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Director’s Introduction

Established specifically as a research centre for nuclear
science, the Rutherford Laboratory has ,o<2 the v&»qﬂ
found itself increasingly involved in many different E.nmh o
science and technology required to m__vvo:.u oo.uau_.o en-
sive research programme in High m:ﬂ..mv~ Physics. High m“..om.
gy Physics research constantly requires new m..._u wo_u_:m:»..
cated apparatus, and this in turn demands a i_n.—o range o
technical and engineering expertise. Thus a major propor-
tion of the Laboratory’s resources, both in terms of man-
power and hardware, has been geared to the design, devel-
opment and production of special nnvﬂmacm..im are =w€
finding that our broadly-based activities are in increasing
demand in areas of research outside the field of High Energy
Physics. A particular example of this is our work on super-
conductivity and superconductor technology, which has
been in progress for many years as part of the High Energy
Physics development programme, but it is now meeting a
need over a wide field of university science.

The widening scope of the Laboratory’s activities is also re-
flected in its increasing involvement with the various boards
of the Science Research Council. For the Science Board, the
Neutron Beam Research Unit at the Laboratory supports
the work being done by university scientists at research re-
actors both in the UK and abroad. The Unit has constructed
several specialised instruments for use at the Institut Laue-
Langevin in Grenoble as well as apparatus such as guide
tubes, collimators and detectors; work which in part has
benefitted from techniques developed initially for use in
High Energy Physics.

The Atlas Computer Laboratory has traditionally supplied
computer services across a whole spectrum of university re-
search. A particularly important development during the
year was its incorporation into the Rutherford Laboratory
where, n.m mrw Atlas Computing Division, it still caters for
the specialised needs of a large body of university computer
users. Another Science Board activity which recently has
cms._ approved is the High Power Laser Centre, This centre
§=. Serve university research scientists in an e
rapidly developing field. ‘

important and

The provision of interactive

has been identified by the Engin
quirement and this will bring the
tact with another community 0 univ
ers. The superconductivity and S.nm,
could well form the nucleus of a de
between the Laboratory and the
Already the Engineering Board is
work on the filamentary niobium-tis
superconductors developed through the

This diversification of activities 2.9«: I
trend which will undoubtedly grow still

cross-fertilisation of ideas possible i
search laboratory.

be devoted to High Energy Physics, and
SRC’s decision to discontinue the High
gramme at its Daresbury Laborato
oratory will soon become the sole

for supporting the work done by un
area. This means that the Laborator
ingly important part to play

effort in High Energy Physics |

a time when exciting new developme
The Laboratory expects to pai na ,..o,
of the new electron-positron sto; w»
DESY Laboratory in Hamb:

ried out for the proposec m\ﬁ
Laboratory, now regrettably de

wasted. e
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The Role of the Rutherford Laboratory
University Research

The Rutherford Laboratory aims to foster CE‘.E_..ﬂG re-
search and development work by designing, building and
operating equipment which by its scale, cost or gn«o_ c.a
complexity is beyond the resources of individual universi-
ties. This role isa simple extension of the motivation behind
its establishment in 1957 as the first Laboratory of the
National Institute for Research in Nuclear Science to pro-
vide university scientists with equipment for nuclear phys-
ics research which was beyond the means of individual
universities. In 1965 the Laboratory became part of the
Science Research Council, retaining this principal function.

Since then, the continual accumulation of skills and re-
sources which has been achieved has meant that the Labora-
tory has become involved in an ever-widening range of Un-
iversity science and technology, and this diversification is
reflected in the titles of the Sections of this Annual Report:
Particle Physics, Neutron Beam Research, Laser Research,
Forward Technology, Computing, Accelerator Operations
and Development, Design and Construction of Buildings
and General Resources.

Although the Laboratory now works clos
of different and largely independent scient
logical communities, its internal activitie
terrelated.

Particle Physics Section includes the
Data Handling Technology required
Physics experiments; the Forward Tec
cludes the work on Polarised Targets
Physics experiments; the Nuclear Physic
scribed in the Particle Physics Section

scheme of interrelat
effort, the aim of

technologists in universif S
and abroad.




Laboratory Organisation,

Director:
G. H. Stafford

Deputy Director:
G. Manning

dministration Division o . :
Woao::or finance, general and scientific administration.
Division Head and Laboratory Secretary: J. M. Valentine

Applied Physics Division -
Applications of superconductivity; magnet design: develop-
ment of polarised targets; rapid cycling bubble chamber
studies.

Division Head: D. B. Thomas

Atlas Computing Division

Computing services and research and development work us-
ing an ICL 1906A and special equipment as well as the Lab-
atory’s main IBM 360/195 computer.

Acting Division Head: G. Manning

Computing and Automation Division

Operation and development of the Laboratory’s central
IBM 360/195 computer and associated remote system; com-
puter applications for bubble chamber and spark chamber
film analysis; interactive computing and network develop-
ment. -

Division Head: W. Walkinshaw

Engineering Division

Design and manufacture of experimental apparatus; mech-
anical, electrical and building services; chemical technology;
mu.-.onw and radiation protection services.

Division Head and Chief Engineer: P.J. Bowles

General Studies Division

Investigation and design ©
Division Head: D. A. Gray

High Energy Physics Divisio!

Experiments in particle physics and ni
laboration with university grou;

Division Head: J.J. Thresher

Laser Centre

u%. for

the interaction of laser radiation

technology.
Acting Division Head:

Neutron Beam Reseal
Supporting research
the reactor at the Ins
opment of new

Nimrod Division
Operation and

chrotron accele ac
management; developmen
cryogenic targets.
Division Hea umﬂ&uu

experimen







Particle Physics at the Rutherford Laboratory is centered
on High Energy Physics with work also being done in the
fields of Nuclear Physics and Radiobiology.

1975 has been a truly remarkable year for High Energy
¥ Physics — the study of elementary particles. The subject
: has been characterised by a few periods of vital discovery.
w Following these discoveries have been long periods of care-
§ ful work leading up to an enormous expansion of our un-
derstanding. An example of a period of great discovery was
1947, which marked the observation of the pi-meson. This
gave substance to the first attempts to understand the origin
and nature of the strong nuclear force. It is clear that the
discoveries of 1974/75 place us in another era of great pro-
mise, which may well prove to be the greatest ever for High
Energy Physics.

For any discipline to be a science it is necessary that though

theory proposes, experiment disp It is however a char-
| acteristic feature of High Energy Physics that many experi-
mental discoveries have been at most only vaguely expected
on th ical grounds. This is b as we go into a
domain where both quantum mechanics and relativity are
important, we are taken far beyond the realm of direct ob-
servational experience. There, even the skill and intuition
of great minds are inadequate to solve the mysteries of
nature, unless illuminated by the results of experiment.

There is, however, a key theoretical idea which, since its
15 presentation in 1964, has explained many diverse pheno-
mena. This is the notion that there are ‘quarks’ which are
the basic building blocks of strongly interacting matter.
This concept — with only three varieties of quark — was
I to offer a good representation of the spectrum of ob-
i i aaéo‘m s—gan—su particles and many of their properties.
particular it was a crucial ingredient of the understand.
3 of how the proton and neutron behaved when probed
electromagnetic radiation. Until this year there was no
¢ idence that any more than three varieties of
 required.

L a?% Om the annihilations of electrons
s revealed many new particles. They are
or J) and ' particles discovered in

P b

suggested that these states are made fy,

: om at |
variety of quark, more massive than the €ast one

old" quarks "
If the above explanation for the Us wer,
be possible for other comparatively lon,

masses less than the ¢’ to exist. Such st
discovered.
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g lived gt
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The rate at which electrons and positrons
other and produce strongly interacting par;
measured at high energy. The dependence
found to be consistent with extensions of the quark ¢
cept — but the magnitude is too large to be axv;a&o’?
the three ‘old’ quarks. This is believed to be the effect o“
one or more new quarks.

annihilate g,y
ticles hag been
On energy ;o

Anomalous events have been found in the interaction of
neutrinos with matter. The nc;:_:&:m of these eventsis
far from complete, but an interpretation in terms of the
new quarks is possible. Neutrinos have only weak interac-
tions, and weak interactions can turn one of the three ‘old’
quarks into a different member of the triplet. No other in-
teraction can do this. It may therefore be that weak inter-
actions change one of the old quarks into a new heavy
quark, which then changes back into a light quark by 2
weak interaction, causing the anomalous events.

A remarkable signal has been found in the mutual annihils-
tion of electrons and positrons in addition to the new par-
ticles. A significant number of events have been seen where
the annihilation products consist of an electron, a muon
and missing energy. Once again, the interpretation is so far
uncertain. However the explanation which is currently most
favoured is that the signal is due to the production of 2 :ﬂz
heavy member of the lepton family and its antipartic T M
lepton family (the electron, muon, electron neutrin® ms_
muon neutrino) does not have strong interactions. It a_.mw:
therefore seem that a new lepton will have no connect!
with the increased richness of the strongly Eﬁ_mnm__m
quarks. There are, however, theoretical qmncm_.ma@:,:ﬁ of
the number of leptons should increase if the vz
quarks increases.

-ven for
Eurther experiment will tell if the explanations mwﬁhq
the new discoveries have any validity. However, i £ our
teristic of these discoveries that no trivial €Xi
present ideas can give a satisfactory explanation-

tension ©

! : aring "
The discoveries of the past year have had 2 &_.ma_wo Ruthe®

the programme of experiments supported by ¢ «charm
ford Laboratory. Two searches were initiated ,,.o”_

3 property of particles which contain one of (¢ "0l g
of quark. The discovery of ‘charmed’ particles

g th quark in a dramatic way.
stence of a four!
cate the eXt

ical i hich explain the new ex-
theoretical ideas Wl : >
mc-Ennw:_:Mm:_G will imply features in the scattering of
menta

o clear force, particularly in high
i he strong nu

E:.&«w:ﬁ% on” collisions, and in the study of the charac-

energy

-rics of the well known particles and their :.mm_:w_‘ 9”5.@\
a:.m:nm tes e.mmozm:ommv This laboratory is playing a
P m@ these two fields. In the latter, meticulous work
Ies v.m: m: the way for theories concerned with the group-
_Asm wo_:ﬁ_m r of apparently dissimilar particles into clusters
e Smmfno: osition and symmetry directly reflect the
MMNMM Mw :mo more fundamental building blocks of the

particles.

Since experiments, to a large mxaw_r _wué paved the way
for progress in High Energy Physics, further v-cmamm,n?
quires better experiments either using the new generation
of accelerators or more sophist cated apparatus at oE.ﬁ
accelerators. Thus the rate ich advances E,w. made in
High Energy Physics depends directly on the quality of the
technical support it receives. Institutions such as the Ruth-
erford Laboratory, with its integrated technological expert-
ise, are essential to High Energy Physics. The technological
demands made by this field in turn stimulate and push to
the limit the technology of the day.

Information on particle properties is also obtained from
research in Nuclear Physics, in which the low energy inter-
actions of particles with nuclei are studied. A better under-
standing of particle properties improves the understanding
of nuclei and some properties of nuclei can shed light on
the structure of particles.

In addition to research into the fundamental aspects of
Particle Physics, the practical application of particle beams
to the field of radiobiology is being studied. The use of
particle beams in radiobiology is mainly directed towards
the treatment of cancer. Compared to - or X-rays, beams
of charged particles are more easily controlled and have a
greater potential for destroying a tumour and leaving
healthy tissue viable.
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m}ww w rgy Physics programme sup-
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at the European Centre for

wo high energy machines currently oper-
the 28 GeV Proton Synchrotron (PS)

mwk ng Storage Rings (ISR).
des European physicists with the opportunity
ticle interactions at the highest energy avail-
oratory in the world. Two proton beams with
to 31 GeV are made to collide almost head
‘mass energy is equal to that which would
beam from a 2000 GeV conventional accel-
ected onto protons in a liquid hydrogen

. Time scales

hysics research are such that construction

it the Rutherford Laboratory is almost com-
of the first experiments which will use the

roton synchrotron at the Rutherford
ities complementary to those avail-
energy CERN machines. The continuing
ince of physics at the low energy end of
lomain is clearly illustrated by the current
al activity around Nimrod.

also involved in experiments
ceelerator Centre (SLAC), the

or Laboratory (FNAL) and the

44 experiments, at all stages
a analysis, have

“nergy Physics

Experiments 30 and 31 at the CERN ISR are probi

which use new types of polarised tar,
periment, 19, will provide entirely
baryon resonances. Experiments 7 any
and baryon resonances respectively

they were the first to employ the rev. iy Since
chamber technique of the track sensitive target A.w_.‘.< Subbe
eloped at the Rutherford Laboratory. The E.mm:%:m.c 5
complete understanding of baryon and meson mvnnwa forz
has recently been underlined by the theoretica] mzmsmss
explain the new long-lived states which have been ...:M.ov; o
during the past year. b

get ang the hyp, -

new msﬁcwsw””,_:.
d 18, studyi, " op
dre Notewo,
Olutionary ,,

8 Megg

The dynamics of the strong interactions
iently studied in measurements of two b
body production at medium energies. This is the result of
compromise between using the highest possible energy
where it is simplest to interpret data in terms of Regge 2..
change models, and lower encrgies where the cross sections
for exclusive channels are higher.

are most convep.
0dy and quasi two

Progress in the understanding of these processes can only
come from a direct determination of the scattering ampli-
tudes. This requires a complete set of measurements for
each reaction including, if possible, studies made with a
polarised proton target. Experiments 20 and 22 are perfect
examples of the adoption of this approach and will provide
unique new data on exchange mechanisms.

There are two important reasons for studying particle inter-
actions at high energy. Firstly, many of the assumptions
made in formulating current models of hadronic _.Eo.:o.
tions only apply at infinite energy. Thus, inclusive reactions
whose cross sections remain large are best studied at the
highest possible energy in order to simplify the m:sn.ua:.
tion of the data, and experiments 32 and 37 are motivated
by this consideration. The second reason concerns the uam__
fraction of events in which particles are emitted from high
energy collisions with large momentum transverse t0 ~_=
incident particle direction. Because of the uncertainty vi_.
ciple, these high transverse momentum particles So._a _“_p
formation on the behaviour of the strong interaction
small distances.

ng the

re of protons through the measurement omwnm\_. E

momentum events. Results from other & __..\
nsistent with the hypothesis that a-s_n_.mﬁ
“or hadrons are composed of point™:

Jectromagnetic phenomena En.wE&oa for 50”.
Weak and eleiO o for the information they can pr
intrinsic interes! erties of hadrons. The point-like :»E—.d of
vide on the EomM imuons and neutrinos) makes them ideal
leptons Am_a.ozme S”.K_.Em experiments designed to study the
MMMMWM_MNHM ture of the target nucleons.

ecent progress made with gauge :.am.:nm. i.r.o—_.nn.
.:_.a { both the weak and eclectromagnetic interactions in a
mn-._w.“m way, is a first step towards the ultimate mo&.oh con-
c»:. M.zm a m.,sm_a unified theory for all the types of interac-
stru 3
tion between elementary particles.

Experiments 38 and 40 will provide W:R_‘Bwnczco: 5”
sub-structure of hadrons and on the qm_m:o:w_:u Aﬁimam
the weak and electromagnetic interactions. Oaauu_‘_uoam_o
the weak decay properties of the mo.nu__ma. mﬁc_mhu_.:ﬂ wm.
such as those made in experiment 39, provide additional in-
direct data for both these fields of .mEmw. H:mwa. two types
of experiment, high energy scattering and um:‘:o_o decay,
are related in a similar way to high energy, high 5:._22.8
momentum studies and low energy resonance experiments
on nadronic interactions.

1.1.1 Meson Spectroscopy

EXPERIMENT 1

A Study of 2n=:.,m_ Bosons Using a Time of Flight Trigger

Birmingham University. Tel Aviy University, Westfield
College, London; Rutherford Laboratory

This experiment is designed to study the reaction
mp~>n+X°
using the Omega spectrometer at CERN. The neutron is de-
tected in an array of neutron counters and the decay pro-
ducts of X® in the Omega spark chamber system. Events are
selected by requiring neutrons in the energy range 10 - 400
MeV using a time of flight technique. The experiment has
been run with incident pion momenta of 8, 12 and 15
GeVjc, corresponding to an X° mass in the range of 600 -
1700, 600 - 2300, and 600 - 2600 GeV/c? respectively.
Reactions of the type

ap>atnTn 1
mTp—>ntn’rTn 2
Tp>atn AT n 3
are being extracted from the data tapes. Reactions | and 2
Ve been fully investigated at 8 GeV/c. Magnetic tapes
owss_q_.:w,_.:__v. fitted events exist for Reac ions 1
12 GeV/e. ang Physics analysis is proceed
OF efficiently extracting e 1
N,“ﬂ\ :— R = i

mass has been analysed in terms of
tions. A full partial wave analysis f the 77
rently being performed.

000 events of Reaction 2 at ._.N.O
wwﬁ«ﬁo have been obtained. Both aﬁ». :
clear signal for the reaction 7p > Em_. and ¢
width of 10 MeV, a Breit-Wigner fit gives a m
of 15 MeV at 8 GeV/c and 21 MeV at 12 GeV/c.

The w differential cross section at 8 and 12 GeV,

calculated and density matrix elements evaluates :

tion of t, the four momentum transfer ﬁmmnou

the proton and neutron. Using these n,.wpnacn t :
bution from natural and unnatural parity exchang n
process 77p > wn can be calculated. .H.._._nmm n,mn.«,m butio
have been studied as a function of incident pion 3@.3« 3
tum, using results at 8 and 12 GeV/c and other ‘publish
data.

T T a
a Natural exchange

= L L

1
=108 =05 00

Figure 1.1 Effective trajectorie:
exchanges. The points for 7n = &
(Experiment 1)

Interpretation of the data
change model allows the cff




angular distribution of
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made of propanediol. The
in the m11 beam line at CERN,
¢ recorded at each of 11
-2 GeV/c. (Previous world

of 350 events at one

J veral hundred events of the

~ Ppo KK

allowing a crude first

The next step is to combine the asymmet

these previous measurements of the &Ro-oa..
tion to do a form of Barrelet zerq amplit ntia] CT08g oo
order to establish the existence ang e.s:”:aa E»E..;
any direct channel resonances which e Emh_—.“ MUumbeye o

Tesulg viy

EXPERIMENT 3
Meson Production Very Close to Threshold
Imperial College, London; Southampton Q:..emé.c.

While much attention in particle physics is directed

the behaviour of matter at very high energies, there Mﬂﬁf
many questions to be settled in the study of resonant unne
at the lower energies available with Nimrod at the w:Es.
ford Laboratory. The production of narrow-width 5«83.
close to the reaction threshold is an example of EML.____”
advantages of such experiments stem from the simplicity of
the possible final states, the high resolution available, par.
ticularly in missing mass, and from the possibility of stuy.
ing the effect of the threshold on the other channels, par-
ticularly for elastic scattering.

Earlier 7™p experiments have included a precision measure-
ment of the mass and width of the c, an upper limit to the
7' width of 0-8 MeV, an explanation of a curious effect
seen at the threshold for K*K ™~ production in terms of the
production and decay of the S* meson, and the discovery
of anomalies in the production cross sections for the w and
particularly the 7 meson. In this last case the matrix ele-
ment is found to rise rapidly as threshold is approached
from above.

A new experiment has been performed with apparatus of
improved resolution. All the data has been collected and
analysis is in progress. As an example of the use of the new
data, it should be possible to study the anomaly in the 7
cross section down to a kinetic energy in the centre of mas
of only 200 keV, an order of magnitude nearer the thre
hold than achieved in the earlier data. This should _u.oﬁ_?
able in elucidating the effect, particularly when used in ¢
junction with the data now available in the same reg"
from the elastic 7~p channel.

EXPERIMENT 5

f Meson Resonances Decaying into Strange Particles
mzhw Oeaowu Spectrometer at the SPS
mn

Birmingham University
quark-antiquark pairs are produced
ch more copiously by incident kaons than by pions since
H_M kaon itself contains a strange quark. Apart from z.s
-meson, only one other, the f' (1514), is known to be in
“& e_umm.. Several more are expected and will be searched
for using the Omega spectrometer and the RF separated
beam at the SPS.

Mesons made of strange

EXPERIMENT 6
Study of 7"d Interactions at 4 GeV/c

Birmingham University; Durham University;
Rutherford Laboratory

In this experiment 735,000 pictures were taken in the
CERN 2m Bubble Chamber in two separate runs in 1970
and 1972. With the exception of one or two topics, which
are still being studied, the physics analysis is now complete.

In the last few years there has been considerable interest in
the phenomenology of “quasi two-body reactions” and the
availability of high statistics data from this experiment has
allowed a significant contribution to be made to this aspect
of strong interaction physics.

The four reactions 7*n ~ p°p, m'n > £°p, m'n > w°p,
T > A3p, form a quartet of quasi two-body reactions
whose production mechanisms may be related to one an-
o..:n- (and to other two-body processes), using the predic-
tions of current theories. The study of the first two of these
Eno"wo:m has now been suppl d by detailed analy
of & and A3 production. It has been confirmed that the
—..._Su.on Regge phenomenology and of SU(3) do indeed give
2 satisfactory simultaneous description of these and other
o s For on. 3 wcm.mv predicts that the differential
= ss-sections for p° and ' production should be related
?o“.»_c.naﬁ data for K* production. Using p° and w° data

: E_u experiment with other K* data, this is generally
?ESEE«S&,EE:-:@%A ItI<0 q

EVENTS/0.025 GeV




e uns »uh& P system in

Figure 1.3a, while its decomposi-
‘components is shown in Fig-
nd .

in Figures fand g respectively).

> JP = 1" component (with iso-
with a line which is a theoretical
round, or non-resonant, contribu-
ere are excesses of events both at

been made from this experiment to
nce decays. Resonances, particularly
1ass, have many different decay modes,
the relative decay rates can provide a
The f° meson has at least seven
modes, and the relative rates of
 there is no evidence for their occur-
the rates, have been compiled. This is
the different decay modes have been

4 GeV/c in a Track-Sensitive
aboratory; Turin University;

‘using the Track-Sensitive Target
the Rutherford Laboratory
Collaboration, following initial
ves the operation of a

lining a perspex-walled

measured, and remeasurements wil] be
com;
1976. Pleted cany

The TST system represents a major developm
bubble chamber technique and because of (e en, .
information content of the pictures poses 3 o w&_:as_
problems associated with optical reconstructiop W Of ney,
cal fitting and event selection, Fortunately :58. Nemgy;.
have essentially been solved and future TST ¢y ”ov::n
even with large volume chambers, should cn:onw s

ably from the groundwork which has now been no:d.aa?

t of the

The status of the analysis is such that detailed Physics
formation is just appearing. As an example of thijs m:»_m 2
the reaction 7*p - A™ 7°7° is particularly interesting m:._w_mMu
at present under study. Figure 1.4 shows a Eo_m_:sm—« uo._.w
mass spectrum based on v 30% of the sample of m<2“:
from the perspex TST. The f° peak is quite clear together
with a broad distribution of low 7°7° masses. Although tliis
analysis is still at an carly stage. it is already clear that clean
information with reasonable statistical significance will be
obtained on the s-wave 7 interaction. Also plotted in Fig-
ure 1.4 is the 7° detection probability as a function of the
7°n° mass. This shows that there is no bias against detecting
events with a high 7°7° mass.

12°/o}

10%

=
ov
52
2
o
o

8%
30

25

NUMBER OF EVENTS

l02i0ikr06 08 10 12 14 18
= neme MASS IN GeVic

i m
.4 7°7° mass distribution and detection probability f1°
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Figure 1.5 Expected variation of bubble density in neon-hydrogen.
igure 1.
(Experiment 7)

EXPERIMENT 8
Study of K™p Interactions at 14-3 GeV/c

CEN, Saclay; Ecole Polytechnique, Paris; Rutherford
Laboratory

This profitable experiment, based on the 2m hydrogen-
filled bubble chamber at CERN, was aimed at obtaining in-
formation on the general features of K p interactions with
a K~ beam energy of 14-3 GeV/c, together with detailed in-
formation on strange meson states and various production
mechanisms. All these aims have been achieved after six
years of effort, and analysis is concluding after 28 papers
already have been published.

In particular, the year saw the continued analysis of the
final data sample which consists of half a million events.
Studies have been made of both exclusive reactions in which
all produced particles are identified and measured, and in-
clusive reactions, in which only a small number of produced
particles are identified and measured for each event, and
the recoiling system can contain any number of particles,
€82 Kps A+ ﬁgwnm:wv.

m.xa_ﬁ.ﬁ Reactions. The first observation of the recently
,raa_w?o/n high mass strange Kn~ resonance, K*(1780),
: mﬂoa:a& in a reaction where no charge is exchange
Tiade in the data on the reaction K-p  (K°r
.mvan.EE\mS this reaction is shown i
e decay angular distrib;
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Figure 1.6 K effective mass spectra. (Experime

be produced by a charge ex«
It was found to contain a wealt
tion, as can be seen from the K~ 7




DISSOCIATION

of this reaction with those

) +pand K p~> _n-+z_..v

ses can be described by the ex-

the pomeron. This re-

rocess is a reflection

ons present at high energy and
such a simple model.

The K™p system in the momentum ran;
2500 MeV/c shows a _E,wa, number of re.
the aim of this experiment is to measure . ang
50,000 K-p elastic scattering events per Swﬂﬂﬂvﬁm ly
momentum range 1200 eV 0 2500 Moy
covering a higher momentum range wij] »_._E:o,a z_n&ﬂ.
t ob.

EL exXperi.

8¢ 600 M
Sonang n»o<>u to

tained in the Imperial College/RL Bubble Champ,
ment (Experiment 14).

The detection apparatus for this experiment hag

signed to make use of the increased intensity from, ~ﬂ= &
when the new injector is commissioned. Multiwire ~5= o
tional chambers are used to determine the Bo:_aau o
direction of the incident beam, while kaons in the _UM»BS»E
identified with a DISC Cerenkov counter. &

The trajectories of the scattered particles are recorded af
five positions by modules of large area wire spark chamberg
with capacitive readout, and this system, containing 80 000
wires and capable of being read into an on-line nosvﬁm_ in
3 msec, is now working. Multiwire proportional chambers
are used to detect scattered particles close to the beam
where the high flux of beam particles may confuse the ip-
terpretation of the scattered event.

The off-line analysis programs are being prepared for the
main 360/195 computer and it will be possible to analyse
data soon after it is collected by the on-line PDP 11/4s

p 3

EXPERIMENT 10
Coherent Production of I = § Baryon States on Helium

CERN; University College, London; Uppsala University;
Rutherford Laboratory

This experiment, designed to study the elastic and inelastic
scattering of high-energy protons on helium nuclei iro.m“_u
a-particle recoils coherently, has been completed, and
data analysis is well under way.
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An evaluation of the 7°n polarisation

ing well. The major analysis effort js ”m:::n

an under ding of the contamj Lo:oM e
ton interactions. Preliminary data is sh SR
menta in Figure 1.8. b

o solutions in the partial wave analysis z_w<. E&. this 9,,:»,«&: be ﬁw i
.EHME, gictions from™ ﬂrnronﬂmuam which did not use the data from spin rotation parameters of any
boung o by Wagner and

g Y iment.
Severa] ”.M this experimen

ter jg pro,
g

region. Measurements of such spin ro;

OLARISATION
LAMBDA PALCS 0 Mevic

EXPERIMENT 12 | eNToM

g : ] 1.20
Differential Cross-sections and Polar|

i isation j
mp—> K°A° N in the _wgnze.. 1.00
0.80}

Cambridge University; Bristol University: Rutherforg
LY; or 069

Laboratory
% . 5 5 040]
e o Ocem? of  This team is studying the associated
a temperature below 0-5°K.Data ™™ > K°A° in a series of experiments on Nim; d
bon target to estimate the contri-  jectives being to study nucleon resonances ang nm»,_ the ob. 6
ctions. ings into supermultiplets. The experiments are: HEOIE

production reaction 0%

erential cross-section is virtually 1 M_M\mmhmn“ﬁa.«waomw.wmcco: and polarisation in 7= -
data at several momenta is (Proposal md:;.a ow_:_ s oc.<\.n asa. momentum a2
inuing to understand the Pl periment s in the final stages of -060
primarily from measurements . :
detection efficiencies. The M_anmﬂaa cross-section and polarisation in p -0804 : _
efficiencies were measured etween 1-4 and 2-4 GeV/c. (Proposal 114). A e e e
Amn,.p_._-_wim of this data is now Data z__s._.& ._Sw just been completed, and mﬂoc_n_ Sm_w_ e .ommom._wme«mmuw ﬂwﬂom.m%. z.w».m e
ron detection efficiency is more statistics than any previous work in this energy EXPERIMENT 13
momentum in Figure 1.9, A SADES:
harp rise in efficie measurement of i ion pa 3
//c n:w,no the m_—o_.“mu n_"w“ in the reacti o_“. M_q,w—umv.m. Mw\ﬂwom om.,i.w“ﬁm M M:M:M» ”::m A_e:n and all E.—_Ma data in _::w n:u::o*__ has ”oms mccm Polarisation measurements in K*N Intera ;...v.m.maw
m V/c. Thi : il ; jected to a new partial wave analysis using the technique o A
%n. _uwgfuo””h“”_“wﬂiﬂ__,mw <n>:_u A_meK ¢. This experiment is in preparation (Proposal Barrelet zeros. Since this technique %vﬂw_% on both polar- Queen Mary College, London; Rutherford Lal
.;yfnw .a{n,au at each mo- E:o.._.» measurements and differential cross-sections, the J
The reaction 7~p - K°A°, although suffering from the ex- new data .W essential in o_vnu_”a:m continuous partial wave
perimental n_.»iﬂuoxw of a low nSmu,m.MMo:o:_ mm_a a four par- 8~__=,_0=w i ::.w LG 0 1 158D e
ticle final state, K° - 71~ and A° — pr~, has several advan- Where polarisations were not well measured previously. e
2 A using a polarised neutron tar,
%%MM%M..W,. as the study of nucleon resonances is concerned. The need for Sy, (1700), P.,(1780), Pra(1810), Dyx(1700) ga p 8 :
{ and D,5(2100) resonances is established and their couplings Figure 1.12 shows the apparatu
1 the final state isa pure isotopic spin state, | =4 ’ have been compared to the predictions of the SU(6)y
2 the weak decay of the A° allows polarisation and ._ - model. Not seen were the Dy5(1670) and F;5(1638) reson-
ferential cross-section measurements to be made sin- w.sa, Wwhich, according to SU(6)yy, decouple from AK.
ultaneously in one experiment; azw at the higher energies of the current experiment will
3 further scattering from a polarised target and obserV v _=§_§E.a in elucidating the higher mass region, where directio;
tion of the A® decay leads to measurements of fesonances in the S,y, Fyy, G,; and H,o waves are sug- portional chambers. Cha
spin rotation parameters R and A; Eiied. g
4 there is no Pomeron exchange and, therefore. diffrac- The.
on scattering is absent from the angular distriby- ”Eaﬁ_‘u..: ex

Figure 1.11 Diagram of apparatus used in Experiment 12.

Figure 1.10 A polarisation in 77p~>K°A®. (Experiment 12)

ruﬂs.«-uvnmaoi uses scintillation counters, propor-
s S S = cn Hnw.ansnnmo.mﬁ spark chambers and opti-
- region close to the A°K® threshold. = viewed by four on-line vidicon ras
nentum barriers inhibit the dominant Waves P L] . aum%‘.
tic scattering at these saawn._.aumwaw. ; - : ) magnetic tapes. A:
.oﬂi:@d«ooﬁ,s:muu:; . .,=M§m~a‘,
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Capacity readout
spark chambers N1

Counter hodoscopes

J=shaped proportiona|
chambers

Veto counters on
magnet coils

K20

QMC/RL

For the two body reactions
Kp->K'p
Kp->K°n
KEp=s

(167,034 events)
( 12,928 events)
(7,634 events)
Kp—>Ean* ( 9.842 events)
K p—>A°n® ( 18,454 events)
final crosssections, angular distributions and polarisation
distributions (where appropriate) have been published.
These include the remaining 42% of the two-prong topology
events that were not measured in the original experiment.
As an example of the quality of data from this type of ex-
periment the K~p elastic differential cross-sections are
shown in Figure 1.13.

inces, if real, are undesir-
‘model. Perhaps more im-
s attempted to predict
own 7N amplitudes, but
a rather poor knowledge
 experiment should

The main objective of this experiment is to study the ?:.:.
ation of Y* resonances. To achieve this, an extensive partial
‘wave analysis has been performed on the three ~€o”co%
channels KN - RN, T, and Ar using the new data it S_n
energy range 1775 to 1960 MeV combined with all nﬁo
able recent data over the wide energy range T.&o to u___a
- Me) particular the data included preliminary Bw.-n.
from Lawrence Berkeley Laboratory in the lowest enc
. the latest KN total cross-section data from ww it

onal Laboratory, and the new type of da S

,— £°1* from the Rutherford Laboratot

eriment 16).

obtained from the KN,

—nnwau_mn_ ce —vw—‘n_ﬂo—u—.m

Wave Mass Qsms width (MeV)
2

5 1670% S 4510

s 1825320
1770 15 6010

230+ 20

si1

sil 1955 £ 15 170 £ 40

pol
pol 1853220 166 + 20

157325 147 £ 50

pi1 1738£10 72+ 10
pIl 1676%15
PO3 1900+ S
1519+ 1
1690+ S
1670+ 5
1920 £ 50
1825 + 10 94+ 10
1774+ 5 130+ 10
1822+ 2 81+ 5
2100 £ 50 200 £ 50
1920 £ 10 130+ 10
2040+ S 190+ 10
2110+ 10 250+ 30
1808+ 5 27+ §

A dash (—) indicates no contribution detected.

