopes of the Pisa-Stony Brook
total cross-section experiment as an ISR luminosity moni-
tor. Data taken by the two experiments were combined in 2
study of multiplicity distributions associated with a charged
particle identified in the spectrometer.

The results on the low py inclusive cross-sections have been
published and some data taken with a deuteron trigger am
still being analysed. The study of the energy %voa%__a.ao
‘the inclusive pion spectra in the central region, where Eoo—“w
nstitute 90% of the particle yield, is of particular interes,
light of the observed rise of the total E.n_nmnm-ﬂ
tion at very high energies. Previously mEE_nw.& ;
fica fon of the production spectra at ¥er
ith typical normalization unce
ansverse momentum

1]

01 02 03 04 p, GeVic

Fig1.20. Pp dependence of 7" and 7~ invariant differential cross-
ig 1.20-

sections (Experiment 32)

ependence of the pion spectra in the central
wwownnmnwgﬂw that Feynman Scaling, i.e. m:ﬂ.m% indepen-
dent cross-sections, does not hoid at ISR energies. The ob-
served s-dependence is in agreement with the quantum field
theoretical model of Cheng and Wu. The energy and pp de-
pendence is also well described by the Landau EE.B.
dynamical model. In many models the approach .»m mo.u_Sw
for pions is expected to be of the form A + B s g with a
being either 0-5 or 0-25. Fits to the new data give very
small values of « in the range 0-03 - 0-05.

| { © R= 0.290 GeV/c
L o ' 1l060
o o : *W_W.m ___ . 2.080
0 .
084
K u R= “w“w GeV/e
.o:..‘:. .
RS T
it
gl L
P : * . 2.020

The correlation data have been ua._vdn.n and Ec::#oﬂ.%
publication. Event topologies were studied »..On._ms. Muﬁ s
py trigger particles and the associated BEm—v:SanBnEu

tions show evidence for distinct low v:@ Ew‘- PT : Sn
For a low py trigger particle a_o. BEEu—_oEnu uMmNMB&-—
with pions decrease slightly with increasing P an it
momentum-independent for the other v.u:_o_n types. 5
plicities associated with a high pp vu._.:n_o m_._mvi a Bnn..»o_o s
enhancement over a broad cone opposite the trigger particle.
Increased same-side correlations are observed for ahigh pp

baryon trigger.

EXPERIMENT 33

M, 1t Reh

iour at the ISR

High T

Liverpool University; Daresbury Laboratory; Rutherford
Laboratory

This experiment studied particle correlations »:nA BEn.mv_u.
cities, associated with the central production of identified
charged hadrons up to transverse momenta of 3-5 GeV/c at
the ISR.

22422 GeVic
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f a spectrometer (the Wide Angle
to detect and identify the high PT

ays of scintillator hodoscopes cover-
solid angle to measure the associa-
tiplicity distributions.

ere is the dependence of the associated
uantum numbers of the trigger particle.

o=r5 ‘multiplicity with particle type was
‘ed. The 7", m™ and K* mesons were found to be pro-
) w th very similar associated multiplicities, agreeing
;, vit| #.pmua uark-parton models. A slight excess was
e \ \n&oﬁﬁ.&, with K~ production but protons are
uced %‘Erncoﬁ a 10% excess of particles when com-
o pions. This excess is clearly seen in Fig 1.22 for

A linear increase in multiplicity with p is ob;
e, Y P is observed

ity; Liverpool University; Lund University;
University; Rutherford Laboratory; Utrecht

In this experiment two single particle s
tersection 12 at the CERN ISR were
dence to study the reaction p+p—>h
and h, are identified charged r»&ow

<,

voc-o:—o~o_.u
Operated i, Coing;
: w+ WaJw_ Where r__
m:ﬁ:.b.w else produced”. The motivation w. Tepresents
new particles, for example, charmed :maqozmm 1o search fo
into the observed hadrons h; and h,. wcom. Which decyy
anw.g mxmnﬁ& to show up as a peak in the M,mi Particleg
distribution of the h;h, system, obtained b mo:<.o R
four-momenta of the two observed vm:mowmu:ﬂssm e
structures corresponding to narrow Emo:mzo. O strong
served, and upper limits of the order of 0.1 Ecﬁ e
ed for the product of the production cro: e

ss-secti
ISR and the decay probability into the :m&onmn M:m= file
10y,

n jp.

Values were obtained for the correlation

hadrons in the phase space region 8<oww mmwaﬂw?o Ew
ment, and are shown in Fig 1.23. The largest oozoﬂﬂ?z.
observed are for pp and K~K, indicating that ng:.:HH
cﬁéouﬁi:m and strangeness-conserving effects extend
to rapidity differences of at least 1-4 m:a. 2 units 3%2:“6
ly. Some effects of charge conservation can be cv%!&ﬂ
that neutral pairs generally have a higher value of R than
double-charged pairs of otherwise similar nature. The fact
that rare combinations, e.g. Ppp and K"K~ do not have
8_.5&»5 small values of R implies that the production of a
vm:_” of baryons or strange particles does not significantly in-
hibit the production of a further pair. The analysis of this
experiment is now final.

yhy) AT s =2800 GevZ (h, AT ©=28" h, AT 02323 9,,= %0°)

(b)

mx—.mw_zmz.ﬂ 35

sudy of B Ul
split Feld Magnet

se Momentum Phenomena in the

ESS& University: QE&E?ESQ‘. Scandinavian Univ-
rsiie - Rutherford Laboratory

4 i ioned to study the structure of events
This wannﬂm—_ﬂwwﬂmﬂm—m momentum hadrons at the CERN
et 18 riment is & continuation of previous investiga-
i d_.o oxw:am Wide Angle Spectrometer, in which the un-
h _MMM__W high cross-section for single charged hadron pro-
M”MMW= at high transverse momentum pp was mmawz.mrma
and in which the angular &w.,:_wwac: of the wmmoo;.;na
charged particles was measured. T :2.:9 al explanations
for the observed phenomena usually invoke a large angle
scattering between point-like hadron constituents, or par-
tons. The scattered partons are then expected to materialise
into “jets”, or clusters of high transverse momentum par-

ticles with similar direction.

The magnetic spectrometer used in the earlier ISR experi-

ments was used to provide a trigger for the Split Field
Magnet detectors. The momenta and charges of most of the
other particles produced in the same event can then be mea-
sured. In addition, some of these associated particles can be
identified using a system of hodoscope counters with time-
of-flight measurements. The experiment completed data
taking in July 1976, having recorded about 8 x 10° events
with trigger particles in the transverse momentum range 15
GeV/c, and the data are currently being analysed.

.:a.?&o_n distributions in momentum space are being
.«:&& to search for evidence of hadron jets. Large pp par-
ticles are frequently found approximately opposite in azi-
muth angle ¢ to the trigger particle but spread over a large
MMW of polar usw—m ©. When two moderately large pp par-
i s m_wa found with similar azimuth they tend to be close
i Ewc_E angle, as one would expect on a jet picture.
e e u<o~uw.a PT of associated particles close in angle to
T oﬁm.ﬂnn an._o_a,_u larger than that found in typical inelas-
e S, EESoEw. that the trigger particle is also some-
member of a jet.

Invariant mass distributions are being studied to investigate
the role played by resonances in high P particle produc-
tion. For example the invariant mass distribution of a hig
PT n(K) with an associated particle shows a significant
p(K*) peak. Finally, it is expected that m¢ t ;3.
correlations between pairs of identified hadrons will provide.
more direct information on the internal dynamical processes
for pp particle production.

EXPERIMENT 36

Study of High Transverse Momentum Phenomena
CERN; Columbia University; Oxford University;
Rockefeller University

This experiment is at present being installed and set-up at
the CERN ISR. It consists of a sup ducting solenoidal

magnet of radius 70cm and length 1-5m with a 1-5 Tesla

field. All charged particles produced with polar angles © N
45° will be detected in a set of four double-module cylin-
drical drift chambers inside the magnet. Two arrays of lead
glass Cerenkov counters, each consisting of 168 blocks, will
be used for triggering the apparatus on electrons or 7° of
high transverse momentum. 3

The experiment will study massive lepton pair production
to search for new narrow meson states above the J/¥ and
U’ and to study the production hanism of these mesons..
Measurements of the e'e” “continuum” test the Drell-Yan
mechanism in which these pairs are produced from quark-
antiquark annihilation. The experiment will also tri X
high transverse momentum °s and study the dit
of the associated particles. If present ideas
tion of high transverse momentum particles ar
expects to see jet-like clusters of high py part
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tors are results from SLAC (Experiment 38) - The open ey

with increasing Q?, while at large w it tends to increase.
This form of scale-breaking is inconsistent with the parton
mo.‘:ﬂ..?oﬂo_. as the sole source of scaling breakdown, but is
o.onm_m"na with field-theoretical models based on numava.
tic freedom.

Oxford University; Fig 1.26 shows »W, as a function of w, averaged at each &
MMM whran_._mnwo of Mu» accessible in the experiment. The de-
. : at large w for which the average Q? is small has two
be the internal  possible explanations: scaling turns w:oaoa slowly as 3
m_”:_a@.o: of Q? at large w, or ¥W, decreases at large w in*
dicating little excitation of the sea of parton-antiparton
pairs. To achieve higher Q2 at large w one needs higher et
M:@ and the data at 225 GeV will throw additional light o
s.

The area under »W,(Q?x) is approximately independent
f Q. This is related to the form of the scaling violation:
crease at small x (large w) and a decrease at Jarge X
increasing Q2. There is no evidence above the 10
for the excitation of new quarks or new degrees o

VW per DIZ
—
=

ol

ed over Q2 and plotted against . The points

1.26. YWy averag ¢ a
M.__wr open circles have Q2 <2 (GeV/e)* (Experiment 38)

(b) Other distributions, such as transverse _p_._o:a:EB,
show very little dependence upon Q" or s. The
main differences between photoproduction and
electro- or muo-production occur between Q> =
0and Q% = 1 (GeV/c)>.

(c) There is a considerable degree of universality of
the produced hadrons in muon scattering, neutrino
scattering, and e"e~ annihilation.

(d) Vector mesons such as the p° are diffractively pro-
duced at the higher energy with the same Q*andt
dependence as at lower energies.

EXPERIMENT 39
Experiments with High Energy Charged Hyperons

N._Mem. MM\:@F Heidelberg Universities; Lab. de I’Acc. Lin.
Sanc. R Strasbourg-Cronenbourg; Rutherford Labor-

nuswxm b the West Area of the SPS at CERN is de-
e udy the weak decays of charged hyperons. The
state anqd _M—M-.:mm lecays which have an electron in the final
SN i om processes to be investigated includes;
2P, ET > 3% 5, B> Ae 5, A > pe 5, 7 > AK™
=>ne pand * > ne*v.

'yS are believed to arise from the conversion |

consisting of three iron yoke bending magn
superconducting quadrupoles. The overall length
beam line, including a high resolution DISC Cerenk
ter which identifies the hyperons, is 12-5 metres. The 1
mum momentum at which the hyperon beam will ope:
150 GeV/c but the decay experiment will use 100
particles. At rest the lifetimes of the charged hyperons are
of the order of 107!° seconds, but because of relativistic
time dilation a few percent of them survive to the end of
the beam line. A flux of the order of 10* - per burst is

expected at the apparatus. 2y

The apparatus consists of a large magnetic spectrometer v
with drift chambers to analyse the charged decay products. f
It is augmented by an array of lead glass counters, a lead-
scintillator hodoscope and a lead-proportional chamber
hodoscope to measure gamma-rays. One of the principal

problems in the experiment is to identify electrons from

leptonic decays against the background of pions coming

from the non-leptonic decays of the hyperons which occur

several thousand times more frequently. A threshold gas
Cerenkov counter, the lead glass array, lead-scintillator

shower counters and two lithium foil-xenon proportional

chamber transition radiation detectors will all be used to

suppress the pion background to a negligible level.

P = 95 GeVic

-
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T ;W.,-En%ca Laboratory and Bristol University have sup-
:2_ ‘the gamma-ray hodoscope, one of the two on-line
.‘.mo!.-._,uasnu much of the fast trigger electronics and all the
.c_anﬁo: detectors except the transition radiation detector.
ﬁ.n- equipment arrived on schedule in the West Area during
.,n..n spring and summer of 1976 and by November commis-
sioning was well under way using stray muons from the
West Area production targets.

Tuning of the charged hyperon beam started in December
1976. Fig 1.27 shows preliminary measurements of the par-
ticle fluxes made using the DISC Cerenkov counter; the par-
ticle types are clearly separated. Studies of the properties of
the beam will include a measurement of hyperon yields and
a search for new, heavy, short-lived particles using addition-

al Cerenkov porarily installed in the beam.
EXPERIMENT 40
Muon Physics at the CERN SPS

European Muon Collaboration: LAPP Annecy; CERN;
DESY; Freiburg, Kiel, Lancaster, Liverpool, Oxford, Shef-
field Universities; RMC Shrivenham; Turin, Wuppertal
Universities; Rutherford Laboratory

The European Muon Collaboration will begin an extensive
programme of muon physics in the SPS North Area in early
8, using a high energy muon beam of up to 10® muons

d SLAC can be interpreted in a variety
and measu at higher um
d to clarify the question. The trigger is
) detect events with more than one muon

These measurements of hadron
will provide further tests of t
quark-parton model.

production

at .
he remarkap, forge lg*
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Fig 1.28. Forward spectrometer for Experiment 40

As a result of the recent SRC re-organisation, responsibility
for the UK part of the muon programme was transferred
from Daresbury Laboratory to the Rutherford Laboratory
this year. The Rutherford Laboratory are responsible for
the construction of the proportional chambers P1, P2, P3
within the spectrometer magnet, the large area drift cham-
bers W6 and W7, and, in conjunction with Lancaster Univ-
ersity, the calorimeter. The polarised target is a joint
Liverpool, Rutherford, CERN project, with Rutherford
responsible for the superconducting solenoid, and Liverpool
for the cryostat.

EXPERIMENT 41
ter

Photon and Electron Physics in the Omega Spectio™
Facility

. Feole
Bonn University; CERN; Daresbury EE%N.,EMMY
Polytechnique; Glasgow University; Lancaster QE@&&QM
Manchester University; LAL Orsay; FParis 6 U
Sheffield University

974, this British-French-German Collaboration %y
) ne of photon and electron m.r.v.uom v
t the CERN SPS; _M.wﬁ

i iti 1d of high-
{sinal proposal, an exciting new fiel
i o:nmm_ r»mﬂoon opened by the discovery of the ¥

i : s
energy uw.v—“_m,.m most likely explanation of their properties is

nm_‘:n—“”? hypothesis and recently some decay Boanm.&,
:h_o Maa particles have been identified. Because of the im-
chart

ortance and urgency of understanding more about these
. discoveries, the initial programme has been amended to
R%:& highest priority on studying v:&o?.oa:nmm charm
B s. The mxnm:EmEu_ equipment is essentially the same,
wﬂ”«io electronics trigger requires a high :E:E:QQ c‘.. 5
or more charged tracks in the final state, and mro _E.E:mm:%
is increased by a factor of 10. Initially the intention is G
select a final state electron (or positron) from charm semi-
leptonic decays using a fast offline Ezai::o.. However, m.:
the trigger level the data are essentially unbiassed, and it
will be possible to study charm in several other ways. The
run will also produce valuable data on the photoproduction

of other channels req g high luminosity.

The Collaboration has provided equipment which will com-
plement the existing detectors of the CERN Omega Facility.
The British team has built a spectrometer to measure the
energy of the incident electron beam, a precision photon
tagging system and the associated readout electronics. The
German team has provided the experiment trigger electron-
ics, a large scintillation counter hodoscope and four arrays
of shower counters. The French team has constructed a
photon (or 7°) detector 6m? in area, consisting of a 700-
element scintillator hodoscope to measure the position of
each photon and a 340-cell arrangement of lead glass coun-
ters to measure the photon energy.

There has been intense activity at CERN during 1976 instal-
ling this equipment and preparing the online and offline
computer programs. During November 1976 the first elec-
tron beam from the SPS passed along the beamline and in-
teractions were clearly seen in the Omega detectors. The
plan is to perform a first-order tune of the electron beam,
and to record some high-energy interactions on magnetic
tape before embarking on the main data-taking run.

EXPERIMENT 42
Study of Neutrino and Anti-Neutrino Reactions
U Ty e
"uversita di Bari; Birmingham University; ULB-VUB Brus-

; Ecole Polytechnique, Paris; CEN Sacla;

sels; Ee 3 e X 5 2
g s 1y; University

thnwm. N.QS&QR.. k:«gw& Laboratory

This experiment scheduled for the CERN SPS is designed to

Viously unanalysable react ith n
S P ons with neutral

use o
~¢ the track sensitive target (TST) technique to study pre-

EXPERIMENT 43

Particle Physics —
i
Electron Positron Collisions at PETRA “

Aachen, Bonn Universities; DESY; Hamburg Qm?mw.a..?”
Imperial College, London; Maine, Oxford Universities;
Rutherford Laboratory; Weitzmann Institute

This experiment is planned at the &aozo?vo&:..o: collid-
ing beam facility (PETRA) now under construction at the
Deutsches Elektronen Synchrotron DESY at Hamburg.
Data collection should commence in 1979 when the accel-
erator has been commissioned.

Secondary charged particles from ¢*e™ collisions will be
observed in cylindrical proportional chambers and drift
chambers situated in an axial field at 0-5 Tesla. The field
will be produced by a conventional solenoid of length 4-5m
and diameter 2:9m. High energy photons will be detected in {3
a modular system of lead plates immersed in liquid Argon, |
and penetrating 1 mesons will be identified by drift cham- |
bers immediately beyond the iron return yoke of the sole-
noid. A very important feature of the experiment will be
the provision for the identification of fast charged particles
by means of two arrays of threshold Cerenkov counters.
The apparatus will therefore have a comprehensive capabil-
ity, and will be particularly well suited to the study of high |
energy secondary particles. One of the main hopes of the
experimental programme is that a detailed examination of
the jets of particles anticipated at the highest energies will | |
give fundamental information on what appear to be the
point-like constituents of matter.

EXPERIMENT 44

AC + M: tic Detect

for PETRA

Daresbury Laboratory; DESY; Hamburg University; Heidel-
berg University; L University; Manch Univer-
sity; Tokyo University :

A new collaboration was formed involving the Universiti
of Lancaster and Manchester and Un—.oum:.@. Fugeﬁ,ﬂu =
working together with colleagues from DESY a .




‘measurement will be that of the para-

.ﬁ _ o(e’e” ~ hadrons)

related theoretically to the number of
c freedom (or number of quarks). The
ntal program also includes a search for
rticularly in the direct channel e*e™ - V,
*avy leptons e*e” - L*L~, ameasurement
2nce between the weak and electromagnetic
the process e*e™ —» u*u™ and a study of the
N process e'e” = e*e” + hadrons. The major items
N t_,__&— are planned for installation in the in-
n towards the end of 1978, are a cylindrical
of high-resolution drift chambers, a warm coil sole-
magnet, a 3000-clement lead-glass array and an iron-
filter containing 500 single-wire 4m long
ers. In addition, there will be a double tagging
d..ﬁnk—sn two-photon processes. A general view

%) in ordinary mat-
+1 would form heavy

Fig 1.29. Proposed detector for Experiment 44

of the proposed detector is shown in Fi . i :

| g 1.29. The box. RO S
shaped muon filter has been withdrawn to show o . : ;
return yoke of the solenoid.

the iron

particles to be distinguished from high-Z heavy ion impur- TR
ities. 0 2

By the end of 1976, the D, O enrichment work had reached 63 4. 4
the final stages of its 2% year programme, and the construc- SEaT
tion of the time of flight system was in progress. Mass spec- oy
trometer runs carried out so far correspond to a concentra- S eI
tion limit (in natural Hz O) of about 10™'®, and it is planned e
to reach the target sensitivities of < 1072 by the end of - ) DN
1977. .;.

EXPERIMENT 46 o

Search for Short-Lived Particles Produced in Neutrino Inter: fus
actions Y

SO 8 s in: Fermi Nat 5 *
Brussels University; University College Dublin; | i Mﬂmp The likely formation of a charmed particle in emulsion at
ional Accelerator Laboratory; CERN; Imperial * ity S Momentum conservation at B demands the emission of an
London; University College, London; Open University: the reed particle, and the decay of this particle was detected in

Institute of Exact and Applied Sciences Mulhousé:

Cteristics of a charm process (Experiment 46
University; Strasbourg University e

Rome ...F_“nom-.& spark chamber system. This event has all the

The exposure of 20 litres of emulsion to the neutrino b

nz_.ﬁ, Fermi National Accel Lab h

the success rate but already an event has been seen
which is almost certainly an example of the noo».< ,om a par-
ticle after a time of ~v 5 x 1071 sec. Fig 1.30/isia micros
photograph of the event. The unstable particle emitted m...v:..
the neutrino interaction at A produces the track 4 which
has a length of 182 um. The particle appears to break up
into three charged particles at B, which produce the :.w.o—a
labelled 41, 42, 43. Momentum conservation at B requires
the emission of at least one more particle, which B:uw be
uncharged. A V° decay which can be interpreted asa A~ or
K°, and in the correct position to enable a Bcan-::_d bal-
ance at B to be achieved, was observed in the associated
spark chamber system. This event has the n_..w.,»opo_‘musﬁ to
be_expected for the decay of a charmed particle and repre-
sents the first time such a decay has been seen directly.

improve

EXPERIMENT 47

Search for Short-Lived Particles Produced in Neutrino Inter-
action at CERN

Ankara University; Brussels University; University College,
Dublin; CERN; University College, London; Open Univer-
sity; Pisa University; Rome University; Strasbourg Univer-
sity; Turin University

This experiment will employ a similar technique to Experi-
ment 46 to observe neutrino interactions in a block of
emulsion but it will be carried out using the neutrino beam
at the CERN SPS. The stack consisting of 30 litres of
nuclear photographic emulsion will be placed upstream and
just outside the window of the bubble chamber, BEBC. The
location of secondary tracks from neutrino interactions in
the emulsion will be carried out using BEBC in conjunction
with a multiwire chamber between the emulsion block and
the window of BEBC. The tracks of the secondary

muon identifier will provide a much more power! n
system than was available at the Fermilab. It is expe 1

S

that 2:5 x 10° photographs with liquid hydro




; to make a rapid search in the most fav-

ve channels to a sensitivity of 100 nanobarns
ghest available 7~ beam momentum, then 19
ding to the charm hypothesis, charmed par-

A typical reaction to expect would be 77p >
jith D° > K™7* and D~ - K*r~7~. These states
- 6-prong events satisfying a 4-constraint kinema-

7 p>KK'n*'nn"p
run in March 1975 recorded 3 million interactions
ering on a forward K~ (or p) having a horizontal trans-
‘momentum greater than 0-5 GeV/c. In the second run
1975 a further 2 million triggers with a forward K*
ere recorded. Multiplicity requirements were also in-
orated into the triggers. The first run (28 events/nb)
rimarily aimed at pair production of charmed mesons,
e second run (S events/nb) at associated production
"a charmed meson and baryon.

1 shows the arrangement of the Omega apparatus for
t experiment. The 60cm H, target was exposed to a
beam. Forward are 80 gaps of optical spark
d on cither side a further 32 gaps. A supercon-
gnet provides a field up to 1-8T. Television

proportional chambers 11 and IV were used

the decay branching fractions for D

-my

15 GeV/c? and C-baryons of mass mwoomosm S
sults are corrected for the ex
ing phase-space production.

asg
3 ve 2 GeVy/ez. u.ﬂ_..a;
Perimental acceptancy € re.

sup,

The wxmmzamﬂ also allows a test of the Zweig ryle
predicts that ideal ¢-mesons (consisting only of
quarks) should only be produced in association e
strange particles. If the ¢ is produced only ESN._H i
Ecamw it is suppressed relative to the ¢ by a factor Sieé
= 1072 where ©m measures the departure from idea] o
mixing. When extra strange particles are present SE—GM,M
quark diagrams are possible and ¢ production js N&M
allowed. Then the ¢ production should be comparable a“
or p° production. ¢ production has been observed in the ¢,
prong reactions

Which

7 p~>K'K n'n"np 1
and 7 p—~>K'KK'K7np 2
at 19 GeV/c with ¢ - K*K~. About 45 ¢s are seen in both

reactions representing a fraction 0-02 of reaction 1 and 06
of reaction 2.

The rate of ¢ production without additional K-mesons was
compared with the corresponding w production cross-sec:
tion measured at 16 GeV/c. This gives

¢ n'nnp R Tub + -005
w wnnp  130ub 00

whence it appears that ¢ production is suppressed to the ex
tent expected for w-p mixing. Comparison of ¢ production
with K mesons (Zweig allowed) to p production
mesons is also possible from the data:

¢ K'Knp _ 045 + 25
FRKTp - 15

This shows that the Zweig allowed processisnot
However the ratio of the Zweig forbidden ¢ Pro¢
process to the Zweig allowed ¢ production process}

pectedly large:

understood as a consequence of the

an!
K mesons at our modest energy &

with K

EEEJ&.
ductio?
s unex

Cross
Section
upper
limits
(nb)
Charm reaction Charm decays )
space
pD°p p-—>Kna; D° > K 75
-p—>
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u|_u|v pC D-=>Kn 7 C > K pr* 65
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n
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EXPERIMENT 49

Search for New Particles Produced in Association with
¥(3.1)

Saclay; Imperial College, London; Indiana University

The experiment is designed to study the reaction products
accompanying ¥(3.1) production in 150 GeV/c 7~ colli-
sions on a liquid hydrogen target. A schematic layout of the
apparatus is shown in Fig 1.32.

The  trigger is provided through its leptonic decay modes.
The e'e” decay is identified in an electromagnetic shower

counter and the p'u~ decay is detected using a 2-5Sm iron
filter.

1.2 Nuclear Physics

The momentous events which have occurred during the last
tWo years in High Energy Physics are now being felt in the
lower energy range of Particle Physics. The collective name
of Nuclear Physics is used to encompass a wide range of
such investigations. High energy discoveries of additional
nﬁ-:.E: numbers have given credence to recent gauge
theories which have beautifully resolved the apparent ab-

normalities of past theories of weak interactions (B decay).
—Eg th, < ct % 1.

+h

of a fourth quark

IRON

Hp3 MUON FILTER a

ELECTRON + 3

COUNTER
Fig 1.32. Layout of apparatus for Experiment 49
An array of multi-wire proportional chambers, situated »HM
side the Saclay GOLIATH magnet is used to { e
momenta of the charged reaction products. This detector
combines good time resolution, high »aoov.asaoa. and a ..u_vu.
bility to handle many tracks. Hadrons are E«:amo.a using a
downstream Cerenkov counter. In addition to providing the
Y trigger the shower counter can identify electrons and
measure the energy and position of photon showers.

EXPERIMENT 50
Search for Charmed Particles

Harvard University; Oxford University; Illinois University

The purpose of this experiment is to search for charmed
particles produced by interaction of 220 GeV/c pions with
protons. The experiment will be carried out at Fermilab
using the muon scattering apparatus from another experi-
ment.

incorporating a CP violaf
theories of the inters



CERN Synchrocyclotron and the 8 GeV
r Nimrod at the Rutherford Laboratory.

s and some first results are presented. An experiment
urg the neutron half life is described which should

the gauge theories mentioned earlier where the CP
 amplitude is included naturally in the theory. The
itude of the predicted e.d.m. for the neutron covers

ontinued throughout the major part of 1976.
line situated at the last target station in the
iplex in Hall 3 (see Fig 6.1) the experiment
ny time when the extracted proton beam

atoms, involving as it does aspects of ele-
tructure and atomic physics is a
and a wealth of experiments can

on the X-ray line-shape

ese measurements are diffi-

Studies of nucleon-nucleon scatterin,
fundamental importance in efforts to underst,
nucleon-nucleon force. At energies below »cwna the byg;,
the features of the scattering process, iEnrﬁ 300 Mey
analysed in terms of phase shifts are now a_uﬂn Usuually,
determined. However the extension of these m:._&a_uo_u‘ well
er energies poses several problems. Many more Esw_o _s.u_.
are required to describe the scattering whilst the e-shiftg
pion production at energies above 300 MeV Emmawwmz of
phase-shifts are complex quantities. The fack of m:mh“a
Y e
Uﬂﬂ.o: and proton beams has also severely hampereq this

& Continye ,
O be
of

With the advent of the “pion-factories” the situation

now changed. The 550 MeV H™ cyclotron at the .H.Eczmm
facility in Vancouver with its variable energy intense polar-
ised and unpolarised proton beams is particularly suitabje.
After the installation and calibration of a large quantity om
complex apparatus by a British-Canadian collaboration to
measure the triple-scattering parameters in nucleon-nucleon
interactions around 500 MeV, during 1976 both the accel-
erator and equipment gave excellent performance and four
different spin rotation parameters were each measured at 3
or 4 angles at 5 different energies between 200 and 520
MeV. Unique and well determined sets of scattering phase-
shifts are now available at all five energies. The experiment
will now be continued to measure similar quantities for the
neutron-proton system.

Work on the large volume magnetic spectrometer system at
the CERN Synchrocyclotron has continued and the group
hopes to start taking data during 1977. The large detectior
volume and efficiency will not only be used to observe the
rare decay mode m° > e'e” but will also be used to measuré
the small cross-sections expected for the backward scatter:
ing of pions by protons and deuterons. This latter exper
ment will be used as a test of the apparatus.

The experiments by the King’s College, London group 1
present work and progress over the past year in studies ol
3He and alpha-particle scattering by nuclei using the aceel
erators at AERE Harwell and at Birmingham Universit
This long programme of low energy nuclear structur® 10
vestigations is still supported at the Rutherford Ewoamo_w.
for historical reasons. The recent availability of polaris®

3He beams has given a considerable stimulus to this work:

EXPERIMENT 51

arch for Time-Reversal Violation Effects in Nuclei

Particle ka&ww

jolating P- ing term J (ky x Kz) (ki -
e A.Sﬂ»m.:m_“nm.“mﬂm:awoim of the correlation
- _:. ma__—s :Ho_au- spin. The latter can be regularly
- MS&:m the neutron spin direction. The 7y-ray
measured in an array of 6 detectors.

sence
ky) whe
Q‘qmﬁ an
reversed by T
correlations are
made to examine in great detail the
effects. Particular care was takenin
xperiment to minimise vwn_nma_.__.a

s of radiation in the vicinity of the experiment; final
o llimation was carried out 1-5 metres away from the
gmaﬁ M_Mva the neutron dump was 2 metres downstream. In
MW« case ®Li (as lithium ::o:a.m. Nm&% Li) was used and
the target holder was also lined with © Li so that the y-back-
ground was minimal and the number of neutrons scattered
out of the beam negligible. The polarisation of the neutrons
was reversed about 4 metres from the target and there was
1o detectable influence of this changing magnetic field on
the detectors. Thermal stability of the complete detector
system was obtained by enclosing them in a thermally in-
sulated container.

A major effort has wmwn
influence of systematic
the mounting of the ¢

These experimental features, which are believed to be nec-
essary, were not common in previous measurements where
one was led to believe that systematic variations were the
most serious limitation to achieving a high precision result.
Extensive tests of the system have been made using cascades
from radioactive sources and following n capture. The ap-
paratus and method appear capable of measuring an asym-
metry of 1 part in 10°.

The experiment used a titanium (*Ti) target and measured
the well resolved

= - 2 ; 5

z (341keV)37 (1378 keV)} cascade in **Ti.
This E._n_.ncw is one of the few that are known to be suitable
moa.m T-violation test; the neutron capture cross section and
available polarised neutron flux provide the maximum
count Bmo that the 3" x 3" Sodium lodide detectors can
w.nonvn s:.ro_: serious loss of resolution. Also the many
actors which enter the correlation function and relate the

_ﬁﬂ_ﬂa of the asymmetry to sin n, although small, do not
t the measurements greatly.

MWMM”#.::EQ test measurements and the first few weeks

5552_.2« been fully analysed. The distribution of the

ol »w“”gwﬁ.oaga u@.vn»-u very satisfactory indicat-

i Enao of mwmoﬂw:o effects and the preliminary

L .umwm::ona\ is A=(4+£61)x 10" ¢, which cor-

e g:lwo.s *1.0) x 1072, where 7 is the phase
in the mixed E2 + M1 34] keV transition.

EXPERIMENT 52

Search for Parity Violating Effects in Radiative Neutron-

Proton Capture
Sussex University; Harvard University; ILL

A measurement of the circular polarisation wm .25. N.N. Z&M
y-ray following the reaction n +p—>dtyis _=Emﬂwﬂ<MnM_
parity violation. A previous Eonmcnoaoﬁoac< Hwocn oV o
in 1972 obtained N« =-(13+04)x 10 |us-=_m n——v-oﬂn”. =
predictions range between 1.« =+22 X 1077 and QSEAE

x 107°. It is thus important to establish clearly the y

or otherwise of the previous measurement n..a a:..wmw the
past years the feasibility of mounting an inpile experiment
at the ILL reactor has been examined.

An inpile experiment allows 2 sufficiently large neutron
flux at the target and by using a through tube two uaam.o».
analysing-measuring equipment may be placed on each side
of the target. In this manner an inherently symmetric ex-
perimental system may be constructed and the short term
instability of the reactor does not limit the final accuracy
which is possible.

A preliminary study has been made of the technical aspects
of mounting the experiment. A considerable amount of lead
shielding is required to remove bremsstrahlung originating
from the -decay of fission products. This radiation may
either be scattered by the target and related equipment into
the analysing magnets or it may enter the magnets directly
from the core. Such radiation is a very serious limitation to
the confidence which may be placed on any result since
bremsstrahlung from high energy electrons is almost 100%
circularly polarised. It is thus possible that any measured
small asymmetry could be due to this source of radiation.

Extensive calculations have been carried out by Robert and
Ageron at ILL to estimate this effect. They have considere:
internal bremsstrahlung and limited their computations to
single scattering of the photon. It is apparent that only by
substantially increasing the amount of Hu,:-agu t%. nd
that at present possible can an acceptable ‘sigs ack
ground’ ratio be obtained. This requires that '
tube diameter to be increased from 10 «
while the heavy water vessel has been

such a modification it is a substantia!
to make such a change. It is h 1




BMMRM:M—EEM—:E. 3:.»50::.%. showing a reduction in value
.unﬂ«:—f-: aﬂ_.naﬂ In precision, have not always been in
et The prospect of obtaining a reliable value for
o M”_.»Ennﬂ is anmu_ to the theory of the weak interac-
ol _MEE. since it EQ- a central role in establishing
i Eu.—. the weak coupling constants whose precision is
ted 5. uncertainties associated with nuclear struc-
H“no. It seems important therefore to subject this problem
continuing investigation and by as many different tech-
‘niques as may be devised.

The present experiment has developed from a technique
wwu_" “_‘_“_v_owom at the low flux reactor LIDO at AERE Har-
uses a modified version of the apparatus desi
and built at that laboratory. In this uo_mwaa EAMM“M:%
energy <l keV, emitted in the B-decay of the neutron, are
stored in an ultra high vacuum electromagnetic trap, formed
by superposing an electrostatic potential well on the axial
magnetic field of a superconducting magnet. The stored
protons are periodically released from the trap, accelerated
and detected, the whole device behaving somewhat as a 4
m-counter with signal/background enhancement in the ratio
of storage time to counting time.

CERAMIC INSULATOR LIQUID HELIUM

o RESERVIOR
i _
_ SUPER CONDUCTING
MAGNET COILS
NEUTRON DECAY
VOLUME
i)
THIN
0
CENTRAL
ELECTRODE

In the earlier measurements decay rates of the
or,

cps were observed in an effective source vol, der of 02
beam of about 10cm®. The new version Eﬂ.__a._._m Of neutr,
flux of about 4-5 x 10® neutrons cm™2 mw_ 285 3 capyy
neutron wavelength of 29 A° je. 4 ﬁoiuw_.ﬂ ta meg,

d:..muavawa:a a beam density of about 7 y _o% re <)o
em * and count-rates of about 2 per second Neutrgp,
_umm.i are expected. Thus a much higher coy, v.a- em? o
available for a smaller source volume and thig m.m::_w Tate jg
an environment of low 7y-ray background ang NmoES&E
fast and epithermal neutrons. The sensitive voly, €10 flux op
can therefore be restricted to a region of near Eﬁm of bear,
netic field with a proportionate improvement iform Mag.
ability of the source volume determination. Hithe el

To establish a precise definition of the volume
sampled by the proton detector the proton trajectories fr
source to detector must be known accurately and this =
a severe problem of alignment. This has been studied %oﬁ
cording the collection efficiency as a function of may f.o.
field for electrons from a point source of 7ppy iww“:.ﬂ
systematically moved to selected positions within the 850_”
volume.

of beam

In ﬁ:w unmodified apparatus the system of three co-axial
trapping electrodes was maintained at a potential of 40 KV
and protons released from the trap traced out cyclotron
orbits whose guiding centres were accelerated along the
magnetic field lines eventually reaching a detector fixed at
earth potential. Experience gained with this arrangement
showed it to be unsatisfactory in that, in order to inhibit
electrical breakdown in the annulus between the electrodes
and the cryostat wall, where electric and magnetic fields are
crossed rather than parallel, it was necessary to contain the
trapping electrodes within a hollow cylindrical insulator
which was placed directly in the path of the neutron beam.
In the current arrangement the trap potential is set near
earth whilst the detector, protected by a single ceramic in-
sulator, is fixed at a negative potential of -40 K'V; analogue
and digital signals are then transmitted down to earth
through a high-voltage capacitor. The only material in the
path of the neutron beam comes from the thin aluminium
windows of the cryostat and the thin beryllium central
electrode.

With this arrangement protons released from the trap ae
accelerated to energies of about 40 keV and are detected it
asilicon surface barrier detector with a collecting area of mw
mm?. This contrasts with a collecting area of 300 M
used in the earlier experiment with a corresponding reduc
tion in detector noise. In addition, a small plastic scintillato”
is placed on the axis just outside the fixed potential tra?”
ping electrode, which detects the 0-78 MeV f-particles »,E_M
neutron-decay. This affords the possibility of using 8%
cidence technique to determine the precise shape of -
proton spectrum in the low energy region where detect
noise is significant.

Particle Physics

one of the trapping elec-
th 2-5 KV negative pulses supplied by a
nerator in alternate periods of 1 m sec m.E_
% oton spectra are sampled for a finite period
,:..wmw& after successive release pulses and are
. :ua memory blocks of a BE:%»:E.”_ s:m_.
ma.vw_. that the correlation time for fluctuations in
o in the beam is much larger than the
ccessive sampling operations, :;M EM.
tra stored after 1 m sec and after

Gty v&“ﬂ«h “MM M_WMM::B of protons stored for 4 msec,
ﬂ«ﬂ%ﬂm:i having been removed in the subtraction.

the

1 overall weight with the problem of determining
f neutron decays per second in a known vol-
ume of neutron beam is the question of determining the
density of neutrons in that <oF::.m. To transport the neut-
rons from the exit of the main guide Ecw to the oq«omgﬂ a
selection of nickel plated boron-glass guide tubes is used,
each of length about 1 metre and variable in diameter over
the range 0-3 to 1-0 cm. This permits the accumulation of
data for various values of the source volume. Upon leaving
the cryostat the beam traverses an assayed boron foil and
the neutron density is determined by counting a-particles
from the reaction °B(n,)” Li. These are recorded in four
surface-barrier detectors set to view the boron foil from
different angles and positions. The effective solid angles for
a-particle collection are calculated from the geometry and
the relative intensity across the beam determined by scan-
ning the boron foil with a boron carbide aperture variable
in vertical and horizontal directions. This system has also
been developed from the earlier version which successfully
employed activation of boron foils and a single a-particle
counter to determine the neutron density.

sect protons from the trap,
To 9% fed Wi

sm sec.
(v 0l -
stored i

time delay between sul

Of equa
the number O

The re-built apparatus has now virtually reached its final
form and is currently undergoing testing for correct align-
ment and high voltage stability. The experiment is to be set
up on the cold neutron beam H18 at the High Flux Beam
Reactor at ILL Grenoble.

EXPERIMENT 54

Search for the Electric Dipole Moment of the Neutron
Suss iversii
onwﬂﬁexima&h Oxford University; Harvard University;
ich; QQ_MM NW.Me:MN Laboratory; Technical University Mun-
b_wcwﬁeq tudes Nucleaire Grenoble; ILL; Rutherford
The ob, 1
T “nnmﬂwo: of a finite electric dipole moment (EDM)
evidence fo, M or any other elementary particle would be
ik WanES..aoE Pand T violation in fundamental
violation 8.: & Oretical papers containing a discussion of T
a0 intorany . Ue to appear at the rate of several per year
tealication onBm to have grown during the past year. The
&uge theories with more than four quarks

may embrace T violating left handed weak currents, for ex-
ample, reveals a model for T violation which has the attrac-
tion of being prompted by the growing belief, guﬁ—. on the
results of high energy experiments, that there are an increas-
ingly large number of quarks. In contrast, the search for the
electric dipole moment of the neutron requires the detec-
tion of energy changes as small as 1072 eV.

Development of the apparatus is continuing. Construction
of the guide tube installation for the ILL high flux reactor,
which will allow ultra-cold neutrons with velocities of the
order 5 metres per second to be extracted from the reactor
core, is well advanced. The out of pile guide has been deliv-
ered and its tr ission has been d to be about
75%. The 6 metre lengths of stainless steel guide for the in-
pile section have been honed and electro-polished ready for
testing. Installation and commissioning of the source should
take place in the spring of 1977. Fig 1.34 shows how the
ultra-cold neutron source will increase the availability of
very long wavelength neutrons and the way the output spec-
trum is expected to relate to outputs from the existing H15
and H18 guides from the cold source. The spectrum which
might be obtained from a suitable guide to a new cold
source is also given.
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 cold neutrons
Munich. Using sim-
r, a change of count

rate. More precise meas-

n the source at ILL is available.

counter containing He® in a

thin window which will
‘An overall detection efficiency

amagnetic field of 1072 gauss
078 gauss for this period. This
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EXPERIMENT 55
Experiments with Exotic Atoms

Birmingham University ; Su iversity-
hnveﬁwhq Y Surrey University, Rutherfyp,
An exotic atom is one in which an orbital electron

replaced by a heavier negatively charged particle. .M_& been
periments aim to make measurements of the x.a.w o
emitted from exotic atoms formed by stoppin, w:uvasa
(kaons or pions) and to study the y-ray spectra :WB ..“Msa
sidual nucleus following the final interaction of the h; o5
with the target nucleus. adron

M’: exotic ﬁo,:.. is formed when m slow nNegatively chargeg

adron travelling through matter is captured so as to move
in an atomic orbit around the target nucleus. In the captur-
ing process the hadron expels an electron from the target
atom by the Auger effect and then occupies an atomic orbit
which corresponds to a highly excited atomic state of the
hadronic or exotic atom. The hadron initially cascades
through the atomic energy levels by Auger transitions and
then by radiative transitions in which X-rays are emitted,
Finally the strong interaction between the hadron and the
nucleus becomes important and the hadron is absorbed. As
a result of this interaction the final observable X-ray transi-
tion is frequently broadened and shifted in energy as well as
being attenuated.

Measurements of the strong interaction shift, broadening
and attenuation of this last X-ray transition give informa-
tion about the very low-energy kaon-nucleus interaction and
the possibility of learning about nuclear properties in the
surface region. Some measurements were discussed in last
year’s report. These have now been extended to the very
light nuclei Lithium and Beryllium. The earlier measure:
ments for Silver and Cadmium, which gave results apparent-
ly in disagreement with theoretical predictions, have been
repeated and the neighbouring nuclei Indium and Tin also
studied. As these experiments involve very precise A_SE._?
ments (a few parts in 10*) of X-ray energy, considerable

effort has been spent on checking the apparatus and calibra-

tion techniques. Possible contamination of the X-ay spectt®

by nuclear y-rays has been investigated. Preliminary analysis

ites that the new results do seem to be more i »onomﬂ_

heoretical predictions. A summary of the prese? w.
‘measurements of shifts and widths for Kaon®
de bot e Rutherford Laboratory and €l

10

Fig 1.35. M
(+) (Experiment 55)

of strong i

numbers of X-rays produced but in the present work meas-
urements of the width, shift and yield of the n = 5 >4
Sigma X-ray transition in Magnesium, Aluminium and Sili-
Mm” have anm”: made. Analysis of the data is complicated by
Eaﬁ;& to include the mno structure splitting of the X-ray
= Eo__w Mmowﬂw :.Mm:ocn _.:o,”:.:.; of the sigma hyperon
wilive re of a nearby pionic X-ray transition. These

e first Measurements ever made of strong interac-
and widths of sigma-atoms.

T3y spectra of pionic and kaonic atoms in these three

uclei have also peen

€ i ¥
ety o measured together with the spectra of

residual nucleus following the capture

This great wealth of data is now eing

of building up a rather comple te pic-
rocess. : Y

50 60 70

shifts (AE) and widths () for kaonic atoms made at the Rutherford Laboratory

the kaon-nucleon interaction to the
of the K™-p scattering length.




it of Triple Scattering and Polarisation Para-
in Nucleon-Nucleon Scattering between 200 and

Basque Collaboration; Bedford College, London; AERE
Harwell; Surrey University; Queen Mary College, London;
University of British Columbia; University of Victoria

The sector-focussed cyclotron at TRIUMF, Vancouver, per-
formed excellently during 1976. Unpolarised H™ beams of
up to 10 pA and polarised beams of up to 50 nA were ac-
celerated and their extraction into two beam lines operating
simultaneously at different energies became routine. During
the year the BASQUE group completed a measurement of
spin rotation (Wolfenstein) parameters in pp scattering and
took its first data on the ap system. Subsidiary measure-
ments included the final calibration of the analysing power
of the proton polarimeter, and a determination of the pol-
arisation transferred to the neutron in the pd interaction.
The polarimeter calibration was essential for both pp and
np experiments and is described first.

A proton beam of known polarisation was obtained by scat-
tering the primary unpolarised beam from hydrogen through
an angle of 24°, The scattered particles passed into the pol-
arimeter and the asymmetry of the subsequent scatter from
a carbon plate was d with the sur ding array of
multi-wire proportional counters and scintillators. Small in-
strumental asymmetries were eliminated by precessing the
scattered protons’ spins through + 90° by means of the 6
Tm superconducting solenoid. The calibration was perform-
ed at nine energics between 209 and 518 MeV with a typical
precision of 2% at each energy. An interpolation formula
has been fitted to these data for use in the subsequent ex-
periments. The overall normalisation remains to be fixed by
precise determination, by double scattering, of the polarisa-
tion in pp scattering at 24°.

Following this calibration the pp Wolfenstein parameters D,
R and R’ and the polarisation parameter P were measured
‘at four angles and five energies between 209 and 515 MeV.

itudinal component of the

refined the isotriplet NN phase
to be no longer the limiting factoy j ently f
¢ I in th goAare
a‘ms now coEew taken. A further result Wp:m_vﬁm o?:“;
tion of the 7°NN coupling constant. ¢2 dnew nazza_:v
> 88 -

shifts suffic

J SRR s =913
_vnasgu determinations from n%p Scattering st 065
8% = 1429 % 0-18; the agreement SUpports :W;a_._ 2 valye
implicit in the comparison that it j¢ g2 ., **Umpt,
: 87 Tatheriy,.
m; d
= g@ul g%) that is charge independent.

The measurement of wf the polarisatio,
proton to neutron in quasi-elastic pd
formed by replacing the primary hy
liquid deuterium. Neutrons emerging
struck a liquid hydrogen target and the a
protons was measured in scintillator coul
values of neutron polarisation at four e,
and 495 MeV were found to be betwee
energy) and 0-49 (at the highest), with Systematic errors o
% 14%. The experiment to measure the np Wolfenstej
parameters depends critically upon producing a beam of
polarised neutrons by this technique, and the results are in
agreement with phenomenological predictions of high polar.
isation transfer.

N transferre,
collisions;
drogen t;

d frop,
> Was per.
arget wity
at an angle of go
Symmetry of Tecoj]
nter telescopes, The
nergies betweep 220
n 0:94 (at the lowest

During the second half of 1976, and preceding a lengthy
scheduled shutdown of TRIUMF, the group made its first
measurements of np elastic scattering. The proton polari-
meter was placed on one side of the liquid hydrogen target
and a bank of fourteen liquid seintillation counters, cach
over one metre long, was placed at the conjugate angle to
detect elastically scattered neutrons. By modifying the trig-
ger requirements it is possible to detect and spin-analyse
simultaneously those events in which the neutron scatters
in the polarimeter and the proton is detected in the scinti
lator bank. By using two dipole magnets with crossed fields
to re-orient the spin vector of the secondary neutron ga._.
measurements have been made of D and Dy in np elastic
scattering at 325 MeV. Analysis is in progress at the Ruther-

ford Laboratory, and further data at 220, 425 and 495
MeV, including A, A, R and Ry will be taken.
EXPERIMENT 57
. f
M of 7 -Nucleus Backward Scattering ﬁ_ o
the Decay Rate 7°~¢'e~ with the Omicron Spectrome
; Lab
Birmingham University; Oxford University; bﬁ«“ﬁ ;
oratory; University College, London; Amsterddm;
Ljubljana; Turin
at the

The former heavy liquid bubble chamber me:w»”moa_.
Rutherford Laboratory has now been 3?.:: asa sy
ume multi-particle spectrometer to exploit the moa poles
cycle of the CERN Synchrocyclotron. New .B“m.wa have
and major changes in yoke and coil confl »s GFUN
been designed with the Rutherford Egaﬁ“_w positior
3-D magnet design program (Section 4.6)- Part al chamb®®
be determined with drift and proportio™
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as box so as to reduce :E_zv_.n
:BamiEor can be withdrawn on air
n .
: et pole for surveying purposes.
f these items are almost com-

gin a Heli
scattering
to a dummy magTt
n and assembly O

ec_.:ww_.—a
covlom®
pearings "
Constructic”
v_m.o.

. g i an
4 events in a typical experiment of this type ¢
Unwante

data rate sO as to fill several hundred magnetic
add to ﬁ.—_w 2 h tape requiring of the order of one hour .c».
tapes, with eac ime for analysis. Accordingly two special
larg® noEv_._B"mca are being constructed; one will E.ﬁoq out
purpose Eonm_ma before the dedicated computer és..__ﬂ .nrw
Eimz.MM:ﬂMa via the CAMAC highway, will determine ini-
other,

tial approximate momenta.
3

hambers, their electronics and the online computer
Ui ms:‘cs:m tested with an experiment to measure
E.a : Mam_a scattering off H, O and D, O. Results from the
i Sm ”<2 should also provide a severe test of the use of
ﬁﬁ%ﬂmcu:gm and the effects of nucleon isobars in the

deuteron.

The first experiment with the spectrometer will Bnmmﬁa m

backward scattering from Carbon at various energies over
the range SO - 200 MeV. There are several optical-model
potentials agreeing with the existing forward angle data, but

giving different predictions at 180°.

The main emphasis of this work however, is on the deter-
mination of the so far unmeasured m°~>¢'e” rate, this being
the specific responsibility of the British members of the col-
laboration. The experiment is designed to give more than
100 events at the, so called, unitary lower bound of 5 x
107® for the branching ratio of the 7° decay to this final
state; a lower value would test invariance principles. A
branching ratio greater than 4 x 10~ 7 would be significant
for unified models whilst intermediate values are a test of
meson vector dominance.

EXPERIMENT 58

Coulomb/Nuclear Interference in Alpha Particle Scattering

King’s College, London

H.assp_ﬁw of the 19 MeV alpha elastic and inelastic scat-
g data obtained from 2Cr, S5 Fe, %Ni and %Zn to
NNMWS the interference of Coulomb and Nuclear con-
Egﬁm:w has Ju«: completed and is being prepared for
from the :._ Ov.:ow_ model parameters have been extracted
e vo:.aa astic data and a systematic DWBA study has
e e ~M6a to o_—oa_n‘p number of assumptions made in
Scatterin 1L .:.wsw_ collective model treatment of inelastic
nac._o_.:%r:om momv forward angle minima produced by the
of this they lear E»m:.,onosnn provided a very sensitive test
and o_oﬂ_.m.nm.—._—o main conclusions are that the Coulomb
teal ang s Ormations need to be different but that the
have e now.m:ﬁw =.=o_aw_. components of the form factor
Predictoq 1 Ormations and that their shapes are correctly
Y the usual derivative model.

The theoretical work being done on the S&.E-o: ‘om.m nomu”.
change into the collective model :85—2:.2, _=«_»m=oc=8.
tering is now complete and has been submitted for m::u_u_o
tion. The theory has been used to analyse all the »cniz “
inelastic proton scattering data to the first 2" state of :_-m "
between 17-5 and 100 MeV. It gives a good account o e ”
energy variation over this range and fits most of the cro: ,,
section results very closely. !

EXPERIMENT 59
Microscopic Helium 3 Optical Potentials
King’s College, London ,

The elastic scattering of the helions from S6Fe over a wide
energy and angular range has provided a §_=wEw test mm
microscopic folding models for the optical potentials. It is
now well established that simple folding models used for
proton and alpha particle potentials are inadequate for hel-
ion scattering and double folding is essential.

The model developed at King’s College involves double fold-
ing of an effective nucleon-nucleon interaction into the
density distributions of both target and projectile densities.
Using the Green density dependent effective interaction
allows the inclusion of saturation effects due to the target
and projectile densities to be included. The model includes
exchange terms and can, in its complete form, also produce
the imaginary potential using the forward scattering approx-
imation. Using the model on the ***Sm and °Ca data at 53
and 33 MeV respectively proved to be fairly successful,
however some difficulties were observed in fitting backward
angle measurements. Applying the model to the ¢ Fe elastic
scattering measured at 30 MeV, 50 MeV and 80 MeV em-
phasised the difficulty. The oscillations in the angular dis-
tributions become smoothed out as the energy increasesand
this feature was not reproduced by the model. This problem
has been traced to the shape of the potential at a radius of
=~ 4 fm — a radius that became more important at the high-
er energies. By including an approximate treatment of sec:
ond order termsin the potential this difficulty has been alle:
viated. This development has emphasised the value
measurements over a wide range of energies. :

The model is now being applied to the 53 MeV data
Calcium isotopes. There is every indication t the
order terms described above not only pro
elastic scattering but also allow f
given trouble under momentum r

fitted with convention BA.



“ham Radial Ridge Cyclotron, a set of experiments has pro-
vided differential analysing powers for *Mg and *’Al

m& .55 analysis of these measurements, which included
,.\!Ewa:w powers for inelastic scattering and the (h,)
reaction, in addition to the elastic polarisations, have

%.68& to be very interesting.

‘The elastic polarisations, in conjunction with previously
‘measured differential cross-sections covering a wide angular
range, were analysed using a phenomenological Optical
Model. The resultant fits to the data were sensitive to the
spin-orbit potential and required an unambiguous spin-orbit
geometry of ry, = 0-9 fm and ag, = 0-2 fm. The small dif-
fuseness implies a sharp localisation of the interaction, and
agrees with previous work on lighter nuclei. The small radius
parameter (compared with that of the real potential R =
14 fm) shows that the interaction takes place predomin-
antly inside the nuclear surface. The resultant fits for Mg
are shown in Fig 1.36. Prior to these measurements it has
been conventional to use rg, = rp and ag, = ap. In addi-
tion, an analysis using simple folding models, which calcu-
late the spin-orbit potential by folding a suitable interaction
- into a nuclear density distribution, has been shown to be

e Model. Although the cross-sections were fairly
to the form factor used, the analysing powers
etter by a form factor with a real radius 20%
of the real optical potentials. In addition
e deformation parameters closer to those obtained
hods. This result is in agreement with recent
al caloul wmn for proton inelastic scattering.
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Fig 1.36. Polarisation asymmetry and elastic differential cross-
sections for Mg (*He, *He) at 33-4 MeV. The full lines are for
JR/AjAT =311 and 443 MeV.fm3 potentials respectively
(Experiment 60)

The analysing powers for the (h,) reaction showed great
sensitivity to the form of finite range corrections used in
the DWBA. This indicates the necessity for exact finite
range calculations, and provides a stringent test of the appli-
cability of the DWBA in reactions with such deformed
nuclei. A coupled channels analysis of the inelastic data,

and two-step stripping analysis of the reaction data, is still
in progress.
proceed on firmer ground.

itarisation
In nice contrast to charm, the subject of dual %Emﬂ_.__“__o &
i i d to extend In!
is dominated by theory, by the nee: ete schem?

dual models of strong interactions into a comp is topic
including unitarity. A small specialist meeting of e.u i

‘was held at the Cosener’s House with leading work a_s_ unit

US.A. It is encouraging that the : shemati
, although Emr_us ooaunn&bon_ mathel”

me the Theory Division organ-
g at the Rutherford Labora-

for theorists :.o.ﬁm;:«: =a<2m3m3=wm.
iy .o ing fluctuation there were two such meet-
use of :::.M January 5-7 and December 15-17. In
g0 1975 :m”:mn%»_ speakers were invited to Mﬂévm
ach 4% ifferent areas. About 200 people attended, o
i a_ma accommodated in St. Hugh’s College and
respectively. During the summer an
racted physicists from Europe,
to spend time working at the

¢ Christmas ti

bou A
ear @ informal meetin|

iqa’s College,
¢ Hilda's
w&é yisitor vamsamu\_,,
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Charmed Particle Production in ¢'e” Collisions

n the Spring of new particlesine’e” annihila-
tion created a lot of .:mo:w:om._ excitement in sowz oma:._n
expectation that charmed vaco_om .m:oci E.u produce in
these experiments. Some detailed _:<¢w:mu:o,=m hzmo a...a
an._o:oa characteristics of &E::& particlesin €'e QE:.
hilation were made and compared with the data. These in-
vestigations suggested that pseudoscalar (D) and vector (D*)
charmed mesons have been produced; subsequent data seem
to confirm this. A test has been proposed whereby a >D;
component in the D* can be investigated and the possibility
of D°D° mixing (analogous to K°K® mixing) has been look-
edinto. A calculation of the rates for producing axial vector
charmed mesons has been made and the results suggest that
it may be copiously produced in current ¢'e” experiments.
The characteristic properties of charmed baryon production
in these experiments have also been investigated with a view
to aiding their experimental discovery.

The discovery 1

Semileptonic Charm Decays

It is important to find simple ways to recognize charmed-
E_.:m_nm when they have been produced. One promising
“wh is to Eo_m out decay leptons (u or e), since among the
_mvh““w _uwhcﬁam only 7 and K mesons decay readily into
axvoso.aﬁ__ﬁ their nrn-wnﬂo:.mznm are quite different from
o .En m decays. 5.?; way, the celebrated dilepton
i =o£=wc mom.:n::w and the electron plus multi-

M events in ¢'e” collisions have been identified as

char; i
o M production, where the extra final lepton comes from
med particle decay.

T ;. A

Swnmmwﬂwa: this identification more firmly, and to learn
Bonor v__rﬁ the charm decay mechani realistic calcul
i, nmoiro_o.nrm:: production and decay chain are
duction gy Q_ow__umuso:a mentioned. Charmed meson pro-
e s e .u:a by mann_o% that work for ordinary
o —nﬂ_.—mm_:oﬁ wnn_:o.u»oaa decay modes are tried
gwsao nonMon well with EE.FZo data, provided that
: i ,ﬂ.m.n& e m”ﬁuhumaaongwnnv. multibody (e.g-

Charm Production by Weak Neutral Currents

Neutrino scattering is a good way to _o»:;co:nio»r 58«.
no strong or electromagnetic

actions, since neutrinos have : z

interactions to confuse the picture. There are ?6.*5& o:
e

weak interactions, the more familiar or.w-m& current’

kind where a unit of charge is transferred and “neutral cur-

rent” interactions with no charge transfer. orunmaa.n__a.ﬂ.n
has been identified via

production of charmed particles g !
semileptonic charm decays, and it will be _Eonomm:.m _.m
neutral-current charm production can be similarly identi-
fied, since it will provide important extra information about
weak interaction systematics. Neutral currents are expected
to have a charm-conserving component, leading to events
where charm and anticharm are produced together; how-
ever, the expected rate for these processes turns out to be
rather low, and the fraction that can be identified is lower
still, of order 1072 of the total interaction rate. It will not
be easy to establish and measure them mkﬁml_.:gs:%
There may also be a charm-changing component (it is for-
bidden in some theories): this would give an enhanced pro-
duction of charm — not anticharm — and has some other
characteristics to distinguish it. The identifiable fraction is
at most of order 4 x 102 for neutrino beams, 4 X 10”2 for

antineutrinos.
Weak Interaction Models

The model of Weinberg and Salam for unifying weak and
electromagnetic interactions has been very successful pheno-
menologically both in the analysis of neutral current neut-
rino scattering data and in the requirement of charm to aid
the incorporation of hadrons. At the same time it is a very
crude scheme for understanding the fundamental structure
of weak interactions and attempts are currently being made
to derive it as part of a larger structure, perhaps ultimately
incorporating the strong interactions into a single scheme
with the weak and electromagnetic interactions. Most of
these models require more than the known four (including
charm) types of quark. The extra quarks which are presum-
ably associated with very heavy particles, enrich the alge-
braic structure of the weak interactions. Ways can be found
to make this algebraic structure include the parity operato.