Petiments, has been com

Teso,

Mrn three channels in

OF the parameters of the

Smrg, d. In addition, thy
¢ of many other states,

1=
KN

0.20+ .03
0.37+.05
0.15+.03
044
024 %
021 £
0.14

0.04 .03
0.41+ .03
0.57 £.02
0.07 + .03
0.05+.03
0.24 £ .02
0.30+ .03
0.04 + .01

o pleted. The final values of the Y*
: Parameters are given in the Table. By studying
parallel, reliable and consistent values
established resonances have been
ere is good evidence for the exist-
/ some of which have been report-
the !&K«F but others which have been seen

=m and Am channel partial wave analysis

Amplitude at Resonance

t
zm

-0.31£.03
-0.08 .05
-0.09 £.05

0.20 +.04
-0.16 +.04
-0.24 £.04

-0.16 £ .03

-0.09 +.03

0.46 .01
-0.25+.03
0.21 +.02
-0.08 .04
-0.17 £ .03
0.13+.02
-0.28 £.03
0.10+.03
-0.19 £ .03
-0.15£.03
0.12 £.04

0.04 .03
()0.08 + .03

0.10+ .02
-0.06 £ .03

-0.28 .03
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elastic differential cross-sections. (Experiment 14)

N carly in 1976 and together with some ex-
Heidelberg-Munich Collaboration which

llege-Rutherford. With
and problems in the pre-
y be solved.

D35 wave which the SLAC-Berkeley analysis g

at any energy. Further interpretation of :Ea
awaits the conclusion of detailed studies of 5#
tions by K-matrix and other techniques, -

N0t req,;:
new
Phase Variy,
In addition the solution shows clear evi

of the S5, (1650) into N*(1470). d.aamﬂw o the dey
tion of the decay of a (70,1°) resonance into a nwwﬁ%ua:s.
ial excitation in a —mcﬁmv,_{v_ classification. This r e
presented at the Palermo Internationa] noz?asnmﬂcz o
been used to predict rates for further S-wave deca; o
radially excited (56,0). YS1o the

The technical improvements to the analysis inclyq,

thorough analysis of the errors on the fitted vn-uszaam ;
the addition of one-pion-exchange isospin 2 7% mS:o:_a
contribution. Evidence for the presence of the latter aa.am
comes in particular from fits to the na*z* channel which

previous analyses have not attempted to fit.

Recently there has been much theoretical speculation about
the importance of such corrections, which are expected to
be present by consideration of the constraints of two-body
unitarity. It is expected that by testing the consistency of
fits on the two halves of the Dalitz plot, limits on the mag-
nitude of such effects can be obtained.

EXPERIMENT 16

Study of the K] Interactions in the Range 300 to 800
MeV/c

Bologna University; Edinburgh University; Glasgow Univ-
sity; Pisa University; Rutherford Laboratory

The experiment consists of two separate exposures in the
CERN 2 metre hydrogen bubble chamber. The 520,000 pic-
tures taken in October 1972 have been scanned and meas-
ured and results of analyses of this data has been ob-
tained. The second exposure, using a new monoenergetic
Ky beam designed by the Rutherford Laboratory group, 0
the same chamber, yielded over 500,000 pictures. A double
scan and first measure of the Rutherford share of this film
(30%) is virtually complete and data is available on data
summary tape. Events for remeasurement are being identi
fied.

he main purpose of the experiment is to examine the

has been noted, yielding valuable in-
rangeness +1 baryon resonance
the strangeness - 1, isospin 1
Jthough this has so far been
ith only the strange-

ther data,

ating tO the st

wnammzaﬁw to

vident, @

tting this new data wi

” _E:aa being allowed to vary.
1 am)

nd polarisation measurements

? jal : i lysis of KN -
pifferentid! been included in an analy:
(rom Reaction w«ﬁwﬂ pure isospin 1 state, this channel has

s final states: ddition to the mixed isospin data from
proved »u_,_qwm“_ww%__w with regard to the D3 (1660) and a

S
Mo%a_o Py (1700) resonance.

cross-sections &

istent with that from the

i data has proved consis n

waa”_”_._o_wﬁa reaction K™p = An®, and has been =E_Moa

= rmalisation of cross-sections. The second exposure in-

?._M data in fine energy intervals in the region of 1580

m_“< centre-of-mass energy where evidence for a narrow re-
sonance in this latter data has been reported.

An analysis of the weak decays _mm - qep, 7y and tww°

is in progress, the 7 decay mode already having been studied
asa check on the flux normalisation.

EXPERIMENT 17

K'd Interactions in the 2 to 3 GeV/c Region
Imperial College, London; Westfield College, London
Using data from the Rutherford Laboratory 1-5 metre deut-

M:h...a:& _EZ.% chamber at Nimrod, analyses of some
es of the single and double pion production ch 1

The K*p initial state is pure

The spread of the K*-nucleon centre-of-
the Fermi motion inside the deute
ent K* momenta covers the range 2-.

production and K* decay data with amplitu
metrised in such a form that they can :
behaviour if the data demands it.

For isospin 1 the DD3 wave seems to rei
with a significant phase variation with respe
waves. The main features of all waves seem to.
between different solutions.

For the isospin 0 amplitudes, higher partial 1
quired. Two classes of solution seem to exist, ¢

EXPERIMENT 18

Birmingham University; Durham
sity of Brussels; University College,

The major aim of the expe
o o

have been completed.

m::rﬂ. .. .
Su 58555953 Eﬁouom&c_nm:u:mo:nuwiNacmT
e cumsMoom have also been carried out. Simple quark

oo mentary particles predict that no baryon re-

S With positive strangeness should exist. The data for
o...m COVers a range of beam momenta in which
=ﬁ8= Cross-sections show a small, wide peak,
S<hannel resonances when 7 or K~ mesons

ment and reconstructi
been measured, anc VW
sed reconstruction y




EXPERIMENT 19

High Strangeness Baryon Resonance Studies using the
2 Rapid Cycling Bubble Chamber

CEN Saclay; College de France, Paris; Oxford University;
Rutherford Laboratory.

The Rapid Cycling Vertex Detector bubble chamber
(RCVD) used to detect short-lived baryon resonances is de-
signed to cycle at 60 Hertz pared with the ional
bubble chamber rate of one or two cycles per second. This
high cycling rate will allow experiments to be performed
| with a cross section sensitivity up to 1000 events per micro-
| barn, subject to triggering efficiencies. The essential advan-
tages of the bubble chamber technique — detailed vertex re-
solution, precision, isotropy and multitrack efficiency, are
retained. To avoid using very large quantities of film, pic-
ture-taking is triggered using external counters, and these
can also be used to provide measurement information to
compensate for the short tracks in the small chamber or to
give supplementary information such as particle identifica-
tion.
‘I'he current experiment is designed to study the S = -2 res-
onances in the mass region just below 2:0 GeV/c?, which is
a relatively unexplored region of resonance physics. Only
the Z(1530) and more recently the Z(1820) are firmly es-
tablished out of a large number of SU(3) predicted states. A
‘high statistics study giving both production and decay in-
ormation for JP assig is highly desirable and cannot
‘be provided by conventional means because of the micro-

the final states, the bubble chamber technique is clearly
DR uired to resolve the many close vertices.

-
- The formation of such resonances is characterised by many-
final states and a multiplicity >5 trigger has there-

— a series of four cylindrical spark chambers sur-
cuum tank of the bubble chamber and these in
ded by a set of scintillation counters. A
bble chamber is the long memory (v1-2

ows the complete read-out of the
vare multiplicity determination for

o be 2:8 GeV/c to allow
2 to be studied in de-

Group using the film wire technique (Section 14

CAMAC logic following the read-out, togethe, §v The
PDP11/40 computer system, has been proy; e _Mr the
Rome group. These systems are being tested ang o Y the
by the Rome physicists together with the Saclay m_._n_o“mv&
erford groups and then will be moved to their fing 0. >
near the RCVD. The Saclay College de France @o% Sitiop
provided the pre-trigger scintillators and thejr N&M”.Eﬁ
fast logic all of which has been successfully set up msnm_:&
ed and is ready for final assembly. The experimenta] est.
line, designed by the Oxford group, has been ocsiﬁos_s
and is currently being tuned. The experiment hag Emh_a
for 5 cycles of data taking at Nimrod and should Sa_aa
20,000 events in about 10® chamber expansions, X

1.1.3 Intermediate Energy
Production Mechanismg

EXPERIMENT 20

Study of Exchange Mechanisms in Quasi Two Body Final
States, Using the RMS Spectrometer

Edinburgh University; Westfield College, London;
Rutherford Laboratory

The current phenomenological approach towards an under-
standing of hadronic reactions is based on Reggeised ex-
change models for the amplitudes involved. Thus it is
towards the problem of extracting amplitudes from experi-
mental data that attention is increasingly being given. In the
case of quasi two body reactions, information on the struc-
ture of the production amplitudes can be deduced from the
angular distributions and joint decay correlations of the
final state particles.

This collaboration using the Rutherford Multiparticle Spec-
trometer facility (RMS) at Nimrod, proposes a programmé
of studies of such reactions, initially using a hydrogen target
then with a frozen spin polarized proton target, since u?__
model independent amplitude analysis is only possible with
a polarized target (and then not in all cases).

+
The initial experiment scheduled for RMS is a study of _F___
induced reactions involving either a A(1236) o m_wmww_ ‘.
the final state, e.g. 7'p > wA™, 7'p ~ K*3(1385), and. .
taking will be completed before the polarized target 1S
stalled late in 1977.

3 : come
During 1977 the 70 MeV: injector for Nimrod s.___ﬁwh% "
operational, with considerably increased beam EB Jllow
RMS should then be equipped with a separated bearm:
ing both 7 and K induced reactions to be studied.
: g duriné
A successful programme of testing was Saw_osw st ¥

'year, and RMS will be assembled during the the sum™

months of 1976, with setting up starting early It

|

nventional ‘H’ type magnet with a

t is a cO
The RMS M»wwma and pole faces of 2:58m x 1-3m. An
pole g2P « 1:95m in the downstream side yoke and

-9m 2
uv.n-.:“E ow“n pillars give maximum access. With a 1-2MW
n_“._uuq the maximum field should be just over 1 Tes-
powe
la.

the field of this magnet, a large automatic field
hine has been built, with three dimensional
3m x 3m x 1-6m (high) volume.

To map
mapping mac
motorised movement over a

EXPERIMENT 21

Differential Cross-Sections and Polarisations in Hypercharge
Exchange Reactions

Birmingham University; Genova University; Stockholm
University; CERN; Rutherford Laboratory

The running of this experiment at CERN was completed in
August 1974. Final analysis will give measurements of the
differential cross-sections and polarisations in the pairs of
line reversed hypercharge exchange reactions

rp=>K'=t
KEpi= =2t
and
7'p->K*Z'(1385)
K p->n~Z%(1385) 4
Measurements were made at 7 and 10 GeV/c incident mo-

mentum, and cover a range of (four-momentum transfer)?,
t, from 0 to about -4 (Gev/c)?.

To date the low t differential cross-sections at 10 GeV/c
have been obtained. These results are very interesting in
that they show only modest breaking of the exchange de-
m_mssumw (EXD) prediction of equal differential cross-sec-
eamssu. In contrast to the strong EXD breaking which had
! .m:wvaommn on the basis of earlier experiments. This

Periment, in which both reactions were studied with the

same
s mvnma?_u. has far smaller uncertainty in normalisation
N previous experiments.

Results are shown in Fi
Figure 1.14 i in Fig-
ure 115 for reactio :.mc for reactions I and in Fig

The) ;

3 :E.M«wm_uo exists recent data on the SU(3) related KN

5@¢NwM=M=wo reactions K*n > K°p and K-p - K°n;
and K~p - K°A°; from an experiment at the

Aee s
53«% MWM onal Laboratory which also studied both line
duced 5 EG.“M.M _n._ the same equipment. This has also pro-
Xperiments, The ne pared with the indications of earlier
ing j : W experiment

02 in thes, e periment finds modest EXD break-

B Y i ey
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=
& 1001 E ;
5 d
= I e
5 :
3 7
4
100 L I
0 0.1 0.2 0.3

-t (Gevic)?

Figure 1.14 Differential cross-sections for s,fvlv—QNq and
K p—>n"Z". (Experiment 21)
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Figure 1.15_Differential cross-sections for
K'p~>72'(1385). (Experiment 21)

show a similar am¢
SU(3) relations wo
this for reacti
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2" and the line reversed process
f from pand A, amplitudes at
 exhibited by hypercharge
at for charge exchange

~ pleted experiment at the Rutherford Laborator.

EXPERIMENT 22
Spin Rotation Parameters in 7~ p - K°A

Imperial College, London; Southampton Univers;,
ETH, Zurich; CERN; Helsinki University &
.:._mu experiment is designed to measure polarisat

spin rotation parameters in the reaction Tp—>K° >§_. and
5 GeV/c ™ beam at CERN. The decay products of g ¢
and A are revealed by spark chambers mounted A:o_ﬁ
CERN-ETH 1 Tesla magnet, which are viewed by $<a“._,_.5¢
cameras. Stereoscopic images are obtained by three pajr -
cameras mounted above the magnet; the critica -nm.%
around the target is also seen via a side mirror froma !
era mounted downstream. =

To provide a large solid angle for the slow A decays the
(CERN-Helsinki) frozen spin target is used. This Propane-
diol target is polarised daily in 2 local 2-5 Tesla field pro-
vided by special pole pieces mounted at one corner of the
magnet and is then moved into position inside the spark
chambers.

The target is surrounded by a scintillator/tungsten sandwich
of anti~coincidence counters so that charged particles and
gamma-rays are excluded as secondary products in the selec-
ted events.

About 5 million pictures have been obtained with this trig-
ger. Of these, about 40% show single V° decays, about 7%
show two V° decays and about half of these appear to be
K°A. Some 5 million pictures have also been taken without
the gai y anti-coincid in the trigger; and with
these the reaction 7-p - K°Z° can be obtained.

EXPERIMENT 23

Spin Dependence of Inclusive Reactions and Low Cros>
Section pp Elastic Scattering.

'CERN; Paris-Sud University; Oxford University

on conm-
y wiich
d pp el

4, the CERN-IPN Orsay-Oxford Collaborati

= pin effects in pp elastic scattering an
GeV/c. The collaboration is cO

s in pp interactions with 2 meas
: P in elastic scatter)

:ﬁ:.:ﬁ :

i he height
17-5 GeV. At the same time, t
MN Mwo below It| = 0-6(GeV/c)* appears to

where s is the square of the centre-of-mass

easurements from Serpukhov at 45 Om/.\
¢)? indicate that at high energy the mini

1(Gev/c)* may become negative.

i intensi  protons per
m with an intensity of 5 x 10 .E.o

e vno"o_ﬂiﬂ“oa on a standard CERN polarized proton
pulse iww. ?.ov»:«&o_. This gave an initial polarization of
EM« dnmom gradually reduced due to radiation damage.
& bout 10'* protons had passed through the target ui
pmnwwﬁﬁnno: had fallen to about 60%, the propanediol
sample was changed.
The normal fine focus of the extracted proton beam (2mm
x 2mm) was defocussed in order to spread the radiation
%aww,n of the polarized target over a region 6mm X 6mm.
Two NMR coils of differing areas allowed the localized rad-
jation damage to be studied and a correction to the data

was found.

Three independent beam monitoring systems were used to
afford adequate cross-checks for the of asym-
metries of less than 1%. A pair of threecounter telescopes
was directed towards the target in the plane of the target

polarization so that the telescopes would be insensitive to

scope with magnetic analysis
300 MeV/c protons scattered

in front of the target recorded the inciden

The position of the beam on the target w:
monitored by multiwire ionization chambers
spacing.

The elastic signal was separated from the qua

tion afforded by small counter sizes.

Time of flight of the slower recoil particle, meast

The background under the elastic signal was typ;
the data, except for the larger Itl settings whe!
1(GeV/c)? it reached 50%.

Preliminary results (Figure 1.19) for the polariz
meter P at 24 GeV show that up to |t|
constant at v +3% then falls to zero at

value of v -3% at |t| = 1-0(GeV/c)?.

IC
=00

Mwic  Mwic




1.0 It| (GeVic)?

n in pp scattering at 24 GeV/c.

ations at 2 GeV/c
, Bombay; Melbourne University

t at Nimrod uses the Track-Sensitive Target
que to study multipion production in pp anni-
eactions. The high conversion efficiency (35 -
in the liquid neon and hydrogen mixture outside the
hydrogen target allows investigation of resonance
on in channels inyolving two or more neutral pions
jon.

g
5

% 000 pictures have been scanned yielding in
000 events with 2 or more associated gamma
of these have been measured. From the
been possible to establish that out of a
ut 90 mb, theannihilation cross-
e rest consists of an elastic con-
an inelastic ndn-annihilation con-
results on multipion pro-
tion reactions agree with
model of Orfandis and Rit-

s

With the successful commissioning of the
Cerenkov downstream from the 40" hydroge;
ber, the beam-defining proportional wire chambey, © Chapy,
enkov counters and two of the three planneq _Eu and Ce,.
stream proportional wire chambers, the hybrig mwo.mafr
SLAC is almost ooBv_Aa. With positive pions in ﬁﬂn___a. a
tne information from the large downstream :E_:nm_w bean,
kov allows the logic to discriminate against the
mentum outgoing positive particle being a pion.

large
N bubp) licg

Ceren,

high g,

Film taking during the various test runs has
cations to the apparatus to be tested, and opt;

s Pptical co,
for the 40” chamber have been obtained. These a_“w T
also proved the feasibility of using the information :o_..“.”_“;
beam planes to guide the scanners to the events that tri ;
ed the system. e

enabled mog;q

For Reaction 1 film equivalent to approximatel
b has been taken and the preliminary scanning
to be encouraging.

y S events|
has proveg

Progress has also been made on the second phase of the ex-
periment. With an RF separator in the beam a flux of 1012
kaons per pulse is achieved at the chamber. The contamina-
tion at 6-9 GeV/c was estimated to be only 10%. The trigger
system for this part of the experiment requires a muon veto
detector and funds for the construction of this detector
have been approved by the Rutherford Laboratory. The
final design work has been completed and the components
have been ordered. Data taking with a K~ beam will begin
as soon as this detector is constructed.

EXPERIMENT 26
pp Interactions in the Range 2:6 - 5.7 GeV/c

Argonne National Laboratory; Carnegie-Mellon University;
Melbourne University; Rutherford Laboratory

This experiment aims at a clean separation of inelastic and
annihilation channels as well as studying the multi-neutral
final states which dominate in annihilation. The Argon"®
National Laboratory, in collaboration with CERN and ,_u
Rutherford Laboratory, has successfully operated its _M&
Track Sensitive Target (TST) equipment, ard a Eo”wwa
run of the experiment has been carried out. The data-

run is expected towards the end of 1976.

EXPERIMENT 27

7~ p Interactions at 22 GeV/c

y; Pisa University; Pavia Universitys

- whose §

5 Bl A d s

i _sections of K's, A’s, s an
L &..?B:cn_onﬂ“w_nv:oi distribution. The bubble
d for this task due to its

and t0 s particularly goo

chamber wmwma_wowﬁ_ﬁnn conversion length for neutral par-
tnrge 126 27

ticles-

Id be obtained in
i :ble momentum that cou r

meles _wwmw_osz PS was chosen for the experiment.
the Wes! - iment to approximate best to possi-

- eXper: 3
This s_wc_«“h__ﬂo Emﬂ:& for BEBC at SPS energies and so
ble ?,MMMa understanding of possible problems that may
“.<n a

ise in an experiment planned for the future.
ari

i iment is well under
liminary analysis of the mx.vﬁ::nz
& wn_wnmo part of the scanning having been completed and
eaow...:a:mo:u_ measuring chain has been set up. The film
a
has also been measured on an HPD.

- EXPERIMENT 28

Hyperon-Proton Interactions up to 24 GeV/c

Cambridge University

This experiment has now been completed at CERN. Inall,
about 20,000 neutral-induced events involving strange par-
ticle production were measured on some 150,000 frames.
From these, results on A°p scattering have been obtained
together with exclusive and inclusive strange particle pro-
duction in np interactions up to 24 GeV/c.

A°p Interactions. Fits to the reactions Ap —> Ap and Ap ~>
Apr*n™ have been made, these being the first results on the
latter reaction above S GeV/c, and having better statistics
than previous experiments on the elastic process above §
GeV/c. The substantial proportion of high energy events
Wwas made possible by the A° enrichment of the primary
neutral beam. Only 3-C fits have been made for these
cvents, whether induced by beam A°s, or induced A°s

ources in the chamber have been identified and
measured.

The elastic cross-section
consistent with existin
fallen to 6.0+ 1.5 mb a
section [jes Systemati

(see Figure 1.20) was found to be
g low energy A°p data, and had
t 16 GeV/c. The A°p elastic cross-

YOUr of the gpeeie cally below pp values. The It| beha-

a or<o=~m m.m consistent with pp data, and
theor o_.“__n.mw_ﬁn at _ﬁ_. =0 Is In agreement with the optical
ony - The inelastic channe] A°p > A°pr*n~ shows

Gev) wm“s..__h” wn 27(1385) and A*(1236) below 8
tive pr °p :vnﬁ>mo<\n it is dominated by the diffrac-

: pgnhhga 10 GeV/e. Efforts in this part

mainly been directed towards

7'77)p, with no indications of pro- -
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Figure 1.20 Cross-section and exponential slope in tl asa function
of momentum for A'p—=>A"p. (Experiment 28) s

(i) Hyperon production is roughly constant with m
city in lower multiplicity channels AA 5) between 6 a
GeV/c while in higher multiplicities it has in
In contrast kaon pair production has increased
plicities.

(if) Cross-sections in the three-body final state (
(ZK)N show a slow fall with energy from 6 Ge

isospin analysis has identified this de - wit]
exchange, while the isoscalar component |

stant. : =

> W
-

(iii) In four-body final states,

the kaon is generally
tends to be associ




// np 95-2 GeVic THIS EXPERIMENT

+ PP 24 GeV/c
4 pn11.6Gevic
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tribution of the rapidity variable for np~> A°X,

ower energy pn data.

(Experiment 28)

uction of “charmed” particles decaying into

Large Transverse Momentum

Genova University;

be incident on a 1 m liquid hydrogen target p:

inside a large-aperture magnet. The Particles Which
set of three high-pressure gas differentia] Cer are
designed at CERN. Two spectrometer Eamnan
one for the ‘recoil’ particle and one fo :5»,3 gsnwﬁ
For both particles, the angle and Momentym fast> Py
and where possible both particles are Eo:E,_oM-a. Meagyyeg
atmospheric pressure gas threshold Cerenkoy = Pairg ¢
each arm. Correlations between the Scattereq 8&.55
established in the trigger by using pulses o Ew»:_o_a a
tillation counters to make decisions by means owvw Of iy,
cidence matrices. The particle trajectories are m:awzsa
multi-wire proportional chambers which will be _S With
into hardware processors. These will then decide Mz ou
formation should be written onto magnetic tg 90. in-
NORD-10 computer. Pe, via g

is
Pay

8:& Sa«
OV coyy Fp_

Most of the equipment for this experiment is
manufactured, and many prototypes of chambers, hog
scopes read-out systems etc, have been tested in _umu_a”
CERN. The whole experiment is scheduled to be mounted
on the floor of the West Area of the SPS towards the end of
the summer in 1976.

NIOW beiny

EXPERIMENT 30
High Transverse Momentum Behaviour at the ISR

Liverpool University; Daresbury Laboratory; Rutherford
Laboratory

As an extension to the investigation of inclusive single-par
ticle production phenomena at the CERN ISR, this exper-
ment was designed to measure the multiplicity distribution,
the pseudo-rapidity distribution and the azimuth &E:..__‘
tion of charged particles produced in association with
charged triggers of high transverse momenta.

The Wide-Angle Spectrometer (WAS), previously utilised by
the British-Scandinavian Collaboration, was used t0 EW__”
and completely identify charged pions, kaons, and waa =
in the momentum range 500 MeV/c to 5 GeV/c, ea%o i
the momentum range 1-3 GeV/c to 18 GeV/c where
partial particle identification was possible.

ion with
A multiplicity detector constructed in SEganMva )
the CERN-Holland-Lancaster-Manchester wao=.un= s
was installed around a 12 intersection bicone- _.a n~ ootants
bly of 80 scintillation counters, arranged in ﬂm“_o
of longitudinal strips and lateral hoops. The®
provide information on the polar and =
of associated particles. Additional counters § muvaw
angular accep of the detect E_m_n-mon:u
bers improve the directional resolution of s

muon spectrometer

ide angle
— shectrometer

O

hodoscope
array.

Figure 1.22 Multiplicity detector (Experiment 30)

(a) The dependence of the associated multiplicity on
the energy, transverse momentum, quantum num-
bers, and centre-of-mass scattering angle of the trig-
ger particle

(b) The behaviour of the pseudo-rapidity distributions

(c) The two-particle correlations between secondary
tracks, and an evaluation of the rapidity gap distri-
bution between associated secondaries

(d) An evaluation with increased statistics of single par-
ticle distributions measured by the British-Scandina-
vian Collaboration

(¢) An evaluation of the cross section for ¢ - K'K
production, at momenta above 3 GeV/c

(f) Correlation measurements with the wide angle spec-
trometer (WAS), and the small angle spectrometer
(8AS) of the CHLM Collaboration in coincidence.

This experiment has the unique »E:Q to identify the mo-
mentum and quantum numbers of the high transverse mo-
mentum particles.

EXPERIMENT 31

Study of High T,
Split Field Magnet

in the

Liv e
el University; Orsay Laboratory; Scandinavian
Miversities; x:SQ\Q& hnvc\&ew&

This exper : ’

o EaMME._on 1S studying particle correlations associated

Field ) 3¢ momentum secondaries at the Split

o »M_Q m».ww_»w at the ISR. The experiment is an Mx.
95505.5‘33953 using the Wide Angle

Timent 30) in which the dl

ments provides a trigger for the Split.
ors. One can then measure the momenta and, cha

mass particles. The particle distributions in mom¢
space will be studied to search for evidence of hadro:

zero strangeness or baryon number should provide
direct information on the internal dynamical processe:
is available at present.

The experiment started taking data in September 197!
is scheduled for completion in July 1976. To date ab
2 x 10%events have been recorded. :

EXPERIMENT 32

Inclusive Particle Production at Low Ti Mo
and Large Angles at the CERN Intersecting Storage |

CERN; University College, London; Bristol Univ
M husetts Institute of Technology, Niels Bohr Insi
Lund University

Data taking for this experiment was completed at the

values of transverse momentum, extending to.
the pion spectra. This data extends the measur
British-Scandinavian collaboration in the “cent
to a region which contains a significant
elastic cross section. This is of particular intere
known that the total inelastic cross-sectios

at all five standard ISR energies,
experiment of the Pisa-Stonybro
inosity monitor to obtain accur:

-P 24

Spectrometer
Hishoos Ankvn
Bh crosssection for single char,

! d charged p 2
?Ew_,» lanations for the obsery ph
r small distance effects, for exampl




Qotto&o:n.»?:&o:on
e. (Experiment 32)

ergy dependence implying a break-
o@? Ee

ISR energy range. (Figure

scaling is expected to be
the square of the centre-
fabeing4 or . Ans2 de-

Figure 1.24 shows the in-
on of s™4, an approach
e preliminary data from
1t it is difficult to fit such

tum dependence of
ork is in progress on
spectra.

EXPERIMENT 33

ISR Solenoid Experiment to Study Electrop Prog
Oducs:
uctig,,

CERN; Oxford University; Columpiz 7
Rockefeller University 2 Q::.Q.:c...
This is an experiment des;

ans gned to study
production in association

s elect
with other o?.:.m fon apq (8

; S ed partj

high luminosity intersection of the ISR. .H,__nvwz_a»u. ity
designed in a rather flexible Way, 5o that by :&:EU aratys i
trigger logic or different off-line ¢ 8 difeey

Omputer analy
mined. One of
electron pairs,
he cross-section,
rticles and sear,

of physics problems can be exa;
citing possibilities is to look at
associated gammas, measuring t
tion of the new family of pa
ilar particles of higher mass.

sis,a Variety
the mogt ¢,
alone o With
s for progy,
ching for gip,.

Another possibility is to look at single electrons, Ttisknown
that the yield of single electrons is anomalously high, aboy
107* of pion yields, but as yet the source of these electrong
is unknown. The theoretical models proposed to account
for the phenomena — charmed particles, heavy leptons,
quark bremsstrahlung or vector mesons are the main candi-
dates — all have difficulties in accommodating existing data,
A large solid angle allows this experiment to detect particles
produced in association with the single electrons, and
should enable the source of these electrons to be identified.
Once the source is known, additional particle identification
could be incorporated for muons or kaons for example, to
study the properties of any new kinds of particle.

The superconducting solenoidal coil of the apparatus pro-
duces a field of 1.5 Tesla around the intersection region. In
the region, there are four double-gapped magnetic field
p d drift chambers which provide 8 azimuthal and
8 longitudinal (by delay line) coordinates for each charged
track. Particles pass through the drift chambers, ::9_“
the superconducting coil, are seen in scintillation no.sam
hodoscopes and are finally absorbed in an array of _own.w_wo.
counters. Identification of electrons depends on P

d
height measurements in the three counter ronomnoﬂ”.ﬁ“ﬂa
on a comparison of d particle mc wi
shower energy seen in the lead glass.

e ord
The inner ring of counters — constructed at the Wcﬁﬂm&w
itory — has 64 light pipes, connected to pho! -
outside the iron yoke of the h_»mﬂ&o &

also been constructed at the el

running of the apparatus is sChedu eS|
et in the Spring, with magnet It

H

ENT 34

00
.o at 50 and 1
gp IO 4200 GeV/e

mxwmaz GeV/c and Meson-Proton

iversity
pridge U :

Comi s, using equipment developed at nw_n N:n”_
These experimen .u_n scheduled for ::.u us m«:ﬂ .ﬁ_w:%
erford Euoa%ﬂw.anwo:.?oa: experiments will inclu

tory- ¥
&Nc.n“n —va reactions.
a

the Big European Bubble Chamber
posal stage (Proposal 161).
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e years this group has conducted experi-

| inclusive reactions within the confines

nnel enclosure of Fermilab’s 400 GeV/c
cipal advantage of such experiments

gets is the very wide range of incident

ut forward a proposal to build a new
rea. round the internal target in order to
oton and proton-deuteron elastic and inelas-

e main ring tunnel by a S metre long transi-
- A recoil spectrometer consisting of two super-
quadrupoles for parallel to point focussing of
es is now being installed together with a

sult of the increased demands on liquid
the superconducting magnets it

o remove the gas injected
r. A prototype target was
target to be used by

. Meanwhile, the

f multiwire proportional

well advanced, and already interestin,

particularly in connection with the ¢
ent of pp interactions. The annihilat; =

i ion 4 OMpop,

be estimated from the differences va?omﬂom o itiony _ﬂ__v.

w.nozo..w. and show markedly different EoMMMMMWv Crogs.

ample the TOm the

8 Iesults hay,
< S €mer,
annihilatioy» 84,

non-annihilation” part. For ex;
multiplicity for pp annihilations is 9.06 + om_aﬁ_ Chargey
to 6-32 + 0-07 for pp interactions at this m:ﬂ. 5 Compareq
shows the mean number of negatives <n > mmw. M gure | 5
energy, and the correlation parameter, ».,m- - a m::oza_. of
<n_> for annihilations. The linear nmummaosm E_n:ols of
<n_> at low energies, explicable in terms of :..Mm_uoﬁ fi"on
a single cluster or fireball, seems to be no longer fi n_o_answ&
100 GeV/c, suggesting multiple cluster mo:_..m:% g
taking place. 1 Tayibe

Inclusive production of 7*, 7=, 7°, K° and NN
teractions has also been examined. _:mw: cases the:
duced more copiously than in pp interactions, and the gif.
ferences are associated with higher multiplicities, and te; A_
to be concentrated in the region y* near to o‘uTonoh_
have been made for an extension of this experiment ..S.w
for a survey experiment at v 200 GeV/c. :

in Pp in.
'Y are pro-

(a)
W_ooo%\n
e pp annihilations
o (Pp-pp)
X pp

o e M S
100 s(GeV2) 1000

o PP annih

o (PP~ 2

x PP
100GeV/c

Weak and Electro-

113 Ewm:oao Interactions

expERIMENT #

Muon-Nucleor Scattering
’ University; Harvard University; [llinois University:
ictfOs U
N_%i University
of this experiment is to probe the internal
uowm the nucleon by using the electromagnetic inter-
o:& in the inelastic scattering of high energy

ons and neutrons.

The pur

action inv0
muons by prot
ve running of the experiment took .c_mnm. in G..E
and carly in 1975 in the muon beam at the Fermilab 2. in-
cident energies of 100 and 150 GeV/c. The .%E analysis is
well under way and some results are now available.

Extensi

One important aspect of the experiment is to test the scal-
ing hypothesis — that at high values of the scaling variable
w=2My/Q?, the nucleon structure functions W, and W,,
which in principle are functions of Q* and v, depend only
upon the ratio »/Q?, where v is the energy transfer to the
nucleon and Q? is the square of the four-momentum trans-
fer. Within the statistical errors of approximately 20%, the
structure function ¥W, at fixed w is found to be independ-
ent of Q% in agreement with the scaling hypothesis. These
results also show that vW, decreases at large w, which in
terms of the parton picture means that the scattering is
mainly from the three basic valence quarks of the nucleon,
vith little contribution from quark-antiquark pairs.

Detai 3

5%«_”5% the hadronic states produced in deep inelastic

i _ow__ios also measured. In principle these results
even more about the substructure, but at present

10 clear ing, e 7
o CIpretation is possible. As examples of the re-

tained, Fi :
e m—:&.». Figure 1.27 shows the transverse momentum

tio,
0 of the hadrons for two different regions of the

Feynm, :
%0 \”\pm%“w”_mm Awo.m_nj longitudinal momentum) x =
i Feg.ru& ﬂ-_cﬁ._c.:w are flatter than those obser-
tegion The L on collisions, particularly in the higher x
e i owo transverse momentum of the hadrons is
1 %_N_\_o at x =0 rising to 0-6 GeV/c near x
. y different to hadron-hadron colli-
erage value of the transverse momentum
nd decreases near x = 1.