5o that the large variation of masses typical of these models
can be related to the maximal violation of parity observed
in weak interactions. y e

Mass Scales and Charm Production

ferent mass scales in symmetry an
particle production adds a great ¢




results about symmetry and scale
eptoproduction, y*y* - X and pp —
ned. In particular, charm production cross
s can be made. One interesting result is a
e size and q2-dependence of the charm-
sea in pp > pX which is in encouraging
ith recent Fermilab data.

gy sum rules are saturated by the leading
es and Regge poles, they give constraints between
28 and couplings of the intermediate particles. The
rules for PP PV scattering, cut off success-
ie vector and tensor meson contributions, can
 determine some of the resonance masses. Applied
% scattering, this method gives a satisfactory
rediction for the intermediate K** meson that is well
perimentally. Applied to various 7D, KF and KD
channels, the method gives mass predictions for
* and F** charmed mesons, that have yet to be
perimentally.

Y, ideal mixing and the Zweig-rule. Dual
ts with a system that has these regularities
some unitarity corrections. The set of dual

ption that

describe diffraction Scattering. More
is an f-trajectory which is » this po,
non-planar insertions. The sj, by -
to become more important =
becomes more negative, and i o:EB.EEn? ¢
Consequently the Pomeron.f trajector
physical f-meson, has an intercept o_Ova.muom o
comes very flat for negative t. This m?«mo._ x
metry properties for the Pomeron asa E::m o
can be tested against elastic scattering a»m__os Of t whigy
significant SU(3) octet component at t = ( ‘.“_%o CXpect 5
leave the Pomeron a pure SU(3) singlet at _.E. oasmms.m to
This tendency appears to be shown by the nmm.w e
Kp elastic scattering at Fermilab and explains :_os_ o
the cross-sections for n:oﬁo.nqcacom:m the \:M Wowaﬂ&
25 (V)¢

mesons. Interesting predictions follo
1 : w for h
diffractive excitations. Ve

Precisely,
Tenormalise
ngle non-plan

Tough a_n.
d thep be.

esting m.

Breaking of Planar Regularities

In the mcw_ jES:m.w:o: scheme, the introduction of non-
planar insertions violates certain regularities such as ex.
change degeneracy (EXD) between the Regge trajectories
ideal mixing of states (purity of quark states) and the Nio.w.
rule for decay and scattering amplitudes. The single non-
planar loop breaks EXD between I=0and I = 1 trajectories
but a higher-order diagram is needed to break EXD between
the p and A, trajectories. Using the one-dimensional
approximation the magnitude of the splitting can be quick-
ly estimated. The sign of the breaking is a more complicated
matter. However when all discontinuities of the graph are

i

unchanged by further planar insertions.
ney requirement constitutes the *‘planar

d alle ws the calculation of the triple-reggeon

ﬁh@&a reggeon propagator is compli-
lime; onal approximation the solution

between Regge trajec-
emselves satisfy SU(3)
uations allows certain
ctories — in particular

(& d the sign as well as the magnitude isin accordance
with the trajectories extracted from experimental data.
Calculations of Zweig-rule breaking effects can be tested
against the now considerable data on ¥ and ¥’ decays.
These decays may be described by three classes of non-
planar graphs, whose behaviours differ as the mass of the
decaying particle is varied.

Many of the unexpected features of these decays can be
qualitatively understood in terms of these three wq%_.a p._..ﬂ_
even with crude approximations many.of the quantitative
estimates for the branching ratios are good. An Eaﬁﬁ_w.
prediction is that if any further states, similar to s Bn_.._‘w
are discovered at higher masses then their hadronic widi =
will be of the order of their leptonic widths. The asympto 5
behaviour of non-planar graphs has been somewhat o_wnmnw =
Some of these graphs have a similar energy %mo_q%.—n:u_..
planar graphs, refuting the concept of ‘asymptotic ﬂu =
ity’. However, none of these non-planar graphs viola nwna
ity of quark states or exchange degeneracy and 0
regularities are preserved asymptotically.

Miscellaneous Aspects of Dual Unitarisation

Pomeron trajectory is _uoomgn o<2”
ve cuc\on.msmga\on thresholds, .35 SS-M«%
furthers abo 1, giving rising total cross-sections. E addi-
is greate! 2 mmzm to baryons is enhanced, which is sup-
tion the <! nocqmaoia data. The dual unitarisation .mo:@—.:m
ve:& by oxﬂ prediction, that multiplicities in different
e e ocesses depend on whether reggeon-exchange,
E&.E:o: v_.s: ¢ or annihilation is the dominant Bmoi:.
_voao-oad.ax._“a E_mm:c: between the multiplicities, which is a
mﬂmma\ur_ MM@S, the scheme, agrees quite well with data.
Cl

tic valve: Alza e

riginally constructed for calculating had-
ic amplitudes, the dual unitarisation scheme om.: be ex-
.oaoau t v_av"osbsn_‘o: and current-hadron mEE::amm,. >
e i ouzv in this direction gives a model for ¢'e annihi-
a&m:.\._w_ which the conversion of quarks into the final
Eﬁ__o==m is quite specific. From this model corrections to
Moﬂ_co of R given by parton models can be estimated.

2&—0:@—— it was O

Leptons in Strong Potentials

Studies have continued of unusual phenomena Einr. nocmn
occur in the presence of strong short range potentials, in
particular at the critical potential at which electron or
muon bound states would be drawn into the negative energy
continuum. In this area of quantum electrodynamics normal
perturbation theory cannot be used, and most of the results
are obtained by direct computer summation of the perturb-
ed vacuum levels, subtracting the divergent contributions.

1.4 Radiological Experiments

During the past year the experimental programme has con-
tinued to evaluate the radiation field of negative pions as a
possible radiotherapeutic agent for combating cancer.

Negative pions offer advantages over the usual vy-ray treat-
ment because being heavy charged particles they can pene-
:.Bo deep to a target volume and deposit much of their
Kinetic energy in a stopping region. They are absorbed there
~ causing further local ionization to be deposited by frag-

ments of atomic nuclei shattered by the liberation of the
Pions’ rest mass.

.:5 Tesult is a variation of dose with depth such that an
Hg flat region, ‘the plateau’, is followed by a high dose
»,_n_o? ‘the peak’. Beyond the peak the dose falls rapidly to
Enasﬁﬁ..?nr..ﬂ..._ ge is further enhanced at

* peak be, the nuclei fi are densely g
and more efficient than fast particles. The energy deposited
Per unit length of an ionizing track s called the Linear
1°1gy Transfer or LET,

This work investigates

(a) the close a

(b) the apparent symmetry between !

the formal similarity between
nts (for example the o andithe

nalogy between weak and electromagnetic
curre! :

the production of an electron E:.u neu
creation of an electron positron pair).

he weak interac-
tions of leptons and those of the hadronic S:E.mnv
constituents. It has been demonstrat d, for p
that a short range critical potential can Eon—._on lep-
ton bound states of sub-hadronic size, mcwwom:_.._m. that
localised lepton states of this type could participate
in hadronic weak interactions.

Work this year has concentrated on pair production in short

range potentials;a computer programme has been noﬁ_o.vnn
which will expand the complete set of bound and continu--
um levels at any potential V, in terms of the complete set
of another potential V, (or zero); this enables .103@3—5.
spectra to be computed for the electron and voﬂoz.v: wave-
packets created by these strong potentials. annng.no.
sults show a remarkable asymmetry in the pair production
spectrum of a critical potential; one lepton is created with
quite sharply defined momentum, but its antiparticle is pro-
duced as a wavepacket with very large momentum spread
(governed by the reciprocal of the potential range). The ob-
servational interpretation of this new result is not yet clear. -

radiation, usually v-rays, to produce equal damage is known
as their Relative Biological Effectiveness (RBE). Further,
the absence of oxygen, as occurs in tumours with a poor
blood supply, prod less radic to the fragments
than to y-rays. The ratio of doses required to produce th

same level of damage without and with oxygen is known as
the Oxygen Enhancement Ratio (OER).

These RBE and OER parameters have bee:
bean roots and on very sensitive in vivo syst
tissues in mice, on single cells,
rations in white blood cells (lym;
ductive capacity of cance; t
work from 1971-76 c

atory Report RL-76-092.
ry Report RL-76-09: g
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ege of St. Bartholomew’s Hospital, London

rm effects of partial body exposure of 1 day old
ce from either *°Co gamma rays or negative pions
een studied. The mice were originally irradiated to in-

a aracts, but they have now all died and have been

ati y studied to determine both their lifespan and
ain causes of death. The experiment including con-
lves 400 mice given pion doses between 40 and

and 384 mice given  Co gamma rays between 40

it low doses, a conclusion that might be expected for
> high LET pion radiation, but the small number of points
obably makes this an unwarranted conclusion.

g from all tumours it was possible to anal-
ce rates of tumours. Such an analysis showed
e rate of tumours at any particular age was

e controls for peak pion doses (60 and
or plateau doses (40 and 136 rad), while
ate of tumours at any age was only greater
«m\,g and 300 rad and not for doses less

‘aberration yield than was observed in the succe
samples. This phenomenon has also

EXPERIMENT 62
Chromosome Aberrations in White Bloog Cells
€

National Radiological Protection Board: R
atory " Rutherforg Labey.

The objective of this work is to inve
biological damage in a beam with a by,
of a size suitable for the irradiation of
samples were placed at varying depths
and exposed to a pion beam in which
enta, 128, 146 and 166 MeV/c, were
work by this group at 160 MeV/c sho
biological effect ratio of 1.7 times t
present experiment it was assumed t
propriate for all three momenta. Thi

bined in a ratio, 0-27 : 0-46 : 1.0, of Mwoé_mwﬂmw%“%a .85.
beam which resulted in an expanded ionisation M.Mmgw
about 10 cm and a predicted flat-topped biological m:,mw
150 rads were given to a sample 12-4 cm deep %onmapﬁm“
ly in the an_&m of the expanded peak. This dose was
chosen as being representative of a likely daily dose in 2
fractionated therapy regime. Fig 1.38 gives the dose profile
(curve C), the predicted (curve A) and the observed biologi-
cal effects (data points) for dicentric chromosome aberra-
tions. It can be seen that there is a reasonable agreement
between the two biological profiles. There is, however, a
rapid fall-off in the observed data at a depth which corres-
ponds to the peak of the highest momentum. Hence the
dashed line (B) is drawn to indicate that for 166 MeV/ca
biological enhancement factor of 1-2 would have been more
appropriate. For comparison with conventional low LET
therapy, curve D shows the profile of dicentric abberations
which would be obtained for cobalt-60 y radiation deposit-
ing 150 rads at 12-4 cm.

stigate the
oad peak dose reg;

.mo_a tumours, wmg
in the water u_saoa :
three different ao_”
Superimposeq _.,x.::s.
wed a peak to plateay
he dose ratio. [y the
hat this value yas ap-

Profile of

This experiment has demonstrated that the combination of
several pion momenta can provide a beamin which the peak
is enlarged to a size suitable for radiotherapy. However be-
fore further attempts at peak widening are made, it is neces:
sary to examine separately a series of likely Bo:.a_:m h
determine the relationship between dose and biologl
effect at varying depths, especially across the peaks.

: m_‘%
In the first part of the experiment described above, ENH. gher

blood sample, 1 cm deep into the plateau, g2V - g five

been described ©:
nhibitior

other Rutherford research groups studying the i
owth and the survival of frozen

effect it will have important conse
: iniques to be employed if

A
=

DOSE (rads)
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e
s
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Fig 1.38. Observed yield of dicentric aberrations. >_umo=:.o predic-
tion using a 1-7 enhancement for each momentum (A), using a 1-2
for 166 MeV/c (B), and the ion dose profile (C). Also shown isa
damage profile for 150 rad Co radiation at 12-4cm depth (D)
(Experiment 62)

Irradiations have been successfully completed in which 150
and 360 peak rads at 160 MeV/c were given to blood sam-
ples held in a water phantom in the front and middle of the
plateau, in the peak and in the tail. Over the first 3 cm of
the plateau, ten samples were arranged along the axis of the
beam, each occupying 3 mm and separated by very thin
Mylar film. The results of the microscope analysis for chro-
mosome aberrations will soon be available and the data
will be compared with measurements made with a small
parallel plate ionisation chamber.

EXPERIMENT 63
Iradiation of Frozen Cancer Cells

Msuwus Institute of Radiotherapeutics and Oncology;
utherford Laboratory

”moaw_._mﬂim.s frozen at liquid nitrogen temperatures to re-
e mu_ﬂow_o& and chemical activity, for in such a state
i no»: e n.*owa rate dependence. Following earlier work
bess ermined the RBE for the pion beam at the peak
¢ n.and for 14 MeV neutrons, further experiments have

5..4 26
(vestigated the response of frozen Hela cells at other absor-

Ve the resolution of this ‘biological dosimet

-t depths at a number of beam positi i
positions. A specially de-
cell holder of much smaller volume was used to

Preliminary results suggest RBE values i-.:.nr are :M.M &.«MM.
cantly different from unity for two vou:_o.:u .anu i
cau” region of the beam just c&oa. the _oE»M : _nnav.hA
and two in the “tail” region just after it. At the Mum Ww— e
position in the irradiation set-up, however, Eo R i
more similar to that found at the a:.am noﬂn_o.nw close: b
the peak; namely 1.9. The current E:. is to derive SBMocm
survival curves for frozen cells irradiated at :.momo <n.n.o
positions, particularly the first (or .:n:ﬁ»:nn ) posil nﬂmnw
The next step will be the determination of values for

along the depth dose profile.

EXPERIMENT 64

Study of the Physical Nature of Pion Induced Radiation

Medical College of St. Bartholomew’s Hospital, London; w
Leeds University; Surrey University; Rutherford Laboratory "

The structure of the radiation field induced by pions is very {
complex because they produce many different particles ac- |
cording to their reaction with the object irradiated. In order
to attempt to interpret biological results as well as to under- |
stand the field for its own sake the deposited energy distri-
bution (dose) is d using ion chambers, the distribu-
tion of sizes of events and Linear Energy Transfer (LET)
contributing to the dose using proportional counters and
nuclear emulsions, and the specific nature of the events us-
ing counter telescopes. A new program has begun.to meas-
ure the neutron component due to the incident flux as well
as products of pion interactions, by observing induced
radioactivity.

1. DOSE MEASUREMENTS

A small parallel plate ion chamber 1-7mm thick, 12mm =
nominal diameter has been constructed with 0-95mg/cm?

1; DE di

tom determined with the central point of
cm?® cylindrical air equivalent Farmer tyj
opposed to say the inside front face,

N.umamwézé
SPECTI 1



cise indication of the LET distribution which cap e
cor.

related with the biological effect.
4. CHARGED PARTICLE SPECTRA

The series of experiments to measure the spq
dividual charged heavy particles liberated by g
interacting with Carbon, Oxygen, muscle ¢,
tion, and rigid bone substitute have been
counter telescope was used comprising one o

ectrum of ;-
tOPping pigg
Quivalent Soly.
Completeq. 5
f severa] total.

z or O o
BUORE ACTIVE YOUMG (g/cm’ PERSPEX OB MeLNEx)

W\.ﬂw« using a thin parallel plate ionization

cm diameter, 1 u effective diameter spher-
onal counter, are now being used to de-
Monte Carlo simulation technique.

ve been made of neutron event size

1l Variable Energy Cyclotron (VEC) in

MRC. The neutrons are produced in

dment of a Beryllium target with

rom the VEC and give a spectrum of
modal energy of about 20 MeV.

 been given to the possibility of
size spectra in much smaller
urpose two parallel plate cham-
esign by Rossi, have been con-
have electrodes composed of

nducting plastic, and present

ly depleted Si specific ionization detectors of yan .
nesses and a thick Si detector or CsI(Th) ﬁ%ﬁ“@” ww_n_n
ter measuring residual energy. Fig 1.40 shows the %8:5.
of particles which exist in soft tissue. From such data M_.
LET spectrum and the spectrum of particles on oa_.»noo
from the spallating nuclei have been obtained. An ::voz__
ant parameter in determining the dose is W, the energy F,
quired to liberate an ion pair as observed in an ion chamber,
The average W value in Nitrogen gas for particles v_.on:_o&.
in tissue at the peak allowing for pions in flight and lepton
contamination is calculated to be 35.8 + 0.4 eV/ip, which
may be compared to 34 eV/ip for clectrons, As the dose has
invariably been measured with a detector with a greater
Carbon/Oxygen ratio than tissue, another important para-
meter is the ratio of energy liberated. This may be deduced
from the Table.
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RELATIVE NUMBER OF PARTICLES/MeV

Energy (MeV)

Graphite  (©)
Water ©
Muscle Soln.
Bone Subst.

e as observed originating from the materials listed due

. .ﬁnmnsn:wm.. . .
RERedos Cepes osio:m particles of the energy intervals specified

t He Li

. 1-80 1-80 63-38

1-80
-025 + 005
016 +-003
-017 + -003
.017 +-003

.54 +.04
39 £-03
-39 £.04
45 £ .04

38 +-08
17 £.04
20 +-04
25 +£.05

117 +-18
1-56 + 40
1-67 +-40
1.70 42




- 2 Neutron Beam Research

In addition to its continuing programme of neutron beam
research and development, the Neutron Beam Research Unit
(NBRU) at the Rutherford Laboratory has for some years
been carrying out studies of future neutron sources, culmin-
ating this year in a proposal by the SRC’s Neutron Beam
Research Committee for a new high intensity pulsed source
based on a proton synchrotron spallation source at the
Rutherford Laboratory. A substantial portion of this work
has also fallen on other groups in the Laboratory, most not-
ably the Instrumentation Division, which has been respon-

2.1 Future Source Studies
2.1.1 Spallation Neutron Facility

Towards the end of 1976 a proposal was submitted to the
Science Research Council for the construction of a high in-
tensity neutron facility at the Rutherford Laboratory. The
proposal has been prepared by a coordinating group under
the auspices of the Neutron Beam Research Committee of
the SRC, with the scientific case evaluated by four separate
working groups of the neutron beam community and the
source design undertaken by Rutherford Laboratory staff.
The facility is specifically designed for the study of conden-
sed matter by thermal neutron scattering and the source is
based on a high-performance 800 MeV proton synchrotron
with an external neutron-spallation target station and asso-
ciated moderators.

No new buildings are required for the proposed facility as
full use is made of the services and buildings that form the
Nimrod complex. Use is also made of the existing 70 MeV
proton linac injector and of the magnet power supply sys-
tem from the NINA accelerator at Daresbury. The proton
synchrotron is designed to provide 2:5 x 10" protons per
pulse, at an energy of 800 MeV, with a pulse duration of
approximately 200 ns and a pulse repetition frequency of
nominally 53 Hz. The source is estimated to yield 4 x 10
spallation and fission neutrons per second from a uranium
(®*U) target. The neutrons are brought to thermal and epi-
thermal energies in two moderator assemblies, one cold

moderator directly above the target and one ambient tem-
perature moderator below. Special openings are made in the
 target shield wall to provide for the external neutron beam
. Existing Nimrod services, such as water cooling, air condi-

| tioning and electricity distribution, are more than adequate

proposed source and can be used with little modifi-
\1so, most of the shielding for the target station is
c Steel shield thicknesses of 4-5 m are re-

onal layers of concrete and special linings

tible with a modified NINA
radius is 26 m and the syn-

sible for the design of the proposed accele;
description of the spallation neutron facili
ac—.. 2.1.1. The NBRU has continued its support
University neutron beam community which uses 32.3. @
AERE Harwell, the Institut Laue-Langevin (ILL) n_ :
and elsewhere. NBRU members have pa gel
iety of scientific programmes using n
quently in collaboration with Universit
of current work is described.

Tator. Ap outling
ty is given j Sec

ies a
2 noble,
rticipated in g vy,

eutron beams, fr,,
Y groups; a mﬁnn:oz

2 for RF cavities and 1 is free for diagnostics and develop.
ments. Charge exchange injection of negative hydrogen jong
is employed, using a foil system for H™ stripping. The 70
MeV linac injector requires modifications for the rapid-
cycling mode of operation and for the use of H ions in
place of protons.

The 800 MeV protons in the synchrotron are extracted asa
single turn 200 ns pulse and transported to the target stat-
ion in Experimental Hall 3 using Nimrod beam line elements
within a well-shielded enclosure. The proposed target mater-
ial is depleted uranium 238. This material has been chosen
since it gives a neutron yield twice that of non-fissile heavy
metals. The mean power dissipated in the target is 350 KW
and the 300 mm long target is segmented to allow adequate
cooling. Narrow water cooling channels pass between the
individual uranium plates which are clad with Zircaloy-2
which has a high corrosion resistance to water. The maxi-
mum temperature in the uranium is 600°C and the cooling
is by nucleate boiling of the water. Targets will need to be
replaced at intervals of 3-6 months. There is a gradual
build up of radio-isotopes in the target and precautions are
adopted to prevent the accidental release of these isotopes-
Irradiated targets are handled entirely by remote methods,
the total activity one day after shutdown being of the order
of 100 kilocuries.

Target and moderator design are still under study and a pro-
totype low power target is being installed in a 1 GeV exter-
nal beam line at Nimrod. Moderator geometries and reflec
tor materials will be evaluated on this prototype and the
results compared with those obtained from detailed com®
puter simulation programs.

It is planned to locate the main control room for the ».mw_w__n&
in the building that presently houses the Nimrod 15 :
linac. Control of the 70 MeV linac, 800 MeV &:%ﬁm.
and the target station will be undertaken by omnnw_ o s
puter system, together with separate computers 0T
individual subsystems. The control system is com high
important feature for the successful operation of 5«m i
intensity source. The source could be completed an
first experiments under way by the end of 1982.

212 New Linac

on linac at AERE, Harwell, is scheduled to

ting in 1978, and a joint SRC/AERE pro-

research with neutrons is en-
B o«:ooeuw“— mwhazwwﬂnw“mw?_ exploitation of the %q-m.
e ..ﬁ_u_.on «iﬂa: was closed down in 20<macma 1 a
i Bmoa_:rmwo_ﬂoé staff have been closely :.Ec?mm
W:.”._ Mwmoumio:m working parties no:mam:__g_m the anmwmm:oﬂs
- i et cell group -
o :J __HM‘ _“MMMWH\M_:“MMM of n_gmﬂmwinamiu_
f beam tubes around the target,
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the de-
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transfer
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ielding of the target ce s ?
””M_Mﬁm:” m:»:, A target design team IS m:_aw\ﬁm
tailed design of the electron beam Sﬁmﬁ‘ﬂi_a :
water-cooled clad uranium. Measurements of hea

7.1.3 Nimrod Spallation Measurements

he production of neutrons by proton spal-
ng Nimrod. A beam
e of

Experiments on t !
lation reactions are being performed usi !
hole has been acquired at the X3 target station on on
the Nimrod 7 GeV extracted proton beams (Section 6.2). A

small concrete block house has been buiit, and equipment

of AERE Harwell
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Rutherford Laboratory on an ex-
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ve beel
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perimenta .
nsidering the detailed design

derator design team is co I e
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Computer codes are being adapted to m:mE_wnm MujM:w_Mwn_v.
erator-reflector configurations. All this worl i oz
coupled to analogous studies for the Spallation

quired; for the latter,
ed properties, and the
use of reflectors to

poisoned or

relatively few
optimum soluti
increase the slo

Source.

installed to investigate neutron flux intensities u.:ﬁ distribu-
tions for various target-moderator configurations. .—.rau.m
measurements have provided valuable background experi-
ence for a full scale Spallation Neutron Source mock-up

experiment.

22 Neutron Beam Instrumentation

2.2.1 Polarised Beam Techniques

Polarisation Analysis in the Thermal Neutron Region

A ®He-* He dilution refrigerator, which is to be used to cool
the ' Sm polarising filter, has been commissioned and
thoroughly tested at the Rutherford Laboratory. The base
temperature, as measured by ® Co nuclear orientation ther-
mometry has consistently reached 16 mK; this is achieved
about 24 hours after *He is first introduced into the cryo-
stat. The refrigerator and its associated control panel can be
moved to different scattering angles by means of a motor-
ised drive.

The complete system operated in the Badger I instrument
area at the DIDO reactor at AERE, Harwell during tests on
the metallic polarising filter material Smo.ozs Lag.grs Ag.
The n.ﬂ,amo_.mnoq ran stably at 16 mK for the duration of the
.v..&w:&:m efficiency measurements (~14 days). The polar-
ising efficiency of the filter was estimated to be +6% by us-
ing the shim method with both Heusler Alloy and Co:Fe
crystal polarisers. The shim ratio was greater than E_.z
for the Heusler polariser and less than unity for Co:Fe :EM
8::.-:;5 that the filter polarising efficiency is womE,«.n as
predicted in earlier feasibility studies. ;

d.o u..ﬁFEn filter was cooled in the
n.__E_o: unit mixing chamber, and
sion loss due to 3He absorption

*He dilute phase of the
the measured transmis.
Wwas encouragingly low

Fig 2.1 He-*He dilution r

fri T
filter at DIDO efrigerator containing the polarising




Methods for Cold Neutrons

.m \...Me v.?.om&ﬂr»mcgaaunﬁoiwn%;o construction of
lon wavelength (A\ > 5 A) polarising Soller guide, and a pro-
36 ;n&@v‘o\ Wwith beam area 3 cm x 0-5 cm, has been success-
fully tested at ILL. Following a series of measurements on
single reflections from thin films of alloys of different
wvn_ on composition deposited on to different plastic
.Eg_ﬁ.or an alloy with composition Coys Fe,s deposited
on to polymethylpentene (TPX) was selected as the best
polarising surface for the guide channels. A by-product of
these measurements was the observation, for the first time,
M% the interference of neutrons reflected from thin metallic
ms.

The prototype curved polarising guide (length v 0-16 m)
(Fig 2.2) gave a polarising efficiency of about 95% with a
transmittance of about 40% for the neutrons of the required
spin state near its critical cut-off wavelength A* = 7 A. The
measurements have been compared with a computer model
of the neutron transport through the channels; the com-
parison suggests that there was some non-uniformity in
quality between different reflecting films in the prototype.
It is believed that this problem will be remedied when the
metallic films are deposited using a new electron beam
source in a vacuum deposition facility since the effect is al-
most certainly due to excessive heating of the plastic sub-
strate with the resistive heating method which has been
used hitherto. Two polarising Soller guides (polariser and
analyser) for the IN 11 spin-echo spectrometer at the ILL
are now being constructed.

ed at the Herald reactor at AWRE,
tem allows the polarisation of poly:
measured directly, and it is planned
characterisation of the wavelength
ising Soller guides; it may also be u
any long wavelength polarised bea
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Fig 2.3 Stern-Gerlach polarimeter at the Herald Reactor

Neutron Spin Flippers

There are four types of spin-flipper which may be used to
reverse the neutron spin polarisation with high efficiency
(~v 99%); these are a) the r.f. spin flipper, b) Mezei spin flip-
pers, ¢) the Drabkin two-coil flipper and d) the Dabbs foil
or current sheet flipper. The principle of operation of spin
flippers a) and b) depends on the neutron spin undergoing
a well-defined number of Larmor precessions in a fixed
magnetic field and over a well-defined distance; their ?u
ping efficiencies therefore depend on the neutron velocity
(or wavelength) and the magnetic field :oio%:wmc\. over
the flipper. In spin flippers ¢) and d) the neutron spin ex-
periences a fast magnetic field reveisal which it cannot
follow adiabatically, and the neutron polarisation is -2.6-.
sed by an action which is not critically neutron <m_oo_cm
dependent. Spin flippers c) and d) can therefore be US

with white beams and they are potentially suitable for
pulsed source instruments.

The efficiencies (with 1 A neutrons) of a Drabkin Ee%ow_
flipper and a Dabbs foil flipper have been Bowuﬁ.wu.x =
100% flipping efficiency was measured along the col .
of the Drabkin flipper, and the decrease in the om»..ux_”nv "
ciency was attributed to a magnetic guide field B_wa_ua i
the ends of the flipper, rather than to the .maw mn e
achieving a sufficiently sudden field-reversal region g e
the foils, as had been previously no&:._mnon g.o:&a
workers. The Dabbs foil also gave high flipping &mﬂ ide
(> 99%) in an optimized arrangement of the Eum:»o __E o
fields; however its performance was even more et
dependent on the interaction between the guide an

is than was the case for the two-coil flipper-

arch
Beam Rese

Neutron

2.2.2 Guide Tubes

e transmission of the experi-
b m,m»mcﬂﬂmqﬂw_.m Mmﬁm& out on the 4HS beam ._‘_o.um
_U%M”»npoa at AERE, Harwell. By nm:.b”__ A.E:B_m..
uthe 2 alignment of the bender, the transmission effi-
s ~:m=oammoa from 0-4 to 0-5 at a wavelength of 12
aonow_ zummau:o: of efficiency with wavelength was also
e mmn and good agreement with computed values s.sm
Buwm.””na A new bender with the same geometry but having
MNMM_B& ie a more practical device capable of moom_wu::momm
| ¢cm wide beam, Was completed. The larger n.::: a_‘a ;
films made construction more &32: and the m:ms_“m:. M
the films was less satisfactory :5.: .5 the smaller Msn n
However, measurements of transmission gave values of ove

Furt!
mental 5

2.2.3 Fine Slit Collimators

Soller collimators with stretched Melinex film blades, as
described in the 1975 Report, have proved very m.:oonmw?_.
31 collimators have been delivered to laboratories in various
countries and another 10 are on order. The total value of
collimators supplied and on order is approximately £25,000.
Two local firms are now able to manufacture these devices.

Some simple experiments have been done on the suscept-
ibility of the collimator blades to radiation damage by plac-
ing some close to the target of the Harwell linac, ie in an in-
tense y and fast neutron flux. Embrittlement of the Melinex
films is noticeable after an accumulated dose of 1 megarad,
though the gadolinium oxide loaded paint showed no visible
degradation. A blade made from stretched aluminium foil
was unaffected by several megarads and a complete collima-
tor with these blades is being constructed for evaluation as

2.24 Position Sensitive Detectors

The use of coincidence techniques to reduce electronic
noise has been applied to a new Position Sensitive Detector
(PSD) system. In this system the neutron convertor is an
array of separate pieces of scintillator each of which is
coupled by flexible glass fibre optics to three photo-multi-
pliers (PMs) out of a set of N. By accepting only output
E_mom which are coincident in time on three PMs, each com-
bination of 3 out of N codes one channel of positional in-
formation, ie the number of channels which can be coded
5y N PMs is NY/(31(N-3)!). Thus 20 PMs could code 1140
o_..um:n_m. A prototype detector module using 9 PMs and
having 84 channels in a linear array has been constructed.
”M”ﬁso:_u are 50 mm high and 3 mm wide (ie a spatial
s “5 om 3, :._EVA.._,_%%. particular dimensions were
mio:n&o suit the D4 liquids instrument at ILL where it is
e .3 test the module. Since the resolution of the
S S%uww by the mechanical construction, it is very
e %Mm%o@ w:o_i_._. Also, the only active compon-
S 3. itself are &n —va which are standard
Rl L S with good reliability. In the event of a

> the system is “self-diagnosing” ie the partic-

0-4, only marginally lower than those obtained with

earlier bender.

linex
Alternative methods of Bgcmuo?_d cm..&a M: :W.o”ﬂﬁ =
collimator ideas are being nxns.._:..on with t mwo%\.w o
making rather larger benders, with w@mn»“nmmmmi dice

ii ture of a 5
of square cm and radii of curvature o
<wo:n—_:= coating facility was noaa_mm_on_mm. uumm___wammn,wwdmo
posit copper and iron-cobalt alloy ow Melinex ‘_.M.._ i
in both benders and polarisers (Section N..N.Cc.iﬂrau e
i d of the session

was improved towards the en
of a larger, stainless steel vacuum tank and an electron beam

evaporation source.

a device suitable for use as a “first collimator” in the main
beam where the radiation levels may be high.