=2

05<X<1.0

1 w017 )dold P, (GeVic)
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Figure 1.27 T istributions
the reaction i + N—> i + h* + anything. The ha
identified but are assumed to be pions. W is the int
(GeV) of the total hadronic system. (Experi

EXPERIMENT 39

ford Laboratory

This experiment is designe
interactions of 75-150 Ge'




to measure the momentum

h decay products. To separate
decays from the prolific hadronic decays,
ors will be used to identify electrons —

oratory and Bristol University are sup-
array, the gas Cerenkov counter, the
shower counters and an on-line com-

lons and electrons in a Nimrod test beam,
inary measurements have been made using
 GeV/e. The array will be shipped to CERN

/ counter is being assembled ’
e, g assembled ready for test.

m is based on software written at
for the Honeywell DDP516

will vm coupled to the DDP5] 6. Data w;
m. preliminary filtering Process us; el
vices to improve the o

Passeq the,
ualit Ough
line stage. Auality of the even;

_.:m:.-._o dia
te
Sample 5y the “H

All the equipment will be
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Figure 1.29 Experimental set

AR -up in the Ni
preliminary tests on lead glass . imrod beam arcaifoy

counters. (Experiment 39)

EXPERIMENT 40
Study of Neutrino and Antineutrino Reactions

hw:.&&a. University; University College, London; Bari
University; Rutherford Laboratory

This experiment scheduled for the CERN SPS is designed to
use .nro.:.uow sensitive target (TST) technique to look for
previously undetectable reactions with neutral pions in the

final state. The recently-found anomalous dilepton events
and charmed particles will also be investigated.

EXPERIMENT 41

CP in a High Magnetic Field

Imperial College, London; Rutherford Laboratory

e idea that several of the apparently fundamental inter

ctions of matter are not independent and that the ._&m_‘-
veen them arise from a spontaneous breaking o

i iti d 1s probably well
hile the critical field E.wm% :

maa.n Eﬂn_. wmun? such an effect might be seen in the CP
outside oansw K§ >+ for magnetic fields attainable
yiolating

in the Jaboratory-

Bvou& to perform an experiment at Nimrod to look
k effect using a beam of NW mesons in w pulsed
1d. Any effect will show as a regeneration of a
mesons with subsequent interference.
d between 30 and 40 Tesla.

Itis
for such w._..
magnetic 11
small amplitude of Nm
It is hoped to use fiel

1.1.6 Searches for New
Particles

EXPERIMENT 42
Heavy Particle Search

University College, London; A WRE Aldermaston;
Rutherford Laboratory

This experiment is designed to detect new stable or very
long lived particles with charge e and in the mass range Sto
300 GeV. Any such particles would be produced at a very
small but nevertheless finite rate by cosmic ray interactions
(e.g. by pair production) and this would, during the lifetime
of the earth, result in a small accumulated concentration
(typically 1072 - 107%°) in ordinary matter. In particu-
lar particles of charge +e would form heavy hydrogen-like
atoms and (like natural tritium) become a constituent of
terrestrial water. By using known separation techniques for
hydrogen isotopes this concentration can be increased to a
level capable of detection by sensitive mass spectrometry
techniques, or in the case of particles of finite lifetime, by
observation of the decay products.

The majority of the enrichment is being achieved by the
electrolysis of heavy water (itself manufactured by enrich-
ment om natural water) and 6000 litres D, O are being pro-
Wm_m_on. in collaboration with AEE Winfrith and AERE Har-
SM , to v.Sn:om sample volumes in the region 1 to 107
= <o_=c£En.r the concentration of any heavy particles will
o E&S: increased _...« a factor of 10" to 10" relative
e cosunwm water. Enrichment by a further factor 10® can
B nuoo eved by Sjﬁamo: to D, gasand using thermal
& a..___w_».xn techniques. By the end of 1975 this work
g L s&.msm%. the 6000 litres D, O having been
A2 ysed to produce enriched volumes i

Mﬁ“@owzmn to 1 litre. A corresponding progressive

; natural tritium concentration provided

partially enriched D, O samples (converted o D;
unenriched samples. These set an upper limit

10-17, for the concentration in H;O, of new Ew— s
the mass range 5 GeV to 300 GeV. Using mm:..m—mm of
enrichment and improved mass spectrometry tecl

this limit will be progressively lowered, eventually reachin
the levels (<1072%) expected for pair-produced heavy par-
ticles. =X

EXPERIMENT 43

Search for Short-lived Particles Produced in Neutrino
Interactions !

Brussels University; University College Dublin; Fermi
Laboratory; University College, London; Rome University;
Strasbourg University

The discoveries of non-strangeness changing weak neutral
currents and of Y particles have focussed interest on the
possible existence of charmed particles and heavy leptons
that could well have lifetimes in the range 3 x 107** to 3 x
1072 sec. One way of producing these could be in the in-
teractions of fast neutrinos with nucleons. Bubble chamber
and spark chamber detectors have insufficient spatial reso-
lution to detect such short-ived particles directly but the
nuclear emulsion should enable their detection if they are
produced in this way. To scan a large emulsion stack for
neutrino interactions without any other aid would be prac-
tically impossible. By using a hybrid arrangement in which
secondaries from such interactions are located in associated.
spark chambers and then followed back through the emul-
sion to their origin, such neutrino interactions in emul.

the Fermilab. The neutrino interaction is «E.Em I
track following as previously or by area i
gion of the emulsion where the origin of the

aries being located by wide gap chai
the stack. These chambers woulc
tion counter system coinc




ure 1.30 shows the experimental set-up employed. The

ap chambers are triggered by a signal which would be
luced by a muon emerging from a neutrino interaction
the emulsion. Alternatively they can be triggered by the
signal representing a fast electron of energy E (> E,) emer-

fnw...w from a neutrino interaction in the emulsion.

13:55585omgnww_d:_._&ruécon:ss%s:nH_..n
whole apy isting of , wide gap chambers
and shower detector have been shipped to Fermilab after
previous testing at CERN, and has now been set up in the
neutrino beam at Fermilab. The main run is expected to
commence in January 1976 and to continue for several
months.

E 310

Figure 1.30 Set-up for Experiment 43. The veto counters V; and

and narrow gap spark chamber SC, are placed on the up-beam
sido @,&.o,élg stacks ES. The wide gap chambers WG are fol-
lowed by a scintillation counter A and a shower detector SD con-
taining tion counters Sy.4, spark chambers SCy.-5 and five
lea te block about 1 metre long behind SD is fol-
tillation counter.

| University; Bonn University;
DESY:; Ecole Polytechnique

Beside the mesons with hidden
there should exist hadrons Wwith explicit h
net charm). Such are the D-meson and o.co !
hadrons should have to be relatively Emmm?E
and Y’ would otherwise decay into, for mxm_.-..w 1 &
via the strong interaction and hence have mm 3bD Pij
D-meson mass is thug above 1.85 GeV/c? ey
charmed hadrons can only decay weakly to ¢,
non-charmed states of even lower mass. Their g © availy,
charm model would obey the rule A(charm’ momﬁy.f
that many strange particles might be expec
products.

charm (zep, net g,
m A=a=.5
Yon, Q_Egou
_vmnmcuo Em__\

- The loweyy My

ted among g

The present experiment using the Om,
spectrometer at CERN to look for the pro
ed hadrons was proposed in January 1
early observations of the V. The experir
to search for the associated
in the exclusive channels

ega :.:EE:E"
duction of Charg,
975 ao__osz the
ment wag designeg
production of charmed hadropg

7 p>KK' 7

and np=> K K'n*n 7 p 2

at a beam momentum of 1S GeV/e.

The objectives of the trigger arrangement were twofold:
first, to be sensitive to the multiparticle final states contain-
ing charged K-mesons which result from the decay of
charmed hadrons. Second, to filter out the processes in
which the K-mesons result from the decay of low mass non-
charmed K*s and Y*s.

The experimental trigger requires firstly a fast forward K-
(or p) as identified by a down-stream low pressure Cerer-
kov. The Cerenkov can distinguish 7~ from K~ or p between
3 and 10 GeV/c. Secondly the triggering particle should
have a high transverse momentum so that it cannot come
from the decay of a low mass object. This requirement is s¢t
by a hardware coincidence between proportional chambers
which restrict p; to be above 500 MeV/c. Thirdly the meas:
ured multiplicity is required to be 3 or more.

Ilion

In the 15 days of production running in March, u.NB_.no“.

triggers were recorded. So far, only the kinematic fittin -
4-constraint hypotheses has been carried out. 4500 fits o
the Reaction 1 and 3000 fits to the Reaction 2 were w__ g
tained. Separation from alternative hypotheses with
KK~ pair replaced by pp is excellent.

1 data for

Searches were performed on this exclusive channe - ehich

R now s in the effective mass distributio’
could be aS_HHnOo for the production of pairs of ni__u-_n_ﬂaw
hadrons. The effective interval of good »ooovnw_saﬁo» ;
10 25 GeV/c? for the D-mesons and 2:0 to 3-5 G e
the C-baryons. No convincing accumulation of M_nu i
seen in any channel and the table shows -
for the production cross-section multiplied

:a.,

) =45= 50 |

second experimental run to exam-
puring JU m.ﬂm“mmow phase space for a charm mﬁsm_”.._w
ine 8 &m.a_.,n_”z»m designed to study a small .9: sugges MM
na%ni < cen in Reaction 2 vm:._%m oSa.oaoo mc.n e
m__s__u:ownwx-w and D° > K'm'ma” .Jco .:::5: :_mwn;
process ¢ ded in June- Kinematic m:.&ﬁa. yielded wﬂ?zp rﬂ
were ﬂmu“o Reaction 2. No charm signal is apparent in
6000 {1

1.2 Nuclear Physics

Nuclear Physics, in the context of experimental work sup-
ported by the Rutherford Laboratory, means the study of
the static properties of elementary particles and the sym-
metries of their behaviour at low energies as well as their in-
teractions with themselves and with complex nuclei in the
so<alled intermediate energy range 50 to 500 MeV. Facil-
ities for such experiments are provided on the Variable
Energy Cyclotron at the Atomic Energy Research Establish-
ment (AERE), Harwell; the 8 GeV proton accelerator Nim-
rod at the Rutherford Laboratory; the High Flux Beam Re-
actor at the Institut Laue-Langevin (ILL) at Grenoble,
France; the 600 MeV proton Synchrocyclotron (CERN
S.C) at CERN, Geneva, and the 500 MeV H~ cyclotron
Q.Echv at Vancouver, Canada. This work on the nuclear
Physics of elementary particles extends and complements
the study of nuclear structure physics at low energy (tens of
MeV) which i widely carried out at Van de Graaff machines
throughout the country and for which the new 30 MV
Nuclear Structure Facility (NSF) is being built at the SRC’s
Daresbury Laboratory.

.:s. Institut Laue-Langevin at Grenoble, France, is an inter-
Sona laboratory supported by the British, French and
ﬁn: governments for use by their own physicists and
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Neationsicn? /see
s for study

90 2 50 Megawatt nuclear reactor with a core flux. of
Such a neutron source u—dss

data; we thus conclude there is no evidence in n—.—n exclusive
4-constraint data for the production of new particles.

Analysis is continuing with the aim of examining the o“.ﬂw.r...o
nels with a single neutral in the final state, where one o:ﬁn
charmed particles can decay hadronically and the o
leptonically.

of the Rutherford Laboratory. In addition, the high neut-
ron flux provides facilities, unique in the im%w—.: io-_.u. for
nuclear physicists to investigate the static properties of
neutrons and their low energy interactions. Four such ex-
periments, supported, through the Rutherford Laboratory,
are in the course of preparation for running at the ILL re-
actor: neutron scattering from polarized and then unpolar-
ized nucleons to test the invariance of time noca_.wﬁ._ nm..m of
spatial symmetry in the strong and electromagnetic inter-
actions, a continuation of the programme of experiments to
increase the sensitivity of ts on a possible elec-
tric dipole moment of the neutron, which in turn implies a
breakdown of both space and time reversal invariances, and
a new experiment to measure the lifetime of the neutron.
This latter experiment uses a new technique, which was
cently tested successfully at the AERE LIDO r r by the
University of Sussex group, of t




ear h seen the commissioning of three new high
nter .o&ns energy machines, so-called ‘pion fac-
; SIN at Zurich Switzerland; LAMPF at Los Alamos,

ocyclotron, a machine of similar energy, has
d by amendments to its acceleration system
give an accelerated proton current of 10 uA.
current machines provide the opportunity for
the precision of measurement on low cross sec-
n.u..a of rare decay modes. In addition, the
1 of polarized beams used in conjunction with pol-
targets enables the spin structure of scattering ampli-
to be evaluated. Two British collaborative efforts,
‘.Km 3\ the Rutherford Laboratory, are involved in
ogramme of intermediate energy physics. One, the
.w»mOCm collaboration, uses the TRIUMF acceler-
1 Vancouver to investigate the spin structure of nuc-
—oo: scattering at 500 MeV and a preliminary re-
Ol g work is given in Experiment 48. The other, a
1 w_a_. c..nzoos the Daresbury Laboratory and the
¢ n 5 of .Oxmoa. London and Birmingham, has de-
and EE&:u a large volume spectrometer magnet
the .EE_E% of observing rare pion decay
En_:_»o uprating of the CERN Synchrocyclotron
nted .cﬂ_ww report of their progress and plans is
ent 50.

1 oni.,\m;_tma. by the Kings College London
,éo:,o and progress over the past year
ing the various accelerators at AERE Har-
, which in part involves low energy nuclear
igation “E..,m s a continuation of a long re-

value, Py = (1-6 £ 0-4)x1 -6 is al,

Wt
M_Mmms MMMHM than theotetica] mmzswu%“%mo.aoa%di
est as complete as current thogyy, - I thy
it is thus very important to establish grmwomw ow: Eosg“

sult,

There has been a continuing progra
test T-violation in weak ang &mo:M_ o
So far these experiments have mnEEu
accuracy, the present limit for the a
Ing component being "\ 102 T.yjq
in general difficult since a P-conservi
cess requires a term similar to J. (k,
wugnn than a simple- pseudoscalar sy,
ing process.

Of exper;

gnetic M.:_“””““x_
eved a R_Eiv. i,
mplitude o:ﬁsws
lation €Xperimenyg _.
ng but ,_,.so_m:_s u
xk3) to be %ashh

ch as J k for a Pyigly,

At the moment experi i
periments are being prepaj

carry out further symmetry tests. Pt

w..sam:wj“ The J+v¢a+q measurement will be repeateg

M:.-oo this is a crucial experiment. The limit of accuracy op-

E_.;o.u by ﬁocumrg et al will be matched from a statistiel

point of view but when measurements of such high acou-

acy are w:oBEan_ many small and previously unexpected
systematic errors can arise.

A target will be located at the centre of a tube whichrus
through the reactor to within 50 cm from the centre ofthe
core. At this region the neutron flux is 10'5n cm™ sec”
and z.-a circular polarization of the radiation will be measi
ed using transmission magnets. The magnetization will &
periodically reversed and a search will be made for a sml
c.rpnwo in the detector current. Measurements will be mat¢
simultaneously on each side of the target so thata compaiF
son can be made between two simultaneous measuremens
rather than between results forming a sequence of meast™
ments.

The great problem in such an experiment is shielding t*

alyser det from circularly polarized bremsstrahluré
arising from f-decay of fission products in the core- L
pile section is at present being designed.

T-violation: Ensembles of polarized nuclei may be con®e?”
eutro™

iently created following the capture of polarized 1
xka)

By measuring a y-y directional correlation from such
semble it s possible to search for a term such asJ (ks

i jal feature of the in-

mmetry isan essential : . i

A high degree on.mwv\owa?_ attention is paid to uomwmgm _.=.
tries due tO electronic modules behaving dif-
iy umvi_aom various detector outputs. A GEC 4080

JHE%_.U« used to store and process the data and to
%am“w“ the many statistical tests-
carfy’

surements will begin early in 1976 w:n vnm_usmm
: n_w» flux of polarized neutrons 5 x 10°n sec™ on
of the Embu.o com, large effective source strengths may be
oofen B ¢ match the statistical accur-

it wi ible to

4 it will be possible -
238% H” measurements in a much shorter time. Improved
N&.”:M__ precision could allow some limiting features to be
stati

ssed, €., the precision with which the source must be
558! 8 :
Mm_:ﬂ&. and the correlation angle known.

Initial

A cryogenic polarized source will become m<m=mv_m E.Sn ms
1976 and preparations are being made to a.mmﬁ .—<..<_o_m:o= in
the weak interaction by measuring a -y directional correla-
tion. The main features of this experiment are the same as

those of the ¥y correlation.

EXPERIMENT 46
Search for an Electric Dipole Moment of the Neutron

Sussex University; Oxford University; Harvard University;
Oak Ridge National Laboratory; Technical University
Munich; Centre d’Etudes Nucleaire Grenoble; ILL; Ruther-
ford Laboratory

Apparatus is being built with the aim of making a more sen-
sitive search for a possible electric dipole moment in the
neutron. The quantity (Y -#,) thought of as an operator is
o.aa =.=a2 the time reversal operation T which reverses the
eaz_.os of the magnetic dipole moment U, but not the
a_onw:o dipole moment e, and is odd under the parity op-
eration P which reverses the direction of L but not y.
This means that the observation of a non-zero expectation
H_o,_ﬂm,,.z quantity (. ;) would be direct evidence for
S Hj: Q.. i m:g P mv\.an,_o:mom. The possibility of ob-
S w: oﬂ_o_u:o.z is the chief incentive for the experiment.
i servation would be the first known case of T vio-

outside the K meson system and would help to deter-

mine which j £ Vel
Wwhich interaction is responsible for these effects.

Predicy ¢
vc_o_M_M:w of various magnitudes for a neutron electric di-
al Mment are appearing regularly in the literature gener-

Y Using a variety of models to relate the magnitude of the

e/e) would be < 10~ cm d

neutr i
sa_ﬁm... electric dipole moment to the observed CP and T
is (1o S Properties of the K° mesons. A recent prediction

The method uses recently developed techni
slow ultracold neutrons which can be bottled in
chambers for tens of seconds. To produce ultra r
rons in sufficient numbers a special source is being construc
ted by ILL engineers in collaboration with the Neutron
Beam Research Unit of the Rutherford Laboratory.
source is due to be installed in the High Flux Reactor ﬁ.ﬁ.ﬁw g
at the end of 1976 or in 1977. Inside the pile there W .wo
an electro-polished stainless steel neutron guide terminating.
close to the core in a thin zircaloy end window. Outside the B
pile there will be several metres of curved nickel-coated
glass guide designed to pass neutrons with velocities less.
than 50 ms~! whilst removing unwanted radiations. C:.,_.w
cold neutrons are generated in a thin layer of water close to
and on the outside of the zircaloy window and will pass
through the window into the evacuated guide.

Polarized neutrons will be periodically bottled in an evac-
uated chamber of a few litres capacity. The rest of the ap-
paratus is designed to detect very small changes in the rate
of precession of the neutron spins which correlate with the
direction of a strong applied electric field with respect to a
weak magnetic field in the chamber. The increase in sensi-
tivity of the method stems partly from the relatively long
time (30 seconds) for which it is possible to keep each neut-
ron in the combined fields, and partly from the small time
average of the velocity of each neutron. This should be
about 10° times smaller than previous experiments, thereby

reducing d relativistic tions between the
magnetic moment and the electric field. One of the most
hallengi hnical probl is the need to reduce mag-

netic field changes in the chamber to 1078 gauss or less over 2
periods of 1 minute. This requires carefully-made magnetic.

shielding and the use of sensitive magnetometers for moni-

toring purposes. Another technical problem is the nee %
apply high voltages while maintaining very small leakage
currents in the vicinity of the chamber. Experimental tests
are in progress on prototype shields and a prototype cham-




EXPERIMENT 47

AM of the N

Lifetime
Sussex University; ILL; Rutherford Laboratory

The free neutron is pB-active and decays according to the
scheme

Z..vv+a.+m.n

The end-point energy of the electron spectrum is 7829 +
0-4 keV and the maximum kinetic energy of the recoiling
proton is 0-755 keV. Four independent determinations of
the neutron half-life have been reported since the f-decay of
the neutron was first observed in 1948 and the currently
accepted value of 10-61 + 0.16 min is in conflict with the
previous best determination of 11-7 + 0-3 min. This dis-
agreement has yet to be satisfactorily resolved.

The motivation for establishing an accurate value of the
neutron half-life is the need to determine the vector and
axial vector coupling constants for nuclear B-decay by a
technique whose accuracy is not significantly limited by un-
certainties associated with nuclear structure effects. The
most promising approach in this respect is to combine a
value of the neutron half-life with a measurement either of
the electron-neutron spin correlation coefficient in polar-
ised neutron decay or the vector coupling constant deter-
mined from the ft-values of B-transitions between mirror
nuclei. The neutron half-ife is also an important parameter
in astrophysical calculations on the production of helium
* by thermonuclear processes in stellar systems.

A neutron half-life determination requires making an abso-
lute measurement of the neutron density throughout a sel-
ected volume of neutron beams which may be achieved
using neutron absorbers such as *He or !B, This must be
combined with a measurement of the rate of emission of
decay particles, either electrons or protons, from the source
volume, and this necessitates counting decay events in the
presence of a y-ray background which, unless the beam is
specially prepared, may have a flux which is in excess of the
B-particle flux by a factor of 10°. The recoil protons may
be counted if suitable post-acceleration is employed but,
whichever technique is adopted, the separation of signal
from background is the problem of prime importance.
~ In the present experiment, a beam of thermal neutrons
- emerging from a reactor is projected perpendicular to a
c field of magnitude 12 - 4 Tesla. In such a field

The neutron beam passes across a hol-
t aligned parallel to the magnetic

tons from neutron decay, and th,
nificant periods of time before being recorq, d
of the selected trapping period, the trap is o .
inga 1 KV negative pulse to one ele; -
leased and accelerated down to ear
a silicon surface barrier detector,

€S€ may pe Storeq o
Sig.

- At the e

:anv
Ctrode; the Eoﬁmsmmu_w.
Te.

th where it is %823.
in

This system has the »,o:oc::m special advantg, es:
(a) the effective volume of neutron beam mww =
length of beam cut off by the lines of magne:
passing through the bounding edge of the Emﬁ“m:n forge
tor. This volume is independent of the &m::w: .%5.
neutrons across the beam and is aﬁﬁ:::macﬂwzzw_

e

ratio of magnetic field strengths at th
g e beam ;
detector. Dt

defineg by the

(b) when the protons are stored for
counter output spectrum
lowing the application of the trap pulse, the byg.
ground is reduced by a or of f\ﬁ and in practice
reductions of the order 1.5 x 10 may be achieyeq,

a period ,_,_ and the
mpled for a period T, fol.

The apparatus has been tested on low flux (3 x 10%/
cm?/sec) swimming pool reactor LIDO at AERE Harwel,
where the half-life was measured as 10.92 + 0-42 min., most
of the error originating in the very high background and
poor counting statistics. In the present experiment a modi
fied version of the existing system is to be used at a high
flux facility (" 10°/em?/sec) in conditions of low 7-1ay
background and zero flux of fast neutrons. Under these cir-
cumstances the major difficulties associated with the earlier
low-precision measurement should disappear.

EXPERIMENT 48

Measurement of Triple Scattering Polarization Parameters
in Nucleon-Nucleon Scattering at 500 MeV

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

In this experiment at TRIUMF, Vancouver, the first protors
onto target arrived in February and by late summer .:_o
crew of the sector-focussed H -cyclotron had mch_\&.us_ﬂ.
ultaneous extraction of two beams of continuously §:ch
energy at currents approaching 100 nA. The optical ENM“__
ties of beamline used by the BASQUE group have b1
studied and optimised, and ‘are close to the nu_oc_ﬁnaﬁ_.a
perties. The arrays of scintillation counters and BE% =
proportional chambers (MWPCs) have been fully teste _.c$
all of the latter now operate reliably at very _._m.”:_v\ £ the
efficiency. The first measurement was a calibration M_E.
analysing power of the carbon scatterer in the Zimo Thes
and preliminary results are shown in Figure _.,wum.aa of
were obtained using a gaseous hydrogen target, I afigur®
the liquid hydrogen target to be used in the final mm by ¢
tion. The superconducting solenoidal magnet, b for spif
Rutherford Laboratory Applied Physics m.u_sm,om_ has bee”
precession, performed entirely to specification an

E 3

id hydrogen target was installed later

iqu
free. The B bration data taken.

.a__zm £ final calil

in the y&&hs did
ear 2 proposal to measure the io_mosmai spin
ng the ' ters D, R and R’ at several energies in p-p
rotation %mmaan&:o:. to the corresponding n-p measure-
sattering, 17 © oved. It involves no additional apparatus
e %ﬂaozxa as soon as a polarised proton beam
and will be _Bm_ﬂw_cz_u. The ion source and injection line
£ suine © havé been installed and tested, and accelera-
for this woﬂmwma H- ions is imminent. The second objective
o nom_wﬁm_ is to determine the optimum angle of the pol-
el beam produced in the reaction 2H(p,n); this
v =n.=:o= urement of R, and U, in this reaction.
= o.anz.w_”ﬂmm%.‘wwmxmm:aoi _.cﬂ.H mentioned, will precede
M_”ﬂ.wzammmcaam:: and will vno,‘_ac the first new physics
results from the BASQUE collaboration.

pur
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Figure 1.32 Effective analysing power in p-carbon scattering near
400 MeV as a function of lab. scattering angle. The preliminary data
from TRIUMF is compared with published measurements from
CERN. (Experiment 48)

—UﬁvaZMZ.—. 49
Experiments with K-- Mesic Atoms

Birmingham University; Surrey University;

Rutherforq Laboratory

wh“s negatively charged hadron (pion or kaon) travelling

= E_w__ matter can be captured by an atom so as to move

e v-”o::o orbit around the target nucleus. In the captur-

At Voowm the hadron expels an electron from the target
Y the Auger effect and will then occupy an atomic

Orbit. which ; :
hadronge corresponds to a highly excited state of the

nsh_o“_.mr n—n.un.o mic energy levels by Auger transitions and
z_ﬂ:wv. z_“ tive transitions in which X-rays are emitted.
Nucleyg v«o“:.o:.m interaction between the hadron and the
AS 3 rooy es important and the hadron will be captured.

esult of this interaction the final observable X-ray

Or “exotic” atom. The hadron will initially cascade

transition is frequently broadened and shifted in energy as
well as being attenuated. Measurements of these parameters
give information about the very low energy kaon-nucleus
interaction and capture process together with the possibility
of obtaining information about nuclear properties in the
surface region.

So far measurements of the shift and width of the last ob-
servable transition for kaonic atoms have generally been re-
stricted to the light and medium weight nuclei. For heavier
nuclei either there are problems due to the overlapping of
transitions of very similar energy or the nuclei may be de-
formed giving difficulties in the interpretation of the exper-
imental data. Measurements have been made in this exper-
iment for the K~(6 > 5) transition for Ag and Cd where the
problem is the adjacent K™(8 — 6) transition which is very
close in energy. The experimental results seem to deviate
from the predictions of simple theoretical models and fur-
ther calculations will be necessary. Some anomalies and dis-
agreements in earlier experiments on S, Co and Ni have
been resolved by the present work.

Attenuation of exotic atom X-ray intensities may also occur
if there is a significant coupling between the atomic energy
levels and those of the nucleus. A few cases exist where the
energy of an E2 transition in the nucleus is very close to
that of a (An =2, AQ = 2) atomic transition. In these reson-
ant conditions configuration mixing can then occur, which
results in radiationless excitation of the nucleus. This mani-
fests itself as an attenuation of the appropriate X-ray yields
and a measurement of the attenuation yields additional in-
formation about the hadron-nucleus strong interaction.
Two cases of E2 nuclear resonance have been observed in
the present work; these are for pions on Cd'!! and Cd'*?
and for kaons on Sn'??. For pionic cadmium the 5 - 4 and
4 — 3 transitions are attenuated relative to the 6 - S transi-
tion. For kaonic tin the intensity of the 6 > 5 transition is
halved compared with the intensity of the same line for a
natural isotopic mixture.
The ground state quadrupole moment of nuclei with 1> %
can give rise to hyperfine splitting of the atomic levels. For
example in the case of tantalum, where I = % and the quad-
rupole moment is large, the kaonic levels are split sufficient-
ly to affect the line shapes observed with a Ge(Li) detector.
In this case the transition from (ng) = (8, 7) to (7, 6) is split
into 21 componentsand predictions of the relative positions
and intensities of ‘these various lines can be made. After
folding in the experimental resolution and using a least
qi fit of the predicted function to the data it is pos-
sible to extract values of the electric quadrupole moment.
The values obtained in this experiment from the kaonic 8 -
7 transition for Ho and Ta are in very good agreement with.
values from pionic and muonic X-rays obtain
In addition to the effect of the electric quadr




kaons, stopped pions and in-flight pions is in
or a &ugﬂnﬂn and incident kaons the interac-
oton leaving 2*Mg is found to be domin-
it seven times more probable than the interac-
4 single neutron (leaving 2 A), confirming the
le of the Y*(1405) in the absorption process.
of other nuclei such as *Na (an « less) and Mg
e ,vm—,n found to be surprisingly high; a result ob-

..w«:a. pion experiments.

ent observation of the dominance of Ho'$* (r~xn)
here x is an odd number) when pions are stop-
2 E.E_ is not fully understood.-In the present ex-
nt with kaons stopped in holmium the pattern of re-
2 ei and rotational transitions is very different. In
lar the reaction with a single proton (expected be-
of the Y*(1405) dominance) to give ' Dy is appar-
é bsent. It is hoped that a comparison of the kaon and
data will throw some light on the way in which had-
 interact with deformed nuclei.

g,ﬂa?. Oxford University; Daresbury
,a@«i@.ﬁ.&:ﬁ. London

a large volume multi-particle magnetic spectro-
xploits the good duty-cycle of the CERN
The initial programme includes a mix-
particle physics at intermediate energies
 determination, 5o far unmeasured, of
this being the specific responsibility of
[  collaboration.

EXPERIMENT 51

Coulomb/Nuclear Interference i, Alpha py
ticle g,

King’s College, London B:a;n

An experimental study ha
dem Van der Graaff mw >mw_umﬂ_»”m”ww_28 !
.m_um:n alpha scattering from 52¢y, 56 m_ o ot
S<mumaww$ the interference of oo_w_oa
butions. Angular distributions haye been obtaj
10 and 160° for scattering from the ground usn__b ¢d betyeg,
W\Hﬁwﬂ” P wNEE 18 MeV for all these four :HO_ME eXciteg
n. Inelastic scattering excitation fiyg.. ﬂa Y
also been measured at 25° for the first uxnzcm_zs:::x
11-19 MeV in steps of ~ 0.5 McV. Reduction of 10
m—oi complete and an optical model analysis of th -
ing from the ground states is in progress. b

8 the Ty,

as_.
e, Ni, rw.:._.
nd Wy

b and Nucleay cont,

”ﬂomﬂnmﬂwzuumwa_._“ﬂ:nﬁw m.:m_v&m of two step processes iy
3 ) "' B reaction has been performed using
pure K =% rotational model for ' B. The work %soﬁ_ﬂ
ed the importance of K band mixing in 'B and nz:a;.
the coupled channels’ inelastic and stripping codes used for
these calculations have been modified to allow them to
handle mixtures of several different K values. The data s
now being reanalysed with these improved codes assuming
admixtures of K = 4 and K =4 components. Apart from giv-
ing more accurate results for the predominantly K =}
states, this procedure now allows the calculation to be ex
tended to include all 5 of the lowest lying states of 'Bir-
cluding the J = 4~ and %~ levels at 2-214 and 5-019 MeV
respectively. The inelastic scattering in the '2C and B
channels has been successfully completed for all the firs
five levels of the latter nucleus.

Theoretical studies of inelastic scattering have been pursued
along two main lines. The first of these has been concerned
with the development of a coupled channel’s inelastic S
tering code employing the random phase nuva%ngm
The programme has been used to fit inelastic scattering
deuterons from '2C associated with the 12C(d, *He) "B
work described above. The second line of study has involred
a search for a simple general method of En___&:m.ox%__h
contributions in collective model inelastic scatteriné ﬂ_o 0
lations. An approach has been developed which oe&ﬂ odel
the real and imaginary parts of form factors and n.a___w%
is being applied to analyse inelastic proton scatteriné

*2C, Mg and *°Ca at 20, 40 and 80 MeV.

EQmEZmz._, 52
seattering Of Polarized > He Beams
Birmingham University; King's College, London
time, scattering studies with *He beams have .cm.g
o ) "_:a lack of information on the spin orbit in-
_sa_um_.& i«%&mﬁ upper limits to its size have been deter-
:.;n:o__“. double scattering and spin flip measurements, a
ason._. V\Boumﬁoana is very hard to achieve with these
%mn_.:ﬁm The spin orbit interaction produces its major
sorna_wz nmum:o scattering cross sectionsat backward angles.
”Mmm.“nxmozv\ this region that is most sensitive to the separa-
tion of discrete optical potential mBEmE:w.u as iw: as a
qumber of second order effects such as spin-spin wao_.u,..\
tions. Thus a measurement of the strength of the spin o_..cs
force is an urgent necessity for the development of helion

scattering studies.

The recent development at Birmingham University of a pol-
arized helion ion source has enabled polarization measure-
ments up to 33-4 MeV to be made, and a set of experiments
has recently been completed on targets of *’Al and 26Mg.
Measurements of the polarization in elastic scattering, the
asymmetries in inelastic scattering and the asymmetries in
the (h,) reaction have been completed using the full energy
*He beam.

This data together with the cross section measurements of
Shahabuddin gives comprehensive scattering data for these
nuclei. Preliminary analyses with both microscopic and con~
ventional optical model potentials show great promise.
Comparison between the 2*Mg (ground state 0%) and 2’Al
(ground state $*) data will also provide information on tar-
get spin effects.

.2.5 inelastic scattering and neutron pickup reaction data
will be analysed initially using the conventional distorted
wave Born approximation and the collective model.

MG26 (HE3,HE3) ELASTIC

ASYMMETRY

EXPERIMENT 53

Helium 3 Elastic and Inelastic Scattering and the (h<)
Reaction

King’s College, London

It is well known that measurements of >He elastic scattering
at sufficiently high energies and sufficiently large angles
allows the identification of a unique optical potential. Ko».?
urements of helion elastic scattering on *Fe at 33, 53 and
83 MeV using the UKAEA Variable Energy Cyclotron
(VEC) have demonstrated this effect and allowed the devel-
opment of a microscopic folding model which formulates
this unique potential.