A “reflecting collimator” has been constructed wo. a device
having blades with reflecting, rather than wcmo~.c—.=m_ coat-
ings. The coating material is chosen so that the critical angle
for reflection equals the required angle of collimation at the
wavelength of interest. Thus, neutrons incident at angles
less than the critical angle, which would have been lost on
an absorbing surface, are transmitted while those incident
at angles above the critical angle enter the Melinex film and
are scattered out of the beam. The transmitted beam inter-
sity should be double that of an absorbing collimator. The
device will be evaluated on the G1 hole at AWRE.

ular combination of channels which are affected identifies
the faulty tube. Replacement is easy and inexpensive. |

Preliminary evaluation of the prototype has been carried
out using a hard wired decoder giving 84 separate output
channels, each one being used to set one of 84 latches which
are then interrogated by a PDP11/05 computer every time
an output pulse is detected, the accumulated count on the
particular channel being increased by one each time ie the
system operates in a pulse counting, digital mode. Visual
display of the count on each channel is available together
with teletype printed output. Excellent results haye been
obtained with respect to the uniformity of response f
channel to channel and also over each resolution eles

The electronic noise (the count rate wi ng

sent) is exceptionally low (eg <6 counts hou

nel). The detection efficiency u i 1
sulphide scintillator, is moderate, a val

5




and commissioned. It will be used

> program packages for use in data acqui-
the lication of on-line graphical tech-
eutron scattering experiments and to pro-
: e instrument control systems. Systems
development has included the installation of a
1e operating systems, the writing of soft-
(ektronix 4010 graphics display and a start
n linking the PDP 11/40 to the Labora-
60/195 for its program archival and line printer
} % lications program to derive an improved
rix for a crystal, from which a limited num-
tion angles (w and v) have been measured, has
mented on the PDP 11/40 and is now available

ments at the ILL.

cooled polyethylene moderator built at
oratory was successfully mounted on the
%m. ng 1976. The function of the moderator
first to give sharper and clearer pulses in the
and secondly to obtain more cold neutrons.

n in Fig 2.4. The 0-001 inch foil was

ulse length reasons, preventing the build
Maxwellian distribution having long pulse
ld moderator is seen to shift the Maxwellian
on to the 2 A region, and so preserve good

93 A corresponding to an effec-
. It is seen that there is a residual
ensity. Its cause is not known,
sity and should give no ill-

Gains of 7 or so

Microprocessor System for the Control of Mechanjs,
ms

A study has been made of the Possible use of 3,

sor system to automatically control the voanoa“_oavaaa.
8 mechanical movements of a neutron beam ma:u.a
apparatus. Sixteen bit micro i

! Processor systems (| e
readily available on the market Were examined E—MMS,%;
il to

assess their software and hardware capabilities. T,
gramme and data store requirements, the ease of ”EQM i
external devices to the system and comparative costs =
investigated. The selected IMiCroprocessor system _zm«“aa
been purchased and an interface to control the vommzonws
of one shaft has been designed and manufactured, A m_;:%
simulator has also been designed and will shortly be testeq
The system is now being commissioned using paper Sv»..
vwmonwo?ﬁa.

Ised Source Instrumentation

A notable feature has been the low nitrogen consumption,
corresponding to a nuclear heating in the moderator of less
than 50 watts. The system was designed and tested for a
400 watt heat load and it may prove possible to use the pre-
sent moderator on the new linac. The improvement over
carlier estimates of heating is partly from a lead wedge be-
tween target and moderator which severely attenuates
gamma heating without noticeable effect on the neutron
spectrum.

Close collaboration continued between NBRU and AERE
staff on a number of instrument projects on the Harwell
linac prior to its close-down in November. The chopper ex-
periment described in the 1975 Report was successfully
commissioned, and the apparatus has been scheduled for
routine use as an inelastic spectrometer. This work has been

P

ppl d by tests with a beryllium filter device encour:
aging the implementation of a full scale filter instrument of
the new linac.

 polyethylene

rature 40 mm polyethylene moderator
m gadolin ium foil 10 mm below surface)

tor -

Ratio scale

7 Equipment for ILL

ating with ILL in the design and

e of m__ﬂ_u__wmﬂuno—w neutron (UCN) facility to be

At - n inclined beam hole at the ILL reactor. The
aileCC s». the facility, together with an oil-free vacuum
E.E_o. o M is being supplied by the Rutherford Labora-
g E“,_ .32 consists of a cylindrical stainless steel
o L M,.B long and 70 mm diameter with the internal
mE.% Eno__—nn and o_oo:o_uo:mroa to achieve the gmﬂ. pos-
mm:?oo mcna uality. Sample tubes, 2 m long and finished
o .mE . ewo_.m tested for transmission of cold neutrons
e va_woi 20 ms™!) at ILL with encouraging results.
oa_o.n _Q., end of the guide tube is sealed by a rounded Zir-
o _Eﬂaoé which transmits UCNs from the cooling water
Q_oﬁﬂu.—sm the tube, which acts as a room temperature
MM_”M«:E. The Zircaloy window is _.oimm ~.o the mﬁz_mmm
tube by electron beam io_&zm. to a special N:S._o«.u_cgﬁ.
jum-stainless steel transition piece »,o:,daa _u.v\ m:n:o_w weld-
ing. The intermediate aluminium mo.ﬁmoa is exceptionally
thin (a fraction of a millimetre) to minimise losses 0f UCNs.

0

The NBRU is ¢0

2.3 Current Programme

Throughout the year, the NBRU has continued to be active-
ly involved in the SRC support of UK university teams en-
gaged in neutron beam scattering programmes. The UK
university community and the programme of work associa-
ted with this field is still growing. Nearly 280 university
staff, research associates and research-students are now in-
volved in the current SRC-supported programme on reactors
in the UK and abroad. Proposals for SRC-supported experi-
ments on reactors at home or abroad are made twice a year
through the NBRU. A total of 379 proposals was submitted
during the year, compared with 298 in 1975. 137 of these
were for experiments on UK reactors, 237 for ILL, Gren-
oble, 2 for Jiilich, Germany, 2 for Ris¢, Denmark and 1 for
Saclay, France.

The z.wwc is responsible for funding approved experiments
by _.Ezo-&Q teams, ie for travel, subsistence, materials and
“n_snan:r Nearly 570 claims for travel and subsistence
_.“_”M vmogmmn...‘ a:.:_.m the year and 10 new Rutherford
S&.M ory/university agreements were set up. Some of the
o awm«moso:a have now expired and currently there is a
The Ungy An«q.ma:—ga Inoperation for this type of funding.
e 0 Mu also able to purchase directly items of equip-
e Wh___na use for loan to university teams, for exam-
! Tkin-Elmer infra-red spectrophotometer — currently

— and supplies of separated isotopes. UK university

¥¢ continued to expand their use of facilities at

'e. Part of the NBRU’s service to is to pr
contact with [LL -

Support |

: i S
An aluminium outer casing is used i&-.n very c“__nﬂr unow Wit
tric stainless tube between it and the guide tul R»E_Ed e
the inlet and outlet cooling water flows. The ol
beam hole shielding ooimm.—omw Z»_.uom u_MMM _“\.m_ma“wamm e
nal parts remade to suit the 5 e
been built for checks of water moi.. leakage acros . o3
i i be and pressure testing of the whole assem-
Mﬂaﬁmmﬂﬂh—wna of nﬂm coefficient of heat »E:nmn_.. MM_HMM
the intermediate tube have been made. The .BoorE_M&u
sign is complete and delivery of components is proce 2.

The mechanical and electronic components for a mo.._ﬂﬁ_
shaft on D3 have been delivered to ILL E_m_ brought into
service to allow the use of a superconducting magnet on
this instrument. A shaft encoder/motor &5..._29. was n.oe..
eloped at Rutherford Laboratory for checking .u?wn &.Em\.o
systems. A duplicate of this device has been supplied to F
A duplicate of the D3 flipper control unit was also supplied
for use on the D7 instrument.

ing for experiments on the reactor. Transport of equipment
and samples for these experiments has been provided on
over 90 occasions.

The NBRU has provided computing support for university
users of both the AERE, Harwell, and ILL neutron beam
facilities. 14 university groups have been individually helped
with data-handling or programming problems, mostly con-
nected with work at the ILL. In addition, the changeover
to the FR80 graphics device has involved the unit in -
siderable rewriting of the AERE data reduction programs
which produce graphical output. Completely new data re-
duction programs have been written for the graphical dis-
play of data originating from the D11 small-angle scattering

apparatus, the CURRAN powder diffractometer and time-
of-flight instruments. to

set up for the Science Board’s Ne




for Long Wavelength Studies

1 The normalisation of instrument geometry ie, normalis-
- ing detector solid angle and efficiency.

2) The placing of the measured scattered intensity onto an
‘absolute basis to give differential cross-sections.

To date vanadium has been used almost exclusively and for
shorter wavelengths (<~ 4 A) it is an ideal material with an
incoherent cross-section of v 5 barns atom™ !. For thin
samples at shorter wavelengths the scattering is strong and
corrections for multiple scattering, absorption and self
shielding are relatively easy. Under these conditions the
scattering is fairly isotropic (ie, the corrections mentioned
are small). At longer wavelengths (A >~ 4 &), however, the
absorption plays an increasingly important part so that at
10 A for instance the absorption is five times the scattering.
This leads to a very large angular dependence of the result-
ing scattering as absorption path lengths vary as a function
of angle for both planar and cylindrical samples. As a cali-
bration sample this is clearly unsatisfactory. Furthermore,
the diffuse scattering spectrometer D11B at the ILL will be
able to eperate to wayelengths of 20 A and there is clearly
aneed for good calibration samples at these wavelengths. As
the wavelengths considered are beyond the Bragg cut-off,
diffraction and multiple diffraction are no problem. A con-
sideration of elements with published incoherent and ab-
sorption cross-sections shows that hydrogen and deuterium
are good contenders as both have very high ratios of inco-
| herent to absorption cross-sections. Another contender is
| irconium which has a published o;, /0,1, of 14 at 1-08 A,
| just over seven times that of vanadium. Test experiments on
 Harwell ‘Glopper’ with a cylindrical sample of zircon-
been made and these were very encouraging as far
Lt intensity is concerned. However, further mater-
ials, namely polyethylene and copper, are also under con!
sideration and experiments on these are scheduled.

.v ,
wation of spin-flip and non-spin-flip scattering
 the polarisation analysis technique pro-
separating incoherent (nuclear

rent scattering. It has

out (in collaboration with Univers
these effects on the DS spectrome
made on possible standard scatterer

ity of Kent
ter at the |
s for future

) to _._..sm:qn
LL, ang tests
mxco:_.:n_.:w
Profiles of the incident beam polarisation :
efficiency over the beam area at the mnm:ﬁ”:a
obtained by measuring direct beam ::UEH, :

both Heusler and Co:Fe crystal analysers, dw: L
beam area to be selected for the scattering wxcmh Shabledy
which these parameters were constant to + o@ﬁgﬁoﬁ-
pyrolytic graphite monochromating crystal a5 the M b
the flipping ratios measured for the Aobbv e

mﬁ: flipper
POsition e,

< , (0
(0,0,10) reflections with the Co:Fe analyser %mmw_mvﬁa
within the measurement error, to the direct beam :ﬂ“m_.
ng

ratio. It was concluded therefore that pyrolyti
a suitable scatterer to check the calibration of polarisatioy
analysis instruments, and that, in particular, it can be En:
fully employed to reveal instrumental depolarisation aa.onz.
An attempt was made to use the amorphous :o_._.%m:,ac.
scatterer perfluoro polyethylene to cross check the instry-
ment calibration; this gave flipping ratios significantly dif-
ferent to those for the direct beam, and it was concluded
that this was due to a small hydrogen impurity in the speci-
men.

€ graphite js

The use of vanadium as a standard relies on understanding
the multiple scattering. Using a vanadium sample of area
9-5 em x 4 ¢m and thickness 2 cm the flipping ratio at var-
ious scattering angles was measured with the Co:Fe analyser
and Heusler crystal polariser; in this mode of operation the
calculated flipping ratio is insensitive to the value used for
the spin flipper efficiency. The calculated flipping ratios
(using the instrument calibration parameters together with
a Monte-Carlo evaluation of the multiple scattering in the
sample) at three angles of scatter (30°, 50° and 70°) were
found to disagree significantly from those determined ex-
perimentally. A thorough examination of the experimental
arrangement led to the conclusion that the disagreement
was due to a geometrical effect where all the primary scat-
tering, but only 72% of the multiple scattering, entered the
detector. Experimental tests of this hypothesis aré shortly
to take place.

Local Atomic Ar in Titanium-Zirconium

The o~ isomorphous titanium-zirconium system 13 ﬂ.ﬁw
ularly attractive to study by neutrons, as null-matrix ILL)
may be made. Measurements (in collaboration with il
have previously been made over a wavevector transfer 2
of 1:5 A7 to 17 A™! at various temperatures cﬁﬂws
450°C and 700°C. Recently low [Q| data have et e
on the ‘Glopper’ to determine the sign of the s
range order parameter (indicating clustering Of
order). Although not fully processed, data ,.u_aswa place
AT <1QI<2:5 A" indicates that clustering ‘&7 ) s
e o 450°C and 700°C. Detaile! i
wil enable short range order parameters to be Xt

Neutron Beam Research

Magnetic studies . v
eral neutron diffraction :me:wu:c.:m
perties of materials SEO.__ na\.m:.:_mm
mbic MnP type structure. All E,‘.mmﬁ_wﬁoa
g ved magnetic satellite intensities corres-
.=m oc_mﬂm iral”, but there are at least two differ-
e aomco.w ﬁmn mﬁ.uzm of the moment distribution.
1t to have the same moment,

Inleh . _§__ M:MBEm, ﬁ“ﬁ”wﬂ”m is elliptical with the longer
S a:ﬂonw_uv In FeP, the two spirals are said to have
- E:m__m Eoﬁ moments, but a circular envelope. The
E:‘nai - tures of MnP and FeP are now being re-exam-
IS Queen Elizabeth College, Lon-

ined i llaboration with i
Mau :~ MMm ILL. Polarisation analysis measurements have
0_.—» A

ade on (ho) satellite reflections from a mmsm_.m oJﬁ.&
i :w at 4-2K. In no case did the observed flipping ratio
WM«% from unity by more than 10%. For the instrumental
geometry used, these ovmm_,s_:o:”ﬁ indicate .“:m: the ooL:.
ponents of magnetisation vc:a:aﬁs._m: toc .c::m w: 0-
thombic unit cell are at most 5% different in Eumzzcnn.
This result does not agree in detail with the magnetic struc-
ture proposed by Forsyth, Pickart and Brown, who deduced
from unpolarised beam measurements .,FF:E components
of magnetisation perpendicular to ¢* differed by some 18%.
The new analysis does, however, agree that the component
parallel to b* is the greater. The observations are also incon-
sistent with a two-moment, cylindrical-envelope model of
the type proposed for FeP by Felcher et al. A similar ex-
periment will be carried out on FeP.

have been SV
of the magnetic PrO

ce that t

po A
ing description

The intermetallic compounds FeGe and MnSi are isostruc-
tural (B20) and ferromagnetic. Their bulk magnetisation
behaviour is similar and surprising, showing no zero field
remanence or hysterisis. These observations suggest that the
materials may be antiferromagnetic in zero external field,
and Beckman et al postulate the existence of a conical spin
system in cubic FeGe which collapses to ferromagnetism
when an external applied field is increased to 0-2T. Neutron
diffraction experiments in zero field have indicated a ferro-
magnetic moment of 1-0 uB/Fe atom in FeGe and 0-4
UB/Mn atom in MnSi. The neutron small angle scattering
from powder samples of both materials at temperatures be-
@aa: ﬁa and ambient has now been examined in collabora-
Mﬂ.&ﬂ:s M.mo F.Enon._ and the ILL. In both cases a strong,
o&m::mw_mz _.h:»owo: ring was ocmm-sﬁ below the magnetic
e _UQM ure. The corresponding real space repeat
s mMM ound ﬁw be 19 + 1 nm m.:g 70 £ 1 nm in
field vﬂu«:&a Mmmvoogn_? The application of a magnetic
these rings fo ow.__u“- to the neutron _vow.B direction causes

pse into sharp diffraction spots with scat-

: i
e toward the direction of the magneti

in structur z -
Gl Kin o induced ferromagnetic mom

field. Simultaneously, the field- L 8
ent is increased, which results in a reduction of the magn

e pro-
tude of the observed helical component. The nMMM.o“w »»h&Mo:
duced by lower fields at temperatures near

temperature.

The spin wave dispersion in FesSi has been Bommﬂnnﬁnﬂ_ M«MM
laboration with the ILL. FesSi mm a mm-.—_oaum:o »Mm o
crystallographically inequivalent iron sites, £ey i —=.
which have moments of 2-23 uB and 1-07 tw. respecti : u.m
The primitive unit cell contains three magnetic umoa—w aﬂo
of Fey and one of Fey. There are thus one acoustic an =
optic branches to the dispersion curve. The acous! :
branches have been measured out to the zone boundary in
the [00%], [0¢£] and [£&£] directions. Some further meas-
urements are necessary at low momentum :.»:.mmma p.o separ-
ate the magnon and phonon excitations in this region. ,E‘m«
results show that the spin wave stiffness constant, D, is
higher than predicted by Leoni and Natole.

The spatial distribution of the aligned susceptibility in
K, ReCl, has been studied in collaboration with AERE at
the ILL. Polarised beam measurements were made on I
flections lying in the zero, first and second layers for speci-
mens with <110> vertical. Flipping ratios for twenty five
independent reflections, together with at least one equiva-
lent, were measured at 0-989 A. The sin 6/A limit of these
data is 0-5 A™! and the largest residual flipping ratio, (R-1),
was 17 x 10”2, The radial form factor calculated for neutral
rthenium from Hartree-Dirac-Slater wave functions by
Cromer and Waber becomes negative at about 0-36 A™!,
and the data show very marked departures from this theore-
tical curve. A preliminary analysis shows that, although
some part of these deviations is due to a departure from
spherically symmetric magnetisation density on the Re ions
which is due to the cubic crystalline field, there are still
major differences which must be attributed to the covalent
bonding to the C1 octahedra.

Liquid Metals

In the study of simple liquids it has become clear that a
greater understanding may be achieved if both the coherent
and incoherent dynamical structure factors S(k,w) and
Sy(k,w) are known for the same liquid. These functions
have been measured for liquid nickel in collaboration witl
Imperial College, London and AERE. A lengthy data tre
ment procedure to correct for multiple scattering and re:
lution effects has been completed, and the resultir m
tions compared with several theoretical modi . The
ts provide the first values o k,c

teri - >
1INg vectors in the direction of the field. No ch in

the Tepeat distances are apparent. 3

Rem

e ”Nﬁmp_mo». the mm_n leads to a partial recovery of the orig-
in g vouwm: S but, in addition, there is appreciable intensity
Similay &mw corresponding to a 35 nm repeat in FeGe. A
omponent j s observed in MnSi, but the second order

mu i :
Sstent wigh o ch less intense. These observations are con-

rotation of the propagation vector of a heli-

first dual measurements of mmen.ev an
metal. o




lution measurements of the quasi-elastic broaden-
ttering from the diffusing hydrogen in the

Birmingham University) on the IN5 spectro-
a sample of palladium black. Previous uncertain-
. from reflection and transmission geomet-

ry have now been accounted for. In tp,
.:uzm?_. | Q| region the data fit well to th,

jump diffusion model but deviations from M_..nrcem
at higher values of Q. It is thought that :“m o
are due to positional correlations of the h, el
temperatures and, in order to predict th,
the data, the diffusion mechanism of the hydr

represented as a series of jumps which are ooqhmgm Sustibe
other. In order to investigate the Q behaviour mmﬁ_ toeach
ing process more accurately measurements =M< :5?5?
_uog. carried out on a single crystal of g-phase : secently
hydride when the broadening can be represented %m:m.,.._ss
_.bwnnﬁu: rather than as an average of many _.bwn s_ﬁm
as is the case for a powder. In this way the %iﬁ.ﬁiunsu
the Chudley-Elliott model should be more eagity o™
and accounted for. "y b
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3 Laser Research

k of the Rutherford Laboratory’s Laser
teadily increased. In the mE_.v\ weeks of _wqa :a_

the Laser and some major pieces of experimenta
- ic equipment Were placed. The strength of the
from six at the beginning of the year to

puring AR
pivision

pivision &reW

3] Laser Equipment

[ installed at the Rutherford Laboratory is aﬁmz&
oximately 800GW: of beam power In sub-
nto targets less than 100 um in size.
Based on Nd:glass as the active medium, the laser consists
of an oscillator pulse generator followed by u.mn@:ozoa o.»,
amplifiers and beam control elements Amom. _u.m 3.1). It is
conveniently divided into a single beam “driver’ stage and a
double beam “pooster’ stage. The driver stage became fully
operational in November 1976 and is able to deliver I00GW
onto targets in pulses from 25 ps to 200 ps in duration.
Acceptance tests, based on 100 full power shots and meas-
uring parameters such as energy, pulse duration, beam qual-
ity and the shot-to-shot repeatability of these quantities
are satisfactorily completed. These showed that target in-
tensities as high as 10'W/cm? are currently possible. This
puts the Rutherford Laser amongst the top six in the world
for highest irradiance coupled to high reliability. In addition
to providing pulses for target experiments measurements
have been made on the driver Laser to fully analyse its per-

The Lase!
to deposit appr
:uzomnnona pulses 0

e close of the year. Four specialists S
were recrui
o work full time at

twenty at th :
and Laser-plasma interaction physics
two university scientists were seconded t

the Laboratory.

characterisation. 2314
nitored to pro- ;
om optimum

formance. Measurement facilities allow full
of the pulses to be made and the Laser is mo!
vide a rapid diagnosis of any departures fr
operation.

ﬁ_,o final booster stages of amplification in the high power 3
Laser system are provided by the 108 mm aperture disc ]
amplifiers. Acceptance testing of this equipment was carried
out in September 1976 at the contractors plant in Califor-
nia during which the amplifiers were shown to perform up
to specification from an optical and electrical point of view.
The two amplifiers and their associated power conditioning
equipment were delivered to the Rutherford Laboratory in
carly November 1976 and installation started soon after- 1
wards. At that time, following the installation of the two ,
supplementary rod amplifiers (see Fig 3.1), the Laser will
be able to provide 800GW pulses (400GW per beam) for
compression experiments.

76mm mOU%Z_uE_u_mmw y

108mm DISC
AMPLIFIERS

s

FARADAY
ISOLATORS

DIAGNOSTICS *

cwNd YAG




Laser Research

To match the delivery and installation time scales offered
by the suppliers of the Laser components it was necessary
to modify and use existing buildings in the Laboratory.
High power Lasers demand a very clean environment to pre-
vent contamination of surfaces in the high power beam and
they demand very high mechanical stability to maintain
alignment. 10 um specks on a surface can be burnt into and
damage that surface at high power densities. The necessary
environmental conditions were specified to the Council
Works Unit who carried out the necessary work to provide:

(a) The Laser Area clean room to house the 100GW
driver, Supplementary Amplifiers and disc amplifiers
(see Fig 3.1). This is a class 100,000 area held to 20°C
£1°C and 45%+10% R.H.

(®)

©

(d)

@

An m&om::._m experimental area panell,
nominally stable and isolated enviro, o Bive 4
32). VITIENE (see
A Laser and experimental contro]

A A TOO!
power distribution switches and i m fitteq With

tection Systemg
to house the ¢,
switches Tequire;

An energy storage room,
charging units and ignition
disc amplifiers.

Pacitorg
d by the

A clean assembly area in whict
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It was decided early the project to w::sﬁ_,m on-line no~:.7
puting facilities for the High 10,52 T The oo,.‘ﬂ__‘u: er
chosen was a GEC 4080 which will vo :wwﬁ._ for mr:\n‘_ ance,
data acquisition and a s and fault diagnosis. .O>Z>O
was chosen for the compuier interface and oxto:_:o,_d@‘m
will be encouraged to make maximum use of the facilities
this offers, using commercially available modules whenever
possible. A transient digitizer with C AMAC interface is
available which gives the capability to analyse fast wave-
forms. It is planned to interface the streak cameras to the
computer using Optical Multichannel Analysers (OMA) so
that phenomena requiring pico-second time resolution can
be handled. The GEC 4080 is connected, via a data-link, to
the main Laboratory computers thus allowing very exten-
sive data analysis.

The 100GW driver and the 800GW main amplifiers of the
Laser having been supplied by different manufacturers
leaves the Laboratory with the task of interconnecting the
two sections. The manufacturers of the Driver System
emphasised the interference from the Disc Amplifier dis-

32 The Scientific Programme

In _.Sm. the scientific programme progressed from broad
outlines, defined at the stage of the project proposal and
”oné_Lo specific plans and development of experimental
%EBEW. The year also brought the first scientific data in

ece; i imi i i
mber with preliminary experimentsin grazing incidence

Vacuum ultra violet i
spectroscopy a &
e 2 D py and laser-induced gas

Fi
m“m hm.w.mwwwim. part of the emission spectrum generated by
S _m_mmiwzm power from the single beam driver
b aser to a 40 micron focal spot on an iron target
Sl mﬂmcca The resulting high temperature plasma
e E:mo: i the /MW< region from ion species rang-
e ium Emu Fe?®* to Neon like Fe's*. The spec-

S recorded with apparatus from SRC Appleton Lab-

Oratory g, ;
Spectra. S Part of their study of solar and laboratory VUV

N

Fig 3.3. Target Vessel

charge circuits could adversely affect the performance of
their circuitry. To obviate any problems that may arise, op- |
tical isolation has been used for interconnection between |
the systems. Timing delays have been provided for syn-
chronisation. Flash lamp check circuits and fast gating cir- |
cuits for laser protection in case of Faraday isolator misfire
are under construction.

The start of data acquisition is just the observable tip of a
large iceberg of effort on the part of university and SRC
personnel. Some thirty university physicists representing
ten university research teams have come "omoz.-ﬁ. in com-
mittees and working parties under the broad headings of
‘Single beam experimental programme’, ‘Study of Laser
compression of matter’, and ‘Theory and computational
modelling’.

Plans have been made for Phase I activity during which the
experimental facilities and supporting computer program-
mes will be progressively brought into. operation. This phase
is expected to continue through 1977. University grou

have also undertaken to develop both apparatus and noMm.
puter programmes using their own facilities supported in
part .E‘ eight University agreements. Fabrication ,om.unﬂnmm .
is being undertaken at the Rutherford Laboratory and it has

o
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Fig 3.5. Microsphere target for implosion experiments

4 Technology and Instrumentation

h in physics requires mo.vEm:o»Sm. tech-

; d engineering support. A substantial proportion .om
el ford Laboratory’s effort in technology E.EA in-
1 E_._Su.o: is therefore directed towards the design,
s _~ and manufacture of complex experimental
%ﬁ_ovao\“ the same time, longer-term research is also
M<MMMM_M?= in areas of potential importance in applied
un

ce and engineering.

Front-line LeSelie

scien

which involve a high degree of complexity
d technological development through the
ulti-disciplined project teams. Systems
Cycling Vertex Detector and polarised
ire ongoing research in areas such as
cryog T | engineering, os:om. and .mc_vﬁno_._.
ductivity for their advancement and for their efficient oper-
ation. The technical expertise acquired on such oo.:c._mx
projects can find application outside the field of particle

Specific 18_48.:

stimulate continué

involvement of m

such as the Rapid-

target assemblies requi
3 S

physics.

This expertise is now beginning to.find use in the support
of SRC Engineering Board programmes by the Laboratory,

4.1 Polarised Targets
41.1 Polarised Targets for High

A necessary requirement for the full understanding of a
large class of particle scattering processes is a study of the
spin dependence of the reactions. One way to accomplish
this is by providing proton or neutron targets whose spin
axes are preferentially aligned along a given direction. This
can be effectively achieved by a process known as “dynamic
polarisation” for which the necessary requirements are: the
target material (usually an organic compound containing
free protons), a high magnetic field, a very cold environ-
ment (0-5K) and microwave power.

Two targets have now been installed in beam lines in the
experimental areas and a third is under construction.
>,E_o=w= the targets are very different in their characteris-
tics m:ow have many components in common which allows
efficient operation, maintenance and spares coverage.

Axially-Polarised Proton Target, PT—55 (Experiment 8)

Mﬁaﬁiﬂg target &.ﬁai was assembled in the test area,
et %_ year Qu._m .A.C. During tests, positive and
e Ecvw MM. vo_wnm»»_gm close to 60% were obtained
e s.no”m:oco_. Since higher values had been expected,
deficien .an«aﬁ.ﬁ were investigated thoroughly. Some
Sioriags w»._.m e cavity <2w:=w was detected resulting in a
Sibstanalt ﬂEn helium-3 in the cavity. This was improved
o ?ﬂm %. changes to the cavity design. The complete
: E.w___ mB:s...._v. been installed in the beam line in
_Eensndo“snrn meb 1 in place of the liquid hydrogen target
part of the experiment.

examples being the work done on e.m&wv\ oo:ﬁw._ in eh—h—o_
production of niobium-tin conductors in collaboration =
AERE, Harwell, and IMI Ltd, and on an sumoumn._o:m (o)

Euratom of superconductors for fusion 3»2.9. »vv__nu:oﬁ.
Another illustration is the increased industrial use of w:. =
erford Laboratory computer programs for the calculation
of magnetic fields.

An important part of the Laboratory’s support work _m.z.—m
provision of a pool of trained manpower and tested E.ouo.Q
control methods to deal with continual requirements for in-
dividual items of apparatus as and when they occur. .:..oun
requirements can range from tiny pieces of Bmo_d&nns.ﬁax
to huge electromagnets and vast arrays of particle detection
equipment.

In particular, the trend towards larger equipment and more
sophisticated instrumentation systems for particle physics
research experiments continues, as does the demand for
finer spatial and time resolution capabilities. Much work is
being done to investigate ways of meeting these demands
without incurring corresponding increases in cost.

Fig4.1. Installed axially-polarised proton target, showi ~
refrigerator and He-3 services. e

Since September 1976, the superconducting
been operated to allow a thorough investig
formance of the various particle .
magnetic field.