The microscopic optical model referred to as the “3 para- .t
meter” model derives the imaginary potential using the B |
“forward scattering approximation”, and applying this
model to the elastic scattering cross sections from the even
Samarium isotopes at 53-4 MeV has shown up some of the
deficiencies of the model-with regard to the density depend-
ence of the effective nucleon-nucleon interaction. In the
scattering of ions it is necessary to include the effect of the
density of both the target and incident particle. The im- 14
provement produced by including such double density ef- 14
fects is shown in Figure 1.34, where the comparisons are
made for the case of 1**Sm (h,h), where the formulation of
the folding model including the density of the projectile is
referred to as the “nucleus-nucleus” model. The obvious
applicability of the scattering of heavier ions has led to the
measurement of elastic and inelastic scattering of helions
and lithium ions on the calcium isotopes, *°Ca, **Ca, **Ca.
Not only are these nuclei the most commonly used ones for
optical potential studies, but measurements with alpha

beams have exhibited intermediate structure fe which
make the (ha) ion of further i The measure-
ments with the VEC 53 MeV helion beam are complete and
the 7Li beam studies are scheduled.

EXPERIMENT 54

Elastic and Inelastic Scattering
Samarium Isotopes



534 MeV

— NUCLEUS-NUCLEUS
- - - - PHENOMENOLOGICAL

ey,

™

"
\
\
A
\
\

100 120 40 160

g 3
i ..ma He, u_.—ov.qn 534 MeV using a phenom-
e ©3 parameter’ model potential and the
potential which includes the saturation in
(Experiment 53)

144, 148, 150
for 2 il Sm ai nd a ot

Two sets of searches !
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2 mmw_. deformation). The fits of the o+ m_._nwsm.m 52%.%:5
e’ m: were .orm-uo»o:Non by a poor predi i Stateg o h_.
e experimental cross-sections, Fo, Ea__cz fthey i
fits could be obtained by i e Cou - Singa
the calculati Y including Coulomp, g P'0%
e ation and by explicitly couplin, ono:m:o;
uuwmamw _n<o_m “ the calculation together ,w::w:ﬂ (in
ers of higher multj i <t ormat

i polarity (8, and Be) in aeM“_,
n

ational mqgq,

he Dot

When all the parameters were varied som
were revealed. The fits were &5:.52
&M._._.ua:gu for the real potential and b
and increasing diffuseness for imagi
Soawazm mass of the ~m§2ﬂwmmﬂwm_=mﬂ mma.zE,.sE
nuclei, the calculation included ocEr:.__u axw _.o.szos_
only the 2% state was coupled using only g. nhsn:o__ _E_
were as good as or better than those ogminm “E“__a ””o =
ed geometry. It is possible that the changing mn%:. M.mx
vmnw:.zﬁa are a result of the increasing collectivit M». _.ﬂ._
nuclei i.«: .Eonnwum:w mass and that these effects mv“.o 52”
”x_omw.or:.::ﬁmn when higher order effects are correctly
en into account. The resulting optical parameters are
then almost identical throughout the range of nuclei in
agreement with the conclusions of Hendrie et al.

L Eﬁoaunsm trends
ized by %snﬁ__n
Y decreasing radiyg

1.

ivisi sues a range of research pro-
The Theo™s U_smmo_ﬁ._awc,wo-w is phenomenological, con-
ammes: z__n___oﬁ: the theoretical implications of new
cared o w:ﬂwEEmm accelerators, and the experimental
daa from ﬁ”aom new ideas. During 1975 the most striking
Saﬁncn__.,m_a ideas have centred on y-particle physics and
.%sma_wﬂno: of new quantum numbers such as charm or
Mﬂoﬂﬂ:, progress has also continued in other areas.
Theory Division also organizes activities involving the ia.o_o
British particle physics community- The Annual Theoretical
Physics Meeting, that took place at the Rutherford Labor-
story during January 6-8, was attended by about two hun-
dred people. The summer visitor programmes attracted act-
ive physicists from Denmark, Israel, Japan, Poland as well
as Britain. A topical meeting on the charmed current was
convened at the Coseners House in November.

Charm production in strong interactions

If the new quantum number charm exists, there must be
new charmed particles, and they should be produced in
strong interactions at high enough energies — just like the
associated production of strange particles. It is interesting
and important to see what cross sections may be predicted.
Taking present ideas about Regge pole exchange and dual-
ity, and generalizing SU(3) to SU(4) symmetry, the com-
R-Wa: with strange particle production can be made quan-
fitative. The scale of charmed particle masses and Regge
trajectories is determined by the ¥ mass. It then follows
that charm-exchange trajectories are displaced downward
relative to strangeness-exchange trajectories, and associated
charm production is strongly suppressed relative to strange-
eSS production. The results are sensitive to the precise
M“c“an of :.&26.—« parameters, but even the most optimis-
:a__uuw_n_w:o:m give very small charm production cross sec-
& ﬁmnMES:w suppressed by factors 107> or less compared
igeness production at the same energy.

P MMM«E:“_ approach, within the framework of the quark
S Bﬂ el, gives larger cross section estimates however.
§=oa=v enomena — including scaling breakdown in ep
o Bmm.me photo-production properties, and p/m produc-
St at large =2._u<s.wo momentum — suggest that the
Ty be wMoSuc_..nE in the proton’s quark-antiquark sea
ific ».rnu___u_m.or as 20%. .—._...W can be translated into a spec-
B0 collis a for Eo.vnoncnag of charmed particle pairs in
b ons, that gives typical high energy values o

3 Theoretical High Energy Physics

all cross sections are small, the predicted charm product
effects are relatively large and easy to interpre {
energy neutrino data has been analyzed and com|

current theories, including the original charm mo

cent proposals incorporating V + A currents and m /
quarks, using the quark-proton framework and explicitly
integrating the various exper tal neutrino spectra.

In the usual »N = uX inclusive measurements, one simply
looks for anomalies in the cross sections d? g/dxdy that are
not explained by conventional quark transitions. The most
celebrated anomaly is in the PN y-dependence at small x,
large y; it can indeed be explained by charm production in
several theories, but the uncertainties in data and in the
quark-parton distributions make this effect by itself uncon-
vincing.

Much stronger candidates for charm pr duction are the di-
muon events N > 7~ m*X, where the second muon is sup-
posed to come from a charmed hadron decay. This is a
much clearer signal, since conventional hadronic transitions
are believed to contribute little here. Analysis shows that
the properties of dimuon events put strong constrain :
theories of the weak charm current. They indicate thatoN
charm production at present energies comes largely from
valence quarks, whereas PN production comes from the
quark-antiquark sea in the nucleon target. This is co! 1
with several versions of charge 2/3 charm quark productior
but excludes theories based on a new quark of

charge

bt

trinos by electrons (or by partol
assuming a nonderivative point i
proximation. In effect, the y-dep




imed at the neutrino vertex. The relations also
| the target is excited, if the final neutrino differs
10 st by helicity flip from the incident neutrino, and if
art of the interaction that flips neutrino helicity is C-
variant. On the other hand, to relate the y-distribu-
any scattering from a non pointlike target, one
e the absence of a mass-scale.

Weak neutral current effects in e'e™ annihilation

,,"E*ﬁao,m. annihilation processes, the interference between the
E«,ﬁqgﬁu.ozo current and any other neutral currents pre-
nt provides useful information about the structure of the
..,EEH For example, the interference term is either indepen-
&.; ‘of or quadratically dependent on e transverse polar-
ization for V or A currents, but is linearly dependent for S,
P or T currents. The information in the interference term
has been analyzed for inclusive and exclusive channels of
the following kinds, e'e™ > hX, e*e™ > h; h, X, e~ >,
@u-—«,_“ h”"_ ,M., including possible spin determinations for

With a future machine of centre-of-mass energy about 3
’ gt the inclusive channels would be $=umn<m<8 =o==.““
B § ...aﬁl._o.u of the same strength as the charged currents,
but the exclusive channels would require much stronger
neutral currents for measurable effects.
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‘momentum phenomena

great interest. Hadronic inclusive cross sec-
sverse momentum Py are much larger than
extrapolation of small pp. behaviour. This
uence of the scattering of a single constitu-

on a single constituent of the other; in-
ition data strongly supports this
Te quantitative level the theoret-
i icular, the measured par-
d, and rapidity correla-
pretation yet. New pion beam
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experimental scaling law, and
nuclear target effects. A
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made of Emn. P spectra and particle Mwn&
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Meson resonances d.

A useful by-product of the new y.

of ?Bm_mﬁ hadrons in novel aﬁﬁ.ﬂmmoﬂma IS the Stug,
decay Y’ - Y affords an mxoov:o:m: i mstu_ﬂ:_w
1=0:S-wave dipion production: experime v\ﬂ Pure samp), of
mmu_oro: of events at small dipion mass %Em:oim:s_wa
ily explained, not only here but also in .Ednw o&oo.ﬂfﬁ.
mnN near threshold, by the on-shel] appearan, orenis
Zero. H:a Zero position varies from _.mmo:o:opo S,:s. Ady
there is no scope for inferring 7 phase w_:.ro e
pearance of the zero underlines the relevanc, il
low-momentum pion physics. selo
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ap-
for

e e ctonsion of e s st s

anding the older meson familj
There has been work on two problem families of th o
SU(3) quark model, the 0™ scalars and the 1** axial <M ws
mesons. For the scalars, the main problem was the mvvsoo““
superfluity of 1 = 0 candidates, S*, ¢, €’, but the possibility
of a conventional quark model interpretation has now ben
demonstrated. It is important to pursue further experimen-
tal checks, however, since this is a likely channel in which
to look for additional exotic configurations, if they exist.
For the 1™ family, the long-standing problem has been to
determine whether the apparent candidates A,, Q, etc.are
‘in fact resonances. A particular resonance interpretation of
A, in 3n production was pursued and shown to necessitate
companion resonances in other partial waves, includinga’
There are indications of an analogous effect in Knm produc-
tion.

Geometrical scaling of the Pomeron

Geometrical scaling (GS) is a very simple property, conjec:
tured to hold for high energy elastic scattering amplitudes
whereby changes with energy simply take the form c._.
changes in radial scale. Experimentally it holds appro*”
mately for pp, mp and Kp scattering data, at least above
100 GeV, but its origins and implications are not yet Eﬂﬂ
understood. GS seems to be a property of the Fom b “
amplitude (i.e. diffraction), not of Regge pole nx%_ﬁhn.
This makes ¢N scattering an interesting case 0 u:_h_m.%
cause here Regge pole exchanges are forbidden W
Pomeron should dominate at relatively low eneig®™
turns out that the ¢N data obeys GS even at 4 GeV-

channel obeys GS in a different way,

: tering ¥ 3 3
Fach elastic Nﬂp dependence of opacity on radius. The in-
with 3 &nﬁsni exists that, with some suitable rescaling
vt “OMm

trigti"e 11 channels may be described by a &:.m_m _.._=r.§..
: New Fermilab data gives encouraging indica-
all channels may indeed be n_mmnzvmn bya ::2&..
: 1 function, with appropriate opacity w:a S&.m—
«al eikond nermore, the relative eikonal strengths in the dif-
scales. Furthe! mo__mEv\ in accord with the quark model,

nnels areé L
ke tematics are not accidental.

nt C
jers these sys

suggesting that

Unitarity and duality in hadron physics; multiparticle
v=m=03n=»

Unitarity and duality form ::," vu&w of a general framework

for understanding hadron collisions which has been develop-

ed at the Rutherford Laboratory, and WEQ mconwwmmm.&.
this approach were described in last year’s report. Starting

from dual amplitudes containing proper reggeons, a Pomer-
on singularity is automatically generated. Both the reggeon

and Pomeron trajectories have to satisfy certain consistency
conditions which can be formulated as integral equations.
Solving these equations yields values for parameters such as
the Pomeron intercept and slope and the triple-range coup-
ling, all of which are in semi-quantitative agreement with
experiment. The Pomeron couplings to external states are
predicted to be proportional to those of the reggeons. The
proportionality factor is also calculated and the prediction
is subjected to some quite stringent phenomenological tests
which find the factor close to the calculated value. The ex-
tension of similar considerations to production reactions
leads to the two-component model at moderate energies.
The non-diffractive component proceeds via a definite pro-
duction mechanism of resonant clusters which in principle
allows the calculation of all exclusive and inclusive cross-
sections. A first crude attempt assuming isotropic cluster
decays already yields semi-inclusive correlation functions in
80od agreement with experiment.

The solution of the integral equations involved in the regge-
on w.ooazwn is generally complicated, but an important
Practical break-through results from invoking a one-dimen-
sional approximation of the scattering situation. In this way
the Pomeron can be examined analytically in the dual unit-
M« scheme and one can inspect explicitly the properties of
9“ Pomeron, e.g. SU(3) breaking, in the scheme. Despite
nnna_.mumsnmm of the approximation, the prediction for the
._._ua“. the .Eww..woz promotion of the trajectory is correct.
oo 'PProximation has proved very useful in allowing calcu-

1S of non-planar quark duality graphs. The famous but

Studies of particular problems, such as the »-Ev&n.mﬁ I
ties of reggeon-reggeon scattering, which have direct rele-
vance to the dual unitarisation scheme, have continued.
Semi-local duality for the reggeon-reggeon amplitude has
been checked against data on quasi-three body production
processes and gives a reasonable average description of the
data.

In a given energy region, it may be assumed that of the
many loop diagrams which build up the Pomeron singular-
ity, just one dominates. This ‘local loop dominance’ gives
SU(N) symmetry for couplings, Gell-Mann Okubo mass
formulae and exchange degeneracy for trajectories. The
crossing and ».unno:wmmo:.uuouminm of the Pomeron can
also be studied in this one-loop approximation. The loop
which involves the exchange of a baryon is found to be im-
portant at low energies and provides a natural explanation
of the differences at these energies of meson-baryon and
baryon-baryon processes.

The dual unitarity equation, with some approximations,
can be treated as an equation involving the n-particle cross-
sections. Comparing with data on multiplicities constrains
the reggeon intercept close to 0-5.

Diffraction has continued to be studied from the phenom- 455
enological viewpoint; there is particular interest in double- Pae o
Pomeron exchange processes and what additional informa- o H

tion can be gleaned from experiments set up to search for &

this mechanism.

One highlight of the year, in the multiparticle field, was the
n

VIth International Colloq o iparticle Pri
organised by the Rutherford Laboratory and held in Oxford
in July. The recent work of the group was among the topics
discussed by participants who had come from about twenty
countries. 2

Vacuum Polarisation in Strong Potentials

Studies have continued of the properties of lepto:
states and vacuum polarisation in strong short range |

tials, in particular the phenomena associatec  the
ical potential at which bound states are d int
negative energy continuum. This is an area
electrodynamics for which normal p ation
, but i i

niques cannot be u
distribution can

Sppiical Zweigrule suppression, which supposedly ex-

m_”.m..uuz_o narrowness of the y and y particles can be g
1 pl contri-




o.m 3%5@ a lepton bound state localised to sub-hadronic

M.l The hypothesis that hadronic weak interac-
&oa 5<o_<o. such localised lepton states would thus neces-
tate the exist of critical p ials within the parton

constituents, which in turn leads to a contribution to elec-
tron-hadron scattering, and hadron pair production, initially
of the form 137q%a® (momentum transfer q, potential
range a) and should thus be observable as a rising compon-
ent of the cross section. The second topic concerns the

ity to redefine the vacuy;
when the critical potentia] valu
have been initiated to determin,
of the wavepacket which resul

mnwm b one Unit op
anmnrmaw o5

e the o_umn?»v_a::u:

ts when such mE

I

vacuum state is re-expanded j
T X in terms of edefy
vo:&.:._a_ <m9.._::._ state, to test the h the NOrmg) Ma
transitions might be involved in, o Mmo:,omm that W__.M
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known charge-changing weak lep

1.4 Instrumentation and Data Handling

Particle Physics research demand:
5 a continual supply of new
an Neuic
d specially and materials

“M -W:-W the individual aean,a:.,.m..on experiments, and

Enio W n—oh.».“anrc%go..w provides the specialist skills to
eeds of experimental groups workin;

the Laboratory itself and at other research om..”_.a.m iy

m.@.._un SN the immedi qui of Particle
R s research, these projects can also lead to important
%mu%m:nﬁ in other research areas and provide additional
tus for development work in industry.

developed in the Laborato,
I ry for data
DDP516 computer has now been in-

 charged hyperon
t 39). The impor-

 constrained kinematic fit.

rays from K-mesic atoms (Experiment 49) on Nimrod, the
proposed experiment studying parity and time reversal in-
variance (Experiment 45) at ILL, Grenoble, and the control
computer on the new Nimrod injector (Section 6.1.3)-

..w.na_.:o:m_ work on small computers has included the pro-
vision of utility programs for the GEC 4080,a general study
of hardware and software features needed in nxvo:an:z_
and control application and an investigation of high leyel
Programming techniques.

The problems of track recognition and background 1%
tion, common to all high-energy physics experiments, £
being studied. Track-finding algorithms have been §:m
for the RMS project (Experiment 20) where largé volurm
of data are expected, and particular emphasis
placed on speed of execution. The elimination Of UM
backgrounds has traditionally been achieved for counter
periments by the application of mass cuts. HO
information, such as time of flight, pulse heil
WME:.QP is often available. For the experiment e
PS studying pp interactions (Experiment 2) b3
Jection has been improved _uM. »WM_..US.. of "to.gnnoa%ﬂm
an approach in which additional quantities

2.5%
s_a_d
Oberg,

: e
tonic Currents. for, the

ent for the n__mnwmn_. Hyperon Experi-

velopm
ector DeY
Em.__. Amxuunasi 39)
me
sition Radiation Detectors
Tran
tion for the SPS Hyperon Experiment, a proto-
In EQ.E,SB toil transition radiation detector was construc-
o __EW_.H.SEW were developed for assembling the very
ted. Teeh 0 e lithium foil (S0 um thick) into a stack of

soft, very ¢

s each separated by 500 um while preserving it from
shee

with the ambient air in which it oxidises in a matter
8:;.2 1000 foils were assembled into 10 modules of
of a_m.__oawm»&:m being obtained by corrugations pressed
BP:& foil and the whole enclosed in an aluminium tank
_a_ﬂ a 50 m-thick beryllium window as a downstream win-
diation X-rays. The detector stack
used in a test carried

witl e
dow for transition ra
filled with helium gas was successfully
out by members of the Hyperon collaboration.

Reflectors for Gas Cerenkov Counter

The gas Cerenkov counter for the Hyperon experiment re-
quires a low-mass high-quality reflector for short wave-
lengths. This reflector was constructed in eight separate
units, which when mounted onto a common frame can be
adjusted to form the complete reflector. Each reflector unit
consists of a honeycomb backing bonded together with
epoxy resin, with a face of melinex which is aluminized to
give the required reflectivity. This highly reflective alumin-
jum surface is protected by a coating of magnesium fluor-
ide. These reflectors have a mass of approximately 8 Kg/m?
and reflectivities over the whole surface of 80%.

Lead Glass Cerenkov Counter

This piece of equipment acts as an electron discriminator
in the Hyperon experiment. The counter consists of three
separate walls of lead glass each 1 m high, 2-55 m wide and
150 mm thick.

Thirty-four glass blocks make up each of the three modules,
each block measuring 150 mm x 150 mm x 500 mm and
weighing 46 Kg, giving a total weight of glass of 4692 Kg
(4-7 tons). Each block hasa 5" Photomultiplier tube attach-
ed to one end and the blocks are packed together closely to
achieve minimum clearance, presenting a solid wall of glass
without gaps or structure to hold the blocks in place.

The three glass walls and their photomultipliers are housed
in a large magnetic shield box.

The complete unit is supported at beam height by a frame
which, with an associated extension trolley, will allow each
module to be separately drawn out of the shield box for
servicing. The modules move on stainless steel runners bear-
ing on P.T.F.E. faced rails. This allows free movement of
the units, while providing sufficient friction to inhibit un-
wanted movement. The shield box is maintained at a con-
stant temperature by two air-conditioning units, and the
temperatures of eighteen of the photomultipliers are moni- 2
tored and recorded.

Laser Interferometer

An optical refractometer system has been developed for use
on the Hyperon 300 Gas Cerenkov Counter, and provides a
continuous measurement of the gas refractive index which
can be fed into the data logging system.

A low power helium-neon laser is used to energise a Jamin
type interferometer which is located inside the counter
chamber. One light beam passes through the chamber gas,
while the other one passes through an evacuated reference
tube. The beams are recombined and the resulting fringe
pattern is focussed onto an array of three phototransistors.

The centre phototransistor counts the number of fringes
which pass while the outside pair determine the fringe shift
direction. This information is continuously displayed on an
‘up-down’ counter.

Standardization is achieved by filling the reference tube
with chamber gas such that both beams pass through similar
paths, then setting the counter to zero.

As the reference tube is evacuated the fringe shift is count-
ed, and the final value is digitally multiplied by : t
scale factor and directly displayed as a refractive
subsequent fringe shift updates the fringe count
continuous reading is obtained. 4

The refractive index value is proy

suitable for a data logging syst

N
i
|




Noise pickup problems associated with the ‘up-down’ coun-
ter have been completely eliminated by choosing a CMOS
logic system operating from an independent 15 volts supply.
Optical couplers have been included in all the input and
output lines to the , which is completely enclosed
inside a copper box. Motorized needle valves control the
filling and evacuation of the reference tube to enable re-
mote controlled standardization to be carried out. This is
done semi-automatically at approximately twelve hour in-
tervals. The system uses a 900 mm reference tube, giving an
overall resolution of approximately 3 x 1077 in the value of

(n-1).

Rapid Cycling Vertex Detector Project (Experiment 19) —
Wire Spark Chambers and Counters

For the Rapid Cycling Vertex Detector experiment to be
mounted on Nimrod, the main trigger will consist of four
low mass cylindrical spark chambers, and the pre-trigger of
a scintillator array. This assembly including readout boards
and thyratron pulsers will all be mounted on one support
plate for easy installation and alignment. It will be position-
ed in the bore of a magnet having a field of about 2 Tesla,

the spark chambers being concentric with the bubble cham-
ber.

The cylindrical spark chambers which are of the capacitive
readout type vary in size from 610 mm dia. x 725 mm
active height to 916 mm x 1055 mm. Construction of the
low mass spark chamber consists of a laminate of melinex/
expanded polystyrene/“film-wire” formed into shells which
are then spaced accurately apart by insulated rings to form
the active gas filled gap. Both the readout wires and the
H.V. cathode wires are of 70y dia. Be/Cu with a pitch of
1:5 mm and run vertically, parallel to the chamber axis.

Ms«_.r_am voltage of the first chamber is approximately 3-4

Fourteen scintillator/lightguide assemblies constitute the
pre-trigger array. The photomultipliers have to be mounted
more than 1.2 metres above the top of the magnet so that
they can work efficiently in the stray field of the magnet.

Multiwire Proportional Counters with one V tical Mini-
e z.a gﬁo ertical mni

Proportional counters with one vertical minimum mass edge
and parallel anode and cathode wires have been built and
sted in the Laboratory for an experimental team using
study K-p elastic differential cross-sections (Ex-
operate as one of a pair used to identify

ticles in the area of the main beam

prestressed to maintain wire te,

} nsions, T,
were enclose as-tig oy
: dina gas-tight polyestey A Sembleq fi
0 a common base which also SUpporteq M hoog dry ey
. . € L i
electronic amplifier system g carrieq the senge Pla 5
bly locations. Hence the only mas o bean __.:msp;m
Y S pre. i as;
area was the anode, the cathode ,S:W MMMH"_ n the Mms.
of 0-05 mm polyester film. Subsequent te: :.<o EEAEM
that these nrm,::voa have a 300 yoq EES:M:_E hag w_,asw
at 4-6 KV using a gas mixture of 15%% o When Operagiy
Argon. g G
In

3 b
_uhwEo 1.36 Proportional counter with one vertical minim!
edge

Low-mass Capacitive Readout Wire Spark Chambers

The spark chambers constructed for the wxwa:._:n.:_ w.u__wwv
ing polarisations in KN interactions (Experimen! with 30
low-mass multigap type, on average 0-75 m EEJ.S: el
8aps. The essential requirements in their construc s is
a low density active area (the density achieved ﬂ.wm mit
0.08 gm/cm?), wire positions known to within *

and parallel gaps to ensure multispark efficiency-

nsist of low mass Jaminates made from two
ers CO!

b 5 d polystyrene bonded with a
The cham™ hick expanded poly: i
Jayers of 5 :..Bcﬁzﬂ_ of epoxy resin and with layers of film
controlled amo s which provide the H.T. or earth

nal face
figes are cured for 48 hours between flat

aintain flatness, which in most cases is better
. The laminates are spaced apart with vmauw.x
i e spark gap, and the whole stack is
uter Al-alloy frames which form a

-ve cradle. From these outer frames a melinex m.mw.
Eo_mninawi allows for pressure equalisation preventing
@:. 5“., the outer laminates. The laminates and _um.;ua.x
gs.Emwa bonded together using silicone rubber which is
g rm of a fillet withan embedded nylon cord.

e fo
m%v__mwm_hm:.ﬁ.w cord, the fillet can be broken and the cham-
_uwa Wuw&\ dismantled.

t!

ire ON 2
wire The laminates

-1
it

_ona& by dowels to O

ies for both the construc-
m line, a film-wire gauge

To maintain the mvmozl_c.a wmn:
i e alignment in the :
MHV_”:M“M_HMM_ the mﬂ»:&:a of film-wire by checking m:m._mﬂ?
niess and pitch of wires was manu tured, together with a
master jig which relates wire position and sense of beam
centre and to the external datum on the n_:::.cm? All com-
nts had their datum references drilled or, in the case of
esulting in a very accurate

pone fere
film-wire, punched from this jig
construction.

A beam line alignment jig was also made which again had its
datum reference drilled from the ‘masterjig’ and enabled
the spark chamber support structure to be accurately
aligned.

X-Ray Imaging and Development Work on the X-ray Multi-
wire Proportional Counter (MWPC)

A study was made of the fundamental physical limits on the
spatial resolution of a xenon-filled MWPC. The various in-
teractions of the incident X-ray with the counter gas and
the resulting spread in position at which the event was re-
corded was examined using a monte-carlo computer model.
The calculations showed that in a narrow band of incident
X1ay energy (40-45 keV) a xenon-filled MWPC at ambient
Pressure can give spatial resolution of the order of -Smm
fwhm but that at other energies the resolution deteriorates
rapidly,

A specially-developed X-ray detector system has been used
eXtensively during the past year to evaluate its potential in
Yarious fields of X-ray technology. Readout signals and pic-
ture can be displayed either in colour or black and white on
& television screen, and pictures can be stored on disc and
Processed off-line using a variety of programs designed to
“Xtract more useful information from the raw data pictures.
.»—M.M ®quipment has been demonstrated to a wide n:&o.aq\o
evap el applications have been suggested for possible
Valuation. The system is currently being used to test its
Performance a5 a method of measuring bone density varia-
”_._2_. Initial results look promising and it is hoped to carry
! further clinical trials in collaboration with staff from
Leeds General Infirmary.

Medical applications of High Energy Phy:

Figure 1.37 D ion of X-ray Proportional

Counter mounted at Royal Society

Channel Plate Electron Multipliers

Tests have recently been completed on a new photomulti-
plier utilising channel plate electron multipliers as .»_._m mwﬁ
producing elements. With a charge gain of V107 this device
showed two particularly attractive features for applications
in high-energy physics, namely a very short transit time
(5 ns) and the ability to operate in magnetic fields a3 high
as 1 Tesla without screening. It is only some 50 mm long
and, because of the absence of magnetic screening, very
light. The tube is as fast as a conventional linear focussed
device, having an anode pulse rate time of the order of 2ns.
Beam Current Monitor for Nimrod 70 MeV Injector

The design and facture of all the equip for this
system is now complete. Tests on the operation of the var-
ious elements, current transformers, signal processing elec-
tronics, control stations, etc, have been carried out both-on
individual elements and on a simulated system d
up under laboratory conditions. All the performance speci-
fications previously reported were achieved and the system
has now been installed in the ! plex. C

sioning will continue as the new accelerator system is pro-
gressively brought into operation.

Drift Chambers

In the course of the present year drift chambers
previous prototype designs have b uilt and
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Rutherford Laboratory (Experiment 3) and further cham-
bers are now being assembled for an experiment at the Fer-
mi Laboratory in the US. The first drift chamber made at
Rutherford and designed to operate in magnetic fields is
now being installed and tested in an M3 magnet for use in
the CP-violation experiment scheduled for 1976.

Figure 1.38 Drift chamber development

Testing Multi-wire Proportional Chambe;
rs by Gl is-
charge Photographic Techniques e

A method of testing multiwire i

h proportional chambers b;
glow discharge and photographic techniques has been 95_VH
ved principally to enable faults on large chambers to be
identified quickly and positively.

The chambers are filled with high purity ni

purity nitrogen and sub-
jected to a current of about 300 MA. After awqm »qwmswwcoc:
a glow discharge can be seen. Analysis of this discharge re-
veals faults such as slack or open circuit wires contami
tion and misalignment of planes. i g

Gas Monitor for Multi-Wire Proportional Chambers

A single wire proportional chamber has b

een
for use as a gas monitor to detect changes soﬁwmﬁxm
gas™ used in multiwire proportional chambers (MWPCs), g

‘The unit has a rapid response so that it is ab
unit has ) ) le to d
z-c.! long before the changes affect Euozﬂmm“
- amplit .amcn.ro output pulse is such that it may be
rive standard UKAEA 2000 series electronic units,
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Many thousands of wires can be connected to the spark i
chambers in a form where the film-wire is cut into strips
about 25 mm wide and bunched together. 5

Figure 1.39 Working with Film-Wire
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been constructed and tested succe:
Electronics Development

Many thousands of channels of multi-wire proportional
counter (MWPC) read-out electronics have been commis-
stoned during the year. The smooth progress of this work
has been due largely to the success of a hybrid circuit ampli-
fier-shaper developed in a collaboration between the Labor-
atory and an industrial firm. The read-out systems have
been designed taking account of the part played by MWPC
signals in forming event triggers. Two systems of particle
multiplicity detectors, with different degrees of flexibility
have been developed.

The system developed for data acquisition and control on
the 70 MeV Nimrod Injector has been manufactured, tested
and installed. It comprises over 100 instrumentation ampli-
:,Q.m and a CAMAC computer system including analogue to
digital converters, input modules, output modules and an
dutonomous program controller. The CAMAC system occu-
Pies six crates.

M.“w “MW %.mn:oaﬁm_m have cwn: .no:m:.:n:& to measure
L W: a_:a. %Eo—.cz polarization. Since the deuteron
e relatively @%. E.m spectrometers have been de-
i ._.Emczw__En coils mEo_.:u:,om:« as the frequency is
snuwc.aao:%_ improve the base ::.m shift and simplify the
S o.a the small nmfﬁo: signal. A signal enhancer

0 improve the signal to noise ratio.

Signal enhancers of this type could be used in many applica-
tions involving the detection of repetitive signals immersed
in incoherent noise or interference. These include vibration
analysis in complex structures, bio-medical signal analysis,
spectroscopy, oceanographic echo sounding, seismic explor-
ation and ultrasonic flaw detection.

In addition to these completed projects, development con-
tinues in the fields of special purpose computing hardware,
drift chamber electronics, precision TV camera applications,
beam profile monitoring electronics and special instruments.
These include a magnetic tape drive controller, a beam spill
time monitor and a special display scaler.

Electronics Services

Design and Manufacture. During the year, 54 new designs of
printed circuit boards were produced with a continuing
trend to larger boards with greater circuit complexity. Man-
ufacturing work was completed to the value of £250,000.
Over 50% of this work was done by outside contractors and
the internal effort totalled 32,000 man hours.

Electronics Servicing. The Instrument Repair Section hand-
led over 2,800 commercial instruments for repair and cali-
bration. After initial diagnosis about 40% of this total was
handled by specialist outside firms. The high cost of replace-
ment instruments has increased the need to make major re-
pairs to many of the old instruments existing in the labora-
tory.

The large amount of electronic equipment manufactured
during the year for high-energy physics experiments has
sustained a heavy load of testing and commissioning. In par-
ticular considerable effort has been devoted to setting up
electronic systems in the various beam lines.

Track Analysis Machine Support. Operational improvements
to the 30 scanning and digitising machines has continued
and a BESSY machine (a scanning and measuring table for
film from the new large bubble chambers) has been com-
missioned successfully connected on line to an IBM 1130
computer. Design work is completed to enable other mach-
ines to be modified to handle the 70 mm film due from the
Big European Bubble Chamber (BEBC) next year. This
work includes a design study for a low cost, locally made
scanning and digitising table to provide 17- and 30- times
magnification using parts of obsolete machines.
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EXPERIMENT 56

Irradiation of Frozen Cancer Cells

Glasgow Institute of Radiotherapeutics; Rutherforq
Laboratory

The cells were frozen at liquid nitrogen temperatures tore
duce biological and chemical activity, for in such a state
there is little dose rate dependence. Following earlier work
which determined the RBE for the pion beam at the peek
position and for 14 MeV neutrons, further experiments |
have investigated the response of frozen Hela cellsat other |
absorber depths at a number of beam positions. A speciall-
designed cell holder of much smaller volume was ustd©
improve the resolution of this ‘biological dosimetry’ tecl
nique.

Preliminary results from this experiment indicate 54»:?
value of the RBE is 19 at the peak dose region falling©
near unity elsewhere, except for an intermediate value %!
the surface,

EXPERIMENT 57
Irradiation of Cancer Cells at Room Temperature

ledical College of St. Bartholomew’s Hospital

the year Pn.nw‘w

tine matrix Y2

IMENT 58
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Medical €0
1 of mvonamﬁomoaw_ cells .»:n. the loss w». amwzm
: two further radiosensitive in vivo S_@vc::n that
welght 21 % red using the 7~ meson beam in the Barts
pave et aw__.na were irradiated in the testes area whilst
mmwmm”w_ﬂ-mzwﬁﬁ air or 10% oxygen in nitrogen.

The surviva

£ six mice were irradiated for each

ition, with one mouse in the peak dose
. .m”h“a%ﬂ“ with one in the plateau area. 28 days
ﬂ” mﬁ___m: testes were removed, weighed and oo.EvEma to
those of control animals. Figure 1.40 mmﬂoim the air and 10%
oxygen points for peak and plateau 7 %.vwo.m at uc.oE 100
rad h~"; the dashed lines are fitted to similar weight w._umm
data following doses of 14 MeV electrons at 400 rad sec™" .