NN
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Polarised Deuteron Target

Summer 1976 saw the successful commissioning of the
polarised deuteron target, in position in the K20 beam line
(Fig 4.2), and this autumn saw it providing test data for the
setting up of HEP counter equipment (Experiment 15).
The collaborating groups from Queen Mary College, Lon-
don, and the Rutherford Laboratory can now begin their
extensive data-taking programme to study the interaction of
K mesons with polarised neytrons. Details of this important
interaction are to be inferred by scattering the K meson
beam from deuterium nuclei — proton-neutron pairs — in
the target material. In the final tests a deuteron polarisation
of 28% was achieved — comfortably above the design figure
of 25%. The performance as a normal polarised proton tar-
get, which is important since frequent background measure-
ments from undeuterated material will be required in this
study, is likewise extremely good for a 3Helium-cooled
target of this size.

The large volume of the new target — 45 cc — raises ques-
tions as to the homogeneity of polarisation. Measurements
in four zones of the target gave the same polarisation to
within 5%. This indicates that both the refrigeration and
the density of the polarising microwave power are well dis-
tributed in the target cavity. More sophisticated magnetic
resonance experiments performed in the laboratory have
likewise demonstrated that there are no significant polarisa-
tion gradients on a microscopic scale around the paramag-
netic chromium complexes which are introduced into the
target material for the purposes of dynamic polarisation.

Frozen Spin Polarised Target for RMS (Experiment 17)

The cryogenic microwave and nuclear magnetic resonance
systems for the frozen spin target for RMS have been
designed and much of He-3 and He-4 systems has been
assembled (Fig 4.3).

Although based on a dilution cryostat designed at CERN a
number of changes have been made in order to enhance the
high temperature refrigeration to allow a more rapid polar-
isation.

ropanediol) has been provided for
g over 90% polarisation for protons

Fig4.2. The polarised deuteron target (before installation of the
counter arrays), showing the cryostat between the poles of the
electromagnet, and the large He-3 pumping line. The cryostat insert
can be seen withdrawn into a glove box, which for cold loading and
changing of the target material is scaled and purged.

Fig 4.3. The frozen spin polarised target for RMS during the
construction.of the cryostat and the gas handling systems.

In the laboratory, the study continued of the m_o_._:wwvﬁ
amics of the nuclear spins and paramagnetic oa.==omo=.
typical target materials. In particular, the magnetic

2 und
ance techniques which probe the field gradients uﬂan
each tic centre were developed. From I

e 7 jons cal

such as those shown in Fig 4.4, important conclus
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be drawn as to how the various comp!
spin energy in these gradients should b .
ent thermodynamic reservoirs, and v_.mﬁmw—
servoirs exchange energy with the ic-n.csm.
techniques found an immediate »mmzn»m_g i .
study for a proposed neutron diffraction .mxb :
study the microscopic diffusion of dynamic po. o
The resonance methods would totally complement an an.

scattering experiment.

rator has been modified to incorporate
polarised target research. A high homo-
oid has been installed, as well as a
NMR coaxial leads with adequate

The dilution refrige
the requirements for
geneity 5 Tesla solen
microwave system and
heat-sinking.

Fig 4.4. Results of the magnetic resonance experiments on the 5
propanediol target material showing the _.w».m of (a) n.uo_w_‘ am_nxﬂmc:.
(b) Zeeman relaxationand (c) the polarisation decay during selective
irradiation of protons near the chromium complexes. .—..—..o n—n_!:.
curves represent their theoretical variation with chromium polarisa-

tion, P.

4.1.3 Polarised Targets for Neutron Beam Research

Recently, the advantages of polarised targets in some areas
of neutron beams research have also been recognized. This
year the Group undertook work in collaboration with the
Neutron Beam Research Unit for various projects at the
Institut Laue Langevin (ILL), Grenoble, and this promises

to be only the beginning of a fruitful involvement in this
field.

The application of polarised targets to neutron work divides

broadly into two categories. One is the fundamental study

of the spin-dependent strong interaction between neutrons

n_a, nuclei; the other is in the exploitation of this inter-

mu”ﬁ“ to provide useful research techniques and devices. It

P ”09:.“ ow"wmoQ for which the two projects described
€ primarily though not uniquely, intended.

”Mwao_wmo“aac:_{n;:v\ O_A.Ev, working at the ILL, is at
With :m:ﬂ: ying ::“. application of dynamic polarisation
e ron 93.2:.0?zoE-oPE_:wo X-ray, diffraction

Pin-point the positions of hydrogen nuclei in a crystal

lattj -
i 8_ S0 that this work is potentially important to bio-
gical nQoﬂw__ovaE.

In order to extend the temperature range accessible to these
experiments down to 0-4K, a *Helium evaporation insert is
being built for the existing cryomagnet. This will be a com-
pact and powerful refrigerator with a number of special
features. The liquid *Helium, which is itself opaque to
neutrons, must be excluded from the path of the beam, and
a suitable rotating seal in the large helium pumping line
must allow the cryostat to tilt and rotate on the Spectro-
meter platform.

By using components recuperated from previous targets, a
complete pumping and purifying system for the recirculat-
ing *Helium gas has already been built (see Fig 4.5), at
great saving in time and cost. Full scale polarisation tests of
the complete apparatus will be undertaken next year before
shipment to Grenoble.

The very large spin dependence of the scattering amplitude
for neutrons on hydrogen makes a polarised proton target,
used in transmission an effective polariser of an ‘unpolarised
neutron beam or, equivalently, an analyser of a polarised
beam. Such a device, the INO filter, is presently onaﬂo:F
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missioned at
S the ILL, and the Rutherford Laboratory work

ribed below has contri i
. tributed significantl &
formance which this filter now uoEoM-m 4

Wn aﬂoww.“_whn_wn Bamwcaioi system of high accuracy has
ot e and is able mo measure polarisation to + 1%,
o __”.%.Séam.aa in magnetic field stability of the
L ¢ attained using a control system developed at the

! er .wa Laboratory. The IN9 filter requires a proton
w% arisation .mSE:Q and order of magnitude better than

at of polarised targets used in High Energy Physics experi-
ments. A system has been developed which has reduced

proton polarisation variations to I
ess than + 0.5
40-hour interval, e

._.A,E 4.5. Helium-3 pumping and purification unit for dynamic polar-
isation experiments on the D3 and DS spectrometers of the Institut
Laue-Langevin, Grenoble.

4.2 Low Temperature Research Facility

Dilution refrigerator experiments have been carried out,
providing temperatures down to 30mK for collaborations
with university visitors.

The work with Bristol University on the superconductor,
polysulphur nitride, has been extended. The object of the
experiments so far has been to study the effect of crystal
growth conditions on the resistive properties. The supercon-
ducting transition temperatures are rather lower than in the
best materials reported elsewhere, and there is a strong de-
pendence of resistance on current density, as well as a finite

4.3 Rapid Cycling Vertex Detector (RCVD

The Rapid Cycling Vertex Detector (RCVD) is a small rapid
cycling bubble chamber designed specifically to operate
‘with external counter systems. This hybrid philosophy re-
tains the merits of the bubble chamber of the interaction
in combination with the merits of counter techniques
alyse the particles leaving the chamber. To draw maxi-
tage from the fast data-taking abilities -of the
%nw the chamber is designed to operate at
perience with this chamber is likely to prove in-
sign of future, more sophisticated experi-

these lines design work has been
ycling bubble chamber for the

resistance below the transition temperature in some cases:
these effects are probably due to structural imperfections
and they may have significant implications for the type II
behaviour of this material.

Some experiments on magneto resistance have been carried
out by Bedford College workers, in which dilution refriger-
ator temperatures and fields up to 5 Tesla have been pro-
vided.

Buropean Hybrid Spectrometer which will operate on the

400 GeV SPS at CERN.

The year has seen significant advances in RCVD %ﬁs_vo
ment. In February 1976, the system was tested »”9. 1
million expansion cycles with liquid nitrogen. ,._,Em. i.uh
followed in J uly by the first commissioning tests with E_Mm
hydrogen. The chamber was cycled at 25Hz and un:_.ﬂa.
sensitivity for the first time. During the summer, Boﬂs__a
tions to the chamber were made to improve picture d! =
and in November the device was commissioned with its
ternal trigger system and data taken at 28Hz.
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issioning tests 8<$_namEozoau::aﬁov Om
Early com™ here the optical mirror system also acted as
u oE,BwQ. %mxo_ssma? This resulted in local turbulence
the main :nmzi poor contrast for particle tracks. Modifi-
nc no:mnn_cacnoz made to reduce the turbulence but con-
catiofs _Eés the outside of the chamber window has
%:S.:o: cBEmB. This is believed to originate as moisture
aam_sm.m mMoE :._m glass reinforced plastic components in
M:»m“w_mmm cartridge, as it can be pumped away when the
he

system is warm.

Good quality pictures were obtained during trigger tests
ith the chamber operating in the single shot ann,‘ Work
.&: w proceeding to correlate tracks observed in the
i :oc _,“.\:: events recorded in the surrounding detector
S and wire spark chambers).

systems (scintillation counters !
A maximum cycling rate of 28Hz with 15 expansions per

4.4 Superconducting Magnets and General

Superconductor Research

In the past decade, the Laboratory has played a leading role
in research and development work for the applications of
superconductivity. The initial impetus arose from the re-
quirements of particle physics research for magnetic fields
larger in magnitude and volume than were possible using
conventional iron-cored magnets; significant advances in
this field have already been made possible by the availability
of much larger bubble chamber and spectrometer magnets,
as well as many other special purpose high-field devices.
Pulsed superconducting magnets for accelerators have now
been developed so that their feasibility is established. The
continuing support at the Laboratory for particle and
neutron-beam research is represented by several magnets
::.%_ construction, while an extensive programme of on-
going research into new conductors and into constructional
techniques is under way.

?oﬁ._.amm in superconducting magnets in connection with
m”mn_mm physics has made it possible to pursue new applica-
e mum ucms,oo:a:oﬁo;,. and as a major research group in
C.co::om advice and assistance has been sought from the
Frti vmow”. these new uses. Examples are magnetic
e igh speed transport applications, AC genera-

oroidal magnets (Tokamaks) for fusion research,

the latter relyi i V. pel
ying for their next adva
- o nce on the use of super-

DC Dipoles

w_:_ M:Mnumosaco::w dipole has been completed and
700 >Bu2m%£.o? It has an operating field of 5 Tesla at
would be _._moM:n— 2 model of the type of magnet which
PIOLON synchroqey. WoPOTt charged particle beams from
GeV. 1ts g; TOns operating at energies in excess of 200
1st utilisation was in an experiment outside the

The M
is now

od flat top was achieved.
but the first two expan-
d that data

burst and 1 burst every other Nimr
The chamber was sensitive on all
sions in each burst and it is confidently expecte

can be taken at this rate (Experiment 13).

During the later commissioning tests the a_oo:oaumuﬁwm
vibrator which expands the chamber has performed B

and camera operation has been reliable at the B.Q%& ﬂ:mwh—
rates attempted. Valuable experience was gained on the
electronic synchronisation units. This system .ow: now
demand beam in synchronism with the rapid cycling mode
of operation and trigger the flash tubes and camera when
useful events are recorded in the external detector system.

The refrigeration system is capable of sustaining a mum.ﬁo_‘ |
rate especially when known sources of spurious ::o_ow:o.:
have been eliminated. Therefore a concentrated effort mm ,
being made to reach the design cycling rate of 60Hz in i
1977.

particle physics area, in an experiment conducted by
Appleton Laboratory researchers on molecular absorption
in the 2mm wavelength region as part of an experiment into
atmospheric propagation (Fig 4.6). It has now been shipped
to the Argonne National Laboratory, USA for use by an |
Imperial College Group in ultra-violet spectroscopy work |
on the diamagnetic Zeeman effect. (]

A Mk 2 superconducting dipole is now under construction,
designed to operate at a slightly higher field, 6 Tesla at
800A, and to have a higher field homogeneity than its pre-
decessor.

_ﬂ_wa.m. Zw.q m_.uoneo:«_:nm:n Evo? Magnet in horiz¢
for an on mol b by App
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Hexapole Magnets

Hexapole magnets are required for focussing and polarising
slow neutron beams by interaction with the magnetic
moment of the neutron, Superconducting windings are
essential to achieve the high current density required. Two
rmxnvo_a magnets are at present nearing completion; the
niobium-titanium version shown in section in Fig 4.7 is for
ox«EaBniu_ use by the Neutron Beam Research Unit. The
coil is approximately one metre long with iron pole and
yoke pieces designed to enhance useful magnetic field and
decrease field peak. The set of windings for this prototype

gnet are almost complete and ready for potting in epoxy
resin. The remaining R & D work to establish the assembly
structure was finished and the whole magnet is scheduled
for testing vertically in a conventional cryostat in the
Spring of 1977. It is also hoped that this assembly of 6
identical windings will shed some light on the general pro-
blem of factors affecting training. If successful, it is planned
to re-test the magnet in a custom-built horizontal cryostat
as for use on a neutron beam line.

Fig 4.7. Niobium-Titanium Hexapole — ional view of test coil
showing iron poles with pole tips of filled epoxy resin. Bore is 50mm.

The second hexapole is a prototype magnet to assess the
performance of the new filamentary niobium-tin supercon-
ductor. While the coil geometry is very similar, the poles are
copper and the iron yoke is omitted. The magnet length is
\pproximately 0-3M. Coil research and development work
rated on coil manufacture. At an early stage
encountered with the conductor; short
d that the critical current density was
ecification. An extensive series of tests
\ itment period and temperature
n conductor perform-
t performance was

re-assessed and it was concluded that the coj
M:m_nm ﬂ: important contribution to :moz_.::.mﬂ_”non_a st
rom the co: ion i o
nstruction and operationa] Stability muvg__ﬁ_cwq
A number of important const
evaluated in the development programme
nc_”,n_zo”cq insulation, coil winding feasibiljt
resin impregnation. Winding of the SiX pole:
En.ﬁo and these are in various phases of processing (F;
It is estimated that six poles will be ready for mw :u_m»mu.
the force support structure and full test by _iwmmazw 4
1977. Two poles have been fully processed angd 3.&%:.5
encouraging results. The coils reached short sam m_n_ L
formance after a small number of “training” ncozo:n amunv
the 80% current level. If this performance is mcEméMu. Vs
six pole assembly the magnet will produce a sexty _:_ =
of 4 Tesla at a radius of 25mm. uoanm_n_

ruction techniqueg Wi
: ere

N particy,,
<. and epoyy
S 18 now ¢qp,

_..:.w 4.8. Niobium-Tin Hexapole — single pole in mould assembly
prior to heat treatment phase

Niobium-Tin Magnets

The size and complexity of magnets made from filamentary
niobium tin composites have increased steadily as better
material has become available. Fig 4.9 illustrates the largest
solenoid made so far at the Laboratory. It has 2 .._ﬁE of
10 Tesla in a bore of 85mm, and is now used in conjunc
tion with another niobium tin magnet to provide 12 ,_.mm_m
for the superconductor testing service. A small Snn:.dn.
magnet has been made as a first step towards the &B_nw‘
sided magnets required for applications such as woma w_E“e.
ling magnets and superconducting generators. This v:m. 5
type has performed well, reaching critical current 2
some initial training quenches.

High-Field Insert for NMR Magnet

is
At the request of the SRC Science Board, the .E%Mmm__.
supervising the development of a high-field Eoc_ur e
sert magnet by the Oxford Instrument Company-
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Fig4.9. 10 Tesla Niobium-Tin Solenoid currently in operation in
the Superconductor Testing Facility

will form part of the high-resolution NMR system being

developed for use by a biochemistry group at Oxford Univ-
ersity.

During the year it has become apparent that the most
serious problem with this magnet is that of forming a good
persistent current joint in the filamentary niobium-tin con-
a:.ﬁor A joint resistance of about 5 x 10”2 ohm is re-
Quired if the complete magnet is to achieve a decay rate of
less than 1 part in 107 per hour. Several schemes have now
been investigated and most have been found to be inade-
M._M__wﬁ. .ﬁnomzm_vﬁ however, a new technique has produced a
_mi_w__.wzaM:_T resistances less than 10°'° ohm. >~."Em
. wsamhsmm can no _osmo.q be Bmwm.c-ma 5.932
o s _M :nnmwmwQ 8. :;.2 the _.c_.E qmm_w,s,:nw
e n:nH:o current in a circuit containing the joint.
Ch 5 -om w_.zw_: _.:wmw_oc has been ..”o.sm::n.ga and
Early EoZosmwizs o_ Sw:q::n m:m actual joint resistance.
its formeg e Te] a.mw:_m the impregnated Eu@_._mﬂ from
e e _.__ circumvented by Emzc.ﬁn:—::m the
Stecl. The mﬁ%ﬂﬂﬂ% um_.oo:& low vo::ancEQ stainless

tbation from the former is then low

€Nough to be withs 2
trim coils. Wwithin the normal compensating range of the

Superconducting Thin Wall Solenoid

Particle physics experiments proposed for n.ﬂ_o wm.m—”“ N“.o
age ring complex at DESY, Hamburg, wi aaum o
solenoidal magnetic detector systems. ‘.S_o ENW-_. e
round the beam intersection region with Q.E: Nv y .
particle detectors arranged inside and o.—:wa.o t! .o :Sw“_rw
windings. To give a maximum n«.:B:o: nmmo_oamwnmon
magnet wall must be “thin”, typically half g ra; e
length of electrons in the GeV energy range. Since o
radiation length is 45um for m_c:.;E.E.: and as low mm‘n»c_o
for copper it is essential to use aluminium or wﬁran sui °
materials in the structural components. A amm_.m: mn:ax an

costing has been carried out for “thin” solenoids :Eﬁnw.m H“
diameter from 1-2:6m, length 2-0-5-0m and central fiel

1-0-1-5 T.

The problems which present most difficulty in .:mm type of
coil are force restraint and coil protection aE.Em a__m:.nr.
In such an open magnet geometry a normal resistive 3@0:
(quench front) will propagate through the coil at a relative-
ly slow rate. Consequently during quench the magnet stored
energy ("20MJ) may be dissipated in a EEZ&M small part
of the magnet volume, possibly leading to coil burn-out. ,
The proposed protection scheme is therefore wwmnm .o: |
rapidly quenching the entire coil as soon as a resistive region
develops, thereby safely dissipating stored energy over a |
larger volume. The decreasing magnetic field associated with
the development of a quench induces a current in an alum- |
inium cylinder which is closely coupled to the coil both |
electromagnetically and thermally. The resultant heating is _
sufficient to initiate quench conditions throughout the coil. |
Good thermal contact between the coil and aluminium _
cylinder must be maintained during cooldown and magnet

excitation. It is proposed that this is best achieved by locat-

ing the cylinder on the outside of the coil where it could

also act as a force restraint. The possibility of winding the

coil on the inside of the cylinder has been investigated with {
encouraging results. The use of aluminium honeycomb
material for cryostat construction has been considered in an
attempt to achieve a “thin’ magnet wall.

Solenoid for Large Polarised Target

This magnet is being constructed for a polarised targetNa_
periment which is part of the European Muon Collaboration
programme scheduled for the CERN SPS. The scale of
magnet and target volume required is shown in Fig 4.10.
Coil design work has been completed and subsequent effort

directed towards the practical aspects of achieving the spec-
ified fields.

In order to meet the stringent field homogeneity require-
ments special coil winding techniques were developed to
ensure a perturbation free winding. The main coil must
wound as a single unit 1-6M long and this makes coil pro
tion difficult. The protection technique discusse
previous section is to be employed with the
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Fig4.10 Scction through large polarised target Solenoid

on a copper tube for energy coupling. Thermal contact
between coil and tube will be maintained by conductor
winding tension compressing the bore tube and a 10mm
thick force restraint of copper wire.

A 300mm-long model coil was built to assess winding tech-
niques and has proved the structural integrity of the system
under repeated thermal cycling. Manufacture of the main
solenoid coil is now in progress.

Large Aperture Superconducting Bending Magnet

A preliminary design study was carried out for a proposed
bending magnet to be operated in a beam line at the Fermi
National Accelerator Laboratory.

The specification called for a magnet strength of 4-88 Tm
over a room temperature bore of 0-76m wide by 0-3m high.
A strict limit of 1-68m was placed on the overall length of
the magnet and the total liquid helium consumption was
limited to 4 litres/hour. This required a special coil design
with ends taking up minimal length and yet of sufficient
cross section to be fully cryogenically stabilised.

The GFUN 3D program was used to compute the field.
The warm iron shield was taken into consideration and was
found to contribute 15% to the central field.

Magnet Training Research

The premature quenching of superconducting magnets
impregnated with epoxy resin continues to be a severe pro-
blem. Two hypotheses have been advanced regarding the
origin of the localised release of heat within the coil: (a)
cracking of the impregnant or (b) sudden yielding within
the conductor itself. Results consistent with possibility (a)
have been obtained using a small racetrack coil in which the
mpregnant is a thermosetting resin which can be restored
n uncracked state by reheating. The maximum field,

Work on possibility (b) has consisted of theoretj
C,

of the microstresses in the metallic ang non-m E.ﬁ:&a
stituents of superconducting magnets which o%nﬁm_:o con.
cooldown and during excitation. The studies ur %::5

the conductor matrix can be introduced :_:_usa__oﬂm that
state by differential thermal contraction and 55~ he Plastje
explanation of observed training behaviour Smam vﬂmzm
inelastic processes which occur in the conduct s in the
during excitation of the coil. OT matriy

Whatever mechanism is responsible for training

higher heat capacity materials in the coil should _MNM hy
training. It has been reported that gadolinium oxid. 8,_3
very large specific heat near 4.2K anq some nxnoh fisg
using small coils have clearly shown that adding thjs _“a::
ial to the resin impregnant does increase the mao:sm—f,
energy required to quench the superconductor, anq its c“

in larger coils should therefore be investigated.
Superconducting Niobium-Tin Composites

As part of a national effort to
position in the supply of s
Laboratory has formed a cc
Industries (IMI) and AERE
joint programme is to deve
the point where they are readil ble in standard forms
with reproducible properties. The intention is to produce
composites suitable for all the likely uses of niobium-tin in
magnets, but as a first step the collaboration will concen-
trate on composites suitable for small magnets (ie round
wire about 0-5Smm diameter). The larger composites needed
for high energy physics and for fusion experiments can be
made by restacking the smaller composites.

composites, the
boration with Imperial Meta]
The objective of this
niobium-tin composites to

The design for the small magnet composite is based on the
existing copper ring type shown in Fig4.11. The attractive
features of this design are that the diffusion barrier has a
simple shape and that the proportion of pure copper in the
composite can be altered at a very late stage in the produc-
tion process. The immediate objectives of the development
programme are to lower the cost of this composite by mn.m_.
ing up the billet weight and to improve the current carrying
capacity at fields greater than 10 Tesla. Further problems H
be investigated include the replacement of the Emﬂn
fragile insulation based on glass fibres by 2 more _EanL
thinner coating and the improvement of the B%ME&
strength of the composite. Recent mxmmajoza Eammu a0
strains as high as 0-4% can be tolerated Em:oﬁ 2

the superconducting properties of the niobium tin:

Superconductor Testing Facilities
ssfully ff

The test services have been operated succe ve been
. 50mm

past twelve months. Various ::Eoéq_m:a _—m_
notably the maximum field which is :wMﬁ
bore. Techniques have become ia__&%uc_“.moane:
ed efforts are being made to increase e
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2,500 niobium
alum diffusion
MI Ltd.)

reducing charges to customers, the pre-
sent high level of accuracy. Refinements have also been
made to the AC loss measurement technique, cnabling
accurate data to be provided for work at Warwick Univer-
sity on engineering applications of superconductors.

Tokamak Conductor

The Laboratory is participating in the Euratom thermonu-
clear fusion programme by developing, in collaboration with
Culham Laboratory and IMI, a large conductor suitable for
a tokamak fusion reactor. Some demonstration conductors
based on niobium-titanium have been produced, and a de-
tailed first assessment of the problem has been completed.
Possible alternative conductor designs based on the higher
field potential of niobium-tin are now being studied.

Magnetic Levitation

M”_“_Maommm Nﬂ:m made on vcw.ac_@ applications of the prin-
Ssson:czw .m:n_no:ozswjo:o levitation, for example in
o Oo:_EH_M a ?,EE high speed ground transport sys-
foneor mzvﬁnmzmh:a_nm rmé. m:mmm&.oa realistic configura-
Dmintatn o o :o:.S and iron to m::.w large lift forces yet
e et % gnetic field m:o.sz in the region above
Partment_ ¢ w_mmo_.%, and 50 be suitable for a passenger com-

€en estimated that a useful lift to passive

Weight ratio e 7 y 5
ing anszo_oﬁmgnasm 3:1 might be achieved within exist-

In addition 1 oy
1 noye| topolog;
Made of the res|

periments demonstrating stable levitation
M»_ .EE:mQ:o:? measurements have been
oring forces produced by displacements

easurements verify that large
ice using existing supercon-
ent used, shown in Fig
were demonstrated.

from equilibrium. These m
forces can be produced in pract
ducting materials. With the arrangem
4.12, lift forces of nearly 100kg weight

Fig 4.12. Experimental arrangement used to demonstrate stable
levitation and verify computed lift forces.

University Work

Liaison work with universities for the Engineering Board of
the SRC has been carried out especially in the co-ordination
of the programme of R&D work towards a superconducting
alternator. In addition to discussing and assessing progress
of the work, opportunities have arisen to offer help in areas
where the Laboratory has experience, especially in the
fields of computation (eg magnetic fields) and cryogenics
(use of superconductors). As an example involving both of
these a preliminary design was drawn up in response to a
proposal from Southampton for a superconducting dipole
winding capable of rotation at 3,000 rpm. With an auxil-
iary stator, problems in rotor damping and eddy current
losses/heating can be studied in a rotating field system
where the anisotropic iron is driven well beyond saturation.

Another area where the Laboratory can help universities is
by allowing use of existing large facilities to extend the
scale of their university work; for example, a group from
Warwick are availing themselves of the higher fields and
currents available at the Rutherford Test Facility in their
study of losses in superconductors exposed to additional
but small fluctuating magnetic fields which often arise in
engineering applications of superconductors,

Following a request from the Nuclear Structures Committee
of the Nuclear Physics Board some preliminary work has
been done on the design for a split pole double focussing
high resolution spectrometer magnet for use at Oxford.

Work for Industry

The Laboratory is sometimes approached by Industry fo

help in these areas where new technologies are involved n:M
help has been given in a similar way to such firms as Oxford
Instrument, Thor Cryogenics, IMI, and CERL.




.5 General Technology

f .bu,ﬁo: as its traditional involvement in cryogenics and
superconductivity, the Laboratory is also active in a number
of more general technological areas. Some of this activity is

the direct result of the SRC’s requirement t

support to engineering work in higher 3:2:0:,2 mznsmws
on,

4.5.1 Chemical Heat Pumping and Energy Storage Studies

It is of irtcreasing importance to consider applicati

few technology to the fields of energy mmznqwmw”mh_mdowm
servation. Past work of this type at the Rutherford Labora-
tory has included studies of the use of superconducting
magnets for the large scale storage and transfer of electrical
energy. The Laboratory is also collaborating in work direct-
ed towards eventual fusion power reactors.

Preliminary studies have been made of a possible new area
of work, involving the development of heat pumping and/or
energy storage systems based on two-component chemical
systems. The principle involves the use of a concentrated
chemical solution to draw, for example, water or ammonia
vapour from a cool reservoir, and recondense it at a higher
temperature, thus converting low grade heat to higher grade
heat by chemical action. A well-known example of this is
the absorption refrigerator cycle; by choosing chemical
systems with suitable operating temperatures the principle

™

4.5.2 Chemical Technology

The Chemical Technology Group provides general services
in the fields of plastics technology, chemistry and materials
testing for the various activities of the Laboratory.

Plastics Technology

This has included materials selection and their application
to a wide variety of projects, examples being the manufac-
ture of precision high-strength castings in unfilled, filled or
~ reinforced epoxy resins, impregnation of coils and other
assemblies. and the use of structural adhesives. These tech-
‘niques were employed on such projects as bubble chambers
and the experimental work in connection with the Milli-

perties affecting performance of these materials was
 undertaken, such as radiation damage testing and studies of
 parameter gﬁ ure shrinkage.

could be used as the basis of s
buildings, using solar collectors or
source of low grade heat.

nw_ao :ouzsm Systems fo;
air heat mxosmsmaa as th
5

Although proposed many years ago, and already {

air conditioning of buildings, relative y little iov“xﬂ:mn o
a.c:a to study and develop the principle for the _:oﬂwm gmu
tious objective of space heating. The feasibility m:_% ms_u_
ated this year involved both theoretical uwwﬁmammﬁ_::_.
possible chemical systems and cycles, and practical éo_‘m -
test rigs simulating heat pumping cycles. &

As a result of this preliminary work, it is believed that jt
should be possible to develop cost-effective practical sys-
tems, and a proposal for the construction of a larger oper-
ational prototype is being prepared.

ysis to electroplating and chemical cleaning. The provision
of a range of carefully prepared solutions for laser work and
analysis for atmospheric ozone are other examples of rout-
ine tasks.

Of a less routine nature is the contribution currently being
made to alternative energy sources based on the storage of
chemical energy (Section 4.5.1).

Materials Testing

This work is complementary to plastics technology »:a. i
many other projects at the Laboratory. Tests on materials
and components have been made over a range of tempe&-
ture from 600K to 4-2K. Custom-built apparatus is availabl
for thermal contraction and thermal conductivity aonmcau
ments in liquid helium together with instruments for an
forming a wide range of mechanical tests at SBREM.E
down to that of liquid helium. This equipment Was ! xaa
support of the Laboratory work on mcv@aosu:a_spw:m&
Bubble Chamber development and specimens _,mﬁ‘_ana_.
from sections of prepared components t0 small did
superconductive wires.

A als, phYS
Thermomechanical properties of polymeric B,»J:ﬂ.w vmnma
ical characteristics of liquids and the :..n.nww_.:nwnﬂwne_ ©
of solids, have given much useful design info
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i lishing service
.on and metallurgical po
et E%Ew:ou is closely linked to the supercon-

A PP e and this i :

is also ué__%_aaaﬁ Additionally, many .o:.an specimen

Juetivity EM.W: prepared, for example resin impregnation
have )

Qﬂwa and welding tests-

stu

45.3 Work for SRC Engineering B

ent increased emphasis by the mnwo.zco Wmmmwn.e:
0 _wo. supporting engineering research in universities
couet I :mwza by increased involvement by the Ruther-
. cmﬂhﬁoﬁoc\ in the support of such research. This has
3&4 ted itself in a number of ways. Firstly, as an experi-
aws_ﬁ oﬂro Laboratory has been asked to provide technical
g m: to two of the major committees of the Engineering
NH_W% the Aeronautical and ch_a_:ﬁm m.:wm:wozsm ooﬂ.?
mittee, and the Electrical and Systems Engineering anE:.
tee. Although this arrangement has been in operation for
only a few months a number of matters have iwm»% been
referred by these committees for detailed technical evalua-
tion by engineers with the appropriate skills at Rutherford
Laboratory. The Laboratory has for example been asked to
assess the practical feasibility and cost of establishing an
electron beam lithographic facility to provide University
researchers with prototype solid state electronic compon-
ents of novel and advanced types which would otherwise
not be available.
A second activity being undertaken is the provision of help
to university engineers in the preparation of grant applica-
tions which if approved would require the use of existing
Rutherford Laboratory facilities or the construction of
specialist apparatus of a scale beyond that appropriate to a
single university department. There is, for example, interest

46 Computing Applications

The Laboratory has considerable expertise in the area of
Sz.ﬁi.sm applications in which the computer is used asa
design tool to help solve technological and engineering pro-
Mwoﬁ.ﬁ_: m&Eoz to the demands of internal projects
éno-o»amw E_m_.ﬂ apparatus for high energy urﬁ,mnm.msa
s u uctivity research, the computing applications
o _up les developed wn. the Laboratory have been widely
Y industry and universities.

ww_%_m_: of 1976 was the COMPUMAG Conference on
fois _““v:Sco: of Electromagnetic Fields organised by
i i _.MSQ and held at St Catherine’s College, Oxford,
e SE._ ver Noo delegates attended this meeting drawn
The nonmw countries and from a wide range of disciplines.
interchay Tence _Was successful notably as a forum for the
N 8¢ of ideas but also emphasised the increasing

impo,
SEMMMVM of the Rutherford Laboratory in engineering

oard

Radiation Dosimetry of Nimrod

The Nimrod vacuum vessels, being of epoxy-glass _»Ema»n.o |
construction are susceptible to radiation damage, and _.:oE. |
toring of the radiation dose to two oo"msnm has continued A,
throughout the year. Hydrogen pressure dosimeters mv&umm? {
ally developed for this purpose were used and n.rn maximum
recorded dose for the year was 142 Mrad, giving a peak in-
tegrated radiation dose since machine start up of 945 Mrad. W

in using a pair of large motor-alternator sets which v~omo=.~_<
power the Nimrod accelerator, as a test bed for studying
the transient performance of this type of machine. A fur-
ther preliminary proposal under evaluation calls for the use
of these machines after some modification to the associated
large flywheels for testing full-scale linear motors for pos-
sible train propulsion.

A third activity being supported by the Engineering Board
at Rutherford Laboratory is the superconducting magnet
development programme, particularly the development of
niobium-tin filamentary superconductors. This programme
is seen as of future importance in a number of Engineering
Board programmes, for example that on superconducting
ac generators. The skills of the Laboratory in this techno-
logy have already proved of value in the design of a super-
conducting dipole coil in a rotating cryostat undertaken for
Southampton University as part of the programme on
superconducting ac generators.

Considerable help has also been given to a number of univ-
ersity engineering departments with the problems of com-
putation of magnetic field distribution in magnets and
electrical machines, a subject in which the Laboratory has
established a significant world reputation.

Magnet Design Computer Programs

Over the last six years a unique code (GFUN3D) for the
solution of three-di jonal non-i gn
fields has been developed. A major activity during 1976 has
been the further exploitation of this code in the design of
magnets — approximately 450 configurations have been
analysed. The magnets ‘analysed have ranged from the large
JET Tokamak, through medium sized high energy physics
magnets to the small magnets used in the electronics indus-
try. Also increasing use of the program has been made by
engineers in the electrical machines field. One of the most

ics

encouraging developments has been that magnets d
using GFUN have been built and the results of m
ments have been available for compariso; h
puter fields. As an exam :
can achieve the resul
shown in Fig4.13.
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Fig 4.13. Comparison of

measurements with computed valves for
the EPIC C-Magnet.

The use of GFUN under contract by external organisations
has continued, for example, the design of the JET and
REX11 fusion machine magnet cases on behalf of Culham
Laboratory, the design of superconducting ac devices for
International Research and Development Corporation and
electronic components for Plessey Ltd. Also there have been
contracts to implement the code at various overseas labor-
atories, including Oak Ridge National Laboratory, Tennes-

see, and Lawrence Berkeley and Livermore Laboratories in
California.

The algorithm used in GFUN is based on a volume integral
equation’ involving iron function sources. This algorithm is
now almost six years old and whilst it is still the only viable
general 3D code available at present, it could be improved.
To this end alternative methods have been examined based
on solving boundary integral equations derived from Green’s
Theorems. It is hoped to see the original GFUN algorithm
replaced by a new algorithm which will be capable of higher
accuracy for lower cost.

The range of applications of computer programs has been
extended to include time-dependent electromagnetic pro-
blems. For example algorithms (EDDY) to compute eddy
current effects have been studied and a program of work
initiated, in co-operation with Imperial College, to extend
the existing techniques to treat full three-dimensional time
dependent problems. Fig 4.14 illustrates the use of the eddy
current program for currents enclosed in a rectangular box.
10, il f

Interactive Graphics

EDDY haye y,
2 een i X
king and displgy; 08 intey.

GEC 4080 Computer

Magnetic analysis of solenoid s
be done with a program whi
alone. Data input, analysis
done in the 4080,

ystems without iron cap now
ch operates in the Omogmo
and display of results are all

The use of the 4080 for data input to the GFUN
in the 360 is expected to begin in an experimental fashiop
early in 1977. Most of the ¢ de necessary for this has noy
been developed and tested. Fig 4.15 shows a computer-
generated picture of the magnet system used in the polar-
ised deuteron target experiment (Section 4.1.1).

program

Interest has been shown in using this system as a user inter-

face to other analysis programs. The system which will be
used initially for GFUN is in fact much more general than
this. With only a small amount of additional work it could
be used to prepare data for any similar program and to dis-
play results.

1e and YOK¥
Fig 4.15. Computergenerated picture of the magnet wun.. L)
used in the polari target experiment (se¢ Fi§
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tory cm:mn%u:o >
erford E__NM%&:G: the Laboratory was asked to pro
n early

for two experiments approved by ESRO mMM
i hich had run into problems. One wa
_<£N,(<m experiment, where the Laboratory
mw_.o_.ﬂomw Scientist and 18._.@2 __.:msﬁmmmw”ﬁ“”
provided ort team for the production of test gear, ;
T i ucE... tion and investigational analysis. This cu
leriees Gl ul experiment. The other was

; ighly successfl . z
minated I mOﬂmﬂw\m_‘ Radiometer (SCR) experiment to .m.v\
the w%mau,m (5), a joint Oxford University and Reading
on Nimbus ’

1 iect, where the Laboratory E.cﬁam.a the v.a.
Gt d complete project engineering service
1= Emzmwoa.w_: M_“E::,uﬁio. Eﬁ,_:m of the engineering
En_cn__:m, m”m”,.olun:? test gear and simulation of space-
T ,<:.: ; This was n,: extremely successful venture m:.a
o mﬂﬁwow_: has completed four years operation in orbit
- a.xvm:_:.a, its fifth year, which is a record for such com-
o :omﬂ-“_?:w o_goa,::m in synchronism every second in
= BM,M:W experiment saﬁéaam the temperature profile of
M“Moﬂ:_ﬁm atmosphere up to 45 Km E .:EWE with M_E_VMH_M
ing observations of water vapour distribution and cl

n in Space activities be-
Ruth

ct
NASA respe
oint Edinbur;
) the

conditions, etc.

47.1 Infra-Red Radiometers

This atmospheric physics research is a collaboration between
the Rutherford Laboratory and the Department of Atmos-
pheric Physics, Oxford University.

Radiometers in Orbit

The pressure modulated radiometer (PMR) launched in July
1975 on Nimbus ‘F’ spacecraft is continuing to provide
synoptic data of the atmosphere’s temperature profile to a
height of 90 Km on a twice-daily basis. It is still being
assisted in these measurements up to 45 Km in height by
the Selected Chopper Radiometer (SCR) experiment
launched on Nimbus ‘E’ in July 1972 which is creating a
record in space for such complex mechanisms operating
every second in synchronism.

Strat, 1

i M heric Sound
Pheric and pheric

(SAMS) Nimbus ‘G’

This complex radiometer for temperature and composition
atmospheric sounding is to be launched in 1978. This com-
Plex radiometer will measure temperature using CO, chan-
nels as in Nimbus ‘F’ but is able to cover greater heights and
Will also detect small quantities of a number of different
8ases. The greater sensitivity is obtained by viewing the limb
of the atmosphere instead of vertically downwards. How-
ever this produces problems in the precision and stability of
the Scanning mirror mechanism.

Work is we|
the flighy
filled ang

1l advanced at the Laboratory on components for
model with the pressure modulator cells being
its scanning mirror, secondary optics and black

mospheric Physics and Space Research

ric
A second experiment for the Uon»“Bo:m.MM: WM“MMJ—H,‘&
iversity, i er radi
Physics, Oxford University, is a sma b e
i i dulators, and was laun
design, using two pressure mo : o
i ‘F (6) i This is operating succe
Nimbus ‘F’ (6) in July 1975. s s
i i iding synoptic tempe
after 18 months in orbit, provi e
f here to a heigh
measurements of the earth’s atmosp £
i i ily. Development mo:
Km, covering the earth twice da
were designed, tested and built at Rutherford Econwnwaw
together with test gear and simulation of spacecraft services,

etc.

The third experiment for Oxford University is m%m ”ohw
on Nimbus ‘G’. This is a more complex mwin_amﬂ =
used 7 pressure modulators. The Rutherford Hb_u.o—.” M.—.%. :
again providing the project management and E.om_on - mu—”_am
eering with all the development Bomn_m and nmm. ge: r.wonm
all the pressure modulators, mechanisms, mou==5mmﬂm &

etc. being provided to the 83—%8-. Iwi_mﬁ. idde M
Dynamics Ltd., for incorporation in the engineering an

flight model sensor-housing.

Fig 4.16. Engincering model of SAMS radiometer

body mechanism being bled ready for testing. The
engineering model of this radiometer (Fig 4.16) wit
electronic module was assembled by Hawker Siddel
namics Ltd. Stevenage and is now at Oxford Up
completing its test programme bef 0 2
U.S.A. for integration and testing wi




as were those related to

gear for the model is now

ermal vacuum tank with liquid

closing the instrument and its

to “%m ith separate targets which

ire using LN, and heaters.

t comprises a PDP8M com-

L the radiometer and will oper-

te the spacecraft command and
provides print-outs of measured
thermistors and other transducers

etc on to a teletype console. Two
made, one for the USA. A further
structed to house an infra-red source
position together with a large tele-
** off-axis paraboloidal mirror and a
lirror. This will be used with the flight
measure the instrument’s field of view.

adiometer for Venus Orbiter —

ure modulator cells are now being

t of the Vortex experiment at Cal-
:.&o_&oq and the flight backup is
e Rutherford Laboratory prior to des-
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Fig 4.17. Optics for Cooled Infra-Red Radiometer
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Laboratory
MM_”E_ study and propossl

has assisted the Appleton Laboratory in a
for a Millimetre Wavelength
in di Id be 15 metres
i cope. The main dish wou tre
m.»m_o .__..www oﬂvwc_» of operating to the wavelength ___.._5
e e atmosphere at about 0-8mm, which requires

i by th ) .
“._::W M“wwunw error, with respect to a paraboloid of revolution,
{0 be less than 0-05mm rms.

Since the changes in shape are s large a QZ.. structure must
inevitably be larger than this <&:.9 ?o ,n:m: has cmm.s de-
signed using the ‘homologous v::o_.m_m , whereby it de-
forms from one paraboloid of revolution to another as the
elevation angle of the dish is changed. Finite element com-
puter programs written at the laboratory have been .:,4,3 to
analyse the distortions of the multi-rod structure which sup-
ports the dish surface,and the deformations of the telescope
mount. NASTRAN has been used at the National Engineer -
ing Laboratory, East Kilbride, to confirm these calculations
and to analyse the dynamic performance of the telescope.

A method of making aluminium surface panels, stiffened
with aluminium honeycomb, is being developed, and shows
much promise. The fundamental design for the telescope
drive and control system has been completed. The costs in-
volved in completing the design and constructing the tele-
scope have been estimated. The proposal is being considered
by the ASR Board.

4.8 Detector Development

As ‘.za= as satisfying the widely varying requirements of
patticle physics experiments, the Laboratory’s detector
development programme also investigates the potential use-

fulness of detectorsand d 1
in other areas.

for applications

Mwec X-Ray Imaging Detector

”M_Uo,ﬁonnon Development Group has contributed to the

; Pment of the Rutherford multi-wire proportional

ber (MWPC) X-ray imaging system by making theoret-
Practical studies of

Lab’s Microwave Limb Sounder (MLS)
periments view the same part of the at
taneously. The combined. experim

(Microwave Infrared Mesospheric Stratosphe

ment).

{limetre Wavelength Radio Telescope

Fig 4.19. The U.K. Millimetre Wavelength Tel
would be 15 metres, with the surface of the di
accuracy of 0-05 millimetres.

Xenon-filled 20 x 20 cm MWPC o
sure. The inherent spatial resolut
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b. Processed data, showing extent of scan

Fig 4.20. Output from MWPC X-Ray Imaging Detector

CPEM X:-Ray Imaging Detector

Work recently completed at the Laboratory has shown that
Xerays in the more generally used region of the spectrum
(10-140 keV) can be detected and thus imaged in a detector
consisting of two cascaded channel plate electron multi-
pliers (CPEM). The observed efficiencies range from 1-10%
‘and the calculated spatial resolution is better than 102p/mm
“over the whole range. Modelling of the detection process
 indicates that the detection efficiency can be at least doub-
~ led by suitable modifications.

ohes b

could have a wide range of applications in
distribution of X-rays is to be detected, for
E dustrial X-ray intensifiers.

CPEM Photomultiplier Tybe

. :
metal dynodes. This results MM_MMN:%%:M%E Of the W_MHM
transit time (“vins) and a fast anode E:Mn x._odém:c:
fwhm 2-5ns). The device is extremely compg (rise time Ins,
graph m:.oim and has the great Naﬁ::mmw Onm» Mm:a Photo.
ovm...mg n magnetic fields of up to | Tesla cing able ,
:a:.o screening of any sort. The problems cm f,z._oE mag.
device lifetime and counting rate effe S
thoroughly explored. Cts have been

Secondary Emission Detectors

.: :.m,m Snm::.v\ been shown in the Laboratory that Minimym
ionising particles can be detected by the secondary emittj
surfaces of a Channel Plate Electron Multiplier with -
efficiency of 60%, a spatial resolution of v 10um mz%_w
response time of 10ns. Developments are in hand .8 raise
the efficiency to 99-5% leavi ng the other parameters un-
changed and so produce a new generation of ultra precise
x-y recording detectors for use with CERN SPS beams. The
mass and physical dimensions of these detectors are low in
the beam direction and hopefully some reduction in the
scale of SPS layouts would be facilitated by the introduc-
tion of devices having such high spatial precision.
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Fig 4.21. CPEM Photomultiplier
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¢ instrumentation work at the Rutherford Labora-
nues to cater for the demands of particle physics
ant applications have been realised

Electroni

tory conti {
experiments, but import

0 other areas, especially physiology and biomedicine.
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MWPC Read-Out Electronics

g the first half of 1976 the MWPC read-out electron-

i . )
pe pectrometer (Experi-

i ford Multiparticle
_awhwa_%mw“:ﬂ__“n_ﬁu. and W_uc beam lines at Nimrod were.
HUB@_S& and installed. Instrumen on of .9 total of
6,500 wires was effected. An improved version of the
Rutherford Laboratory MWPC cad-out electronics has
been developed and is cu rently being assembled here for
the European Muon Collaboration experiment at CERN
(Experiment 40). Data from 6,800 wires will be processed.

The basic element is a hybrid amplifier/discriminator which
produces standardised digital pulse outputs. This hasa maxi-
mum sensitivity of 2 microamps with an input impedance
of 100 ohms. These elements are usually mounted near the
chambers and the digital signals fed to multiplexer units
each of which accommodates 32 channels. Up to 32 chassis,
each containing 16 multiplexers, feed into a double width
CAMAC control module.

Fig4.9)
.22, Ing, o g
MWpo,~ ‘e&Fated circuit on a thick-film hybrid for use with

que, namely that the emission

in di f the techni x
main difficulty of the - ity of

is in the ultra-violet region of the . etry
hadronic cascades is one particularly E.o.:._“m—:m uv._u:m»cmn
of gas proportional scintillation and a joint project wi
Leeds University Physics Department is currently being
negotiated for a cosmic ray calorimeter.

Drift Chamber Electronics

A modular read-out system which can handle up to 96 wires
was provided during 1976 for an Imperial College/Ruther-
ford Laboratory experiment (Section 1.1.5, Experiment
37). The basic module, which is essentially a time-to-digital
converter (TDC), accepts up to 16 events, in any combina-
tion, on 8 wires. Using this system a time resolution of 2-5
nanoseconds, equivalent to a spatial resolution of 125 mic-
rons can be realised.

In drift chambers, events can occur in such rapid succession
that some would be lost if the read-out was direct to the
computer with its relatively long access time. For this rea-
son the TCD outputs are stored in a fast 512-word memory
buffer for subsequent transfer to the computer. The system
is constructed so that up to 16 TCD units (128 wires) and a
buffer module occupy one 19 inch chassis.

Special-Purpose Data Processor

A special purpose data processor is being designed and built
by the Electronics Group for the WA7 collaboration at
CERN, and is scheduled to start data-taking on the SPS in
the spring of 1977. In this experiment the ratio of ‘good’
events to ‘bad” events is likely to be so low that consider-
able pre-processing of this data is essential before it is
written onto magnetic tape. The hardware must do this
with sufficient speed to keep pace with the incoming data.

The processor consists of an assembly of function units,
each of which is tailored to perform efficiently some partic-
ular aspect of the track analysis problem. These units have
access to a common data store and are activated by a vari-
able length instruction word from a separate instruction
store.

The processor has its user programs assembled and loaded
by the data acquisition computer to which it is a slave.

CAMAC for Rutherford Multiparticle Spectrometer (RMS)

The data-taking system for the Rutherford Multi-particle
Spectrometer (RMS) (Experiment 17) was completed dur-
ing the year. It is more sophisticated than those previously
supplied, not only in the degree of interlacing of data
transfers, but also in the proportion of the total n
implemented in CAMAC.

|
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The high speed tape decks, the visual display units and the
data-collecting modules all communicate with the RMS
computer, an IBM 1130, via a single CAMAC system on one
direct memory access channel, Many of the data transfers
between the CAMAC system, the computer and tape decks
are effected by autonomous controllers (Fast Channel
Units). The computer central Pprocessing unit is only used in
an organisational role, thus making a faster overall system
than would otherwise have been obtained.

High Voltage Power Supplies

A system of modular high voltage power supplies has been
developed specifically for use with MWPC and Drift Cham-
ber Detector systems. These EHT units are externally
powered from a common low voltage power module which
also provides interlocking facilities for gas alarms, safety
lock off, etc. Both EHT and low voltage supply units are
housed in double-width NIM modules. Two types of EHT
supply have been produced to date, a dual unregulated
supply for Drift Chamber applications and a fully regulated
supply for use with MWPCs. Both types are provided with
adjustable overcurrent trips, the settings of which are indi-
cated on selection by means of a front panel meter. Moni-
toring facilities for EHT output voltage and current are
available both as analogue signals on the rear panel for data
logging and on a front panel meter display. EHT output
voltages are controlied to ramp up after switch on, the rate
of rise being limited to 10% per second to the set value. At
switch off or after an overcurrent trip the output voltage
also reduces slowly and the load is thus protected from fast
switching transients.

The Drift Chamber EHT unit provides both cathode (0 to
~5kV) and anode (0 to +3kV) high voltage supplies in one
unit and is intended for applications involving low beam
currents (< 10uA). In such applications the load regulation
on the anode supply is negligible and since the cathode load
is a potential dividing chain of high stability resistors, a fully
regulated supply is not necessary and it is sufficient to en-
sure stability against variations in mains supply voltage etc,
and this protection is provided by the low voltage supply
module.

For MWPC applications however,
beam currents are involved, a fully
high stability is required. The EHT
has been developed specifically to m
and will operate over the range 0
current _Om&:m of 250uA. The t
output voltage is better than + 200 ppm per °
tion against changes in load such that a chap e i

rent of 250uA will produce less thap § <o_m <= jomn At
output voltage. Transient response is such that w:
voltage will be within | volt of its fina] value wit
seconds and the peak excursion during the reco
will never exceed 20 V. Variz tions due t
mains supply voltage are negligible
Chamber EHT supply full protection i
voltage supply module.
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The increased _uc_.wm repetition rate and duty cycle Tequired
from the RMS (Experiment 17) and RCVD (Section 43)
spark chamber systems has necessitated an uprating of the
performance of the HV power supplies which are used to
charge the capacitors in the HV pulsing systems. Modifica.
tions to the invertor circuits of the existing capacitor charg-
ing supplies have increased the constant current rating of
the existing units such that these can now charge loads of
up to 10 nF to 10kV in less than 10 milliseconds on a duty

cycle of 25%. Stability of the charging voltage is better than
200 volts.

Accurate Spatial Measurements Using a TV Camera

This year two more very high definition vidicon camera
systems for reading out optical spark chambers were made
for a Bristol University/Rutherford Laboratory oxcmaao&
(Experiment 8). Continuing development of the camera is
taking place with the aim of increasing sensitivity by reduc-
ing head amplifier noise and by changing the camera ﬁ.cum
from the lead oxide vidicon to the more sensitive silicon
diode array type.

A similar camera system has been made and mcuw:&.s Q.n.
Laboratory to Oxford University for a v_d&o_ommo.m_ _=.<3.“_
gation. The requirement was to measure aina_o&_w »m—_—:
with negligible mechanical loading the relative =5<m=_onm.
of two points on a sliver of muscle 2-5Smm _osmu .:.oam_”o s
men, which is immersed in a clear fluid, is subjecte e
force varying at a frequency of up to SO0Hz. To Bmﬂns
the extension, two 25um diameter wires are E.&:« oo
the muscle and these are illuminated periodically iw“ 5
pulsed light source. The instantaneous images c_..“”_mm o
are stored on the vidicon face and, as with opti 5 Em. "
chambers, the time taken by the vidicon’s %.wo:on M il
scan the distance between the two images IS v_.o.voim. o
to the separation of the wires. Further electronic i
mentation enables the motion of the wires to be rec

ted from the pulsed samples.
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gevelopment has taken place in the electronics
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Furthe! 4 with an MWPC X-ray detector for use in bon
umon_smﬂag measurements at Leeds Infirmary.
minerali

been made in signal detection
UNE_& mavﬂﬁwzwoﬂw.ﬁ_w”u M:S:Q. but the major change
i 9@3&&0:, in the CAMAC part of the system,
g ».raomm:opo_‘ memory. This acts c.o..: as a data
ks MM.MM:QS and as a display buffer, relieving the com-
acquist
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uire a continual supply of specially-
ection equipment. The z_:m.w «,;
ments during 1976 covered scintil-

Physics experiments req
built apparatus and det;
detectors built for exp

4.10.1 Scintillation Counters

The largest unit built in 1976 was o‘ :cacmnocw ._,cna“mumo“
the Omega Spectrometer at the mnw um.ﬁmz cm m:: r,wm -
ment to study meson resonances Zux_uaa.::n:. ) nn_dm
active area approximately six metres iam.g\ mo.E‘ ,-_ﬂ_,mﬁ.on
high consisting of two horizontal Tows of :::.Vx m.ﬂ:: a _mm
counters per row, each counter :mS:.m a scintillator ar

205 mm wide x 1900 mm long. Individual counter assem-
blies are supported by thin aluminium u:.o< sheet m.oa.an to
form a rigid low mass “stiffback”, or mn_:m,.:ﬁ mna._::ﬁon
active area being taped in position while light guide m:a
photo-tube housing are clamped to mountings on the spine.
A simple but rigid low mass frame supports the roaomno.vm
counters. It is made from large diameter thin wall alumin-
ium alloy tube, and standard extruded aluminium w_._o<
channel mounted on four wheels to permit lateral w:m:.
ment, and fitted with four jacks for raising to beam height.

A veto scintillation counter for polarised target PSS (Sec-
tion 4.1.1) has been designed and installed in the experi-
ment. It consists of a hemispherical cup of scintillation
material NE110 approximately 45 mm outside radius x 6
mm thick, joined to three equally pitched four branch light
guides about 600 mm tip radius which are roughly perpen-
dicular to the beam, target and scintillator cup axis. Since
the target magnet fringe field is large, it is necessary to
mount the photo-tube bases over two metres from the tar-
8et, and to use extension light guides. The space surround-
ing the target is congested, containing the upstream
counters, target support structures and services to both
Magnet and cryostat, and this extension system has there-
fore allowed much easier installation of this extremely
fragile detector.

A gamma ray hodoscope using scintillation strips has been
completed for the SPS Hyperon experiment (Experiment
uw.v. The detector consists of 122 pieces of 40 mm wide
scintillator with associated light guides, photomultipliers,
bases and shielding, and has an active area of 1040 mm x

duties and enabling 2 B:a.: Emrnn M»_.n_»n
orresponding reduction in patie
t clinical advantage.

puter of many of its
rate to be achieved. The ¢
exposure time is an importan

usi

This application demonstrates an advanced BrH,MMooMn&_Mm.
CAMAC. Whereas the basic CAMAC @&mﬁ. i
ted crate controller, which is usually on- =M acomte
in this case any one of several modules n.»: .oon.-o o
of CAMAC commands, only one of which is horo e

d its interface. This means that a very flexible =MEom e
M.m data and commands exists between source mo

normal ‘user” modules.

ti-
lation counters, Cerenkov no_::ﬁ.m. spark chambers, mul
wire proportional chambers and drift chambers.

1040 mm with a 40 mm x 40 mm hol

avoid the need for complic
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: ol U< 2 B
“film outside the fringe field of the magnet, approxii

a simple earth plane of ,
metres per plane being required. Magnetostrictive ™

2 high voltage plane made from aluminium
facing

i orted by a foam polystyrene/ s
each plan® JMHN_H_M Maa separated by a simple Per- are then attached to ea: which is the
ow mass

ssch chamber cOnSiSS of
better than 75% at 250 mm. The mj;
tsin the West Hall at CERN. The light  an area approximatel i is supplied to the
erenkov effect is low and considerable with the wm:.o; u&_w..w M:MMM.M as_m_ Tes Melinex 1 £ varying diameters, are bonded the experiment structure. _.E.. is usvgnn_» ”_M ,“”“ %o
e paid to the efficient collection of the Cerenkov counter “window” by a Jo wom the egge o nmﬂ spex ring- f; charbers w& cone 600 mm diameter at its a busbar feed at the wand m8¢o=wvo¢wnw =
tomultiplier tubes. This requirement has led and made by the Laboratory. The Eﬂﬂammw frame %Am:o“ together form a .:‘_..:Mm- at the crown by 120 mm high. fiers are Bo:mﬁa on the ;,BE_ ase S
of several techniques in mirrors for Ceren- construction approximately 50 mm M:” ﬂa of 2 laminyg, 4 pase to 150 mm eu.nmo ”_ the chambers has been resolved access for setting up and maintenance.
reflective surface of electro-chemicall <t consisting op a The problem crmolione

y polish 2
sheet, two layers of a pre-formed voEE.m:E“M MMM_EEE
m

ors for the RMS Cerenkov counter were made b 25 i 1 i eter
! y mm thick) and a sheet of soft alumini (each m,Hﬂuo_.O ectrom
sheet of polyester material on a mould of the plate. e E%__u h wOm WQQ\HOHWOHQ gﬁ:—_,u Hv 0 i k chambers. All
shape and adhering a stiff backing of pre-formed ork has continued on the manufacture of two large flat capacitive readout wire sparl e 59«
voxwaa. During Em VMHJ—“ Rutherford Multiparticle Spectrometer this equipment is installed around a hydrogen arget .
5_:5 35—»3@:

.o,f:?»nn to it. After curing, the polyester surface Each layer is bonded to the next with e
linised and protected with a layer of magnesium assembly being held in place by vacuum over a spher S) to satisfy new physics requirements. The Spectro- throat of a large electro magnet.
9 ESM_m_..“o“ww Mﬁwﬂn o:»c_omu_.anmmc:ﬁ:n_am"o be observed over a for-

contoured former during the curing ¢ A

v i 4 ilt usi stretch-

assembly being done after curing as the final operation Th ard angular coverage of +140°. This is achieved by using The flat chambers have been built using established ch-
- The Wi

; i rames. Immediatel:
method has proved to be simple in production with high eight concentric cylindrical capacitive readout wire m.vmzw. ed r%_Mm »w—wn_nbowow\”:“mrﬂa Moon“om_“ Mu& M_.um“ o En_.:un.o_w
repeatability and relatively low cost, tests on fin backed up by a large multiwire proportiona behind the large flat chamber. :

5 g in ambers, bacl P ; S 3 z . At
CERN experiment have been produced. Each mirror is 1-95 mirrors with visible light and pinhole source set up _._ﬂm_”“ M”m_acs and a series of large flat wire spark chambers situ- net has been installed large time of flight hodoscopes. At

e : 4 : y | 1 ; i . will be a large high pressure
ong by 0-41 metres wide, has a spherical radius of operating geometry produced images up to 30 i in the forward direction. The demanding construction the exit of the magnet 92”« ] : !
e e ”M.nm_—w_._oé:u:ns_ wire chambers has been achieved by util- Cerenkov counter into which will be installed eighteen

bination of low mass and film wire technology. spherically curved mirrors. Beam particles are amnoqﬁag.. A

Or installagj,, ?.F !
e and 4 =§= COvery wire”>
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Also installed to one side of the cylindrical chambers are series of small multiwire proportional chambers.

} Proportional and Drift Chambers

proportional chambers for experiments at A prototype drift chamber has been built to evaluate the 4.10.6 Eu ropean Muon OO:NUOH ation mNUOH iment

CERN has continued. Large chambers of di- use of film wire — fine wires bonded closely together ona
'm are being manufactured for the Euro- backing sheet — as a suitable material for composite cathode
planes for application in large area drift chamber detector
systems.

In collaboration with Germany and France, the UK is de-

signing, building and testing components for the muon ex-

periment to be mounted in the North experimental hall of
the 300 GeV accelerator at CERN. copper potential wires. The wires require to be accurately
The prototype chamber has an active area of 160 x 300 mm _uom:_m.:ow w.m.:m o pich M:n %nnwonowho/H_.;Em-—n,.;:mm\.h
with two drift sections of + 40 mm. The cathode planesare The design of the calorimeter light guides and photomulti- it i e P s T UGk aﬁw e
constructed using film wire pasted onto a low mass backing m:ﬂ h usings is plete. The facture of over 600 T
material. Cathode spacing is 16 mm and the wires on the __E:E WE%M made from Plexipop material (a new low cost

: . s R i d scintillator developed at CERN) imately 3-5
7 e T film wire are 75 um diameter beryllium-copper wire woun P approximately metres
active areas 62 .w: nw nﬁ M.Vo%“:_ﬁw: h: on a 2 mm pitch. The anode and field wires are supported x W.Nm metres x 10 mm thick and formed into units of 6
e S awE half the nM_— #&w on a rigid frame, the anode wires being 20 um diameter mo_w ” 9 forks has commenced. The detector fork systems will 3t conper o i T
5 e o..u b 2 cell o E. plated tungsten and the field wires 75 um diameter bery om&on to detect electrons and hadrons when assembled at £ vaom vm dent POSHITS,
& 24 mm giving 12 cells on the e Gomion oz—”z~ between plates of lead and steel, this forming a cal- ance o mminordertolnrodi
e it (dogioid Fan i
128 o " (designed by CERN) weighing approximately

Initial tests have been carried out under laboratory oo:““
tions and the chamber characteristics obtained to %33.. The :
as expected from the chamber geometry and indicate @ snsna_m_ of the light guide unit is such that Plexipop
isfactory performance. it is cof used throughout. This avoids joints except where

nnected to the photomultiplier where an optical

quality silicone ruph, B
. er transition pi ini
violet filger i S piece containing an ultra

Th .