Testis Weight. Groups ©

The oxygen enhancement ratio (OER) for the electron data
is ~ 1.6 and that for =~ mesons is ~ 1-0. For 7~ mesons
there is no difference in effectiveness of peak compared to
plateau doses which is in agreement with the previous in
vivo data. There appears to be a dose rate effect in that all
the 7~ points are displaced to the right of the air high dose
rate electron points. This dose rate effect would mask any
RBE effect between pions and electrons and it will there-
fore be necessary to obtain comparable low dose rate y or
Xeray curves for testis weight loss before more can be said
about the RBE of 7~ mesons compared with more conven-
tional radiations.
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irradiated mice. At the time of irradiation the |
matocytes counted were present as late type
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ing there is no radiation induced prolongation of
cycle.

vival data plotted for a range of m~ meson doses toge
with data for mice given external Cobalt-60 y-rays at 6 rad
min~'. The OER for 7~ mesons is ~ 1 and there is no dif
ference in the effectiveness of peak compared to ,E%mn1.,
doses and the RBE for = mesons relative to ® Co y-rays at
a comparable dose rate is also ~ 1. .
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Charged Particle Spectra
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Preliminary spectra for protons, deuterons, tritons ang He
nuclei are given in Figure 1.43 for stopping pions in Oxygen
(thick water absorber it a 12.5 pm o mylar walled container)
This data will be normalised to and compared with carboy
data and that of the other materials. Li nuclei spectra will
also be derived from existing data.
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Figure 143 Particles emitted from ™ capture in peak 18
‘oxygen absorber. (Experiment 59)




Beam Research Unit (NBRU) has responsibil-
for neutron beam activities in the Laboratory, and the
ar’s work has covered three main areas: neutron source
instrumentation studies and development; support for
UK community of neutron beam users, both at
‘abroad; and participation and collaboration in

ion develop front, a highlight in

tation for neutron beam purposes of foil-stretching
liques which were perfected some years ago in the Lab-
oratory for the construction of lightweight mirrors and
| tk chamber electrodes. Neutron collimators some 10%
more efficient than the best previously-reported devices
d much better than many collimators actually in service
e present time) are now being routinely produced for a
er of reactor centres. Related thin film techniques are
ing used for the production of efficient neutron pol-

g devices.

rea in which the resources and expertise of the
herford Laboratory have proved invaluable is future
,‘K,,&o It is now widely accepted that pulsed accel-
ystems will provide the most realistic route to meet-
ﬁoo._u, in the 1980s, and the NBRU in its ongo-
e of work on future sources has concentrated
various accelerator options. It has become
 potentially world leading source could be
0.2,_5 resources available at the Labor-
3n for a new proton synchrotron which
or neutron production has been drawn up by

]  team. The proposal is described in

As in previous years, a si;

effort has been devoted to support of e ihe
programme, in which over 270 v
associates and research students
reactors in the UK, at the [pg
Grenoble and occasionally at
River in Canada; over 170 visi
alone. In addition the N

f the ZEE

A neuty
University staff ON begp,

are involyeq , * iy
” N pro;

t Projeg
x.;ﬁ E%.E:%s: emg
150 In Denmaric 44 o:c
e .a :m<m.coo= alrangeq to]
with the Atomic E 14 continued jn collab, A_._.
omic Energy Research Establishme Oratigy
Im:zm: and with university staff in tpe dev, M: (AERg)
improved neutron scattering methods, both m.movsns_ of
at the Harwell linac, reactors ang

3

1 imation of thermal 5
neutron beams which can be achieved using the stretched film ﬂm. ;
nique. The extreme left-hand slot of the collimator was __=&_ﬁ_a
the centre of a 2-5 cm diameter neutron beam at a distance @

Figure 2.1 An

ple of the

Blades in direct line with the neutron beam at the left-hand sioecl
the collimator are seen in sharp focus but, with the increasing e
angular divergence of the beam as successive blades become ?_M are
off-centre, increasing absorption is seen until no neutronst%
transmitted through the right-hand side.

7.1 Neutron Beam Instrumentation

Neutron Collimators

for the construction of neutron collimators from
plastic film has been developed, m_:._ has m_aw&\
for production of nearly twenty collimators, s::._
ders in hand. The technique derives from mmmm:.
Rutherford Laboratory in stretching aluminised
make lightweight mirrors and spark cham-
¢ High Energy Physics experiments.

A method
stretched

been used
further OF!
ence at the
Melinex films to
ber clectrodes for

The basic principle for neutron work m.m .53 of the Soller
collimator which consists of a set of aa:_n_mwa:m and vmmw:o;
plates which absorbs neutrons, thereby aw:_orz.m the diver-
gence of the transmitted neutron beam to a ?m,n:oz of ade-
gree. Excellent results have been achieved using m:,n..n:wn_
Melinex film coated on cach side with a paint loaded with
gadolinium oxide to form an efficient absorber for neutrons
incident at glancing angles. The gaps between films can be
as small as % mm yielding a short compact collimator. Beam
divergences down to 10 arc minutes are easily attained, with
beam obscuration no more than about 5%. Figure 2.1 shows
details of construction and performance. By the end of the
year, 18 collimators had been supplied to ILL and several
more were on order, including a set for use on the AERE
Harwell reactors. Others are being designed for use at reac-
tors in Denmark and Sweden.

Neutron Guides

The prototype neutron beam ‘‘bender” was successfully
tested at DIDO, Harwell, in D ber 1974. A transmission
efficiency of 0-4 at a wavelength of 12 A was measured
which compares to a theoretical value of 0:56 obtained
from a computer model of the system. The measurement
Was repeated seven months later and the same result, within
experimental error (+ 10%) was obtained, showing that the
Properties of the device had not changed in a normal labor-
atory environment. The prototype device consists of 11
sz—ax foils, 0-025 mm thick, coated with copper on both
sides, spaced by 0-25 mm and curved to a radius of 1880
mm. This produces a deflection of 5° in a length of 160 cm.

Methods of assembling more films at a faster rate are now

being developed

WH”W of the .m_uonﬁ_ problems and techniques required to
G metal films on thin plastic substrates, both for the
e Work and for the work on polarizers for long wave-
e .”E-o:w to be described later, a vacuum deposition
ity has been assembled and is now in operation.

10 see hoy
Teduced
I benders

LR

#im«:.ﬁkﬂ. The conclusion was that the

have been carried out on stretched Melinex films.
the surface wavyness might change at elevated

inm
””““w“w“““““

Work on the development of position sensitive detectors
(PSDs) has continued through the year. The Buzc?m":—.o.om.
PSDs based on channel electron multiplier plates is being
carried out by an external firm,and a 90-channel linear PSD ;
with a very compact ceramic vacuum envelope is in the final
stages of manufacture. Work is continuing on the manufac- 5
ture of a 60 x 60 channel area PSD with a positional Sw.o_c. P AN
tion (in the detector itself) of 0-75 mm. Methods of optical-
ly coupling the lithium loaded glass scintillator no. the |
channel plate detector are being studied — especially
methods of “demagnification”, ie coupling a scintillator
assembly with moderate spatial resolution (say 3-5mm) to
the detector which has an inherently high resolution (a frac-
tion of a mm). For the linear detector, a stack of tapered
light guides has been made to couple a stack of scintillators,
each one 3 mm wide, to the detector module which has a
resolution of 1 mm. Aluminised Melinex is used to form
the reflecting walls of 92 tapered light guides of rectangular
cross-section. Measurements of the transmission efficiency
have been made of light from a scintillator irradiated at the
wide end and detected at the narrow end by a photomulti-
plier.

A common feature of all the detectors under study is the
use of lithium loaded glass scintillator. This material has ex-
cellent properties but is sensitive to y-radiation. A study has
been made of an old idea for  rejection which makes use of
the fact that the output pulses due to y-rays are smaller and
shorter than those from neutrons — the so called “pulse
shape discrimination” technique. Using modern fast elec-
tronics, this has proved to be a quite satisfactory technique
and will be utilised for PSDs. ¢

& hii

in neutron
noise. The use of the glass scintillator, which is traj
to its own output light, means that a scintillation event ca

be used to stimulate a channel in a PSD an




moderate resolution. It has been found that the light output
from a small piece of scintillator can be transmitted down a
flexible light guide with adequate efficiency to “drive” a
photomultiplier. Furthermore it is possible to operate two
photomultipliers from the same scintillation event by using
two separate light guides coupled to the same piece of scin-
tillator. This enables a coding system to be arranged. As a
simple example consider three photomultipliers appropriate-
ly coupled by light guides to seven pieces of scintillator
(either in a linear or area array). A scintillation event in one
piece will trigger a unique combination of photomultipliers
— a “signature” which can be decoded easily using modern
electronics. Preliminary measurements have been encourag-
ing and a 100 channel linear array with 3 mm resolution is
being assembled as a prototype detector. Combined with
the y discrimination and coincidence techniques described
above, this promises to be a very effective PSD.

Polarizing Filters

The polarizing filter containing polarized ***Sm nuclei is
undergoing the final stages of its commissioning. 4°Sm>*
ions are introduced as the dope into a deuterated cerous
magnesium nitrate single crystal (CSMN), and following an
extensive theoretical analysis of the heat transfer problem
in the crystal, it has now been decided to place this filter in
the *He dilute phase of the dilution unit mixing chamber.
The dilution refrigerator has now operated at a stable tem-
perature of 17 mK (measured by nuclear orientation of
0Co), and the main outstanding problem is to correlate the
nuclear orientation temperature with that given by the mag-
netic susceptibility of CMN, which will be the standard
thermometer used on the dilution refrigerator. The current
plans are to test the polarizing property of the CSMN filter
during the first part of 1976, and to examine the perform-
ance of a metallic ferromagnetic material, Sm.pqPr.ogAl,.
The eventual aim is to use the polarizing filter as the spin
analyser of scattered beams at neutron wavelengths A v 1 A
in polarization analysis experiments. Figure 2.2 shows a
view of the filter container attached to the dilution unit.

. Polarizing Mirrors

Further investigations have been made of the method of
polarizing long wavelength neutron beams (A & 5 &) by
total reflection from magnetized thin films of cobalt:iron
evaporated onto various plastic substrates. In the initial
measurements, carried out at ILL, specular reflection of the

rad A1), An analysis of
down reflections which

it should be possible to achieve ey

(6/)) down to 0-1 mrad A-1 by :

tent of the magnetic film_ Tests of this b

been made and the results are being 4

of the work is to produce a n = Vel The Obj
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Figure 2.2. Polarizing filter attached to dilution unit mixing
chamber.

Spin Flippers and Polarimeters for Long Wavelength
Neutrons

Methods are being investigated for accurately ngcaaw ﬁw”_
polarization of long wavelength polarized beams, an S
non-adiabatic spin-flippers for such beams where z_smga.
appreciable wavelength spread. Design studies on ﬂ e
Gerlach polarimeter have been completed, and wor =
construction is now commencing; it is hoped ﬁ.o ey
the first neutron experiments early in 1976. m__mm r andd
iency measurements on a Drabkin “two-coil” :_Ez& at?
Dabbs “current sheet™ flipper have been perlCG e
wavelength of 1 A. The Drabkin flipper gave :EE:& spit
greater than 120 for both Co:Fe and mncm_m-u.
analysers, which indicated that the flippin 1 also B
100% along the axis of the coils. The Dabbs g arrang®
high flipping efficiencies (> 99%) in an optimiz®
ment of the magnetic guide fields; however its
depends critically on the interaction betwee
fields and the flipper fields.

ttering Samples
Cells for Sca
Pressuré

. considerable user interest in the possibilities of
2 _oi:_m.”_, samples at high pressure, a survey has been
: <_:n techniques used in the construction of pressure
ﬂm requirements of the users. The survey has been
sa Rutherford Laboratory Report RL-75-096.
of this work a proposal is to be presented to the
1 Research Committee (NBRC) of the Science
il for the construction of a “standard” cell
isfy the majority of the users’ requirements
h pressure programme.
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pulsed Source Instrumentation

d moderator for the present AERE Harwell linac has
been constructed. The moderator material cc_vﬂ.:ﬂ.a:o

of 77K inside an aluminium
1 vacuum envelope.
d nitrogen to the mod-
ie the target cell. Ther-
tem are under

A col

A transfer line is used
erator from a dewar p
mal tests of the co
way with an electr
heating by the be

y of the sy
ut of 400 W, to simulate

atained throughout the
the development of new in-
struments for the existing linac and in planning the target
cell for the new linac. For exampl BRU staff have col-
laborated closely with AERE staff in the construction of
the inelastic scattering test experiment (mentioned in the
last report) which is now being commissioned. In this set-up
the incident neutron energy is defined by a standard AERE
mechanical chopper, appropriately phased with the linac
pulses to yield a maximum transmission at a wavelength of
0:538 A. With a distance of Sm between the moderator and
rotor an energy resolution of about 2-3% is obtained. The
energy of the scattered neutrons is determined by time-of-
flight of banks at >He detectors at mean angles of 5, 10 and
15° on an arc in the vertical plane. Consequently the elastic
peaks will occur around momentum transfers of Q = 1, 2
and 3 A" for this incident energy. In addition, a backward
angle (20 = 150°) counter bank has been installed for meas-
urements at large energy and momentum transfers.

Close collaboration
year with AERE st

Design Study for a Cold Source for the PLUTO Reactor

w‘“”:w the year, a feasibility study has been carried out for
i»:c«m ﬂv_a source for the PLUTO reactor at AERE, Har-
so:.nno owing the recommendation of a number of NBRC
AERE ﬂ@omnm in 1974. A joint Rutherford Laboratory/
design N.Ec:m group has prepared a costed proposal for a
is USIng a supercritical hydrogen gas, at a temperature
aa__ﬁwﬁas% 25K, as the moderator fluid cooled by
o “..“Eo:w: a “cold box” situated close to the reac-
s wmmo e oo.E box operates by expansion of high pres-
SsEag_M ”M_.EB through an expansion machine, helium
SOurce youlg 1 Ing situated outside the reactor shell. The
cost is £300K € viewed from two sides. The total estimated
at October 1975 prices.

Equipment for ILL

The polarized beam diffractometer, D3, (delivered to ILL
in July 1974) was successfully commissioned and has been
in routine service since March 1975. It has already collected
data on ferric borate, ferrous phosphate 4H, O, cobalt fluor-
ide under uniaxial pressure, uranium carbide, a series of
Fe-V solid solutions in the composition range 5-22% vanad-
ium and the intermetallic component Aug V. In collabora-
tion with ILL staff, some extensions have been made to the
instrument software package and a set of programs have
been written to enable further data processing and physics
calculations to be carried out on the ILL PDP-10 central
OCDJvC—OH.

The split coil superconducting magnet for use on the U.m
and DS instruments was delivered and successfully commis-
sioned at ILL. First tests on D5 will begin in January 1976
and the first experiment on D3 is scheduled for later that
month. The NBRU has provided a fourth circle for D3
which will control the specimen rotation angle within the
asymmetric Helmholtz magnet.

The diffuse scattering apparatus, D11B, which is being sup-
plied to ILL was described in last year’s report. The inbeam
sections were delivered to ILL earlier in the year, and were
installed during the October reactor shutdown. A view of
the installed components is shown in Figure 2.3. The rotary
table and five position cryo-sample changer are under test
at the Rutherford Laboratory and are due to be delivered
early in 1976, together with the safety alarm system devel-
oped at the Laboratory.

manufacture of an ultra-cold neutron (UCN) facility to be
installed on an inclined beam hole. Preliminary designs and
cost estimates have been prepared. The facility consists of a
room temperature water convertor for neutrons which are

Figure 2.3 Diffuse scattering apparatus D11B after
ILL. Long wavelength neutrons enter from a neu
left, and the small angle §_§-m§p=-.vaw LA carri
right. i h e

igh




.0
ontal plane by a curved glass guide tube
jature 10 m). The latter is immer-
poses, in a large tank containing 25
The NBRU is investigating the manufacture
and vacuum equipment while ILL will
curved guide tube, shield tank and sup-

study of future neutron sources the NBRU

w_ its attention on pulsed accelerator-based

ffering the most realistic route to meeting the

! &u n the 1980s. A significant event during the

 been the approval for AERE Harwell to construct

lec ron linac some ten times more powerful than the

lity. The NBRU are collaborating with Univers-

f in specifying the scientific requirements

'mal neutron scattering programme to be

ew facility. In addition, attention has been

!E:Q of carrying out a feasibility study

uts ,adolaw which would increase the neutron

by a factor of about 20, enabling the source to be

ith the highest flux reactors for many appli-
 epithermal neutrons.

be two orders of mag-

(b) Analytic techniques for dat, re

ata from jngt
ILL. Also analytic techni; =

solution functions for ine|

ductj

302_04 2 analyg;

ques haye cMM, N the yy “_Msf
A Usey a

lastic instrumengs d o Obtain a~

c) A i Vestigate th,
ﬁ v n experimental Programme to investj
€ st;

used in polarization analysis hag been an,
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polarizer, analyser and spin flipper vS_._a.S_Easg
Mﬂﬂhﬁﬁhﬁ& been made at the ILL to mg:___._”“:ma\ Megs.
I measurements are planned iy 1 smo erors,
the University of Kent. collaboration With

(d) An experimental programme to
.mowﬁm_..zm from vanadium is being ca
ization analysis on the DS mvnn:oyﬁ
tal results are being combined with M

Swmmsa the multipje
rried out using polyr.
eratILL, Experime.
onte Carlo techniques,

(€) The generally used standard for ¢
io.iaﬁu at very long wavelengths thi
giving a scattering which is very a isotropic. Measurement
have been made on other alternative materials such mmmm
mc_.::.‘: which has a much more favourable ratio of MS:MM
ing to absorption at longer wavelengths.

alibration is Vanadium
s has a high absorption

(f) The advent of high flux instruments raises the problem
o.m the ultimate limitation in counting errors. In collabora-
tion with Reading University and the ILL, calculations and
measurements have been made on the limiting effects of

dead time errors and dead time jitter in standard counting
chains.
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REFLECTIVITY

BRU have continued with a variety of
es using neutron beams, frequently in

programm A selection of current

poration “with University groups.
1labo! I
“o_.mn: is described-

namics of Molecular Systems
Dy’ f neutron scattering experiments on oleoulesing

into layered :wszo:.—:nE o:ﬁmo:mm:&mm has

i art of a continuing joint programme

carried out as par . -

_x.o: 4 University and [LL. Experiments, both elastic
it .OE.Q. have been carried out on the compounds
g E&&:@,ud Nb, Ta) in which the NH3 molecules are
Zmu.z.mwh cﬁinw: the disulphide sheets. In these mater-
m_:n_é%nw considerable interest in the behaviour of the in-
o _ﬂ”_.”n_z:um because of their modifying effect on the
M”__uwwho:aco::m properties of the material. In order to
determine the diffusional behaviour of the NH; Eo_oo.:_mM
in particular to separate and define the :u.::m o.m rotational
and translational modes, high resolution inelastic measure-
ments have been made on single crystal samples of
TaS, NH, using different spectrometers at ILL. This work
s continuing in parallel with a related programme concern-
ing diffusion dynamics in superionic compounds.

A series ©
_23_1&

Work has commenced on the dynamics and structure of the
anomalous liquid, vanadium pentaflouride. A polymeric
structure has been conjectured to account for the proper-
ties of this material, but to date there has been little direct
evidence to confirm this. Prior to undertaking a full meas-
urement of the structure factor S(Q), S(Q,w) data has been
collected out to momentum transfers of Q v 10 A" on the
short wavelength time-of-flight spectrometer at ILL, and
these measurements have provided a sound base for carrying
out the structure experiments. A surprising side result is the
nam.goo in the neutron data of strong molecular modes
Which are known from infra-red and Raman spectroscopy
{0.0ceur around 40 MeV. It is proposed to investigate this
aspect in more detail,

Liquid Crystals

Previ
S measurements of the quasi-elastic line broad

The titanjum-zirconium system is completely o isomor- 2
phous having a B (b.c.c) high temperature phase and aa
(h.c.p) low temperature phase. As in a large number of
anium alloys, a proportion of § phase is retained on que:

ing down to the o phase. Titanium alloys are particularly
attractive to study using neutrons, as null matrix systems
can be produced, and this leads to a simplificatio >
pressions used to relate the local atomic arrangements to the
observed scattering. Due to the retention of some 8 phase,
low temperature measurements are difficult to interpretand
hence a better understanding is ob d by measur t
at elevated temperatures. Measurements have been made in
collaboration with ILL staff on null matrix Ti-Zr at a range
of temperatures from 700°C to 450°C covering a range
from B, through « + B, to a phase. A large |Q| range was
measured on the D4 diffractometer at ILL and intensity
oscillations observed out to high QI values. Preliminary an-
alysis indicates that although measurements crossed two
structural changes, the local clustering arrangement is not.
greatly affected. Work in the near future to measure the
small angle scattering will enable any changes in cluster
sizes to be measured.

Structure Refinement of Silica and Aluminium Phosphate
Tridymite

Measurements have been made, in collaboration with Ox-
ford University, of the structure of the tridymite phases of

)

Magnetic Studies

The magnetic structure determin:

ganate DyMn, Os has been continued in coll
Queen Elizabeth College, Lonc

ﬂ_ﬂbﬂnnwﬂhnnoa diffusive motions in both a smectic-A
the nrp-wnﬁ anda nematic liquid crystal have shown that
Constang sw-_“m:n period of these random motions E:..u:mm
strongly (e, temperature for the nematic material —En. is
Furtpe, agw erature dependent for the smectic-A material.
Materia] g ,_Woﬁam:a have therefore been carried out ona
SMectiep oyt oo bensere, wiiti e ib both a
Mmﬁo o nd. at a higher temperature, a nematic
e One to conclude whether or not the temper
R :«n.o_uwo._,énn in the smectic-A phase is due t¢
erences between the random mi

Sis of the results, which is now under way,




e covalency parameters of the borate anion and
.aﬁm@oo of exchange polarization of the boron

are two crystallographically inequivalent iron sites
‘moments lie approximately parallel with an aver-
> orientation perpendicular to the a axis. The moments
e arranged antiferromagnetically in the a-c plane but there

rogramme

’s role in the Science Research Council’s support
igdom University teams in the field of neutron
ing has continued throughout the year. Using
e UK, at ILL Grenoble and occasionally at
nd Chalk River in Canada, over 270 uniy-
h associates and research students are in-
programme.

supported experiments on reactors at

1d ﬁwﬂo bi-annually through the NBRU.
Propo vere submitted during the year, 2

; msgoz of the UK Neutron Beam

HB/FE'™. A set of (hOg) p;

reflections out to sip 0/x =0.75 A-1

. could be
ately. Even without these correctj

canting on the _un_ atoms is mycp
mo:N:o_:w_ the »«m::_:um:m:n
ly in the ratio 2:1. The fully
investigate the orbital st
may also lead to :

for the phosphate anjon.

ons jt jg

at the end of the year the ILL programme included 105 ex-
periments involving UK groups. Funds for all N_E:Q& ex-
periments, ie travel/subsistence and materials/equipment.
are made available to University teams through the wacl
Over 500 claims for travel and subsistence were nSn_n._w%s
during the period. Three new Rutherford F_co-Wo,Q\ Mna.
ersity agreements were set up making a total of 21 5.%2:
tion for this method of funding of Emgz,m_.m and E.:M__:_Ez
purchases. Members of the NBRU :::.::.:: o_cmM__M i
with ILL staff and provide a liaison service for UR o
Over 170 visits to ILL were arranged during the ﬂn-_mu_ e
der review, and transport of equipment and m_av es

periments has been provided on over 70 occasions-
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CW Nd Yag Algnment Laser

LA

co...:.: system is operational, irradiation of spherical targets
will allow the study of dense states of matter produced by
laser compression.

In the closing weeks of the year the suppliers of the high
power glass laser and of the first batch of diagnostic and ex-
perimental equipment were chosen and contracts are ex-
pected to be placed in early 1976. The first stages of the
laser are planned to be operational by September 1976 with
the full 800 GW system coming into operation in the first
quarter of 1977. To realise these target dates the laser must

stalled initially in existing laboratory space, but ever-

y it is intended to provide appropriate purpose-built

odation for the lasers and support activities.

ra-
on and mE_..w_ﬂ
of the Division
time-

er Division was established at the Rutherford Labo

undertake the setting up, operati
it of this work. The direct staff Di
reach approximately 40 in 2-3 years

post at the end of the year-







quires a continual supply of sophisticated
in turn demands a wide range of technical
xpertise. A major proportion of the Ruth-
’s resources have therefore always been
gn, development and production of ex-

rd Technology — ‘the support of ongoing research
ide field — involves specific projects which are tech-
N‘m@.@ﬁx.»na require the attention of a dedicated
disc ed project team (examples are polarised tar-
d-cycling vertex detector for special particle

iments and instrumentation for upper atmos-
together with fairly long-term research
importance to the future of particle

ther areas of science and engineering (for
nductivity, computing facilities for magnet

wide spectrum of activities, the Labora-
e following resources:

in applied physics, mechanical and

computing and computer-aided de-
tronics, mathematics, cryogenics,
perconductivity and optics.

e apparatus constructed for par-
number of test facilities are avail-
se, for example: a superconductor
tus for measuring the mechanical

erials at low temperature, a number of
N relium-3 refrigerator and a

hnology

a broad division between advanceq 4
and the superconducting ma,

. ! 8Net progry,
u&:._oza skills, personnel from ocﬁwmﬁ“oﬂ? Provig,
Applied Physics Division or Department of co,asi
Science can be seconded t Engine

0 the proj Tin
when required. Prolect team RH_M

PParatyg Plojg,
§

F”rnm:::irmw:prﬁmoa EcoESQ eXpect
involved in several new areas Tepresenting ?o_.onﬂw _x.moan
needs outside the field of particle physics. Severs] E».:os_
will call upon expertise of the groups involveq :.M thege
technology, particularly in the superconductor mmaoz_ﬂma
already several of the magnets currently under %ﬁ_md:nz
are for non-particle physics applications. xanon::ﬂ ”«_“
change in direction, the Engineering Board of the Science
Research Council now provides the financial support for the
research into niobium-tin superconductors,

The GESSS — Group for European Superconducting Sys-
tems Studies — Collaboration involving the Rutherford,
Karlsruhe and Saclay Laboratories, originally set up to
study superconducting synchroton magnet designs, has now
taken responsibility for aspects of the Euratom Tokamak
design. This covers the requirements of a new generation of
plasma containment equipment for fusion studies and the
Rutherford Laboratory has contracts for superconductor
development and for computer-aided magnet design.

In the field of superconducting ac generators, the Labora-
tory has a responsibility to provide liaison between c::.a_.
sities working in this area. Superconductor test facilities,
previously at the Royal Radar Establishment Malvern, are
now transferred to Rutherford Laboratory.

However new particle physics projects, Ez_.n.:_»% E,«M
ciated with the CERN II programme, will continue t0 _”_
vide important instigation for technological development-

41 Polarised Targets

i for the full understanding of a
£ =«S&»QN«M—.M”M_ mon:%g::m processes is a study of ».ro
mge S0 0 voa of the reactions. One way to moooEv:mr
o m%m:am:&&:m proton or neutron targets whose mv_.=
e MMMEEFE\ aligned along a given &Sﬁww:. This
el ».ﬂn:EG achieved by a process known as “dynam-
s o n. n” for which the necessary requirements umﬂ
= 10_5«»»“»8:& (usually an organic compound 8:.35.
o MEWMBS:&. a high magnetic field, a very cold environ-
ing fre

ment (0:5K) and microwave power.

The three polarised targets currently .:maa— oo_.—mz,:wzn%

of widely differing types, each Eosn:mw a unique facil-
.Ea The aim has been nevertheless to retain standard com-
E\q,-o:; wherever possible so as to reduce design and con-
whcn:o: costs, maintain flexibility in terms of spares, and
allowing permutation of the components to provide new
facilities in the future.

Axially Polarised Target PT-55 (Experiment 12)

All major sub-sy have been bled and tested indiv-
idually. In particular, the helium-3 liquefaction .mvini u.:m
the superconducting magnet with the helium-4 liquefaction
system have been successfully operated.

The target cryostat has been cooled to 0-48K by the helium-
3 system and held at this temperature with an electrical
heater providing a load of 80 milliwatts. This is in good
agreement with the design calculations. Under these condi-
tions the ption of liquid helium-4 was measured to
be less than 4 litres/hour.

The coils of the superconducting magnet were first tested
In an open cryostat early in the year. In these tests a homo-
geneity close to the specified +1 part in 10* at 2.5 Tesla

over the target volume of 5 cm long by 3 cm diameter was
achieved.

The complete magnet was then assembled and tested under

the specified conditions of 2:5 Tesla and 4-3K. An improy-
¢d homogeneity of 0.5 parts in 10* over the target volume
5«. achieved by retrimming the coil currents with a pair of
%lindrical soft iron shims in position. The vertical section
mm ms field plot is shown in Figure 4.2. The stability of the
= Was measured over 24 hours using a nuclear magnet
& EM. ¢ system. Over the first 8 hours the field was stable.
hop-the specified 05 parts in 10 and ove

S this improved to be within £0.05 par

i ' Magnet quenched at 2-2¢

During the tests of the complete B.wg,onwr. idicl
mcum&mn automatically by the liquid roE::a% m«.&nﬁﬂo i
main component of which is a CTI-1400 :o_EB W& <
The consumption of the magnet and s.»_..mmo_. _nE,oM 3
litres/hour corresponding to a magnet heat leak o io
The excess liquefaction capacity of the system i»u.,cuna
ed at 8 litres/hour of which 4 litres/hour will be
supply the helium-3 system.

The NMR polarisation measurement system »:.a.:,—o.\.\.oﬂ _En
microwave power system have been n—ﬁo._g in the _w,g_uw
tory and the complete polarised target is being assembled
for the commissioning programme.

assembly is withdrawn during loading of
seen on the extreme right.

Y AXIS (ems)




apparatus in December,

> were dynamically polaris-
hich almost all compon-

d and brought together for

first individually studied. The
improve the field homogeneity

parts in 10°. The oil booster

ured. The cryostats and pump-

i led in the laboratory for full
hich, for example, a temperature of
load was achieved. The NMR system
measurements both at room tempera-
et, and using a small proton sample
ielium-3 refrigerator; the value of the an-
cer was amply demonstrated in these
e system, including a new carcinotron
frequency measuring system, was com-
the effectiveness of various methods
guide to the cavity were made during

get material, considerable at-
preparation using small sam-

will use the helium-3/helium-4 dilutiop ¢ el

ing temperatures of less than 0.1 .;W Sito éoegs.
on .9.& at present in use at CERN. 0p ﬁrww.om,ﬂ w_...m.s_
I i IS expected that 4 Eogon:u; oZ.E, ex.
In excess of 90% will be achieveq and thag gy P @isatioy
time will be more than 1000 hours, the Telaxatig,

The uniform polarising field of 25 Tesla will
by specially designed supplementary Pole pieceg o

be added to the RMS magnet. This wij be o:.&%._.:o_.é
axis of the spectrometer to minimise the interfer TOm the
the particle beams. ence wity

ro Eos.a ed

Polarised Target Research and Development

Research has continued into the
material, propanediol doped with
cluded studies of the factors affec
such as light and the addition of
amination of the dilution proc
deuterated material.

production of the target
Chromium-V. This has ip.
ting the 0:055:332,
water, and also further ey.
ess for the production of

Since for the propanediol it is essential to form a glass, the
effect on the freezing process of additional chemicals has
been studied. Melting points of mixtures have been deter-
mined in the search for a material which is solid at room
temperature.

The coupling between nuclear and electronic spin which is
responsible for dynamic polarisation and nuclear relaxation
has been studied in the doped propanediol and in other di-
lute paramagnets. Measurements have been made of :.5
separate relaxation rates of the two components of the spin
energy — their interaction with an applied magnetic ficld
and with each other — and of the decay of polarisation in
the presence of a weak radiofrequency field, &ma:.p from
the nuclear resonance by many linewidths. The oxvaw_as_.w
have given some insight into how nuclear polarisation a._
fuses in the field gradient surrounding each p: _.
centre, and have demonstrated the existence of a coup ___w
between the nuclear and electronic spins which is induce
by the radiofrequency field itself.

42 Rap

is in the final construction v:nw.m and is s Mro “.
This project 15 Lm,amoanm oo iae i
4 for com
,___u«qm (Experiment 19).

i It problems had to be over-
Dulig 2 vam_..p MMMMN_M_MM._J__EWM was the failure of the
o “_= o”_cawa__a alloy to withstand the ma:o:«
i b <o.n cling duty demanded by the mr.u\.w_nm pro-
gl _nw_a design data was available initially for
B <nmn_,_ was best able to meet the strength and
Ll i. nuclear-particles requirements. A compre-
_ s therefore undertaken the re-

&
hensive testing programme wa X

: _om. which indicated a need to thicken up the chamber
m:m

orking stresses. The chamber body
iu:w_—mq_m_% wﬂ%wﬂ“ﬂ U\:_ _umww mm thick. This is Eno_w to
mo-angw roblems of high background when :i.ma::w .z_a
_amwsno cﬂ» will allow commissioning tests to continue i:—n—.
out fear of premature failure of :d.m chamber im__w.m ﬂ: NE
ditional chamber body is also being v_”mvm_.nm.i c ¢<.=
have a thinner wall but the final Euﬁ_::on_. :.:o_ﬁomun wi
not be specified until operational experience is obtained.

id Cycling Vertex Detector

reinforced plastic seal using a . :
been developed and incorporated into the

Considerable experience has v.enu__ g

electr gnetic exp t ud s
mounted in its final position in the ﬁ\o_.@wv nd s
net. Noise levels will be monitored carefully 4

missioning.

L R
The fast cycling cameras have coo:,aoﬁ_u_m o .
be capable of taking pictures at 9« imo _em ,»,a, D
during the accelerator flat top using a._—,o telec wm;%u. {
lenses ially designed and i by the lens

t i The first lens

group at Imperial no=nwm. hashbe
is diffraction limited at its full field angle usin, .

ciated filters.

The chamber will be monitored and logge : me&w c
puter without which operations at th c@:@%wﬁaﬂ
aged (up to 60 Hz) would not be feasible.

43 Low Temperature Research Facility

A commercial dilution refrigerator is available at the labora-
tory for low temperature experiments down to about 30
mK. Experiments are planned using the refrigerator for re-
search into dynamic polarisation for which the use of a
Superconducting solenoid and designs for a fluorinated plas-
tic mixing chamber have been investigated.