& ﬁ“&%ﬂo? .cg&:w and annealing of large light guides

' } of special noa.m_o_._u requires large ovens and the design

N Ve eriment ; b ooling to avoid marking the material whilst

| the modified geometry of the PT55 expe P . \ater hilst
le detection is required in the now large b :




hined in thickness with printed
ir faces. Attached to the printed
- sets of sense wires stretched bet-
voltage wires.

micron gold tungsten sense wire planes
it] mm pitch between wires and accurately
g a printed circuit comb to within + 0.05
oned to 50 + 5 grammes. The high voltage
of 100 micron beryllium copper wires of 1 mm pitch
across the glass fibre epoxy resin frames in a
ection and tensioned to 225 + 25 grammes.

ests to date, the second prototype solenoid in the
5 amline at Nimrod has reliably operated at 30 T during
msec pulses once every 5 seconds. The first coil failed
T after reliable performance at 25 T, and improve-
 in materials used for the present coil suggest a work-
1 of 35 T or more for tens of thousands of shots,

ally designed at the Rutherford Laboratory based on
ience gained in Nimrod Division building high field
magnets, the design has been improved by computer
iperial College, where construction of three
magnet assembly has been assisted by Labor-
ho have also prepared the large energising in-
1st for test purposes remote from experimental
NS.

failure due to radial coil-bursting

The frames are bolted together with Q (i

! O rin;
each adjacent support frame with a Zow_ﬂwmaﬂu betwey,
supported from the stainless steel frameg ﬂmwm envelope
operates in a gas atmosphere of Argon ro% ormscs
Methylal. X e and

A feature of this design of chamber s the smaj
mm between each set of sense wires thus perm
tracking of curving particles. The three
mounted inside a large spectrom
ture of these chambers has begun

4 .mmv of 16
itting Precige
chamberg are
eter magnet, anq Manufy,.

0.7 30-40 Tesla Pulsed Solenoid

tom is similsr £
bar arrangement. The sys! Aty
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411 Energy

¢ Unit was set up by Council
8y w.amon«n,“a”ﬂmww_‘ﬂm. During the previous year,
e Mﬂzmm working in the energy field ru.n_
; ==_<acmm=u=:< of receiving assistance in their
: Mﬁﬁom: Rutherford Laboratory. >.m=5= work-
as set up to investigate ways in E:mor the Lab-
ing 0P d meet the requirements of :::aa:k io._._aa.
o Ch =l n_aw that direct assistance could be given in the
e oo.. instrumentation, manufacture of proto-
s »:.a .Mw: computing problems, the organisation of
L .SEE_M 8.:?3:8.4, and, in general, the type of sup-
Bna::mmn m_.ﬂo Laboratory already gives in other fields in-
v_o qhu”*maam_.. energy physics and research using neutron
clu

beams and lasers.

The Ener;|
at its mee’

energy resear

Proposals for Unit involvement in the following university
research projects are in various stages of preparation:

Research Support Unit

i) A total energy system involving a high
vapour turbine and generator system.

E.n—mn—.mnw.

ii) R h on energy sy
iii) An aerogenerator for the Cambridge..
Division.

iv) Research on energy utilisation in buildings.

v) Research and development on heat pumps.

For its first year of operation the Unit has been n—sn.- :
vision of 18 man-years of effort, 6 of these being .m. ,
central role of general support, coordination and “pump-

specific projects, when these receive approval by the !
committees.




I users of the Ruther-
or scientific studies are capable of generat-
derable quantities of data. To allow the anal-
ta, some of the most powerful computing
Great Britain are installed at the Laboratory
Emn not only for the analysis of the very large
0! EF which are collected in Particle Physics ex-

m«i .nvo»a space satellites, but also in computa-
—oﬁ:.w complex mathematical models developed
theoretical study of physical and chemical phenom-

: f ;z.s computing facilities is implicit in much of
ke v n.ovo:& in other sections. The work reported in
~ the following sub-sections, however, has taken place mainly

>nwm Computing Division has two major roles to play
ort of puting within the Sci Research Coun-

co-ordinate and manage the provision of interac-
computing facilities by the SRC, whether sited in
the universities or at Chilton. This task has been
signed to the division as a result of a decision taken
uncil, who accepted the proposals of a technical
set up by the SRC Engineering Board, and
~ Professor H Rosenbrock (UMIST). Al-
impetus for providing an ‘Interactive Com-
y d from the engineering
the facilities will be available to workers
ed by other SRC boards, subject to approval
igh the normal subject committee structure of

applications software for
eers, and occasionally

Eﬁranio_umimmo:mo». Eogco
development of the computing Mwmﬂ_vmﬂmmm%”:.m_.r_n for the
mﬁ“an_ iwﬂwmﬂm—u mmﬂsngao of mro two U?iosm_.“wmm ””o. Year
-y Emv:q e Computing and Automatiop c.:f._u_.
esponsibility for running the eyist; op
360/195 and ICL 1906A computers and the mnﬂz_:w iEH
film :.wacamr for the provision of computing se; .mo e
on this equipment to a widely distributed moo _.sna._sm&
:.mo? and for the development of the mvﬁm:._mﬂ_w:::x of
tions software and the telecommunications _.mmz“. e
sary 48 sustain a high level of service, The Atlas o“vmm o
Division, again broadly, was assigned responsibiljt: E%E_:w
detailed implementation of the outline Eovcs_” o
SRC’s Interactive Computing Facility and for continy
work on applications programming in such mvmam_ﬁanﬁs_:w
as Quantum Chemistry, nJ,mE:cmBEc: and Omzvumas s

on the

year. In the early phase of the project, considerable effort
was put into the tender exercise for the large central inter-
active computer to be installed at Chilton. After full discus-
sion with six manufacturers, a comprehensive tender docu-
ment was prepared containing both batch and interactive
benchmarks. Unfortunately, due to lack of funds generally
within the SRC, the decision was taken in September 1976
not to buy a large central machine, but instead, to proceed
more quickly with a programme for developing multi-user
minicomputer systems as the main method for providing
interactive facilities within SRC in future.

After a tender exercise involving thirty manufacturers,
orders were placed for a Prime 400 and GEC 4070. The
Prime 400 has been installed, and is intended to provide
interactive facilities for up to 100 new users after appro-
priate software development. It is intended that the Prime
400 remain at Chilton and give the Laboratory local exper-
ience of managing an interactive system. The GEC 4070 will
be placed in a university department once the assessment
and development of the system is complete. Both machines
have 192K bytes of memory, card reader, lineprinter and
communications lines for about 8 users. The Prime 400 has
two 70M byte discs, while the GEC 4070 has two 35M a«é
discs. Initially, these systems will be assessed by mounting
and running existing interactive software !_o_a.ma.u» prgss
ent used in university engineering departments. This assess:
‘ment programme will be a joint exercise between the —&cm“.
atory and the universities of Cambridge, Glasgow and Lee¢*

,posed enhancements of the PDP10 systems at E4:
and have been completed, and an

extended
AN

t

ements have been made 8. connec

76. Atranteet egh, UMIST and Chilton, by
e communications lines, and further
ivi lanned as

individual star networks are p :

5 M”Mo= between the Interactive Computing
:x and the [BM 360/195 processors at the
: to powerful batch com-

ber 1976- £
U%ﬂ.:% main sites;
post Offic

well as a con

ility netwo! s
Wwﬁwo? thus providing access

puting facilities.
n to the general meeting held on wm April 1976
inform the user population in the universities and poly-
o f the plans for the Interactive Facility, the Labor-
snE__o_MuM organised five meetings with special subject
n.oc‘w including finite element techniques, artificial intel-
mww_.__wﬁ“ electromagnetic studies, and circuit aom.mw_.. QW:E
and continuous). Those who attended E.omo special meetings
have assisted us greatly in defining w::,»c_m software m4=n_
associated development programme which the Interactive

Computing Facility can usefully support.

In additio

Quantum Chemistry and the ‘Meeting House’

The past year has marked the introduction of a new version
of the Laboratory’s quantum chemistry program package,
ATMOL3. This new version provides a wider range of Har-
tree-Fock methods, more powerful molecular integral eval-
uation codes, and can handle larger cases than the previous
version, ATMOL2. The new version is now well docu-
mented, and in production use by numerous university

groups.

To provide facilities for more accurate computation of
molecular wavefunctions, a general purpose configuration
interaction program constructed in Munich in a collabora-
tion between workers at the University of York and the
Max Planck Institut, Munich, has been obtained as part of
the ‘Meeting House’ project, and in collaboration with the
originators, numerous corrections and extensions have been
incorporated; particularly new procedures for configuration
selection have been coded, and new procedures for the diag-
onalization of large sparse matrices have been incorporated,
to provide powerful facilities for the extraction of excited
state wavefunctions. The system is interfaced to ATMOL3,
and now referred to by the acronym SPLICE. SPLICE is
now in production, thus providing the first easily available
large scale general purpose configuration interaction pro-
gram for UK workers.

Microdensitometer Operations

The SRC microdensitometer service to university and poly-

technic crystallographers, based on an Optronics P-]
Photoscan interfaced to a Computer Automation
Minicomputer, has continued to run success

tved approximatel;

this service. Accuracy remains excellent; a.\ov R-fa
is a measure of the overall accuracy of the
and film taking operations and the theor

about 60 fully refined structure analyses averages 0%,

which compares well with factors o
able using the human eye or a ol

A minor, though not unimportant application
densitometer continued to be in
film negatives to magnetic tape. Such
for 15 different groups, and for a
The range of discif
studies of lung
Council, X-ray fibre diffraction patterns for Exeter
sity and proton beam pictures of metal edges for UKAEA,

Harwell.

Crystal Structure Information Retrieval

An important project was the implementation on the Inter- 14
active Computing Facility’s PDP10 computer at Edinburgh E
of an on-line interactive program for the retrieval of crystal
structure information compiled by Dr O Kennard’s group:at
Cambridge. The work was performed at the request of the
SRC Data Compilation Committee, and will provide a coun-
try-wide service to crystallographers and chemists from
early in 1977. The system allows the rapid retrieval and
display of bibliographic and structural information from
the complete organic and organometallic crystallographic
literature of over 14,000 compounds.

The work for this project has been logically divided into
two components:

@

(b)

£ 10% and 4-5% obtain-
diffractometer respectively.
of the micro-
the routine digitization 4,».
jobs were performed
otal of over 200 m_Bm
lines covered included pneumoconiosis

X-ray photographs for the Medical wnmnumow
Univer-

the implementation of codes for processing the se-

the latter facilitating the rapid interrogation v
data base. This phase of the work has been pe
on the RL IBM 360/195 computer, the ‘iny

10 for the on-line interrogation
tioned ‘inverted files’. n

All code for this project was receis

R J Feldmann of the '
da, USA, but consider




gnﬁ_ to the standard software. These additions
3 be installed as ‘binary patches’ because the orig-
e code has not been made available by the manu-
and these ‘patches’ have to be re-applied with each
on.a—.n manufacturer’s software. In consequence, it
wﬁagw ”Mﬂ-niﬁ% difficult to maintain and ao<m~,ov
~ thee re, and therefore a totally n

ouE& | FR80 DRIVER is under construction. e

WN&CUEA\NN will provide all the facilities of the existing
uc?tuuo and additionally includes a number of features to
E:Hoﬁ the performance of the FR80 and extend its facil-
53 in an upwards compatible mode. These new capabilities
Fﬁ.:n« performance measurerent, powerful text processing
‘oaoa and a sophisticated colour selection mechanism.
mﬂg DRIVER has been specifically designed to provide a
flexible, maintainable basis for future developments. The
h—.ﬂo@ﬁo was completed in April 1976, and the initial pro-
duction version is due for release in February 1977

‘Automated Production of Specialised Publications

Since the arrival of the FR80 microfilm recorder, interest
has grown steadily in puterised text prc ing, to im-
prove the quality and economics of certain publications.
Particularly suitable candidates for this work are large
llections of text and/or numeric data which are already in
machine-readable form (on tape or disc). Much of the time
consuming activity involved in manual typesetting of tables
and indexes followed by the necessary proof reading can be
eliminated by using suitable programs on a large computer
IBM 360/195 or ICL 1906A) and the FR80 to handle the
t. Additionally, the FR80 allows one to mix text and

ce the print masters for the indexes to
field of X-ray crystallography. This has
| collaboration with staff from the Cam-

Division under the sponsorship
n Committee. The preparation

netic tape. The tape
developed by the

ALIPHATIC CARBOXYLIC ACID SALTS

(AMMONIUM, 1A, IIA METALS)

21 Potassium hyd
I rogen bis
C,CL0;", C,HCLO, K
LGolic. Flazarini  Cryst. Stru
Residue 2 abso clamified in 1 O 3 6451074
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2c

5 e l“-t sesquioxalate
= (4~ (2- Oxopyerolidine e
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GH,FO", Na®
KVipyan. AMani BM Vedavathi SRa
Acta Crystallogr. Sect. Ar 31, S85ore
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L Mladert  Acta C 5
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317251975

24 Sodlum hydroge
n.w."..o. C,H0, Na
Barrow, MCurrie. KW.Mulr, JCSpeskman. DN M)
J. Chem. Soc. Perkin Trans. 2, 151975 e
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diacstate (neutron study)
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Residue | also clasified in 1| SLGE

Fig 5.1. Example of FR 80 text output

by this method requires the economical formatting of text
mixed with tables of various sizes and accurately drawn
stereoscopic pictures for about 1700 molecular structures.

‘Finite Elements’ Film

This twelve-minute I6mm computer-produced colour film,
complete with optical sound-track, was the award winning
Great Britain entry in the International Technical Films
Competition held in Moscow, October 1976. Produced by
the Division in collaboration with the Royal College of Art,
‘Finite Elements’ introduces the theory behind this engin-
eering computational technique, and presents a selection of
real engineering problems which have been solved by the
finite elements method.

Although intended for an audiénce of practising engineers,
the film is eminently suitable, because of its sm=m=<.u=_‘.uo.
tive computer-animated screenplay, for a non-scientific

dience. The computer-generated title music adds the m_.
ishing touch to what must be counted the first o:Ecnm\
computer-produced engineering film to be made in the UB-

e ».
It is now being marketed by Compeda Ltd., 2 u._g_&m_.w.:o
the National R h Development Corporation, London-
§2/68 Ultra-Violet Sky Survey

, data collected by the S2/68 ultra-violet sky survey
oard the T >Es&sw§§a§§o?

jvisil d the data banks extrac-
<o Division have use : :
Atlas ooan_w:“ﬂmmonz of the raw data tapes; the main topics
160 bY EM :Mé been the distribution and properties of in-
o E.mamm:mﬁ and ultra-violet objects. The FR80 has been
terstellar

4 extensively 1© plotithe;spesiis:
use

data is almost complete. It is
d scan of the raw
The secon

containing all the useful spec-

building up a new data-bank
tra detected by the experiment — about 200,000 uvnoﬁn 3

int. A star ue
of 30,000 stars, many of them very faint. . ‘
is to be published on microfiche, using the FR80 microfilm

recorder, to achieve a suitable level of data compression,

containing a summary of the mean spectra based on this
data-bank.

52 Computing and Automation Division

i tlas Computing Division’s responsi-
eLany _wqmmﬁwﬂ “w_s ICL HWo?y and its share of the
transferred to the Computing and Auto-
which then became responsible for all
both machines, with the associated
s, and for the FR80 recorder service.

On !
bility for activitie:
[BM 360/195 was
mation Division,
computing activity w:
network of workstation

Under a long term Science wmmnﬁn:. Council plan for com-
puting facilities a second IBM 360/195 central ,Eogmmor
with 1 Mbyte core and channels, was ordered in June. It
was decided to house the major computers in the Atlas
building, which was promptly modified so that installation
of the new machine began on schedule in November. Core
memory and peripheral devices will be transferred from the
first 360/195 (195/1) to the new processor, and the central
computing service will be based on 195/2. A major factor in
the schedule has been to reduce to an absolute minimum
the time with no service available. After the service has been
re-established, 195/1 will be moved to the Atlas building
and a coupled two-processor system will be created. Soft-
ware development has naturally been concentrated this year
on preparations for the new system.

Funding arr ts have also changed under the Council
plan. The 195/1 was funded by the Nuclear Physics Board
and the ICL 1906A and FR80 by the Science Board; but in
October responsibility for funding and overall planning was
transferred to the new Facilities Committee for Computing.
Some of the operations statistics which follow were pre-
pared on a different basis for the final quarter of the year

because of this change, but the effects are small in most in-
stances.

The central computer (195/1) operated throughout the year
under saturation conditions and achieved record figures.
Nearly 8300 hours of good machine time were to
users, and provided 6108 hours of accountable job process-

Tahl

5.2.1 Services
Central Computer Operations

e uled time), was slightly above last ye at
he 1BM 360/195 was invariably saturated

f 20 - 60 hours orif
ﬂgvﬁ 2

Although average machine availability, (1 — down time/

ing- time after deducting overheads. Turnround and :.En
allocations, decided by committees of users, were n».m..noné.
ly controlled by the COPPER priority system. Peripheral
equipment was augmented by 8 200 Mbyte Memorex type
3675 disc drives and another block multiplexor, plus up-
grading of all remaining 9 track tape decks for 6250 bpi re-

cording.

The established ‘star’ network of over 30 remote worksta-
tions changed slightly during the year. Connections were
made for several more workstations by private or public
Post Office lines,and re-arrangements enabled some stations
to access either the 360/195 or 1906A. As the Atlas-Dares-
bury-Rutherford private network came into use further
workstations were able to access Laboratory computers,
although of course jobs can only be run by authorised users.

Except during the disruption of the last quarter caused by
building work, over 1000 hours of CPU time per quarter
were available to users of the ICL 1906A, with an average
of 76 hours/week job processing time after overheads. The
machine is not under intense pressure and normally operates
on a five-day week, but seven-day cover was provided for
the UKS space satellite project. Over 240,000 jobs were
processed during the year.

A GEC 4080 computer was bought in 1974, initially

liberate the large section of core in the central computer 1
quired by certain interactive graphics programs. |
has been developed which already allows the comy
be accessed by up to six users simultaneously fr

which is still being developed) allow
played picture in three dime: ¥
hardware.
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LECTRIC remote job entry and file

1as continued, with a rise in the weekly

rs t0 450 and from 1750 hours logged

350 over the year. By the end of the year jobs
'RIC took some 75% of CPU time used.
availability of the ICL 1906A advanced to
CPU utilisation, after a relatively slack final
eraged 69-7%. The total CPU time used was de-
uilding alterations in the autumn to 3718 hours
1975), of which over 30% was taken by
om remote workstations. Statistics are given
‘and 5.4 and the ICL 1906A configuration is

well, but disc packs and tapes are now han,
scale in the computer room that further 4
ance is needed, particularly to take a4

: : Vanta
machines. The new version will indicate <o_=mqﬂ%m». the dyg
rarely called, which can therefore be relegated o moEa.:_<
mote store-room, and will also assist the | SO

4 brarian y;
system formalities for E:cacogm new tapes N With the

dled o, Such 5
Utomatje assigg.

Various modifications were made to
vicing of the numerous RJE (Rem
stations, and MAST was streamlined,
handling time now properly account
appearing as an overhead).

HASP to Improve ge.
ote Job Entry) work.
With much of g data-
ed to users (instead of

Fig 5.3 shows in outline the planned dual machine layout.

g increased disc and tape storage capacity, ex-

16 SETUP subsystem, and in detailed changes to
fficiency and limit system overheads. Software
IBM 360/195 array took high priority after the

6 eight 200 Mbyte Memorex 3675 disc drives

and the remaining 1600 bpi tape decks were

250 bpi. Congestion of disc traffic was signifi-

luced by installation of a third block multiplexor
matching software.

The hines will be run asymmetrically, with a front-enq
machine (FEM) handling telecommunications, line printers,
card readers and punch via HASP, MAST and ELECTRIC,
The majority of batch-stream jobs will be fed from the
single job-queue to the back-end machine (BEM), but resid-
ual resources of the FEM will also be utilised for such jobs.
Both machines will access all external storage devices but
a user may, if he wishes, direct that a job be run on a partic-
ular machine. If the FEM fails it will be possible for the
BEM to take over its role, continuing the ELECTRIC service
in combination with reduced batch processing. The design
philosophy, based on the available large increase in process-
ing power unaccompanied by extra disc/tape storage, is for
a modest rise in system overheads at the FEM and a larger
decrease at the BEM, freeing that machine for high speed
batch job processing.

Weekly Average
CPU (hrs)

58
7.4
30.0
3.7
195

byte
multiplexor

block
muluptexor

block
multiplexor

byte
multiplexor

7

2 [3

=)

12 Mag. tape drives.

—

1

—

1

connection
]

4 printers, 1 card read/punch

controllers.

Fig 5.3. Planned dual 360/195 layout

Development of the new software benefitted considerably
from studying the coupled IBM 360/65 and 370/145 sys-
temat the University of Gothenburg, although the machines
are different and the starting-point was the MFT (not MVT)
Yersion of 9. 1t was also valuable to have access to a
370/158 machine at IBM Birmi gham, operating under the
VM (Virtual Machine) version of OS, which proved simple
1O use. This system allows several programming teams to act
Simultaneously as sole users, with a dedicated computer and
Pheral devices, even simulating two coupled 360/195
ana_wna with different implementations of MVT and

ELECTRIC

_||
\—|,

A paging version of the ELECTRI
ed. When a user becomes active,




é@@m‘m filing space were met by increasing
rage from 108000 to 137700 blocks (an en-
, and by doubling the data sets for arch-

files and for graphics.

S begun to adapt the IBM STAIRS program for the
'MAST message handling system, so that it can be

Laboratory has continued its active involvement in dev-
ing computer networks. The three main areas of interest
the operational use of the ARPA network, the dev-
elopment of a private network linking the Laboratory’s
IBM 360/195 and ICL 1906A computers with the IBM
- 370/165 at Daresbury, and the impleméntation of connec-
~ tions to the Post Office’s Experimental Packet-Switched
Service-(EPSS). The Laboratory is also pursuing its interest
~* in the collaboration with CERN, DESY and ESA (European
- Space Agency) on high speed data transmission experiments
- via the ESA Orbital Test Satellite, and arranged an inter-
~ national Meeting in July. The proposed network is outlined

in Fig 5.4. This does not show temporary test and develop-
ment connections.

el

EPSS.

ARPANET

e Rutherford Laboratory

‘The network comprises three vuowo".aw%ozc
(at London, Manchester and Glasgow) linked

accessed from any 360/195 term;

ation retrieval program which can pj

or m_._,gmom in a database. A mmqsmuoﬂm_w hwwmfa 2

able in June 1976 from two databases the m:E_nE avai.

from mra SLAC weekly publication ..vmonniﬂ r% Compileg

and Fields” and the second comprising titles mh _M Fattcy

moa. Library. So far some 40 people have mag, il

service, together taking on average 25% of the _W—MM—M»,\ME
§) ay

nal. STAIRS isan :;.o::

ired worgg

scheduled.

Atlas—Daresbury —Rutherford Network

Progress has continued on a private netw, inki

360/195 at Rutherford with SM 370/165 uﬂomﬁhm:_””whrm
the ICL 1906A on the Atlas site. This network was %m_m\n:”n
to use EPSS-compatible protocols, so that it can use EPSS
itself (or its successor) at some later date, if this becomes
desirable. Meanwhile it permits the Laboratory to offer

network-type facilities to users in advance of the full EPSS
service.

The network is now operational via Daresbury to the 360/
195 and offers an RJE service for a large part of each day
to workstations at Liverpool, Manchester, Sheffield, Lan-
caster and Daresbury. These are all connected to a PDP-11
computer at Daresbury which functions as a network node,
capable of switching each workstation to either the 360/
195 or the Daresbury 370/165. Similar facilities for work-
stations connected to the GEC 4080 node on the Atlas
site, with switching between the 360/195 and 1906A,
should soon be available.

Work is in progress on further developments including a File
Transfer Protocol permitting users’ files to be moved from
one computer to another, and an Interactive Terminal Pro-
tocol allowing users anywhere on the network to :3.9«
various interactive facilities available at the different sites.
Both will be compatible with the protocols defined for
EPSS.

EPSS

This experimental Post Office network, which is m%&:_nw
to run for two years in the first instance, has now v«oowﬂ
available for a few hours each day. It will not be offi = M
opened as a service until it can operate reliably for at e
eight hours daily.

ng exchanges
y wide-band

ine to the
ud lines. The Laboratory has a 48 MMMMM%M— and s

he London Exchange was first made in

been successfully used in a <~1o€. of

ding the driving of a HASP workstation
L tion

- ersity College, London. The Manchester connee

Y cwuw_.”ﬂc:m:& and used for testing interactive access

Swrm Laboratory’s 1906A via the network.

to

connection to t
June, and has since
test situations, inclu

The

¢ an advanced stage to enable GEC 2050 comput-

T d directly to an EPSS Exchange to function as

ers connecte

52.3 GEC 4080 Computer

The GEC 4080 is a medium size computer with processing
power of about one ‘Atlas Unit’ for FORTRAN .E.om-mam.
One installed at the Laboratory in G.\.A.Joi onaaw iom_n.
station and interactive computing facilities (particularly in-
teractive graphics) for some local and remote users. The
central Operations Group became responsible wo.- :o:.w_m_
running of the 4080 system during the year, including
clean-up of disc space, taking back-ups, ete. The present
configuration is shown in Fig 5.5, and there are now over
20 registered users from 360/195 terminals, including a few
outside the Laboratory.

_ the Laboratory’s future data transmission needs.

Consola Interdata
50K Baud
teletype Asynchronous A
GEC 4080 Processor
+ Nucleus

192K Bytes core
(650 ns Cycle time)

300 Baud

Paper tape reader and

Punch
Hewlett-Packard

hermal Card reader 1310A refresh
printer Q.wv—ﬂ<

Tally Line printer

(200 Lines/Minute}

Disc 2 x 2:4M bytes 50K Boud

2 x 4:8M bytes Asynchronous

24
o Two 9 Track magnetic

tape drives

To 1BM 360/195 ;
50 K synchronous qnuﬂﬂ_x

Fig5.5. GEC 4080 configuration

Production system is DOS 22 supplied by GEC, but
.nE.«. modified to provide a full multi-user system.

: - in
i is i es networking software i
HASP workstations. This involve At

the 2050 itself, thus avoiding the need for fron! st
ines. When this software is ready, it can be testex .
thoroughly by driving a workstation at the Eo-wso—w‘ o
the line to the Glasgow Exchange and thence back’

360/195 via London.

The experience gained from this work should provide for

The GEC 4080 can thus be used as a standard HASP iop”_n.
station, with ELECTRIC facilities available at all its termin-
als. It can also be accessed from any terminal attached to an
IBM 360/195 workstation or to the central computer, but
a limit of six simultaneous users has been imposed. Files can
be transferred between 4080 and 360 disks, including
ELECTRIC, for example enabling a user in CERN to runa -
program on the 4080 creating a temporary file for line _un.E. 1 V -
ter output and then submit a job to the 360/195 to print m
the contents on the CERN workstation line printer. !

The new GEC operating system OS 4000 was delivered dur-
ing the year and is being developed to provide the facilities
available to DOS. The new system provides much better
accounting and security, and some new software packages
will only be provided by GEC within OS 4000. Currently
work on HASP multileaving and terminal access has been
completed, enabling the 4080 to act as a standard 360/195
workstation and to be accessed from any ELECTRIC
minal. The remaining major develop
scheduled for early completion.

ASPECT Display

This interactive facility comprises a Hewlett-Packard
electrostatic display head refreshed by an Interda
minicomputer, connected to the GEC 4080

line. Two alternative 1310A heads are a

keyboard
as well as light-pen, and offers wi




fo _.E.&Em light-pen, tracker ball and keyboard
Wﬂd B refreshing the display, and responding to in-
Bl St aun Tom the GEC 4080. The first and simpler (1-0)
&-Muna in ,v_.on:czo: for Patch-up while the second (2-2) is

5 & au,em_ova_oa .mvﬁm:_ containing more extensive facilities.
Version 22 js being adapted to suit Patch-up and the mod-
ified GINO package in the 4080, and made more robust

Applications

Rescue of bubble chamber track failures (‘Patch-up’). The
Patch-up system based on GEC 4080, Interdata 7/16 and
: Hewlett-Packard 1310A has been in regular use for more
5 than a year. It has generally worked well, being faster than

the previous very similar system and more convenient to
cmo. In all nearly 24,000 faulty events have been displayed
of which over 10,000 were ‘rescued” successfully and Ewsa.
quality criteria in the GEOMETRY program.

Magnet Design. The magnet design program GFUN (see
Section 4.6) proved considerably too big for the present
4080 FORTRAN compiler and linkage editor and had to be
split into several (eurrently four) processes. This necessitat-
ed much program reorganisation, of which advantage was
taken to rewrite the input section in a much more general
: moa.: suitable for design of any three dimensional object,
not rily a magnet. Engi have shown a lot of in-
terest in this package, which uses GINO and strict ANSI
FORTRAN and can therefore be easily transferred to other

1 (Information International Incorporated) type FR80
recorder was installed in the Atlas Laboratory in 1975. The
80 comprises an 111 15 computer (similar to‘a PDP 15)
- with magnetic tape deck for data input on 7 or 9 track
R apes, a precision cathode ray tube and cameras. From data

., 5 First Quarter Second Quarter
: bs Time Frames Jobs Time Frames
~ (hrs) (hrs)

30500
6100
(21800)
9100
5900
500
17600

1889 56 24800 2186 45
784 13 4300 927 15

22
5
26

2.4 Visible Woooa Production

computers. When rewritin
will be able to design an
IBM 360/195 anal
the 4080.

g is completed next ye

n object on the GEQ Mow_m Aw”zcus.

ysis program and display the Ew_._:m s
on

To run the whole GFUN program the user myst 1

processes, which necessitated that access be qoaaomm o
a »2.::.:& to several ‘shells’ in the GEC 4080 v>m m &,:os
previously, the DOS 2.2 Operating &;S& was a“_o:g
locally to meet this need, but no similar modificatio, %.:a
Ha the new OS 4000 system and if written locally =._: S
flict with future development of 0S 4000 by Omnﬁ\:nos.
ever, a new virtual FORTRAN compiler to be c»,?.q&oww.