During the year, and in collaboration with Bristol Univers-
ity, measurements have been made on the superconducting
transition in polysulphur nitride. The crystals were grown

at Bristol and the experimen
refrigerator. Prelimina; i o%.:
tion at zero field and in tr:

Measurements made at the labo
tingham University show:
metal, shoy
: from room te
Aza_,_..n.,%.
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4.4 Superconducting Magnets and
General Superconductor Research

In the past decade, the Laboratory has played a leading role
in research and deyelopment 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 neut-
ron-beam rescarch is represented by several magnets under
construction, while an extensive programme of on-going re-
search into new conductors and into constructional tech-
niques is under way.

Progress in superconducting magnets in connection with
particle physics has made it possible to pursue new applica-
tions for superconductors, and as a major research group in
this field, advice and assistance has been sought from the
Laboratory on these new uses. Examples are magnetic levi-
tation for high speed transport applications, AC generators
and toroidal magnets (Tokamaks) for fusion research, the
latter relying for their next advance on the use of supercon-
ducting magnets.

Pulsed Dipole Magnet ACS

This prototype synchrotron magnet was completed accord-
ing to plan early in the year and has since been extensively
tested under a.c. and d.c. excitation.

of the complete integral of the field taken
through the magnet showed it to be particularly uniform in
the useful aperture. The data was Fourier analysed in the
usual way to characterise the field distribution and showed
that within 80% of the bore, no angular harmonic contribu-
ted an error of more than 0:08%. The magnet behaved well
on pulsing to the design field of 4.5T and the total losses,
measured electrically, were as expected.

Despite the special construction some ‘training’ was still ob-
served, though in this magnet the range appears to be rate

- conductor, corresponding to a peak field of 5:9T, can only

e reached by very slow excitation. This unexpected elec-
omagnetic instability in the conductor is the subject of

arising from the two stage shrink fit

DC Dipole Mk1

This large dipole magnet is expected to
field of " 5-5T over a volume 130 mm
long. Construction of the magnet suffe
in the year when faulty insulation on
caused a series of severe insulation failu
ing of the second pole. In spite of
tify these faults, the insulation on this pole, cop,
fell below the standards required and it fi m__uv bec:
essary to abandon the pole. A new
tor has been obtained and
Using this conductor,
wound without difficulty.

E.ca:oa 4 trangyeyg
diameter and |1 5”
red a Set-back early
the mcvmaosacze
res aS:_m the Wind.

repeated attempts 1 rec.

m.m_g_:.
ame nec.
gth of Supercondyc.
sulated to a higher standarq
lacement second pole hag cam:.

The _.:mm:n_ _w.::E virtually complete and ready for pres.
sure impregnation. Because the use of e POXY Tesin at high
pressure has produced tra magnets, paraffin
wax will be used instead of resin to i pregnate the magnet,
The use of a wax impregnant rather than resin will also
allow the magnet to be tested at different impregnation
pressures.

Figure 4.3. Winding the DC Dipole Mk 1.

rogramme is planned in iior the
¢ will be measured at n__.mmﬁaﬁ
K - 3-0K and different impreg-
to a maximum of 20 ZZB.W. For this
mﬁ: be cooled in 2 simple ‘tub’ cryostat.
tal programme is complete, the Bmm.u.ﬁ
fully operational cryostat u__oéim
s to the high field volume. It will
t Imperial College for optical
gnetic Zeeman effect.

cmﬁ:nn:nw# P!
f the magne
%Ro + the range 4.2

sealed into @
perature acces
sed by a group @
y work on the diama

room tem
then be U
spectroscop

pC Dipole Mk 2

the construction of a second DC dipole
and general specification to the first.
agnet is to c_,os% more information
i and improve the techniques

Work has started on
magnet, similar in .mao
The purpose of this m
t training and to develop

u.ch::;& out in the Mk 1 dipole so that a design of this
M:wm might be offered for use as a beam transport magnet or
Yy

a similar application.

Although the magnet will us :E.o: of the So:n_u._w E.:“
equipment produced for the first dipole, notable a <m=om_
have been made in the fabrication of very woncaﬁo Bo:_
spacers, using n merically controlled .Emo_:_::.w techniques
for the end spacers and special extrusion 8&55:2 for the
side spacers. Some test winding has been carried out.

In order to avoid the unfortunate experience of poor insula-
tion encountered in the first magnet, considerable attention
has been paid- to the insulation of the conductor. A small
experimental insulating machine has been set up in the _mw.
oratory for this investigation. By careful attention to detail
it has proved- possible to insulate the superconductor to
much higher standards than the usual commercial product.
The occurrence of pinholes has been reduced, the break-
down voltage increased and the dimensional tolerance
improved.

Hexapole Magnet for Neutron Beam Research

There has been steady progress in research and development
Work to establish the winding procedure and coil construc-
tion for this magnet. The full quantity of insulated conduc-
tor will be delivered soon and manufacture of the final
Wwindings is scheduled to start early in 1976. Work to
Verify the behaviour of the assembly on cool-down is cur-
rently in progress. Engineering methods used in the con-
struction of this magnet have been used to facilitate the

design and construction of the niobium-tin prototype hexa-
pole.

Niobium Tin Hexapole

This will be the first transverse field ‘saddle’ magnet to be
Sm.nn in the laboratory using filamentary niobium tin. It is
vs.:m built to develop the necessary technology and to
Provide a prototype for similar neutron beam handling ele-
ments. The design is very similar to that of the niobium-

titanium hexapole except that the iron yoke _.Sm c.oo: c.”_h”
ted and the length reduced to 0-3 metres, this an.:.m a o
venient size to demonstrate the principle of .:—o noaw__n_.:o_a
expected that this magnet will produce a Em.ro_. peal s
(~7T) and a higher second derivative of field in .:ﬁ u.w._on e
(~ 1.8T m~?2) than the niobium titanium <n-.m_.o=. : un«.
crease reflects the higher critical oE.RE. ma.:m:_o.m and ¢
ical fields which may be obtained from niobium tin.

As with previous filamentary niobium tin E.mw:oa BNQM Mn”
the laboratory, each pole of the ro«muo_o will be hea M =
react the niobium tin after winding is oo:_.v_os.n. To faci 4
tate the use of this technique in complex winding w_ﬁv»mw.
new insulation technique has been developed. As be _oSn.
the insulation used is a glass fibre braid c:.” glass fibre ! M:
has been found to be very fragile and easily damaged W M:
the conductor is bent round tight corners. .H_,o protect the
glass from damage during winding a thin coating of perspex
has been applied to the outside of the _u_.m&oa conductor.
This coating may also be used to bond adjacent turns to-
gether during winding; at the completion of each layer
gentle heat is applied and the turns are mn_c.amnmn together.
In this way a very dense and compact winding may be pro-
duced. When the winding is complete, it is first heated mo
~ 350°C in vacuum, at which temperature the voavmx dis-
tils off. The temperature may then be raised to 8 650°C for
several days to react the niobium tin. After ooo::.m to room
temperature, the winding may be impregnated yith epoxy
resin.

iobium-Tin C .

Figure 4.4 Fi y for the Hexap
41070 filaments of Nb3Sn in a bronze matrix with seven large
copper filaments each surrounded by a diffusion barrier. Overall
dimensions 1-1mm x 2:2mm (Photo AERE Harwell). /

A test winding, using plain copper conductor in:
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to check that the critical current density after reaction is
satisfactory and that the purity of the large filaments of
copper is not contaminated by tin after reaction, ie that the
diffusion barrier surrounding the copper is intact. Tests
have also been carried out to ensure that these properties
are not degraded when the conductor is bent around the
tight radii involved in winding the hexapole.

High Field Insert for NMR Magnet

At the request of the SRC Science Board, the laboratory is
supervising the development of a high field niobium-tin in-
sert magnet by the Oxford Instrument Company Ltd. The
insert will form part of the 460 MHz high resolution NMR
system being developed for use by a biochemistry group at
Oxford University.

Several tests have been carried out into constructional tech-
niques and as a result, it is planned to adopt the react-after-
winding technique described above using a 0-6 mm diameter
conductor insulated with glass braid and perspex. No par-
ticular difficulties are anticipated in the winding of this
magnet but some problems have been experienced in releas-
ing the impregnated magnet from its winding former be-
cause it is not possible to apply any of the usual release
agents to a former which must be heated to 650°C.
A good persistent current joint will be needed in this mag-
net to ensure an adequate stability of field with time and
this has not so far been achieved with filamentary niobium
tin. Joints have been tested with resistances of ~ 10~° but
a resistance of ~ 5 x 107'2 ohm will be needed if the finish-
cd magnet is to meet the required decay rate of < 1 part in
107 per hour without the need for continuous correction.
Development of several promising ideas is continuing.

Solenoid for a Large Polarised Target

Work was started on the design of a superconducting sole-
noid for a polarised target, as part of the European muon
collaboration programme, to be carried out on the CERN
SPS.

The solenoid is 1:6 m long by 200 mm internal diameter
and is required to produce a 2-5T magnetic field, with a
homogeneity of & 1 part in 10* within the target volume of
1m long by S cm diameter.

Preliminary optimisation of the coil geometry has been
‘completed, using the i ive graphics que to ob-
tain the required field and homogeneity. The problems
ch arise with the 200 KJ of stored energy during a
d@cm have also been investigated.
B o

A design study was carried out on
parameters and overall costs The m :

4 05t limit;,
was the large gap between the coils, to Eo_,w.:%_:
tance angle in the dip plane and + 30° :
ing plane.
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8 pary
% €a+ 16°
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Mete,

Cmit.
beng.
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amined and costed, to enab]
meters to be re-optimised.

diameter ang ¢,
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e the overal] ey, 84D were o,
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Magnet for a Large Aperture Spectrometer

A programme of hadron physics
ISR requires a superconducting spectrometer Magnet

collaboration between Lawrence woqrm_mw _L,_uwozm 2
in the USA and the Rutherford Lat
to carry out a design study

proposed for the CERN

ratory
boratory has been set up
magnet.

The magnet is req [
the plane of the ISR pa
mum free exit

oducea 1.5T magnetic field jp
beams and yet provide maxi-
particles. The field inside the
10geneous to assist with

identification of the particles.

A design has been proposed which consists of five thin sole-
noid coils 1-6 m diameter and spaced at 0-8 m. The peak
field on the inside edge of the coils is 4T. The total number
of ampere turns is 4:25 x 10° and the stored energy is
10MJ. An iron yoke weighing 100 tonnes and consisting of
two end poles and eight side limbs is proposed. The design
of this complex magnet has been pursued in some detail, to
enable a realistic cost estimate to be prepared.

Superconducting Magnets — Training Research

Superconducting magnets impregnated with epoxy resit
frequently suffer from premature quenching owing to loca
ised release of energy, thought to arise ?5&?5‘35%‘
termittent local cracking on a microscopic scale E:_.:_ﬂ__m
coil. If the coil is instead impregnated with a low SM_.._
strength material, all such cracking occurs at low QMAE__
and stress levels, and no quenching of the coil results. 5
scale demonstration of this idea, using a 4 Tesla nzun_w”woﬁ.
coil assembly filled with paraffin wax, showed %m.ﬂ al cur-
tem could be operated reliably at above 95% of n-_ﬂwsmm =
rent with negligible training. Measurements of the .w ol
inductance with increasing field showed that the M:m e
movement was less than 1 in 10%, confirming %m.na con*
pregnant will adequately transmit the coil forces to
taining structure.

d

o

A computer simulation of the training effect was Jnuwu_mnﬂ_m
which successfully correlated a variety of types cn.& field
behaviour; this could be, used to extrapolate ».o:n_uwn the €X
levels, stress levels, and temperatures, in ‘vu_&m_m using i
pected behaviour of high field niobium-tin cOX
ferent types of impregnant.

duce the incidence of cracking in wccx:v\
o re e resin un-
d coils woul
essive Stress-
often reduce t

d be to maintain th
Experience has mro.E: EW:
raining effects in resin
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hich the i::::.m :.mm been :ﬁ%ﬁma.
beent Consines high pressure. The E:E_:,MM E.a‘mzo oS »
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nd also on cooling the magnet to
found however that :._omm. E.mm.
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1g one because the effect is

ple way ¢
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ts exhibit severe :&:,5@. >__,
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m%m_.ac:n_:n::m Composites

’s development contract with ::mm.zm_ Metals
e Tini d for the production of filamentary
lpgate QZC e ﬁ s has been concluded during
mp mm_uw:ﬁ_s\nM,_Hmmmm.v_ collaboration, which started
M”o_wwwﬁum:ﬁ:i:v\ responsible for the Ecn_:i._o: m'_m“.“w
filamentary superconductors, now in :,ﬁ =w:<2wm cm
It then proceeded to the development of a wide n.mmmn
very sophisticated pulsed magnet conductors ‘oo:S_:._zm up
to 150,000 filaments with an array of Sw_w:ﬁw barriers ".o
reduce inter-filament coupling. Collaboration with _.Z: <<E
continue in the future in the development of niobium tin
composites and large conductors for Tokamak experiments.

Figure 4.5 shows the most recent niobium titanium compo-
site; it has been made by hydrostatic extrusion and contains
8500 filaments, each separated from its neighbours by a re-
sistive cupro-nickel barrier. The hydrostatic extrusion pro-
cess has two important advantages over conventional extru-
sion: it produces much less distortion of the composite,
allowing complex arrays of resistive barriers to be extruded
Wwithout damage, and it allows very thin walled extrusion
canisters to be used, minimising the proportion of wasted
Space in the finished composite. So far composites of this
tpe have only been made on a small scale using the hydro-
static extrusion press at the National Engineering Labora-
tory (East Kilbride) but full scale production could be
».nzﬁma using for example the very large hydrostatic extru-
S10n press at the National Standards Laboratory (Perth).
Wmﬂ_ovami .c», .:._m bronze process for the production of
so;n.amé Eoc_c.a tin has continued and during the year
o 5“, oc_._»voﬂm:on with AERE Harwell has 8:8::2.3
at high ”,:m_:.. Eoc_aBu.” the optimization of current a.mam;v\
i ga:ﬁ ds and the improvement of diffusion barriers. It
e m:oMEE that the high field critical current depends
Which is 5 mw:\ on the upper o_,m.zn»_ field of the Nb;Sn
ot zomnhaa:o_.. o.m the stoichiometry of the nono.Ea.
Pafametey ENEBQ.E therefore the most important single
he achievement of high currents at high fields;
i, om?”o»m appear to only be m:—u.o:w:n at _o.i
epartme Oration has been established with a group in
nt of Metallurgy at Imperial College with a

&rain
maEu. c::g

the p,

Figure 4.5 (Top) Hy ically extruded Niobit ..Hmmua_::

p with 7225 fi (Bottom) vidual T
surrounded by pure copper and a cupro-nickel diffusion barrier.
Overall diameter of composite 0:6mm (Photos IMI Ltd).

view to correlating current density in NbsSn with micro-
structure; this promises to be very fruitful. The technology
of diffusion barriers has advanced to the point where col
posites can be heat treated for many #::&.ma.u,&.
react the niobium tin with no contamination
copper. It is of course essential to have pure
composite to provide dynamic .&ncﬂﬁ an

H N



copper matrix. This has the advantage of allowing a much
greater proportion of copper in the composite but is not so
suitable for pulsed use. If successful, this conductor will be
used in the hexapole programme to make a spare experi-
mental pole. Similar conductors are also in process at
AERE, Harwell.

S ke 1L

ol

T
!

ik Figure 4.6 Fil; 'y Niob -Tin ite with copper matrix;

¥ eighteen islands of bronze each containing some 125 filaments with
each island surrounded by a diffusion barrier and immersed in a pure
copper matrix. Overall diameter Imm (Photo IMI Ltd).

A B Superconductor Testing Facilities

During the year, the superconductor testing service provid-
ed by the Royal Radar Establishment, Malvern has been
closed down and the Rutherford Laboratory has been asked
to continue this service to industry. The laboratory has

eed to undertake this and the service is now operating. It
le to all UK users and details may be obtained from
Vilson, ext. 6134.

ate the extra demands imposed by
{ nductor work and univ-
ductor testing facilities
d. The new test area has
riments to be run simul-

2 Large samples (85 mm dia ma
net :
fields up to 6T and 1.3T wmnvm M~ Wmoa al
to 10,000A auf

Small samples (50 mm ma
fields up to 10-5T at sample

4 Straight wire samples under
in a DC field of up to 3T
2000A

lable)
n
::25 3,» _Muu

w

gnet bore avail;

a :
currents up ¢, ble) i, D¢

NOOQ}
a tensile Joaq of

"
at sample Curren P to S0Kg
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A collaboration with Warwick University, started qyr;

year, will use the large AC test rig to ool >EEw=ﬂ
fluctuating fields of the type expected in Superc n:uwm.s
AC generators or a magnetically levitateq vehicle, o:acasw

Tokamak Conductor

Mm a member of the O_umww no_._m_co;:oz, the EgBSQ

as been asked to participate in the Euratom thermony.
clear fusion programme by developing, in collaboratiop
with IMI Limited, a large conductor suitable for a tokamak
fusion reactor. Such a conductor must be large and robust
(tokamak coils are typically 10 metres in diameter), it must
be capable of being produced economically on a large scale
and yet it must only suffer small AC losses in pulsed fields.
Basic experimental and theoretical work is under way on
losses in pulsed fields aligned parallel to the conductor (a
relatively unexplored area) and plans are in hand for the
small scale production of two different types of conductor
at IMI.

Magnetic Levitation

Magnetic Levitation is currently arousing some interest as
the possible basis of a future high speed transport system.
Several different systems are under investigation at War-
wick, Sussex and Aberdeen universities, at Imperial College
and at many other research establishments in Japan, Ger
many, USA, and Canada.

A new idea for obtaining stable levitation of iron by Bam__“m
of a superconducting magnet has recently come from ﬁ?M
Theory Division of UKAEA Culham Laboratory, E.aq"a
idea has been verified experimentally at the W.:E.@-m.
Laboratory; stable levitation has been obtained, E&Sc:m
that the theoretical ideas are basically correct. The :aiaMMm
tem appears to offer several advantages over other Qﬂ&%
currently under investigation and to be adaptable t0 »o L
range of iron/superconductor topologies. For these Wl
sons, it is proposed to initiate a small progra!
work on the new system.

Materials Development

The selection and testing of plastics materials, I important
resins for use in superconducting equipment is 41 expert-
part of the support work for high energy m_—v.”_”aﬁea
‘ments and finds particular application in SUPEr¢>

re notoriously intractable at low S.E_uo_,.

the strains set up by differential noszmo:o_.— or
atures g differentials within the material are sufficient
oy EEMM_:#E The incorporation of reinforcing fillers
to cause :

5 fabrics is particularly beneficial.
ineral fibres or
such as m!

plastics materials @

. Je range of epoxide resin systems has been character-
A wide n_.ocw?:mmm, thermal contraction and mechanical pro-
ised for mbient and low temperatures; this extends from

. m . . .
R:_om ”Mm:v\ pure Raswm::uzomo_.::?nm:»::m :E:E
Jow Vis

4.5 Computing Applications

Magnet Design Computer Programs

The applications software for the numerical solution of
magnetic field and magnet design problems has been signifi-
cantly improved and extended in scope. The GFUN 3D
package for computing three-dimensional magnetic fields
has been successfully applied to a wide variety of problems.
In particular, many external organisations have made use of
this facility under contract, including Culham Laboratory
for Tokamak Fusion Magnet design, University of Sussex
and British Rail for levitated transport magnet design and
Intemnational Research and Development Co. for supercon-
n:nmsw ac generators.

The recent introduction of the GEC 4080 as a front end
Processor for the Laboratory’s main IBM 360/195 com-
”Eo.. has enabled a fresh approach to be made in the ergo-
onies of magnet design programs. The GEUN interactive

wound solenoids to heavily filled resins of putty-like MM“
i itable for moulding component Rnaié,_
n:o:swm contraction coefficients. From this range u... se om\.
tion may be made to meet the requirements of EH“ hwm.»o
cations. Epoxide resin systems have vmg mo:-.
withstand radiation doses of 10 rad with lit :
tion in mechanical properties. The o__:.n-.: Suounormmn—.m
gramme includes an-investigation into wro En_uobma o M
properties of resins on material behaviour when incorpo

ated as impregnants into tightly packed structures.

tle deteriora-

Work is in progress to transfer the on-line GFUN program
from the IBM to the GEC 4080 minicomputer. The advan-
tages from this will be:

1 More efficient usage of the 360

2 Several simultaneous on-line users

3 Virtually unlimited scheduling for magnet design

4 Improved graphics facilities using GINO-F package from
the Computer-Aided Design Centre (CADC).

S Improved program facilities resulting from the need to
redesign the program.
The two computers will cc icate via a high speed link.

Figure 4.7 shows a typical magnet geometry n_.ﬁ
the new on-line program and displayed using the |
Lines program from CADC.

&aphics magnet desj isti

e esign program has three distinct stages of

1 Data entry

2 Analysis

3 Faéaﬁzo: of results.

GFUN 7

e 8__””_5_5 of an on-line program at present running in

bateh e computer which services stages 1 and 3, and a

o a.sw_nnn_.: which services stage 2.If the magnet geomet
»E.u Some analysis can also be done in the on-ine

Bug




46 Infra-Red Radiometers for Atmosph
e b s 5F et | " Research

hows a diagram of one such design using 40
ils of ‘D’ shape to form the torus. The

20000, XY Plane

rd University Rutherford Laboratory collaboration
n

0xfo
all differences in the shape of the ‘D’ have a con- dulated Rad
ect on the shear stress. Figure 4.8 shows the pressure Mo )
f shear stress (R component), along the central 3 _channel radiometer was _m_._:nrwm from .2>m> s
f the coil, for three slightly different shapes. s anna Range in June 1975 and is performing well
lesters synoptic data of the atmosphere’s temperature
N 3D program has also been used to explain the Eos_m .____w NV 90 Km in height. Excellent comparisons were
Id measurements on the Culham DITE Tokamak and Eo.._,”&v:oa the selective chopper radiometer on Nimbus
Lo u.m dict the behaviour of the plasma. The Tokamak has s

‘E’ up to its nnEzw:&mE of 45 Kmiafter 3/ Sea: o&::.
n operated and the containment time was very This experiment is still providing excellent data after we
o,naooan:_&ﬁ_:n.

exceeding its designed capability.

iometer (PMR) Nimbus ‘F’

St

.wwmnﬁm__n?on:._w Applications X0 ‘G’

pheric And Mesospheric Sounder (SAMS) Nimbus

kg This complex radiometer for temperature and composition

= A i in 1978 with the
wa ‘new data input and graphics package developed for use 0 = Coic »_jcm_u:.a:o moc___m Emv;%m%nweﬂ_m_“nﬁ”“cs 1976. Work is
v 1 GEC 4080 has been designed as a general program gl o miodel to be blies for this model which have
d.w Ot Mm_u,Eu for use with any applications program requiring the ”a: ﬂ% MMMN ”W_wnﬁcéwwo_z =
.M@%&Eo:u_a:n_ modelling of problem geometries as data. b ’
e new facilities can be used to model geometries for i : ; PMR for Venus Orbiter — Pioneer Spacecraft
grams for stress analysis and diffusion problems. Also it L T
 hoped to implement computational facilities for the solu- 2 ol

Q = Col B8

i The engineering model of the PMR which is very similar to
Figure 4.8 (Top) Layout of D coils in a 40-coil Hokamals the SAMS pressure modulators is complete and has been
(Bottom) R shear stress variation along central filament . f Caltech for in-
of coil for three slightly different D shapes. despatched to Jet Propulsion Laboratory ofialiet

corporation in the rest of the Vortex experiment.







omputing

ed in the organisation of the Laboratory’s ¢om

sources into the Atlas Computing Division, nﬁoﬁ:ﬁf&. e
for outside users, and the Computing and >=83~mh= “Em_«.
ision, supporting the Laboratory’s experimenta] 3: =z
programme. The two divisions work in close ooovm”omqn__
in areas of common interest to all users, especially Enu__mo .
communications and networks. a

S Wi h e Laboratory is directly involved,
.t«ﬁw. computing services for university engi
cienti ww. ,mmau.ﬁm by specialist Science Research

mittees. This broad split of activities is reflect-

s Computing Division

device which records graphical and other information on
microfilm or photosensitive paper. An application of the de-
vice is the production of cinefilm showing the time-depend-
ent features of a modei of a physical phenomenon being
studied on the computer.

of August 1975, the Director of the Atlas Com-

it Dr J Howlett CBE, retired. The responsi-

or the Laboratory was transferred to the Director of
rford Laboratory at the beginning of September

A decision was reached by SRC to replace the SD4020
machine by a more modern and sophisticated microfilm re-
corder, an FR80 manufactured by Information Interna-
tional Incorporated of Los Angeles; USA. The equipment
was delivered in March and passed its acceptance trial in
May. Three cameras arrived as ordered, a hard copy camera,
a 16 mm precision camera, and a 35 mm camera. In addi-
tion, a microfiche camera was loaned by the manufacturer
for a year, and the Atlas Computer Committee agreed to2
proposal for its purchase in December.

which funds are allo-
uncil through its Science,
and Radio Boards. The

The software available on the IBM 360/195 and ICL 1906A
computers has been adapted or enhanced to permit the us
of the FR80 in place of the SD4020. The ICL 1906A soft-
ware was brought into service in June and that on the IBM
360/195 in November. In both cases the change was brought
about smoothly and the very few cases of difficulty Wer®
quickly investigated and resolved.

he FR80 has improved features in addressibility and reso-
f jts output

TABLE 1

Sum)

Science Board
Chemistry
Physics
Biological Sciences
and EC&T
Mathematics
Neutron Beam Research
Meeting House
Total Science Board
ASR Board
Engineering Board
NERC
Atlas
Miscellaneous

Total

Atlas usage includes development of internal software projects, X-ray, package usage,

mary of use of Atlas share of IBM 360/195 computer during 1975

Jan-March April-June

Hrs Mins Sec Hrs Mins Sec

26 126
28 82
44 2

50 il
0 3
21 3

227 49 220
61 15 63 45
30 Y 22 46
13 17 14 21
30 8 24 20
7 58 S 6

371 34 351 321

graphics and other university use

TABLE 2

Summary of use of ICL 1906A computer during 1975

Science Board
Chemistry
Other subjects
Total Science Board
ASR Board

Engineering Board

Jan-March April-June
Hrs Mins Hrs  Mins

T3 29
317 18 18

428 50 47
50 30
10
47

July-Sept



The ‘Meeting House

The objectives of the Atlas Computing Division Meeting
House in Theoretical and Computational Physics and Chem-
istry are to provide a natural focus for activities in the gen-
eral area of theoretical physics and chemistry for sponsoring
projects and providing facilities for collaboration and in-
formation exchange among scientists from the universities
and other research establishments. Project 1 — Electronic
Correlation in Molecular Wavefunctions — has now been es-
tablished. The Hartree-Fock approximation was a limiting
factor in the computation of energy surfaces for use in
studies of chemical reactions, and the work of the project
will help alleviate this difficulty.

It was decided that the MUNICH-CI (Configuration Inter-
action) program, due to Professor Dr G M F Diercksen of
the Max Planck Institut fiir Astrophysik at Munich and Dr
B T Sutcliffe of the University of York, should be mounted
and interfaced with the ATMOL program on the IBM 360/
195 computer. The particular interests of the Atlas group in
quantum chemistry resulted in the work being done at
Chilton. Many improvements and other programs were in-
corporated during the year so that by September work was
substantially complete and the program was capable of
working on general open shell systems. Particular attention
had been paid to providing a tool for the study of excited
states. Interest in the new program system is growing and
could lead to substantial demands for time especially on the
IBM 360/195 computer.

The working group for Project 1 met in October and Dec-
ember, when a programme of further work was discussed.
The ‘Meeting House’.was deemed to have been successful
especially in highlighting the value of implementing and in-
terfacing complex packages as a precursor to more extensive
collaborative ventures.

Microdensitometer Operations

The microdensitometer installed on the Atlas premises was
purchased by the SRC Chemistry Committee to provide a
service to university-based crystallographers. The machine
consists of an Optronics P-1000 Photoscan interfaced to a
Computer Automation Alpha-16 minicomputer with 16K
of 16-bit word storage together with a 7-track magnetic
tape drive. The photoscan system converts photometric
data on film negatives or transparencies to digital form. The
optical densities in the range 0-3D are converted to a range
of 256 grey levels, and the intervals of raster for measure-
ment are 25, 50 or 100 microns.

During 1975 nearly SO chemical structures from 27 differ-
ent crystallographic groups in the UK have been analysed
with the aid of the microdensitometer. Each structure en-
tails the digitisation of an average of 10 film packs each
with an average of S films. The Weissenberg program has
been designed to enable the digitisation and subsequent in-

the completed analysis of the crystal stryct;
within the limitations imposed by the ESE‘
cording X-ray data, the machine an
method are highly accurate.

es shoy h
at

1 Method of o

the Eows.:_.e.:w

During the year the service was extended
introduction of a program to deal with
from both small molecules and proteins. A
ing program was run separately on the ICL 190

) 6A i
has now been moved to the Alpha-16 where it EEWE -
delay in determining the success of the scan. b

by the Successfy)
Precession film
tfirst the indey.

The microdensitometer has applications in areas other th,

crystallography, although its ava ability for these yge, »
limited by the priority imposed by the r,J.mS:cmEonM !
vice. One such application is in preumoconiosis moamahv
Here the objective is to ¢ mine which, if any, of 3 mm:mmm.
of lung X-ray plates cor dence of spots. Trial runs
digitising films for the Rescarch Council (MRC) in.
dicate that a machine of e could be used routinely
to provide this valuable heaith service of particular import-
ance to the mining industry. The machine also has potential
in the optical character reco 1d, particularly with

tyy

ic
reference to films of the printed page, and could enable

manuscripts of early texts to be digitised.

An application during the year involved digitising 16 mm
and 35 mm film strips which displayed the diffraction pat-
terns of frog muscle fibre exposed to the light of a ruby
laser. The experiment aimed to measure the differences in
the diffraction pattern caused by muscular contraction and
relaxation. The results of the experiment were reported by
Dr L Nwoye of Hull University at a conference in Copen-
hagen, and aroused a great deal of interest.

Other Applications

Much of the work of the Atlas Computing Division lies in
sustaining and developing the computing facilities used by
university research workers. Many of the projects have con-
siderable scientific importance.

The orbit of the Ariel S satellite is the concern of the con-
trol centre at Appleton Laboratory. The ICL 1906A com-
puter provides a standby service for Appleton including 2
test run each day to check the data communications system-
In addition, the Mullard Space Science Laboratory at Holm-
bury uses the IBM 360/195 to analyse the data collected .cw
the satellite. The discovery of stellar X-Ray sources with
rapidly varying intensity has provoked great interest in the
data, and has stimulated a demand for rapid turnround
when the computing facilities are used to investigate & sus-
pected new source.

The work of the primary processing of the Ariel 4 uﬁ.a::w
data was concluded early in the year. The Universities ©
Sheffield and Manchester have continued to analyse the
cientific content of the data and the FR80 microfilm &

g of the spot data to be done almost ically and
aroused worldwide interest. The results derived from

corder plays a significant part in this work.

e $2/68 experiment carried on the
een almost completely mnm::mm
n about stars and their posi-
mittee decided that much
d in the base. A rescan
in progress, and

ollected in th
A satellite had w.
se of informatio
¢ $2/68 Data Comr
hould also be include
f magnetic tapes is now
1976.

The data ©
gSRO TDI
to form 2 ba
ns, when th
ter objects St
e whole set ©
ontinue during

tio:
fain
of th
will ¢

e scale projects being undertaken by university
&

e Chilton computers i
of the pulsar magnetosphere by Dr M

o nclude:

users on th
Numerical study of | i
Petravic of Oxford University:

omputer simulation by Professor K

; iquids by ¢
Study of i y College, University of London;

Singer of Royal Hollowa
¢ and molecular physics by the group

search in atomi ] ¢ L : )
¥ G Burke of the Queen’s University of

led by Professor P

Belfast;
Various studies in quantuim chemistry by Professor RN
Dixon and others at the University of Bristol.

on small and large mole-

Molecular or 1 calculatiol !
cules by Dr W G Richards of Oxford University;

Neutron, optical, and X-ray studies of amorphous mat-
erials by Dr M J L Sangster of the University of Reading;

Computer simulation of cryst e interfaces by Dr A G
Crocker of the University of Surrey;

Computational studies of galactic evolution, fused salts,
and semiconductor design where particle simulation
methods are applicable by Professor R W Hockney of
the University of Reading.

Figure 5.1 Mounting a camera in the FR80 Microfilm Recorder
(see p 84).
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In the UK, the Post Office is well adva
Experimental Packet Switching Servi
similar to ARPANET. Transmission
1976 and plans are well developed for
oratory to test this system in collabora
Edinburgh Regional Computing Centr

need in setyj;

ce (EPSS) i_m._w_chus
should begin A_i_“u
the w_::o;oa F%
tion with Umamgé
¢, Glasgow ang o:a_“

> hine with an extensive range of peripherals

1 rem eﬂva?wu (see Figure 5.2). The main enhancements
L ste e upgrades to tape drives and discs. Four
- drives were upgraded to quadruple density

uring the first quarter and the remaining four
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EPSS centres. In parallel with this wo,
communications protocols, a less ar
progress to link the 360/195 direc

rk and using the same
mbitious Project s ip

tly to the Atlas [o,
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1906A and the IBM 370/165 at Daresbury. .

The Honeywell DDP224 satellite computer was taken oyt
of service towards the end of the year. It was bought in
1965, originally as a front end to the ORION central com-
puter, and at one time served two automatic measuring
machines, an interactive display. twelve terminals of various
types, and a fast link to the experimental area. Recently it
was used mainly as an interface for interactive graphics ter-
minals based on the 360/195. an activity now taken over by
a new GEC 4080 computer, which has a processor power of
approximately one Atlas unit and is therefore a substantial
computer in its own right, It is linked to the central com-
puter, and software has been written to allow job submis-
sion, output retrieval and file transfer. Several applications
are now using the GEC 4080 for interactive graphics com-
puting. The GEC 4080 is regarded as a natural development
of a conventional workstation, giving local processing power
backed by a remote job entry service to the 360/195.

Ocean Sciences
burgh

SAT 1

Institute o

ing operational overheads, this provided 5892 hours
table central processor time. Despite this extreme
allocations to projects and job turnround have
ively controlled by means of COPPER, a priority
designed to hold back long production runs to off-
ods and allow several levels of fast turnround dur-
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University
1BM 370/145
GEC 2050

peri

Col
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Oxford
University.
GEC 2050

access from many remote sites. These re-
/orkstations™ provide almost the full range of facil-

t u_uE. to local users, in particular card input, line
cr .ﬁ.ﬁ,: and on-line keyboard terminal access. The

Codex 4800 dial-in
_—— e - ————— e = ]

2 Card Readers.
Card Punch

boratory's ELECTRIC system), job entry,
and graphical output, and can access any
cilities provided, including the connections
ietwork. The number of remote work-

by 10 to over 30, and over 50% of all

entral computer this way. Printing cap-

Operations

4 Line Printers
3 Displays
Ruth Lab K17
4080
Stor:
Tlmn‘f-l Printer
VDU

. ncrn_:u.itvz
A statistical summary of computer operations appears in T
the following tables while

.

Maltiplexor

Channels

(scheduled time - down. time
scheduled time

machine efficiency

CPU time used

(scheduled time - down time)

and CPU utilisation

remained

2 1BM 2701s

are shown in Figure 5.3. Machine »ﬁ:uw:_._« et
high, averaging 97.8% (98% in 1974) and CPU utlist
increased to 89% (83% in 1974), representing an XL L
hours CPU time this year, of which 480 were E.S:a«u_ i
programs. This was achieved by system mav_.o<o=_2.~oem 105t
full years use of the third megabyte of core Usetl

by 75,000 to over 600,000.

-computer network,
50/195 via the UK




System Control and
General Overheads _342 984 390 554 369

Totals 1975
Totals 1974

Increase

n of CPU Time and Jobs by User Category

First Second Third Fourth Total
Quarter Quarter Quarter Quarter for Year

427 40916 424 40249 454 41058 459 40273 1764 162496
65 10721 160 9702 125 8310 193 9815 543 38548
77 15662 115 17007 94 17442 92 15376 378 65487
52 5101 24 4277 30 3812 33 4119 139 17309

105 5724 72 5830 68 7082 90 8104 335 26740
204 16312 300 22423 382 22322 321 22098 1207 83155
372 30306 351 34672 322 31893 316 35961 1361 132832

41 19836 36 18768 39 17099 49 23183 165 78886

Weekly Averages

1975

33.9
104
7-3
27

64
232
26-2

32

CPU No.of CPU No.of CPU No.of CPU No.of CPU No.of CPU No, 1714
(hours) Jobs (hours) Jobs (hours) Jobs (hours) Jobs (hours) Jobs (hours) Jo

of CPU N,
. of
s (hours) o

3125 262 s
68
741 104 704
1259 63 135,
33 46 54

S14 64 40
1599 205 1505
2554 27.4 1905
1517 23 123 3

1343 144578 1482 152928 1514 149018 1553 158929 5892 605453 113-3

11642 104-1 10190

642 317 697 1418 2877 273 55 250 g
1685 145562 1872 153482 1883 149660 1870 159626 7310 608330 1406 11697
1523 126460 1866 135584 1664 132689 1656 138217 6709 532950 129-0 10249 129-0 10249
162 19102 6 17898 219 16971 214 21409 601 75380 11-6 1448
Machine Utilisation (all time in hours)
First Second Third Fourth Total Weekly Averages
Quarter Quarter Quarter Quarter for Year 1975 1974
Job Processing 1964 2060 2054 2016 8094 1556 1547
Software Development 36 23 31 22 112 22 1.7
Total Available 2000 2083 2085 2038 8206 157-8 156-4
Lost Time
Hardware 70 34 22 38 164 31 31
3 S 7 4 19 0-4 03
DULLS( 2073 2122 2114 2080 8389 1613 159-8
Hardware Maintenance 13 12 18 15 58 11 16
dware Development 37 8 - 21 66 13 21
ytal Machine Time 212880142 9132 = 21116° 8513 1637 163-5
v ff 61 41 52 69 223 4-3 4.5
2184 2183 2184 2185 8736 168-0 168-0
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Figure 5.3 Central computer efficiency and CPU utilisation.

The maximum HASP job-number has been increased to 999,
which has entailed an increase in :\»m_u...m checkpoint area
on disc. It will be difficult to increase this number further
because a maximum of three decimal digits seems rather
deeply written into HASP by its originators. Before the in-
crease to 999 the job queues were temporarily filled on sev-
eral occasions. The state of the queues is now made known
to the ELECTRIC file handling system, so that it can turn
away jobs being submitted to a full system, instead of going
into a waiting state.

A close analysis of system overheads, which rose more
sharply than expected with increased activity at remote
workstations, revealed that much of the HASP activity was
concentrated in a single area (EGETUNIT). Modifications
were made which saved about 10 hours of CPU time per
week, and ELECTRIC response improved.

Local Systems — MAST/DAEDALUS

ﬂoﬁmo ms.:n._:sm facilities are provided in the 360/195 by
. m. locally-written MAST/DAEDALUS software subsystem,
ch also controls local satellite computers and their at-

tached devices. Dy i
et vois ring the year this subsystem took on fur-

1 Th
o _Mn”wa,n STAIRS package (an information retrieval sys-

S d DAEDALUS terminal handling code incorpor-
,U»_..Cw . allows access to STAIRS from any MAST/DAE-
e -vvo._‘a_:w_. but only one at a time at present. The.

. Cation for STAIRS is the SLAC Hi 1€
SICS prepring. database. : o .

ELECTRIC

proved very popular, with cu
the total of 866 registered to use
user requests, several additions and
made during the year.

A scheme to allow transference of files b
and OS data-sets was introduced. This m
built into the PRINT command for ou
line printer, and into the ELSEND procedure |
ELECTRIC files from cards.

ELECTRIC file using ELECTRIC’s text
Work began on typing the User’s Manual inf
files, where it can more easily be kept up
version is due in 1976.

The file storage data-set was transferred t

blocks. This can be increased by a further 3
the same disc should the need arise.

came intolerable towards the end of June. Monito
was written and changes subsequently made, both:
and ELECTRIC, to improve th Tmanc

The changes in ELECTRIC itself may
follows: -

which Eo%%am%&% n
by reducing the number of over]

3 Increasin gt

ages from 32 to




0 increase the available space and make
with ELECTRIC’s filing system.

facility was designed at the Rutherford Lab-
re out CPU time according to agreed limits,
I turnre d. As d d has i d, COP-
have been adjusted to provide an effective

L AT
Tl woLFgBS.Q has continued to take an active interest in
0 with their potential advantages in pro-

net

b s 3

A vith the Laboratory’s 360/195, and

ols for use with the Post Office’s Ex-

< Eﬁm EPSS). The Laboratory
|, DESY, ESA (European

choice of five levels at which to submit hj
Priority level 12: express jobs, Bpx::zam “z% Y
10 tapes or set-up discs seconds opy;
Priority level 10: express tape or set-up disc jop, 5
Priority level  8:any short job (j.. Bmﬁsh w
: CPU), turnround within m::_”:wc &
Priority level 6:any job, turnround overnight :

Priority level ~4:any job, weekend turnround

no_.au

With the addition of these two extra levels it is belig
user has a sufficiently wide choice. As the Eamm.”on« o
Increas.

ed through the year the times issued at diffe

levels were adjusted to ki erent priorj
; eep turnround withi ity
limits. d within the agreed

to _.:n 360/195 for some time, and as part of the above ex-
periment this line has been connected to the ARPANET via
a PDP 9 “‘gateway”.

During the year traffic has been growing between the USA
and the 360/195 via ARPANET. By the end of the year
some five groups of users, all from collaborating teams in-
volving US members, were accessing the 360/195 from
across the Atlantic. The collaborations are involved in High-
Energy Physics, Nuclear Structure and Seismologys and
nearly 700 jobs were submitted to the 360/195 via ARPAN-
ET during the year, taking 2% hours CPU time.

There is also a growing traffic in the reverse direction,
five UK groups ing US computers via terminls 0% the
360/195 connected through ARPANET. Again they &%
‘mostly parts of collaborating teams, in High-Energy Physics
ceessing machines at Harvard, Illinois and Camnegie-Mello?
niversities and at Lawrence Berkeley Laboratory)s >§mﬁ

pheric Physics (accessing the University of Californit, *
: mputer Science (using
ccessing MIT, Boston)-

- the Post

with

[LLIACHY

r through the ARPA

compiler has been obtained and mount-

360/195 to permit code written for the

e written and tested by aac_m:o:.. Some

¢ transfer routines have been written with the
D compiler documentation.

LIAC 4 compute

T

N:n_.?na defined by the CF

EPSS

The UK natiol
been under development for somi
has continued its active role in the Study Groups set up by

Office to design common high-level protocols for
unications across the network. Protocols for
TP) and the use of interactive terminals (ITP)
d and published during the year.

nal EPSS computer network experiment has
e time, and the Laboratory

use in comm
file transfer (F
have been agree

¢ test facilities have recently been made available by
the Post Office on the London Exchange, and full service is
scheduled for the London, Manchester and Glasgow Ex-
changes by mid-1976. The Laboratory has a 48K bits/sec
line to the London Exchange, and work has started on pro-
gramming a GEC 2050 to act as gateway for this line to be
connected to the 360/195. This gateway will be ready for
the start of regular service on the network. Work has also
started on converting the GEC 2050 Remote Job Entry

The firs

(RJE) software to

stations to EPSS.

Glasgow Exchange has |
station software, which will
EPSS service. )

In parallel with the design wor or

ceeded on a private network to join the
Daresbury Laboratory, the ICL 1906A t
360/195 at Rutherford Laborato v
has agreed EPSS-compatible protocols fol
testing of the first phase of the developme
beginning of 1976. The general plan is
mentation of full networking with pr

with EPSS, allowing the system t

tage of national computer
sive dependence on the public network,
is still experimental. g

By end-1976 the connections to the.
will be as shown in Figure 5.4.

Rutherford Laboratory

[1BM360/195 |

[1CL 19064 |

RJE Stations

London
exchange

other
subscribers

z_n:n:mmpo.‘ w,,
exchange — kuw.m




'GEC 4080 Computer

4080 was bought in 1974 to replace the old DDP

H computer (installed ten years ago and the only one of

ype still working in Europe). The 4080 is a powerful

puter’ with pr ing power of approximately

) Atlas unit’ for FORTRAN programs, and will enable

te; ctive graphics programs to be removed from the cen-

mputer. This is important because two standard

- graphics programs (for magnet design and ‘rescue’ of bubble

chamber events) occupy valuable main memory space dur-
ing their operation.

Hardware

The GEC 4080 configuration at the end of 1975 included
128K of core, a card reader, 200 lines/min Tally printer
and a Tektronix 4014 storage display all added during the
year, and one magnetic tape unit temporarily attached. A
high-speed refresh display with light pen driven by an Inter-
data 7/16 minicomputer is being used for ‘rescue’ of failed
bubble chamber events, initially as a direct replacement for
the old IDI display driven by the DDP224.

There have been some problems with power supplies, mag-
netic tape drives and disc units, including one severe head
_crash necessitating replacement of an entire unit, but the
hardware has been generally reliable.

This was upgraded to DOS 2:1 in February and

, the current version of DOS, in August. Under

restricts the system to one, or possibly two,
| time. A multi-access system, allowing several

as incorporated into the standard system
om the console there are now five

ch enables the GEC 4080 to
f the central computer.
the 4080, jobs may be

. Further developments of the display planned for

For example, source files of 3 Program may pe
central computer and, on instructions from a 40
H.Bzmmo:an to the GEC machine for compilation g %
tion. Conversely, work is in pro i execn.

8IeSs to give ac
4080 from any terminal attached t ey
ot
he central Computer

held on the
80 terming)

Applications

The new bubble chamber ‘rescue’ system based on the H
lett-Packard 1301A was put into operation in Noye, mcs.
and 2000 events have already been processed. m:m:“:. 4
provements have been introduced but the system, as mnEM.
by the operators, is very similar to that which it ._.%_uoo“
and the results are very similar. The input data arrives on
magnetic tape, and the output, comprising new ‘master
point’ coordinates, is collected on disc and transferred to
tape in large blocks for subsequent processing on the centra]
computer.

The standard graphics program package GINO-F (Version
1:8), developed at the Computer-Aided Design Centre in
Cambridge, was installed on the GEC 4080 in the summer
and is being used in the magnet design program GFUN. The
design process falls into three stages: setting up magnet
parameters and making preliminary small calculations; cal-
culating magnetic fields and other variables; and display
and analysis of results. The first and third stages are highly
interactive and will be carried out on the GEC 4080 (most
of the first has already been implemented). The second
stage requires the computing power of the 1BM 360/195, s0
it will be submitted as a batch job, with priority turnround
if necessary.

Apart from the simple point-plotting display for ccc_v._u
chamber work already mentioned, a much more E&En
refresh display with hardware coordinate transformations
(rotation in two and three dimensions, translation and wsw
ing) has been constructed. It uses another Iméo:.?.owu_

1310A unit, showing up to 40,000 points without flicker,
and may be attached to the GEC 4080 via the Interdata
7/16 when no bubble chamber work is in progress, :
stored in the 4080 may then be displayed. The Esm__,_ﬁ_
sion of the GINO package does not support refresh m;vunﬂﬁ.
but version 20 does and is due for release early _—_w q_m 5

clude hardware vectors, cursors and a light pen-

and files
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HPD Ame—.m_._._-cin: Device) Operations
i i the
i en concentrated this year on film from
gonu__:mﬁa””wacmruicﬁ and the older Saclay 81cm cham-
nmw._ﬂu MEB_K; of three-view events (including remeasures
T EOMETRY/KINEMATICS failures) were
01

Kp(14 GeV/c) (Experiment 8) MM%
#d (4GeV/c) (Experiment 6) 6, 00
Kp (<1 GeV/c) Amxvo_.,::ai 16) 40,0
Kp(v1 GeV/c) (Experiment 14)
in 2m chamber 57,000
in 81 cm chamber 82,000

190,000

Measuring for the 14 GeV/c K™p and 4 GeV/c m*d experi-
ments is now finished. A total of 302,000 events was meas-
ured over five years for the K p experiment from film
taken in 1969-1972, and 276,000 (including 46,000 for
Durham) on 7*d film exposed during 1970-1972.

The K°p events included all those remaining on film expos-
ed in 1972, and 34,000 on 1974 film. The low energy K™ p
events in the 2m chamber included 11,000 to complete the
second run’ of this long experiment in 1970, and 27,000
pre-digitised by a collaborating group at Imperial College
using film from the third run in 1972. The 81cm chamber
film was exposed in 1970 and was originally intended for
another purpose, but it contains many events for the pre-
sent experiment, of which nearly half were measured in the
year.

The total of events measured was 45% down on last year,
reflecting the state of the bubble chamber experiments in
Progress, and advantage was taken of the reduced measuring
load to schedule more time for machine system develop-
ment. There was an encouraging fall to 12% (from 16% in

1974) in loss of scheduled time dir i
ectly attributable to
HPD-DDPS 16 hardware.

HPD Development

w“”“%a&ﬁno:m to the film transport and signal process-
S Mw:.‘”"u Were made on HPD2 for film from the BEBC
HPD) e ber at CERN, and subsequently duplicated on
w.mwo.m control program was adapted to decode th
.~ ‘Tame numbers and facilitate the finding of fiducial
S Towards the end of the year, a sample of 100 22
P events on BEBC film was measured

{im Measuring and Data Analysis

HPD operation is well advanced. It was ¢
the HPD control program in the central coi
should communicate directly with the .
computer, instead of using the MAST m
software, and this work was well under way
the year.

Software

Software developments have been Sann-._:n.
film and data from the m~p spark chamber e:

events from BEBC (experiment 27), starting
view events measured on a Vanguard semi-aut
ine. All visible fiducial marks were measured
ing optical constants, together with a
points on each track, spread over an ¢ le
Reconstruction in LBCG showed track errc
less than 10 microns on film. %

cial marks per view and abo
up to 180° of arc. The meas

greater. Finally, a sample of 10
three views using ordinary road







n Nimrod, the 8 GeV/c proton synchrotron

sgral part of the UK High Energy Physics research
me and forms a central facility for use by many
ons of scientists at both national and internation-

c new 70 MeV injector, now being commission-

ill considerably enhance the capabilities and resources

Nimrod

1 Operation of Nimrod

ued to operate on a 3-weekly cycle.
days of each cycle were allocated to
with the remainder being accounted

own from February to June, for a large
nstallation and major maintenance work.

available for a wide range of research activities

5m=553<£:&2:m<m _._.z.:o
A . ated that an g0 i

intensity proton synchrotron for qucnmzm Ema””ﬁ_.:mr
Esm

of neutrons and pions can be built
Very e i
Rutherford Laboratory. e 5«

The operations record is:

High Energy Physics Research

Scheduled time

Realised beam time

i.e. “beam on” for 86-7% of scheduled physics
research time

Hours
37003
3208:1

The remainder of the year is accounted for as follows:—

Hours

Machine Physics and start-up 1039:0
Routine maintenance and minor modifications

at 21-day intervals 2123
Shutdown periods for major modifications and

maintenance, including Christmas holiday 38084
Total number of protons accelerated to full energy Was

about 136 x 10'® a
Machine pulses, with beam, totalled 4-17 x 10

Circulating beams in excess of 4 x 10> protons per pulse
and extracted proton beams of Qv_.n»__v..u x 1
per pulse were readily and reliably achieved. A

0'2 protons

nsity of 2-3 x 10'? protons per P

peak ex-

iy of Niamrod O TS

.Heaw_ mo_.-un—zo
Total Off Time

d Operating Time

Faults and Routine Inspections

Vacuum Systems

Extraction wvﬁoa.m

(a) Power Supplies ;

(b) Plunging Mechanisms

(c) Magnets

Coolant Systems

Synchrotron RF/Beam Control/
TV/Diagnostics

e

4739-34 hours
832-91 hours

Beam Line Magnets (in machine areas)

Injector

Nimrod Magnet Power Supply
(a) Converter Plant

(b) Rotating Plant

(c) Ripple Filter Plant
Inflector System

Nimrod Magnet

Targets and Target Mechanisms
Pole Face Winding Systems
Miscellaneous

Other Reasons

Start up
Public Electricity Supply

Figures for Vacuum and Extraction Sy

Beam Time % of
Lost Scheduled
Hours Op Time

17372 367
(130:08) 2-74)
56-63 1-19
50.72 107
2273 048
103-33 218~

9097 192
80-87 1.71
70-29 1-48
(55-65) (1-17)
27-52 0-58
2273 0-48
540 0-11
27-63 0-58
5-37 0-11
3.18 0-07
2:14 0-05
28-86 0:61

50-83 1.07
999 0-21

83291 19.57

Tud,

1%

routine i

HEP RESEARCH 1975
TIME SCHEDULED 3700.3F
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m Magnet Power Supplies

The magnet was pulsed during the year using both motor
Emo:-mao_. flywheel sets and the complete converter plant
Wwith good overall performance. The arc back rate continued
at a very low level

Operating statistics for the year are as follows: —

Machine running time 4645 hrs
Machine pulsing time 4446 hrs
.—.o«m_ pulses 4,957,160

Nimrod has now completed over 75 x 10°® pulses.

6.1.2 Nimrod Development

Beam Measurement at Injection

To do measurements on full intensity, unstructured circu-
20 lating beams, a full aperture ferrite beam transformer was
installed in a straight section of the machine. The trans-
former used one of the ferrite frames that are held as spares
, & for the synchrotron accelerating cavity. Satisfactory signals
. of the build-up of circulating beam during injection were
obtained, and the system is expected to be of special value
in setting-up the optimum conditions with the new injector.

Field Correction with Pole Face Windings

Measurements were made of the variation in betatron oscil-
lation frequency with radius over the aperture of the mach-
} ine. These indicated that to accelerate the higher intensity

set up for optimum efficiency. The X1 plunged €

Drive Motor

Because the fault in No 1 drive mo
year) was rather unusual with an in|
tion, it was decided to carry out a
on the stator windings after repair
ventional tests, in order to prove its

tor stator (report

:a‘EE risk to m—.n M_MF__»_&
Dielectric Logs Ana] :
in addition to the MMM
integrity. 3

All the tests proved satisfactory and the re|
re-installed and commissioned in April 1
tional motor thus reverts to its status asa

paired motor was
975. The bi-direc.
spare.

Control Room Computer

During the Nimrod shutdown the operating system of the
main control room PDP-8 computer was changed in sucha
way that the insertion of a new task no longer required the
assistance of a specialist programmer.

The new system is a development of that used on the K9
and K19 beamlines which allows writing and execution of
programs in the background while the computer still con-
tinues to perform the same sort of foreground tasks it did
before. These background programs are written in an easy
to learn language called RTI-75 which is a development of
FOCAL. The programs may be written interactively and
tested as they are written, and may also call upon a :Emi
of subprograms written in the same way. The operating
staff can now write new programs relatively easily, as and
when they are required.

Peeled Off Extracted Proton Beam to X1

jcular case

To increase the flexibility of Nimrod in the part
are data

where Hall 1 users are setting up, and Hall 3 users o
taking, a method developed originally for a previous eXpe’
ment in 1973 was adapted and put into use.

is first

In the peeling-off process, the X3 extraction system e

iti i to divert some of
is then positioned radially so as to s
g otons on their way to the X3 Qcm port into the
e on Nimrod. This method permits a full ener-

X1 exit port 0 £ a few 10 protons per pulse be-
intensity beam of a ¢

B _mwuﬁdo Hall 1 users and about 1.8 x 10'? protons per

ing

pulse to Hall 3 users every machine burst.

Measurement of Extracted Beam
econdary emission chambers was built

trip S
GO o which allows the beam

for the Hall 1 extracted beamline,

o be measured in the horiz ntal wnﬂ
vertical planes at up to 16 positions. The system 18 oobn“Mv“
led via the main control room computer and data m_.o—.:.-.r.n
three chambers can be displayed on oumr._uo.wa_ m:._nﬂ. &
system was first used during the commissioning of the n

X1 extracted beam complex.

position and profile t

6.1.3 70 MeV Injector for Nimrod

Installation of the major components of the new injector
was completed during the year and the commissioning of

individual items of equipment proceeded.

The fourth and final accelerating tank was delivered in June
and installed in its final position in the Linac Hall. Problems
with brazing and electron beam welding processes in the
manufacture of the drift tubes for this tank and for tank 15
which had delayed manufacture, were finally solved and
delivery of the drift tubes was completed in September. An
extensive programme of drift tube vacuum testing, and of
insulation and magnetic testing of the associated quadrupole
focussing magnets was carried out by Laboratory staff,
covering all stages of manufacture and concluding with ac-
ceptance tests once the drift tubes had been finally closed
by electron beam welding. All drift tubes have now been
assembled and aligned within the tanks.

The power supplies for the drift tube quadrupoles and for
the beam transport system magnets were installed and
tested.

Zwmen_:mE and correction of the accelerating field dis-
tribution at low power level was completed on tanks 2 and
3 and is proceeding in the case of tank 1.

Final operational commissioning of the pre-injector was
83223 with the DC accelerating column achieving its
design specification, delivering a 200 mA proton beam of
S00 s pulse length at 665 keV. In addition, the bouncer.
N_MMEM M...ﬁ stabilising the voltage of the accelerating column
G g g © beam pulse was successfully commissioned on
Pre-injector under. conditions of full beam loading.

Me:

.opa_ovn.h beam were made usin;

zE_M ”M”M M:um:ommn equipment installed in the first half ow

i n.w.-_—mmoz system, which connects the pre-injector

a__.&:w ?“o 1 e Temaining half of the transport system, in-

e 1g magnets and the bouncer cavity, will
ed when work on tank 1 is completed.

Another important stage in the equipment commissi
was achieved with the operation of the first of the fo
identical RF systems installed in the Linac Hall. This sy:
tem was successfully operated at its full specificati on,
ivering a power of 4-25 MW to a nE:Bvﬁ_oud.h..
pulses at a repetition rate of 1 pulse per Roob.fi
of 1.7 MW has also been fed into tank 2 to achi




The system com
triplets,
electrost:

prises 21 quadrupole magnets arranged as
four steering magnets, two bending magnets and an
atic deflector, as well as a de-buncher cavity and an
extensive system of beam monitoring equipment.
The de-buncher will be fed with RF power via a fast acting
m.awis phase shifter. This device will allow the energy of the
Injector beam to be changed by up to 1 MeV during the
500 s pulse to optimise the injection into the synchrotron.

The Nimrod GEC 4080 computer was delivered and instal-
_an during the year. Programs to assist in the commission-
ing stages of the injector were written, and some of the in-

terfacing to the diagnostics and control system was devel-
oped.

‘igure 6.3 Part of the beam transfer system from the 70 McV
njector into Nimrod.

Hall 1

The year commenced with the removal of the P81 beamline.
Later in the year equipment was installed in the new block-
house in Hall 1. The blockhouse is of spacious design to re-
duce handling times for component removal. Control equip-
ment for water, electrical services and vacuum pumping
equipment are located outside the blockhouse c&aa per-
sonnel are shielded from areas of high induced activity-

o three
e 1 the
s with

The X1 beam emerges from Octant 3 and is split int
branches each feeding one secondary beam. In Phase
beam is shared between them on a pulse by pulse basi
a pair of switching magnets located in the Magnet Hall.

v\mo_ama

imi issioni traction system
Preliminary commissioning of the ex Y Gt

fluxes of up to 2 x 10'2 protons per pulse using the T
tional thin-septum Piccioni method. The w_nn?u:ﬁo »ﬂ__x
ing off” X1 extraction system referred to earlier mm.zﬁnma.
of v S x 10" ppp for a 10% reduction of X3 in s
This is sufficient to allow the three Hall 1 Roo%nim%a
to do much of their setting up work and also one o_E el
(w13) to take a significant fraction of its data 10
with Hall 3 data taking, which significantly ImP™" "
scheduling of the overall Nimrod experimental progrd

Hall 1 — Phase I1 Sharing Scheme

work fo ari ts, described in

Design the Phase [I sharing magnets,

> a ,mqﬁwnwi has been oo-.:_u_o»ma and a prototype 10
r >

5 +
_“Ma an::: magnet has been built.
1

Hall 2

s been decided to discontinue :5. role of Hall 2 as an

imental area for experiments taking secondary beams
el ots internal to Nimrod. The area was cleared of
:.o:._ HMW and a store for the mounting number of radio-
Mum,_\w components was established there.

It ha:

Hall 3

On completion of the 79 experiment a test FQ:Q 8:&
T1 was set up in its place to permit the n:mormsm of experi-
mental equipment prior to its installation in its final loca-
tion. Four teams of physicists had used the facility by the

end of the year.
N5 Beam for Experiment 41

Design work was carried out for the installation of a neutral
Kaon beam to replace the present 78a beam at the X3 tar-
get station in Hall 3 during 1976. The beam consists of a
series of collimators and magnetic fields to sweep clear the
charged particles from the target and those produced by
secondary interactions down the beam. A production angle
of 16° is used to take advantage of the faster fall-off neut-
ron production over that for Kaons. The beam acceptance
is 1044 psr and is limited by the small dimensions of the ex-
perimental apparatus and the beam length required to clear
out the charged particles.

Predicted fluxes for the beam are 1-9 x 10* Kaons and 7-2
X 10° neutrons for 10" protons incident at the X3 target.
The variation in relative particle flux with production angle
is shown in Figure 6.5

Electrostatic Separators

The two separators installed in Hall 3, a single tank unit in
K17, and a three tank
M:E acl.:m the year. The single tank unit has had its per-

rmance improved and is operating with an 80 mm gap and
an electric field strength of 7.5 kV/mm.

Three separators haye
complex: a sj
forK1s,

been installed in the new Hall 1 beam
ngle tank unit for K20 and a two tank unit

unit in K15a, have operated satisfac- .

PARTICLE FLUX

o

(©)

o.

o

UNITS OF 10

KL o
UNITS OF 107 PARTICLES.

o

omES
PRODUCTION ANGLE. DEGREES £

Figure 6.5 Variation in particle flux with production angle for
proposed NS beam.




- Proton Synchroton

&

nse fluxes of low energy particles such as neutrons and
ns can be produced by a relatively low energy proton
elerator with a large mean current of accelerated pro-
. For some applications, for example, for carrying out
wmwomqor on condensed matter using neutrons in the epither-
mal energy region (v 0-1 eV), there are advantages for the
source to give short (about 1 us) pulses of particles at about
0 ms intervals. For other applications such as radiation
damage experiments using fast neutron (0-1 MeV upwards)
or pion irradiations, a pulsed source is neither advantageous
nor disadvantageous.

An outline design and costing for a 800 MeV proton syn-
chrotron giving about 2-5 x 10 protons per pulse at 50 Hz
has shown that a machine could be built at the Rutherford
Laboratory for less than £7m, excluding staff costs. This
low cost is achieved on the ption that existing equip-
ment from the Nimrod complex can be used and that the
NINA magnet power supply is available. Without this equip-
ment and the existing buildings, the cost would be about
£25m. The machine would take 3 to 4 years to complete.

\

2 0 tline Design for a High Intensity 800 Mey

The basic specification of the machine is:

Energy 800 MeVv
Protons/pulse 2x 10"
Protons/sec 1x10's
Injection energy 70 MeVv
Peak magnetic field 0-7 Tesla
Beam size vertical 140 mm
horizontal 280 mm .
Bending radius 7m
Mean radius 26 m

Although the peak energy is low, the fast cycling nature (50
Hz) of the machine, which requires long straight sections
for the accelerating RF cavities, leads to the relatively large
mean radius. The machine fits cenveniently into the Nim-
rod magnet hall (see Figure 6.6). To reach the space charge
limit of 2-5 x 10'* protons per pulse, 20 mA of H- ions are
accelerated in the Nimrod 70 MeV injector and stripped in
the accelerator to give the required number of protons. A
new magnet system is required made from thin laminations

. It is anticipated that ini-
WL 2-3”““»”\”_“% will be used (at mnu~<.
; timisation is required to
e .u_._nw..a ﬂ.ﬂ:“%% will be reached with it.
e—zﬁmm_‘o:a:a are not onerous — about 5 X
1 = nw“ will be achieved by using 9«. magnet
oo form the vacuum vessel as in the mS..:: Labora-
ructes 9 m:a peak RF accelerating voltage is 140 _9.\.
L3 om”.mr uency swing from 07 MHz to 1-6 MHz requir-
e 3%_:2_ by biassed ferrite. The total _mzmmr of RF
Ew.%}:«wn m distributed in two of the five straight sec-
e of the other straight sections contain the equip-
o tracting the protons into Experimental Halls 1
mer mnw__.&ox ulsed nature of the accelerator giving 0-5 ps
s f a.M»osw every 20 ms is well matched to time of
v..:R_m horm.ﬂ:om with neutrons. The existing :E_m‘ appear
m“m”n well suited to contain the ‘mxﬁma:_a:.g 3:6:.5“:—”
Control of the accelerator is carried out using a oo“nc mn
control system of which the central computer is the Nimro

GEC 4080 control computer.

determine
The vacuum e

The Nimrod magnet hall provides sufficient shielding for
the accelerator. ‘Hot-spots’ can be covered by the use of ex-
isting shielding. Care will have to be taken to control beam

for the new requirement.

The accelerator would be capabl
of 3 x 10'® neutrons per second a
mental area. This would give a
about 10 ncm™2 57! eV~ at 0.
pared with 2 x 10** n cm™® s! eV
source at the reactor at the Instit
oble.

For radiation damage studies it 20:5
ncm~2 s™! with energy greater than —
tor ten higher than usable fluxes available ai

Intense beams of 150 MeV/c pions wo
These would be more than adequate for mec @u
the effect of pions on tumours and for pion therapy
clinical trials indicate that it has some ¢ my«w:nzr
sent radio-therapy techniques. RE




,ioEa-E&%ﬁnEoc::& King-
to provide a facility unrivalled in the world,
y 1975.

2 e oﬁ%.o&?eu storage ring, was presented to
ience Research Council in November 1974. The Coun-
orsed the strong scientific case for EPIC but in view
> uncertainty of financial resources deferred giving
al but invited exploration of possible interna-
articipation in the project. During the year work
improvements to the design of the machine
experimental work which had relevance to the gen-
chnology of accelerators and storage rings as well as

hen the German government approved PETRA,
chine similar to EPIC but without the development
to go to electron-proton physics, at the DESY

sions at, for instance, ECFA (European Committee
re Accelerators) indicated that one high energy
positron storage ring in Europe is sufficient to sup-
hysics need. Discussions are under way to investi-
igements for British physicists to use PETRA.

the design for EPIC were reported in an
Proposal (Rutherford Laboratory Report

torage ring is limited mainly by the
trons in the injection system, and
cycling rate determined by the beam
the main ring. The first limitation can

ferences; their respective RF frequencies; o
the transfer lines which must be related No
ing. For the EPIC system there were 10 bunche :

booster and 91 in the main ring prior to mooanon:a in the
circumferences were in the ratio 10/91, ™ and thej;

nd the |,
gth
the buncpy ues.”.

The comporfents of the EPIC inj
100 MeV electron linac, a 200
booster synchrotron (NINA, suitably modified), whicy
cycles at 53 Hz. Thus the original resonant noz.ﬂzau:
NINA magnets and power supply could be used uning
with a considerable saving in cost.

cction were as before

) i,
MeV positron linac, 3 § S

Gev
now
on of
dified,

Further study indicated that there was a somewhat consery.
ative estimate for the RF power requirement. Using the
same amount of RF power as in the proposal, viz. 4 MW,
the centre-of-mass energy at which maximum luminosity
could be achieved was raised from 28 GeV to 29-5. Finer
control of the beam size and characteristics, with a view to
achieving the best possible luminosity-energy relationship,
was achieved by the introduction of a variable triplet of
combined function (bending and focusing) magnets in place
of the singlet combined function magnets in the proposal
and by the addition of dipole ‘wiggler’ magnets at the end
of the curved part of the magnet lattice. Space was also
allocated at the end of the insertions for magnets with re-
duced magnetic field. These were introduced to lower the
energy of X-rays from local synchrotron radiation, resulting
in a reduced background problem at the experimental ap-
paratus.

More detailed investigation allowed the vertical space for
the beam in the vacuum vessel to be increased 4&55
changing the magnet gap. This was necessary following Mx.
perience on the lower energy storage ring SPEAR at SLAC.