GEC next year should har i
o y uld handle large programs without split-

0021CZ>0 Conference. An international conference on
computing magnetic fields was held at Oxford in April. A
,&omo Wwith two graphics terminals, installed there ﬁm_dvo_“mv
ily and linked by a Post Office line driven at 4.8 Kbaud to
the Laboratory’s IBM 3607195, was used for demonstration
purposes. The GFUN program running in the 360/195 was
demonstrated at one terminal (Computek 400), using the
4080 as a workstation, and simultancously the part of
GFUN then available in the 4080 was demonstrated at the
other (Tektronix 4014). The ASPECT system was also at-
tached to the 4080 and some of its potential demonstrated
by displaying picture files created on the 4080.

copy (12" width sensitive paper) or on 105 mm microfiche
(at 42x or 48x demagnification). The input data is process-
ed and displayed, as vectors or alphanumeric characters,
within a range of 256 intensity levels on a square mesh of
2'% x 2'% units. The resolution on 35 mm film is about 80
line-pairs/mm.

Third Quarter Fourth Quarter Totals for Year

Jobs Time Frames Jobs Time Frames Jobs Time Frames

(hrs) (hrs) (hrs)

1920 43 24900 2352 S8 32600 8347 202 112800
651 11 4500 632 16 5100 2994 55 20000
R sson)e— e (2050008 s = (75100)
262 19 8700 323 22 8600 1453 91 wumam
104 27 2400 132 39 3600 530 109 _uwwo

6 1 3900 46 12 29700 2] mmeoo
27 20 16200 22 30 22700 130 86 725

33200 245 S5 221500
198 4500 4891 524 14400

382 140000 18662 Eq 524500

ine includes more varied facilities than
The ruganﬂwaawm r_“_‘_”wm_o installations and some :_._.;.o has
usually B development and breakdowns, including re-
beel = :.w CRT. But except for colour work (which is
Geaert wmumﬁ once per week) cach day’s input has
m rocessed by the following morning. In Table
m_“% for each quarter is shown, including repeats

ol (some 10% of the total). Users often require

of faulty Tuns

52.5 Film Measuring & Data Analysis

HPD Q.-o:mr.wcin: Device) Operations

Production measurements were made for three bubble
hamber experiments during the year. Including remeasures
Mm GEOMETRY/KINEMATICS failures, the numbers of
three-view events were

K°p (<1 GeVe) (Experiment 9)  2m chamber 14,000
Kp (~ 1 GeV/c) (Experiment 16) 2m chamber 40,000
: 81cm chamber 65,000

K~p (8-25 GeV/c) (a CERN
Experiment) ~ 2m chamber 9,000
128,000

This stage of the K°p experiment was completed during the
year, a total of 54,000 events having been measured on film
exposed in 1974. Low energy K™p events on 2m chamber
film included 1000 (making a total of 75000) pre-digitised
by collaborators at Imperial College, and completed meas-
urements for them. The high energy K™p measurements
were requested by Glasgow University, initially to provide
bubble density information not otherwise easily available.
The film was taken in 1974, and measurements already
made at Glasgow were adapted to provide pre-digitisings for
HPD.

Some measurements were made on 22 GeV/c 7~ p film from
the BEBC chamber. The standard pre-digitising rules were
followed, to generate three points per track (including a
common vertex point) on three views only. About 1000
events altogether were measured on HPD, and a sub-sample
taken through ‘patch-up’ and GEOMETRY for kinematic
fitting, The processing chain had reached a pre-production
level for this experiment by the end of the year.

HPD Development
A detailed study of the HPD optics was begun, with the aim

of improving digitising of BEBC film. It revealed some
Mechanical weaknesses (which do not affect normal opera-

~ tions on film from the 2m or similar chambers) and investi-

several related diagrams, etc, on hardcopy frames. a.rnm*“vr_”
shows these separately as Multiple Image m.n.vaur mb» i
separates frames taken by the 16 mm precision camer. ¢
universal 16/35 mm camera is used for others).

Software developments for the FR80 are described in Sec-
tion 5.1 (Microfilm Recording).

directly with the DDP 516 satellite noavﬁ.mr Eamvonmao._n..:
of the MAST message-handling system ?oSo:.u_v\ used. The
change has improved efficiency and n=o<<.m this part of the
CPU time used to be properly accounted (instead of appear-
ing as an overhead). The system was subsequently developed
for operation of the HPD1/HPD2 tandem complex, and the
new version is in full operational use.

The HPDI machine has been operated satisfactorily, but
comparisons with HPD2 show a lesser quality of output.
This problem is being studied.

Track Analysis Software

Most of the developments in track analysis software for
bubble chambers have been associated with BEBC (Big
European Bubble Chamber). Several modifications have
made the Geometry program (adapted from the CERN
LBCG program) more robust, and various quality criteria
have been introduced. Some of the elements in the chain of
processing programs have already been altered to handle
more than the three camera views always used in the past,
because four views will be necessary in some BEBC experi-
ments, and a modified version of the Patch-up system has
been tested on the 22 GeV/c ™ p experiment in BEBC. En-
couraging results have been obtained on a small sample of
the 700 V° events measured, and further investigations are
proceeding. A larger group of 3500 events with at least one
gamma has been pre-digitised and awaits HPD measurements
and subsequent analysis.

In a future BEBC experiment a track-sensitive. targe
used (a transparent box of liquid hydrogen in a

otherwise filled with a neon/hydrogen mixt
rangement causes optical problems in track recon
and problems in fitting trajectories of particles

tuatio

vent

ts bu




%ﬁ@i.& either calibra-

j.«m_a s deduced with the aid of
- Programs have been written for

P

‘experiment at Omega (Experiment

& .ﬁuﬁam with ‘Scotchlite’ reflective
L 9 @ﬁsnm of different intensities
lumbicon cameras. The calibration

e results and gave intensity corrections

across the whole

amera tube face
four cameras were

. In
arranged at Q° she 712 ex

Perim,
and 9¢° =

requires positional accuracy of ab
to remove the systematic errors
tensity variations.

. 2 Iment
out %imm, so jt 1S essentja]

of up to 2%mm due to i,

6 Accelerator Operations and

Development

¢ operations at the Rutherford Laboratory are

d on Nimrod, the 8 GeV proton mu\:n_.:.o:‘c:.. which
mo“_”.m_ﬂ a focal point for research by many collaborations of
is

cientists at both national and international level.
S

Accelerato

6.1 Operation of Nimrod

This year, running time on Nimrod was restricted to 8
cycles, duc to financial limitations on ﬂ_a. amount of elec-
tricity that could be used. To make optimum use of the
time available, the High Energy Physics schedule was arran-
ged on the principle that an accelerator cycle was run only
when at least one experimental team could take data.

Most of the beam went to Hall 3, where a total of seven
experiments could run simultaneously, with Hall 1 taking
approximately 10% of the beam by the “peeling off” tech-
nique described in the 1975 report. The three Hall 1 users
were able to share this beam on a pulse by pulse basis using
the M14 switching magnets for setting up their experiments,
and two of them, 713 and K20, have found it possible to
use the peeled beam for data-taking.

Towards the end of the year the full extracted beam of
2 x 10" protons per pulse was supplied alternately to Hall
L,in the form of a synchronised multiple fast spill for the
Rapid Cycling Vertex Detector (see Section 4.3), and to
Hall 3 as a composite spill. The Hall 3 spill consisted of a
fast spill for N5, followed by a slow spill for the other users,

from ‘which part was “peeled off” for the K20 and 713
users in Hall 1.

The operations record for High Energy Physics Research is:-

ements to the Field Correction Syst

The scientists make use of the different available ex
beams from Nimrod, which are »oonmw& thr ..&w,
permanent beamlines. The configuration of these
beamlines is indicated in Fig 6.1. ,

Scheduled time 3736 hours

Realised beam time 3151 reﬁm
ie. “beam on” for 84:4% of scheduled
time

The remainder of the year is accounted for as follow

973 hours
3876 hours

Machine Physics
Shutdown periods

Total number of protons accelerated to full en
about 14-3 x 10'® g
Machine pulses with beam totalled 3-96 x 10°

pulses per minute with flat tops o:
according to user requirements.

Operating statistics for the magnet b wer supply
year are:i— : 3 N ,
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Fig 6.2. Nimrod operation record, 1976

Extracted Beam for Neutron Spallation Studies

Extracted beams at energies down to 1 GeV have been pro-
duced as part of a programme to study a spallation neutron
source target. A S psec pulse containing at least 2 x 10'°
protons is required at the target. To achieve this a 200 psec
pulse containing 5 x 10'! protons is extracted from Nimrod.
A5 psec slice of this pulse is deflected on to the target us-

Fig6.3. p;

la
from ﬁ nxﬂnn«oﬂ:oﬂi.nw—wm“: the Nimrod computer using data
indic bea iy
2 the horizon, tal a monitoring system. The large cross

nd vertical spread i
T s X :ical spread of the beam and its posi-
u_%”n.eﬁ can vnpr-”_“nuﬂ%m the flight tube (small cross). Any of .w_“
h Nimrog 1 or display, and the picture can be refreshed

HE P scheduled time

ing a fast ferrite kicker magnet which is being developed for
the purpose. The kicker magnet is a one metre-long single-
turn window frame design, with an aperture of 10 cm x 10
cm, designed to operate at up to 600 gauss. Both the magnet
and its pulsed power supply make extensive use of existing
materials and equipment. A quarter length model has been
tested at up to 4500 A and gives rise and fall times of 1 usec
and 2 psec respectively.

Beam Monitoring in Hall 3 Extraction System

A beam profile measurement system has been installed in
the Hall 3 beamline, as an aid to setting it up at various
energies. It consists of a ber of Strip Si dary
sion chambers (SECs) similar to the system in use
Hall 1 extracted beamline, with which beam intensi
tical and horizontal profiles, beam position and time
ture can be monitored. For both Hall 1 and Hal
tion systems, the beam profile monitoring has
ed back to the extraction magnet input. H
is raised during the 0.5 sec dwell time of

tion magnet in a manner similar to

Control, data reduction and di
tem are through t
programs written b;
terpretive langua
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6.3 710MeV Proton Linear Accelerator

During the first few weeks of the year installation of the

m Hsec and with a maxi-
mum repetition rate of one pulse per second ,

Using the buncher and tank 1,2 10 MeV beam of 80 mA
Was measured at a temporary beam stop between tanks 2
and 3. The remainder of the machine was progressively
brought into operation and a 70 MeV beam was first achiev-
ed during May 1976. A period of machine study followed
in which detailed knowledge of the characteristics of the
accelerator was gained, and some standard operating con-
ditions for the equipment was established.

part of the acceley.

made.

In the light of the financial situation now
probable closure of Nimrod during 1978
70 MeV beam into the s
hoped that the linear
the injector for the n
proposed.

prevailing ang the
> Plans to inject 5
ynchrotron have been dropped. |t
accelerator will see future Service ag
eutron spallation facility now being

6.4 Experimental Areas and External Beams

Installation of Beamlines

Hall 1

During the early part of the year the beamlines K18, K20
and 713 external to the new Hall 1 blockhouse were com-
pleted. The former 1.5 m hydrogen bubble chamber mag-
net was modified to become the Rutherford Multiparticle
‘Spectrometer (RMS) magnet for 713. The reassembled
magnet, weighing 400 tons was positioned in 713 beamline
in March.

Hall 3

The 78A beamline was removed and replaced with the N5
beamline, including a 30-40 T pulsed solenoid and its power
supply. Part of the shield wall of Hall 3 blockhouse was up-
graded to reduce the background radiation in N5 to an
acceptable level, and further modifications made to allow
an outlet for the NBRU experimental beamline, N6.

Hall 1 — Phase Il Beam Sharing Scheme

Two types of septum magnet, M17 and M18, have been
manufactured for this scheme.

M17 magnet (Fig 6.4) has an eight stack septum with a

The :
_ﬂ-. ated yoke and is pulsed with a maximum current of

magnet Fig 6.5) has a two-turn edge cooled wind-
tum thickness of 1-5 mm. The maximum
000 A gives a field of 0-35 T.

3000 and 1500 power transistors respectively. The system
is digitally controlled and is designed to give a flat top cur-
rent stability better than 0-02%.

the Laboratory

Fig 6.4. The M 17 septum magnet constructed at
for the Hall 1 beam sharing scheme

Accelerator Operations and Development

Fig6.5. The M 18 septum magnet

6.5 Design Studies

Several members of the Laboratory have contributed to a
Mw_&m sponsored by the European Committee for Future
rmw« M-.ﬂsa »,m: the design of a 100 GeV ¢'e~ storage ring —
E,mm:c € main nozﬁ.&rzon has been to the design of an
oot _._.:”585 8:&&5@ of 400 MeV €' and e linacs in-
o SE% a mﬁ. mv\o_im A.G. synchrotron. To achieve a
injeoteq s M:W:E:m time, positron bunch trains will be
Bie g %: entially to occupy the whole circumference of
ed charge _._mm.cﬁn Process continuing until the total requir-
Houped it een wno.:EEmga. These bunches are then re-

© 32 containing the same total charge by repeat-

e back trangpe, :
ASuitgh, AMMMMQ__”WO the synchrotron and re-injection after

To mingms
mfon”ﬁwﬂ the synchrotron radiation losses a combined
Ce 1S used with zero gradient dipoles between

F and D magnets. This last feature enables straight sections,
for RF, injection and ejection components, to be provided
simply by omitting the dipoles in some of the cells. .Hc; en-
sure a small output beam emittance the lattice F and D
magnets are powered at different equilibrium field levels.
The table below summarises some of the main injecto :
meters.

Injection Energy
Peak Energy
Circumference

Qx,Qz

RF Frequency
Peak RF Power



7 General Laboratory Resources

The S:n.a of scientific activities supported by the Labora-
tory on-site and .ﬂ other research centres together with the
requirements of its ever-widening circle of users demands a

-.:W# level of suppo Ivi cient and flexible
port services and an effi
P] d

)u well as the services and functions described in this Sec-
tion, the Laboratory provides comprehensive backup in

many other areas, including communicat;
:‘m:wmo: and office services and library E::_w:w‘
graphic facilities, all having a direct wS.:: om_smmn
.amw.“o”amv\ running of the Laboratory’s mom?:. . e
5\ om.:m output and the well-being of emplo. e

Em. scientists, and which are none the less mmg MM& ol
being explicity described in an annual mcw .m_: e
Laboratory’s work. e

:ccm:._m.
d photo.

7.1 Health and Safety Group

In April, 1975, the Health and Safety at Work Act 1974
became law. During 1976, the first full year under the Act,
moswEaBEn effort has been expended by all those §<o_<3_
S.n—.o workings of the newly established Safety Policy Com-
mittee and Divisional Safety Committees. Aspects of Health
and Safety affecting the Laboratory have been reviewed by
these committees and where necessary sub-committees have
been formed to obtain expert advice to ensure that safety
standards are maintained or improved.

General Safety

The Group carried out its executive responsibilities for the
statutory examination and certification of registered plant
and installations. The advice of the Group has been sought
on many occasions and its members have been involved
throughout with staff from the Laser, Rapid Cycling Vertex
Detector and Spallation Neutron Source projects.

Each Divisional Safety Committee has toured its own areas
on a regular basis, and a member of the Health and Safety
Group is always present on these tours. Hazards which are
noticed during a tour are then immediately reported to
those concerned and appropriate remedial actions taken.

The Group has been in continual contact with the Health
and Safety Executive’s Nuclear Installations Inspectorate
and has been involved in a number of tours and in discus-
sions with the inspectors. Any points made by the Inspector
during these tours have also been dealt with immediately.

Training forms an increasingly important role for the Group
in the Laboratory. Safety induction courses have continued
for new staff and safety courses have recently been intro-

e ﬁ&wﬁwﬂou re-training. All members of staff are being encour-
Bl take ‘Save-a-Life’ (immediate first aid) training

resentatives was held at the Labor-

¢ lectures were given by tutors from

ACCIDENT STATISTICS
(ANNUALLY 1967-1976)

3, N
FREQUENCY RATE = No- OF ACCIDENTS X 100 000
MAN HOURS WORKED

140 — % (1) TOTAL No. OF
ACCIDENTS
120~
100~
80—
e
SIn (2) FREQUENCY RATE ALL ACCIDENTS
AL lrll.'.’.l.]Ll.'
21—
2 (3) LOST TIME ACCIDENTS
10 |]Ir|_|_|_||JJ|
O (4) FREQUENCY RATE—LOST TIME ACCIDENTS
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40— (5) AVERAGE DAYS
LOST PER ACCIDENT
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YEAR

Fig 7.1. Accumulation of accident statistics

ain safety awareness
in particular by the
d Safety Notices: by
f safety films it the

The Group has endeavoured to maint
in the Laboratory by several means,
Issue of ‘Safety News’ and Health an
safety displays and by showing a series Of
Lecture Theatre.

General Laboratory Resourc:

inspectors carried out regular in-
qn_m_ﬂ_mwa”a _”; 3:%:6:.# They include
‘prackets):— lifting machines 357 (351),
2542), pressure vessels owu @owvw safety
t fire fighting installations 21
), and experimental

ff and ins¥
o : of registere
figures in
e om_% 2521 ( ik
335), perm
w«w_wrmnm apparatus etc. 145 (145

high voltage apparatus 403 (400).

ear, 86 accidents were reported, 8 of which re-
c.a:m.%_mow :msm, The statistics for the past ten years are
sulted in

shown in Fig7.1-

Radiation Protection

mber of personal dosimeters issued to 45@9»8&\
L s, visitors and contractors has remained nearly
mamﬁwwmméa the past few years. This year the average
”_“”_S_w issue of neutron _So,x films @ d fy films was 390
and the six monthly issue of TLD dosimeters was about
350. The analysis of these dosimeters and the Emc:m. of
other routine monitoring work shows hat no one working
at the Laboratory exceeded the permitted level of exposure

to ionising radiation. As in previous years, the highest ex-
posures were accumulated by the personnel engaged in the
maintenance and repair of Nimrod; a few individuals re-
ceived about half the permitted dose. The neutron track
films were processed by the National Radiological Protec-
tion Board, the 8y films by AERE, Harwell, and the TLD
dosimeters by Rutherford Laboratory staff.

The shielding of the new beams in Hall 1 has been carefully
monitored during commissioning and has proved to be satis-
factory at the present levels of beam used. No special res-
trictions on the use of experimental area have had to be
imposed. Measurements of the radiation from the new 70
MeV injector during its commissioning have shown that the
shielding of the machine is adequate for the designed beam
intensities.

The Radiation Protection Section continued to collaborate
with the 7 11 beamline team and with members of Instru-
mentation Division who are studying the design of the pro-
posed Spallation Neutron Source, and with the Neutron
Beam Research Unit irradiation service at the Herald reactor
at AWRE, Aldermaston.

72 Manufacturing Supporting

Manufacturing support is provided by mechanical and elec-
trical workshops with estimating and outside manufacturing
sections.

A very wide range of equipment is manufactured in the
workshops often with only sketchy instructions and inform-
ation. During the year, over 1,000 separate jobs were under-
taken. Assistance was also given outside the workshop to
other divisions including changing pump and fan controls
for the Computer & Automation Division and the installa-
tion .& power supplies for Laser Division. Approximately
woo Jobs were placed by the Outside Manufacturing Section
anging from small bushes to a pair of pole pieces, each

Weighing approximately 20 ic
B y 20 tonnes for the Omicron Magnet

Stern - Gerlach Magnet

This

urovuamww:m Was manufactured completely by the work-
* the Neutron Beam Research Unit. It is designed

for the
mea B
angd =o==o=mu,.:o§n:~ of the degree of polarisation of beams

An interest:
pole ﬁmwwuw feature of the magnet is the 90° dihedral
edges cq 5 M: SWivels so that the gap between the knife
Bole tipg oo Pered and widened by varying degrees. The
They were 4 © Manufactured in a high cobalt/iron alloy.
tion 40 1, - wuw OXimately 1 metre long, and the cross sec-
ang Eﬂw_—wwo uum Mm, with flatness tolerances of 025 mm
Chine apq nsxoM -05 mm. Cobalt iron is difficult to
8 for the g olerances aggravated the problem. Tool-

Was designed and manufactured by the




gmduﬁcn_:osﬂ (Experiment 17)is
either a hydrogen target or a polarised
s of a large magnet previously used
(periments.

ufacture of a trolley which-supports a
npr a cluster of stainless steel tubes approxi-
S mm diameter by 4 metres long, which in turn

cryostat. The trolley is designed to move on rails
tions at 90° to each other. Problems caused by
rom welding had to be overcome in order to
pecified tolerances. Because of the accuracy
the outer jacket of the cryostat was machined
material rather than fabricated in sheet metal.
of stainless steel tubes with walls 0-1 mm thick
liminary development work.

.mcg shield assembly for the target and cryo-
complex and includes sheet metal fabrications

ts normal duties of maintaining site plant
echanical and Electrical Services Section
volvement in the modification work at
atory in preparation ror the two IBM
great deal of work was carried out
computer was still in opera-
strict control over the work

ection and tape record--
aboratory and SRC courses,
ion to those held at Ruth-

manufactured from 0-1 mm thick staj

ing of this thin material to form n%::ﬂ.mm zommz. e e
as the welds had to be vacuum tight ._,rmum mm e les
wma to fit one inside the other with very wawv_\_s_n_ o
involving accuracies which are three times e
usual for sheet meta] work. PRt then 5

Ion Source Development

The following ion sources were manufactured:

(a)  aspare source for the 70 MeV injector

(b)  an ion source for the ‘heavy particle search’
ment

© a negative ion source

mpiw.

Although these items are small in size, they provided inter-
esting problems, ¢.g. producing discs with very small holeg
of -05 mm diameter in tungsten sheet, 4 mm thick. Spark
erosion and vacuum braz & equipment were used in the
manufacture of components and final assembly.

ELECTRICITY CONSUMPTION

AT RUTHERFORD LABORATORY.
ALS© MAXIMUM DEMAND
1971/72 TO 1976/77.
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Fig 7.3. Use of electricity over the last five years

o3

Steam Consumption
2 in reducing steam consump-
7 progress has conwu_uﬂ.www- emphasis has been placed
e E_uoaﬁm_amr::aa the steam mains left in service
e mM.. months, hence reducing the Summer
during the m:..ﬂa effect of this can be seen clearly on :%
mains 1055, . Monmc_:_u:o: for the last three years (Fig
grapht ol ﬁmﬂ_a_._ the need for energy saving as such, the
7.4). Apart -on_um increased considerably over the last two
piice of mﬁwi.z s made have resulted in a significant reduc-
<om=mu e mﬁcwnmpoc\m budget. For example, the -.2.:.10.
o ¢= MMB usage from the 1974/75 level gives an initial
tion in

saving of at least £40,000.

Furthe
tion at !
on cutting

Fig 7.4. Steam usage

14 Electronics Services and ans&o,

Much effort was expended on the acceptance-testing of
1,600 new units, predominantly those designed at the Lab-
Oratory and manufactured either by sub-contractors or the
internal manufacturing  section. Consequently, highly-
uvo.&%uﬁ test equipment has been built and test programs
Wiitten to enable semi-automatic testing to be carried out
under computer control. In some notable instances, com-
Mercial items have been shown to be outside their published
umﬁmn»nc:w, necessitating re-design by the manufacturer..
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ratory Resources

Generd! Labo

d Safety at Work Act led to the setting se of
Health an mittee at the Laboratory with agreement facilitated the cons

_.no .
safety PO _Mumo? In addition, Staff Side also sup- Sogus__uao:omono«ga—n!‘ud,

The new
wp of ¢ sent:
staff Side H“onmaauaé on each of the divisional safety i
Cha : plied w_.a Individual members of staff have wider respon- During the year a number om .,nn
nees during 1976 Saﬁ :3&2 this Act and these have been actively discus- resigned, many of the latter fin
sibilities U2 their prospects in other employment. In orc

sed in the above committees. the essential workload, some recruitme;

it has often proved difficult to establish a suit- but so as to safeguard the position &.‘w&

for dealing with problems experienced jointly in a &:Eno_.._ of reducing complement.

by staff using common facilities provided by AERE Har- 840-:%@ with Management to emplo

well. During 1976 a combined Staff Sides’ Liaison Commit- of industrial employees on temporary co;

tee was set up to meet this need. It is currently chaired by S ]

the Rutherford Laboratory Staff Side Chairman and meets Shop stewards representing the various

quarterly- cognised at the Laboratory took their place:
atory Safety Policy Committee and on the di

Management and Trades Union Side representatives met re- committees which were set up following

gularly at the quarterly meetings of the Local-Joint Consul- of the Health and Safety at Work Act.

tative Committee, including the annuat meeting chaired by !

the Director. Industrial reiations continued at a normal level Trades Union representatives also continued on the

throughout the year. tions Awards Committee and on the d nal productivit
it

Opening

St 5
HJ:wM_ St jn the past
e able forum

The phased reduction in the numbers of contract employ-
ees continued and following local discussions, a new agree-

17 Finance

15 159 The Laboratory’s expenditure for the financial year 1976/ Administration Division
2% 124.5 77 was £16-35 million, of which £2-68 million was capital Common Services
6 2% .oxmmaawcna and £13-67 million was recurrent. Correspond- Technology Division

. e ing figures for 1975/76 were £14-83 million, £1-45 million

»,.a m...G.wm million. The capital expenditure of £2-68 mil-
lion included £0-85 million on the second IBM wmo\ 195
1775 1232 8:%.52. £0-55 million on the Interactive Computing

_.uwc:_.v. and £0-45 million on the Laser Facility.

Staff on sandwich courses, and those Abrief analysis of the net expenditure is:

taff expenditure (salaries and wages,
surance, superannuation, etc)
i m_- and development
s Engineering Board. In addition the instal- SR, ewu et
jor computer led to a shortage of well- B
ised area of work. This shortage
ation of operational schedules
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8 The Council Works Unit

Duri :
Ting 1976, the Science Research Council Works Unit has

been engaged on a wi

wide i
o e 2 range of design and construction
; gth Astronomy Tel ;
housing (Section 4.7) and the Clean Room for ﬁwn qnomuwwmwm

= A

@“Wﬂﬂo»aﬂé:i.w_»wm laser (Section 3). A very recent re-
een to investigate deficiencies j i

s ies in the air condi-

loning systems at the NASA Tracking Station at eﬁ:_nmn_a_

The Appleton Laboratory (and Outstations)

The construction of the new computer building at the
%-vn—ﬁo: Laboratory was completed in the early part of
:._o year, and the ~0F4_.00A> computer was transferred into

e new area. In addition to the provision of a fully air-
mmu:&:o:aa building for the computer and its support facil-
ities, computer electrical supplies with new generators and a
standby &oma_ generator were also installed. A second diesel
mn.:onwng was installed and commissioned as a standby elec-
trical supply to the site as a whole in case of total electrical
supply failure and work on reinforcing the 11kv mains to
the site was completed.

Fig 8.1. Computer building at Appleton Laboratory

" The area vacated by the 1904A computer has been con-
verted into laboratory, office and conference room accom-
 modation. An air-conditioning unit was also transferred
from the old 1904A area to the Chilbolton Observatory
where it was re-installed in the control room. This gave in-
creased cooling capacity to deal with heat load of additional

computing equipment.

A new security gatehouse with automatic road barriers was
designed and constructed during the year. Outline schemes
‘were prepared and costed for extensions to the Balloon
| Integration Area and the Workshop.

nary work has been carried out in conjunction with
ophysics Division of Appleton Laboratory regarding

sts of various types of housing for the 1
escope. The proposed struc-

The Royal Observatory, Edinburgh

Two new temporary buildings were constructed in the
grounds of the Observatory.

Schemes were prepared for new workshop buildings and the
:Emm:zm_:m of the Management Building heating system. A
design was prepared and cost estimates Ecim& for im-
provements to the existing visitors’ facilities. A new stair-
case and entrance to the West Dome were included in the
proposals to improve safety and the means of escape from
areas open to the public in case of fire.

The Royal Greenwich Observatory

The conversion of offices of the West Building Archive
Store was completed. This provided accommodation for the
staff engaged on the Northern Hemisphere Observatory
project.

The installation of emergency lighting and additional fire
alarms, together with various detailed building modifica-
tions were completed in the Castle. These were carried out
to the requirements of the East Sussex Fire Authority. The
work presented quite novel problems in preserving the
appearance of the fabric; the building work was carried out
with great skill by the Observatory’s own craftsmen.

Design work was completed on the conversion of part of the
ground floor of the Castle into a visitors’ exhibition area.
This involves the specialised problems of the effective dis-
play of historic and educational exhibits for the public.

SRC Swindon Office

wo major sub-con-
ical services were
the new office

The main building contractor and the t
tractors for the electrical and mechan
appointed early in the year to construct

The Council Works Unit

Fig &.3. Building new offices at Swindon
indon. This will be occupied jointly by the

building at Sw :
o Natural Environment Re-

Science Research Council and the
search Council during 1978.

Construction commenced as planned on May 3rd 1976. The
programme of work has been arranged to give staggered
dates for occupation, namely: (a) SRC Block on January
315t 1978, (b) NERC and Conference Blocks on April 30th
1978 and (c) overall completion on July 31st 1978. Fig 8.3,
taken in late October 1976, illustrates the progress at that
time, and the more advanced state of the SRC Block.

The dry summer gave an excellent start to the building work
and by the end of summer, the progress was ahead of sched-
ule. The estimated final cost, which is updated each month,
is well within the approved sum. Every effort is being made
to ensure that this initial success is maintained.

The Rutherford Laboratory

A _E.mo amount of design and installation work was carried
Ut in the modification to the former Atlas Laboratory
cé&,:mm to accommodate two IBM 360/195 computers.
ﬁE involved extensive ‘modifications to the air-condition-
1ng plants, chilled water plant, electrical distribution and

power supplies and the building fabric within an extremely
short time-scale. Very detailed programming was necessary
with close liaison between client, equipment manufacturers
and the CWU project team. The project was completed
within the cost allocation, and a little ahead of the sched-

uled target date.

Detailed planning was also necessary for the construction
of a Laser Clean Room within an existing laboratory. An
associated control room and a clean preparation facility
were also provided. The operation of the high-power laser
called for relatively dust-free and constant temperature con-
ditions. A very clean laminar-flow facility is necessary for
the assembly and preparation of laser components. Both in-
stallations were completed to programme and more than
met the design requirements. Outline schemes for possible
extensions to the laser target area, which involve anew. addi-
tion to the building, have been produced.

A number of other schemes were designed and constructed,
including improvements to the reception facilities in the
main entrance and the main staircase plus associated enclo-
sures. Modifications were also made to the enclosure of the

R1 East staircase.
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Publications and of Lab: y work, including Rutherford
Laboratory Reports (Appendix 1) are listed here under the Section
of the Annual Report to which they correspond.
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