Modifications to the design of the main ring vacuum ,M”ﬂo_
were also made to make the inside shape of m_»o ﬁﬁa:l&
same through the dipoles and n:»&.:.vo.wm in ﬁw c b
part of the machine. This was to minimise the R cﬂd&.
losses resulting from higher order mode excitation in
like structures in the vacuum vessel.

i
The operating currents for the magnets were w“._a“”:ou‘e T
creased with a resultant simplification in the m nw:wo odin
A simplified form of RF cavity structure Was m.ao oo

the cavities are constructed from 0Xygen-

i stems. Enquiries indicated
uter operating system:
cess to wro moﬂﬂ:nioa_ complete with adequate software
et m_.iu_ucﬂn be obtained from several manufacturers.
€Ol
m<w8=..m

Experimental work

luminium RF cavity was obtained to study the

A 2-<cell a | and transverse higher modes in cavities for iww

cating multi-cell ca
junction with the % 1d;

Two 30-foot-lon

from SLAC to ai

cleaning technique:

capable of achieving i

This is useful for outgassing t

already found applicatio t

experiments in rockets.
a0 e

longitudina i valuate different cell-coupling

rage rings and to e £ :
energy mu:_v" W planned to continue this work. >.m_=w_a.oo=
S_wwﬁw L,.o%_ was used to study the relative merits of elec-
co|

tron beam welding and hydrogen furnace brazing for fabri-

have been assembled. On¢ ,\_.m
from special magnet steel. Mez
enable valuations of the differen







In April 1972 the Science Research Council Works Unit was

set up at the Rutherford Laboratory with the following

terms of reference: “To provide to all Council establish.

anm and other nominated participants a consulting engin-
| eering service; to undertake new works of a specified mag-

nitude and the maintenance of plant and buildings; and to
| provide advice as required by Operating Divisions on con-
| struction work financed from research grants.”

During 1975 the Council Works Unit has again had another
active year carrying out a wide range of work at the SRC
establishments which call upon its services. These establish-
ments include the Appleton Laboratory, the Chilbolton and
Winkfield Observatories, the Royal Observatory Edinburgh,
the Royal Greenwich Observatory, the London Office and
the Rutherford Laboratory, which now includes the Atlas
Computer Laboratory.

Appleton Laboratory, the Chilbolton and Winkfield
Observatories

The construction of the new Computer Building with its In-
tegrated Environmental Design Concept continued, progres-
sing throughout the year according to schedule. The build-
ing will be completed and commissioned in early 1976
ready to receive the ICL 1904A computer in the Spring.
3o The design incorporates heat-recovery techniques and with
the computer in operation, sufficient heat is recovered to
provide all requirements for re-heat on the air conditioning
bz and office heating under all weather conditions. Special
consideration was given in the design to the good thermal
performance of the building envelope and to the particular
i noise problem at Appleton Laboratory with the flight path
from Heathrow overhead.

B In conjunction with the Computer Building new electrical
supplies have been installed and extensive modifications
1 made to the 11KV and 415v supplies at the Laboratory to
allow for the increased loads and improve the security of

Gaseps] the supply.

A considerable amount of work was done during the year
on the design for a major development at the Appleton Lab-
oratory site. The design included for office accc dation
laboratories, balloon test facilities, a conference room and
plant room. The design covered some 2500 square metres.
seral alternative schemes were considered again using
onal construction similar to the new Computer Build-
nergy conservation very much in mind. An Indus-
lopment Certificate was obtained and estimates

1. Design and Constructio
~ Buildings for the mﬁosow .
Research Council

A new building extension to house a balloon te: i
was completed and handed over. el
The UKS control centre has been extended to cater f
E.Ao satellite project. This had to be carried oEm“,\m“ -
minimum of down-time of the existing area with :__ :A:S
control of the Ariel V satellite taking place from :8, _mu:
ing control centre. a

Various other
the design o
and mod
vision of a
Officer’s req

ken place at Appleton, cg
upgrading of the Spur road
&, including the pro-
1 the Fire Prevention
t Controls were added
sonomy.

on Observatory, consist-
ing of laboratory, 1d storage accommodation, was
completed and han over. This work also included a new
boiler and air conditioning plant, together with the renewal
of the fire alarm system. An interesting maintenance item
was the repainting of the main aerial dish on the site. A
large diesel generator for standby electrical supplies was in-
stalled at the Winkfield Field Station (a NASA tracking
station).

Preliminary token estimates have been prepared for build-
ings, services and foundation systems for a proposed Milli-
metre Wavelength Astronomy Facility.

The Royal Observatory Edinburgh

During the Summer a new boiler installation was m:now%‘
fully installed together with a new gas main. The installation
covers the heating for the main building. As part of :_.m
brief, the existing electrode boilers were retained and S.a
resulted in a very difficult installation in a confined space i
the basement of the building. The very latest nonqo_m imw
installed including an Optimum Start facility- A diesel ma:.
erator set was also installed for standby supplies 3. the ex:
isting computer and other essential supplies on the site-

Some major design work was carried out for the ﬁwoﬁ”_sﬂu
of a new workshop, welding bay, ﬁc_.nmm.?e_:a wu i
room offices and associated areas, and umm_ﬂu:nmc”m_%mn.
given in the planning of two additional temporary

ich includ-
Several other minor schemes were worked on M”.n”no» u:..._
ed a covered way, modifications to ~.~.o noonmsu ko given
to existing temporary buildings. Assistance Was

1 i 1.
for the Mauna Kea observatory project in Hawall

»n for Royal Observatory, Edinburgh.

Figure 7.1. Boiler install

Maintenance assistance was also provided which includec
repairs to the domes, roof and windows of the Main Build
ing which is listed as being a building of architectural merit.

The Royal Greenwich Observatory

To commemorate the Tercentenary of the founding of the
Observatory at Greenwich in 1675, a reclining equiangular
sundial was erected at Herstmonceux Castle. This sundial
was designed to be capable of giving Greenwich Mean Time
correct to a minute, to be easily read and to be of novel de-

am.? S0 serving as a fitting memorial to 300 years of distin-
guished work.,

WM“MEMM h\m-w. produced and mo%ma for extensions to the
2l Eorimﬂsm“nw_ Almanac building and the conversion of:
i a.:mﬁ.oa for office accommodation, while the Gal-
e lon system was renewed with a new detection

using a battery supply. Further design work was

done i
i on the thermal insulation for the Isaac Newton tele-

Schemes were
10 the Castle
Tequirements,

also prepared for modifications and additions
to ooﬁ% with the Fire Prevention Officer’s
Special attention bei id i

sl U eing paid to the architec-
rn:nom._ﬁ..—%w_ Mw the fabric, particularly some of the fine
Bt e moulded staircases and doors. Other Fire

the Phygic w:wom_. mw ._.35852.3 involved some work to

The largest project being managed by t
Unit at present is a new Office Building at S
will be occupied by the Science Research Coun
Natural Environment Research Council. U@mm.ms WO
been progressing this year and tenders will be in
{0 start construction on site in the Spring of 1976.
tion and occupation is planned for the Spring of Gﬂ.m. The
building is traditional in construction, accommodation be-
ing arranged on three floors, having an area of some 15000
square metres. When occupied the development will uomo_d.
modate some 700 staff. The challenge of the project is n

London Office

he Council Works
windon, which
cil and the
rk has
vited ready
Comple-

the development within a tight budget and z:._mwnu._m om..w_.
aesthetically satisfying scheme despite the depressing site,
the adjacent railway and the noise levels.

Figure 7.2 Design of new office building for the Science Research
Council and the Natural Environment Research Council.

Figure 7.3 New office accommodation 2 =
Research Council, convertec mhunhmw i /




Work was completed this year increasing office accommo-

dation at Swindon for London Office staff. This consisted
of converting obsolescent British Rail Wworkshops in Suites I,
I and II. The work was successfully completed to a short
timescale with a fixed completion date.

Rutherford Laboratory

Uou_w: work was carried out on temporary accommoda-
tion for the new Laser Centre (see Section 3) inside an ex-
isting building. The requirements called for a high degree of
clean room conditions.

Schemes were also prepared for a new permanent laser
building consisting of a laser hall, target areas, capacitor
banks with associated laboratory and office accommoda-
tion. This building will also have clean room facilities to a
high standard.

A considerable amount of design work was done in estab-
lishing the feasibility and approximate costs of various
alternatives regarding the siting of future computer develop-
ments on the Rutherford Laboratory site.

At the Cosener’s House in Abingdon, new gas-fired boilers
were installed during the Summer. The year also saw the

completion of the design for extensive alterationg

> the conversion ¢
study bedrooms and the conversion of the €Xist
house into staff accommodation, The alterations
ticular interest as all the g:&:mu on the site
buildings due to their historical and architectura] ¢f

f the ol Stableg inty

ting boat.
are of pay.
are listeq
haracter
Other works on the Rutherford Laborator:
have included alteration an,
doorways for fire preventio;
for courtyards and a colds
range of minor schemes wi
cluding a ‘clean room’ for

. Y site this yea,
d modification of Staircases ang

N purposes, ng&ouv:—m schemes
tore for the Restaurant, A wide
ere also designed and installed jp.
EPIC development Wwork, an EP[C

W RMS magnet control room, pe.
signs have also been completed for work in the main stajr.

case and reception areas to the Main Building R1.

The Council Works Unit also has other functions which in-
clude maintenance advice and inspections for the various
establishments within SRC and giving advice for grant aid
purposes for research projects. One project investigated this
year was for the construction of blasting pits for investiga-
tion into implosive welding techniques at Leeds University.
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E &H Health and Safety

S

S

=
T

scientific activities supported by the Labora-

> and at other research centres together with the
ents of its ever-widening circle of users demands a
of support services and an efficient and flexible

11 as. :a,a services and functions described in this Sec-
he Laboratory provides comprehensive backup in

safety legislation which had grown up piecemeal over the
rs and made recommendations which formed the basis
the Health and Safety at Work Act 1974, This important

— which is now responsible for enforcing the Act,
pplies to nearly all persons at work, whatever they

andards of safety which do more than

fy legal requirements, and the Laboratory’s
afety procedures already went a considerable
.m«ﬁsm the stringent requirements of the
decided to reconstitute the Safe-

many other areas, E&:&:w commuy;
:mswmo: and office services and library printi 2 :o_._a:n.
graphic facilities, all having a direct c@m.::m o.::mh.a o
m_uvic.,anv‘ running of the Laboratory’s activitje: il
ity Om. its output and the well-being Q:Sv_owowv v s
Sm. scientists, and which are none the less MSvo:Mh:m_ =
being explicitly described in an annual supm; st
Laboratory’s work. s ol

Nications

Group

ete. It has executive responsibilities for the statutory exam-
ination and certification of certain plant and installations,

Prior to the reorganisation, bi-annual safety tours of the
Laboratory were carried out by members of the Safety
Committee, Safety Group and the AERE Fire Brigade.
Divisional Safety Committees now tour their own areas,
and are required to deal with safety problems as and when
they arise.

A series of safety induction training courses has been con-
tinued using a video-tape and colour monitor to present
films on radiological protection, fire prevention, n;ﬁn:_
and safety handling. The course includes participation in
practical demonstration of fire fighting and artificial respir-
ation. The film *“It shall be the Duty’” was shown to well
over half the staff of the Laboratory, and a lecture on E_n_
Health and Safety Executive by a senior inspector was wel
attended.

Registered items of equipment are required to .v« _=MMMMﬁH
on a regular basis by the safety wqc_.__u‘msn. or _“_mvﬁl e
spectors. They include (1974 figures in brackets):

esSUTe
machines 351 (375), lifting tackle Nwwwvnmwwheag
vessels 908 (939), safety valves 335 ( " 45 (148), and

devices 52 (52), breathing apparatus, €tc.
experimental high voltage apparatus 400 (381)-

ACCIDENT STATISTICS
(ANNUALLY 1966-1975 )

v RATE = No_of accidents x 100,000
FREGUEN man hours worked

(1) Total
EOnETal accidents
120
100

80

60 ;
(2) Frequency rate - all accidents

a|‘r|\|_||_l|r|_|rL.I.

(3) Lost time accidents
20

T e

0 (4) Frequency rate -lost time accidents

(5) Average days
lost per accident

() A e e L ALy
66 67 68 69 70 7T 72 73 7 75
YEAR

REVIEW OF LABORATORY ACCIDENT STATISTICS

8.2 Chemical Services

General chemical services are provided in the fields of water
treatment, chemical analysis, corrosion prevention and con-
trol, safety matters and waste disposal. The section is also
Tequired to assist with many other matters relating to chem-
ical aspects of the work of the Laboratory, such as the pro-
a,:ozo: of nuclear physics target materials, electroplating,
and site effluent control, ...

@.aéou_ analysis is used as a method of q
the performance of the water treatment p
ion. Mal

During the year the Labo

dards of radiological safety

by national and internati

sults of personal do

the Laboratory exceed

levels. The distribution

that of previous years,

ed to N Rem/year onl rece;
There were no accidents of enomm
The former Radiation Prote

the Health and Safety G

The feasibility of developing a camera for
tribution of radiation leakage from

ied. This is based on a multi-wi

erating in coincidence wit]

rather analogous to a pin-hole camera).




8.3 Manufacturing Support

”Zwanh@o:”ﬁm support is provided by mechanical and elec-
rical workshops, with an outside manuf: i

: % acturin, i-
mating section. -

A very wide range of equipment is manufactured in the
«S.:.xmronm often with only sketchy instructions and inform-
ation. During the year approximately 700 separate jobs
were undertaken. Assistance was also given o.:man_:a
workshop to Nimrod Division during machine shutdowns
and also on the construction of the 70MeV Injector. v

O<o~. 1,000 .‘n..vm were placed by the Outside Manufacturing
Section, ranging from simple flanges to the reclining equi-
angular sundial for the Royal Greenwich Observatory (Sec-
tion 7).

Some of the more interesting i ;
f g items supplied
include: pplied by the Group

Magnet Measuring Survey Device

ddm device is a general purpose tool which is used to posi-
tion probes between magnet poles to determine the charac-
teristics of the field. Its range is 3% metres longitudinally
and laterally and 2 metres vertically, all monitored by digit-
al readout.

.ﬁo:mamsc_m development work Wi
Inconnection with alignment of s
umns.

as involveq

2 » partj
lides ang rioqy. . Cularly

gidity of col.

The first item to be survey
300ton magnet currently b,
tory (Experiment 20).

ed with this €quipment Wwill b
€ing constructed at the Lab, =
Ora.

Collimator for Medic: i-Wi

\ cal Multi-Wire Pro porti
(see Section 1.4) G- Chamber
The basic req
diameter, SOmm

Ximum number of aper.
h the thickness, paralle]

the thickness of the
d be an absolute minimum,

To _:cﬁ.:%,ﬁ. juirements, strips of brass foil SOmm wide
and 0-05mm ck were ough a special set of
rollers to produce cor of 60° across the width,
Hvohn strips were coated with resin, and layered alternately
with flat pieces of foil to form a matrix of sm, | equilateral
triangles of side length appro Imm.

Secondary Emission Chambers

These units are used in beam lines to detect the position
and magnitude of a particle beam.

Each assembly houses fifteen detector plates, -005mm
thick, stretched taut and adhered with resin to aluminium
alloy rings. These plates are set at specified positions in a
vacuum vessel and connected electrically to counting de-
vices outside the chamber.

With such thin foil, extreme care was required at all stages
of manufacture. In addition many interstage vacuum test-
ing, cleaning, potting and wiring operations were involved
calling for close co-operation between a number of sections.

2,000 Amp Power Supply

The requirement was for a portable power supply to be
used for testing superconducting coils.

The equipment was built into a castor mounted frame. ﬁ_n
main electrical source is from a series of linked alkalin®
cells. The output which can be varied from 0-2,000Amp 15
controlled by banks of transistors powered by a separate
battery system with its own charging unit built-in.

g4 La

Z&:K:»:aﬁ Mechanical, Electrical and Building

e Mechanical and Electrical Services
atinued their work of planned and
wide range of plant and equip-
r air conditioning plants,
n, building lighting and
helium

g the year th
nance Sections cO
wn maintenance ona
ch includes large compute
cal supplies and distribu !
er, steam, gas, compressed air, cranes,
r. cooling water plant, mobile trucks, etc.

purin
Mainte!
breakdo’
ment whi
site electri
heating, Wat
recovery plan

Section carried out maintenance
m major roof repairs to door locks
nce of Rutherford Laboratory

The Building and C
work which ranged

and included the mainte
housing and Cosener’s House.

Electricity Supply and Consumption

The electricity supply at Rutherford Laboratory is taken
from the 132K grid and distributed at 11Kv. It is metered
at entry points to the site and also individual substations
and building switchrooms are monitored to keep in touch
with changing demand requirements. Cost and consumption
estimates are provided by M&E Services Group and actual
consumption is costed at monthly intervals. Figure 8.3
shows the pattern of consumption over the last five years at
Rutherford Laboratory with the estimated consumption for
1975/76.

ELECTRICITY CONSUMPTION

AT RUTHERFORD LABORATCRY

- ALSO MAXIMUM DEMAND
1971/2 TO 1975176

120 UNIT
CONSUMPTION
\ 25
)
% e 420 o
< i ! £
W (oo ] z
< 60 f 1585
= MAXIMUM z
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?
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Fi
igure 8.3 Use of electricity over the last five years.

Fuel Economy

poratory Maintenance and Supplies

Over the past year considerable progress has been maintain-

ed with re;

gard to reducing steam consumption at Ruther-

ford Laboratory. Incoming steam supplies are Sm»o_.oa‘ at
the points of entry to the site, all steam mc.vv_am being
bought from AERE, Harwell. Individual buildings are also
metered and this provides the detailed knowledge of con-
sumption_patterns which is essential in assessing possible
improvements and final results. Figure 8.4 shows the an-
nual consumption pattern for the Rutherford Laboratory
over the last few years and indicates the reductions achieved
so far despite the addition of several new buildings.

Apart from the reduction of office, workshop and experi-
mental area temperatures generally over the past year,
efforts to reduce steam consumption have been concentrat-

ed in two main areas.

1 To provide suitable temperatures at the place of work
during occupied hours only (normally approximately
45hrs out of a total 168hrs per week).

2 To reduce site mains losses during the summer months
by shutting off steam supplies wherever possible.

A major advance has been the installation of Optimum
Start Controls and 8 buildings at Rutherford Laboratory
now have this form of control. Heating is mainly provided
during normal working hours with a pre-heating period
which is automatically determined, depending on internal
and external ambient conditions, to give satisfactory room
temperatures for the start of the occupied period. The fol-
lowing table gives an indication of the effect of installing
Optimum Start Controls in several buildings with a compar-
ison of steam consumption for the most recent Period avail-

able (mid-October to mid-November) before and after fit-

ting Optimum Start Controls.

Steam Consumption (Ibs) mid-O

period

Building
R1 Link
R1 West
R12
R18
R20
R34

1972

515,570
555,260
727,260
150,110
191,750
546,380

1973

495,570
417,970
499,160
121,121
137,840
699,960

* with Optimum Start Controls.

The effect of the summer shut-
is shown in Figure8.5, n.mﬂmww g
sumption and 1975 nomu_v_im@@,%&,., o

ber to mid-N 1

1974 1975

636,480 *253,150
*108,930 *118,93

%
i



NNUAL STEAM CONSUMPTION AT RUTHERF
ANNU ORD LABORA
LSO HEATING SEASON DEGREE DAYS 1968/69 saa:MoE
Opening
h
HEATING SEASON m,_a_ﬁww
DEGREE DAYS , ..

L
N INDUSTRIA
ZOmnao- and Banded Staff

i Group
WM_M_HM_.E:_ and Technology Group
Administration Group
Research Associates
Non-Techs and Stores
Librarian :

Secretarial and Typing
Photographers
Photoprinters

Machine Operators

. _ . _ _ _ _ Hostel Manageresses
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w,h Annual steam consumption pattern.
INDUSTRIAL
¥ Craft 32
Helium Supply and Recovery Non-Craft 114 315

'STEAM CONSUMPTION (CUMULATIVE) ! 12
AT RUTHERFORD LABORATORY Apprentices 20

1974175 AND 1975/76 On completion of the 79 experiment, consumption of
liquid helium at Rutherford Laboratory fell from an average Total Industrial 289 755

of 6,000 litres per week to an average of 1,500 litres a week,
the year’s total being a little over 62,000 litres. GRAND TOTALS 1157 1855

The recovered gas high pressure static store capacity was in-
creased to nearly 4,200m*, being the equivalent of well over
5,000 litres of liquid. In addition an articulated trailer with
a capacity of approximately 370m> of gas was commis-
sioned for the return of gas to the supplies fer purification
and resale.

The figures listed under “changes” include new entrants, resignations and pro.
working part-time are counted as half.

8.6 Staff Relations

..u:»:«% meetings of the local Whitley Committee, includ-
”zm the Annual Z.onnam chaired by the Director, maintained
egular communication between the local Staff Side and

Approximately 17% of the recovered gas was reliquified on
the site during the commissioning of the BOC Turbocool
closed circuit refrigerator/liquefier.

Overall Rutherford Laboratory gas recovery efficiency was S
o, Yy & %MMWM«“.%MWH_S& meetings with management were.
Which was the use on,‘oﬂ..__ﬂ_wnﬂ.._mwnwﬂ “NW :wowp ._,_ﬁoawan o“.
Q ~f o - ; : ncluded 3=on-a=w;na==now nammﬂ - ﬂwnu patid -
“.M MHN.BHHW H—‘LQJNO“—.M 28 : sboratory. Staff Side members no_mm,::n |t
staff position at the beginning and end of the year |
C / the incorporation of the Atlas Compute
the Atlas Computing Division of the Ruthe

b-




The Trades Union side welcomed the a
ernment to establish a Laser Facility
They also welcomed the arrangement
of the Rutherford Laboratory may no
the operation of the UKAEA Rese:

‘een management and employees.
°s ceased to be represented on the Res-
the Trade Union side expressed

the loss made by the Restaurant,
| charges.

PProval by the .

on the Chilyg, nh.
iroﬁg nsn_owaom

W participate fully i,

s expenditure for the financial year 1975/

£14.83 “million, of which £1-45 million was for
uding £0-36 million on the initial stage of set-

1 Centre) and £13-38 million was recurrent.

g figures for 1974/75 were £10-87 million,

million and £9-50 million. The upward trend in Lab-

diture reflects the significant diversification
ng 1975/76, including responsibility for the
r Laboratory and the inception of the Laser

w&«._u f the net expenditure is given below.

L= £ million

xpenditure (salaries and wages,
¢, superannuation, etc) 6-84
elopment (see below) 6:54
1.30
o015
Total 14.83

1 of the breakdown of the re-
ent expenditure into divisional and
shown in the pie chart.

e s arch Group Welfare >Hv

Applies
Sernces | Physics

ofa |Orvis
Aammnanonon | 50 | "7

Division
10.6%/0

Nimrod
Division
(incloding

Figure 8.6 Breakdown of research and development expenditure.

pendix 1 Rutherford Laborator

Reports and Publications

RL-75-001
The A/ mass spectrum pro
nuclei.
1G Guy, $ N Tovey
RL-75-002
Helicity structure of the Triple-Regge formula.
N Sakai, J Uschersohn
RL-75-003 =
Contribution of the A to radiative muon capture.
D Beder
RL-75-004
gen removal from ne gas
E W Fitzharris
RL-75-005 o
A general technique for the analysis of two-amplitude processes.
A A Carter

RL-75-006

duced by 2-2 Gev/c K Interactions on

Computing and Automation Division quarterly report Sept-Dec 1974.

W Walkinshaw, A T Lea

RL-75-007

A gas monitoring unit for multiwire proportional chambers.

J B Marsh, J E Boon, K H Souten, B O’Hagan.

RL-75-008

A report on the Basque superconducting magnet project.

G Gallagher-Daggitt

RL-75-009

Proceedings of the 1974 school for young high energy physicists.
H Muirhead

RL-75-010

Q factor measurements on Tank 1.

E G Sandels, J E Ellis

RL-75-011
The budding
channels.
MR Pennington
RL-75-012

,vﬂ»,a». uasa_meﬁ.—.‘voimno._..
Deus e g

Pomeron in the free approximation to 7 nelasti

RL-75-016 x

The kinetics of electron cooling.

G I Budker, Ya S Derbenyov, H S Di
D V Pestrikov, A N Sikrinsky
RL-75-019 (revised) h
Polarised targets for thermal neutron b
SF J Cox

RL-75-020

Fine slit neutron collimators using s!
P D Hey, B Mack, C Carlile
RL-75-021

Longitudinal head-tail in EPIC.

H G Hereward

RL-75-022 ;

RF losses due to ripple in th

M H R Donald

RL-75-023

A J Oxley
RL-75-024




cells after irradiation with a beam
vis, W S Hall

effects of 7~ mesons in mice.
V Gordon, P J Lindop, J Shewell

eering note. 70 MeV injector alignment proposals — Part 4
S alignment.

136
gy fixed angle scattering involving a reggeon.

ffects of the synchrotron radiation from EPIC.
Bennett

' pat 143 GeV/e.
3 , S Borenstein,
Borg, D Denegri,

RL-75-055

Kaon-Nucleon partial wave am litud
= plitudes below 1.5 Gev/e for]=

B R Martin
RL-75-056

Modification to the injection scheme for EPIC.
D A Gray ;

RL-75-057
A simple method of constructin;

resin sheet.
R W Roberts

0

g various shaped moulds f
or Casting

RL-75-058

Computing and Automation Division
March 1975

W-Walkinshaw, A T Lea

RL-75-059

Measurement of K "p elastic differential cro:
610 and 943 MeV/c.

R Homer et al

RL-75-060
Superconducting mate;
M N Wilson

RL-75-061

A pressure impregnated superconducting dipole.
M N Wilson, R B Hopes, R L Roberts
wruqm...omn

The Y’ > Ymm decay as a test of PCAC.

D Morgan, M R Pennington

RL-75-063

A stacked film bender for cold neutron beams,
J C Sutherland, H Wroe

RL-75-064
On the analytic properties of the reggeon-reggeon amplitude.
J Kwiecinski

RL-~75-065

A preliminary design of a superconducting wiggler magnet for the
Daresbury laboratory SPS.

P Clee et al

RL-75-066

New developments in the magnet design computer program GFUN.
A G AM Armstrong, C J Collie, N J Diserens, M J Newrhan,

J Simkin

RL-75-067 » o

The production of the Go.So%: in the reaction 7°'d > m.o_x.c

at 4 GeVje. o
1G Bell, M Dale, D Evans, J V Major, J A Charlesworth, D J Crennell,
MJ Emms, J B Kinson, B J Tracey, M P Votruba, P L Woodworth,
R L Sekulin

RL-75-068 e
Cornell-type injection scheme for EPIC — notes on Jongitudinal
phase space matching.

M Donald

quarterly report. Dec 1974-

S$ sections between

ome recent developments,

i Interactions at 4: GeV/e.
Cats i iy Charlesworth, D J Crennell,

v Major, J A
N._ﬂ ._o_.o_u. J B Kinson, B T Tracey,

33::8" translations of papers by Heisenberg,
tro
d Weisskopf-

irac an
Dirac 2! ranslator),

J B Sykes (8
1-75-074
N e pulsed supercond
1 H Coupland
RL-75-075 A
Report on the organt
High Energy Physics.
J R Smith
L-75-076 s
.~_m_.0 hot cathode ionization gauge.
PE Gear
~15-077 S
M._—lnnnuw—:w of vacuum materials, Part 1.
RJ Elsey
RL-75-078 5
Outgassing of vacuum materials.
R J Elsey
RL-75-079 =
Inclusive K*~ (890) and K*° (890) production in 14-3 GeV/c
Kp interactions. X %
K Paler, S N Tovey, T P Shah, J J Phelan, R J Miller, M Spiro,
R M Bardadin-Otwinowska, A Borg, B C d
B Drevillon, J M Gago, R A Salmeron
RL-75-080
Some consequences of an attempt to identify clusters with
resonances.
A Gula
RL-75-081
Branching ratios of the f°> meson.
MJ Emms, J B Kinson, B J Stacey, M F Votruba, P L Woodworth,
1G Bell, M Dale, J A Charlesworth, D J Crennell, R L Sekulin
RL-75-082
“o Mvm:.uuu.ﬂw analysis of the 37 system produced in the reaction
>T mmdat4 GeV/c.
w: Emms, G T Jones, J B Kinson, B J Stacey, M F Votruba,
U—m Moant_wi? 1G Bell, M Dale, J V Major, J A Charlesworth,
enne!
RL-75-084
u»:._E..n a general frameworth for hadron collisions.
E..W:%. Ng, Paton, Tsou, Chan, Gula, Irami, Roberts
15-085

P F Smith (editor)

ucting magnet ACS.

sation of the XVII International Conference on

K W Abbott

RL-75-090 :
A multi-programmed

R P Hand, J S Hutton,

RL-75-091

How high are high
F E Close
RL-75-092 e
An alternative scheme for

G H Rees

RL-75-094 .

A one-dimensional approximat
unitarity scheme.

N Sakai

RL-75-095

C d matter

graphy. i

D F R Mildner, G C Stirling
RL-75-096

High pressure techniques for

C J Carlile, D C Salter
RL-75-097

An initial survey of EPIC lattice
damping. ‘

J Maidment

RL-75-098

K p reactions from 0-960 to
states. .
Rutherford Laboratory, Im|

RL-75-099

chambers. ik
L K Bogandova et al
RL-75-100 -
Isthe Aj ares




‘code for design studies of insertions and

W Lee

results of the polarisation of cold neutron beams
total reflection from magnetised cobalt:iron thin films.

+1 baryons p d at Palermo

RL-75-130

An iterative method for solving
integral equation.

J Simkin, CW Trowbridge
RL-75-133

Status of the O nonet.

D Morgan

RL-75-134

Deviant closed orbits caused b i

N M King Y some systematic errors,
RL-75-135

First observation of the relativistic ri;
hydrogen bubble chamber.

C M Fisher, J G Guy, W A Venus
RL-75-136

Post irradiation mechanical properties of radiatios
€poXy resin systems.

J T Morgan, G B Stapleton

RL-75-137

A Nimrod magnet correction system.

I'S K Gardiner

RL-75-138

The DRIO package users guide.

C S Cooper

RL-75-142

Strong interaction effects in Kaonic atoms.

CJ Batty et al

RL-75-143

Proceedings of international colloquim on multiparticle reactions.
HM Chan, R J N Phillips, R G Roberts

RL-75-144

Finesse — Rutherford Laboratory users’ guide.

NJ Diserens

RL-75-145

the Non-lineay Magnetje fielq

se in bubble density i 2 negy
n-

T resistant Case.

of L

B L Roberts et al

RL-75-146 ¥
Addendum to a proposal to build a 14 GeV electron-positron
colliding beam facility, EPIC.

RL-75-147 e
Models for the production of new particles in photon and hadro
collisions.

D Sivers

RL-75-148

Duality for the Reggeon-Reggeon amplitude — a study
three body reactions.

R G Roberts

RL-75-149 o

The development of a graphite to copper joint for
diagnostics.

D Baker

RL-75-150 % iced nuck
Relaxation and cooperative behaviour of higher polarised :

through quad

injector

S

by partons in neutrino scattering.
n

T Weiler

umom:_o Gso system fro

1nCp at 4 GeV/e.

m the charge ex-

ultiplier tube utilising channel plate electron multi-

producing elements.
imon

A new !.e-o:..
liers as the gain
wm Bateman, R J APS
-162
M..Maq..m.o_._ ENPLOT (F. APLOT) and FASUMX.
17 Bloodworth
1-75-163
M>omoz and FAGRIND.
1J Bloodworth

RL-75-164 ¥ 5
Regge phenomenology of inelastic
R G Roberts
~75-165 5 5 3
M“.._n:__ relations between neutrino and antineutrino scattering.
G V Dass
RL-75-166 .
Report of the Rutherford Laboratory VDU committee.
J S Hutton
RL-75-167
Revised version of RL-75-158
RL-75-169
Distribution of neutrons in heavy nuclei.
A O Aganyants, G A Vartapetyan
RL-75-170
The Reggeon bootstrap.
J Kwiecinski, N Sakai
RL-75-171
Estimating the cross sections for the production of new particles.
D Sivers
RL-75-172
A simple geometrical approach to particle production in collisions
with nuclei.
J Dias de Deus
RL-75-173

Magnetic design of the ACS dipole magnet.
T C Randle

diffraction.

J Dias de is
RL-75-176
Geometrical aspects ¢
R J N Phillips, V Bargel

RL-75-177 2,

Zweig rule and violat

Chang Hong Mo, R

RL-75-179 ;

Dimuon data test weak curre;

R J N Phillips

RL-75-180 B
Nimrod operation and develop:
July-Sept 1975

D E Gray

RL-75-183 <
Recovery in mammalian on__uw.q-x&%auv i
AJ Mill.J D Lewis. W S . ;
RL-75-185 po
PDP-8 Computer systems.

J T Hyman

RL-75-186

Extraction from lattice

A Carbe, B W Jones

RL-75-187

Lattice parameters in CC
Nimrod.

N M King

RL-75-188 ;

Intense neutron sources b

A Carne

aﬁq?sg

The design of -
M Holmes, A




2 Publications and Othe
of Laboratory Work g

I 'y work, including Rutherford
eports (Appendix 1) are listed here under the Section
Report to which they correspond.

of a neutral dipion system usinga 12 GeV/c negative
| 1 the Omega spectrometer.
The Vmﬁn&n«,_a College, London

i ions for prot iproton
charged pion and kaon pairs between 0-79 and

Countg

MJ Emms et al

Partial-wave analysis of the 37
m'd > pp,

Proceedings of ﬁw@ Daresbury Stud
shift analysis and meson resonance
P L Woodworth

Dipion production in 4 4 GeV/cmd experiment
Thesis, Birmingham University

B J Stacey

Studies of deuteron collisions with positive i
momentum of 4 GeV/fc

Thesis, Birmingharn U, iversity

1 Bell

Production of resonance particles in
4 GeV/e

Thesis, Durham University

system in the reaction

y Weekend on 3.

“Particle
production Phase

ons at a beam

pion deuteron reactions at

Janet Thomas

Analysis of positive pion neutron reactions at 4 GeV/c using a
deuteron bubble chamber

Thesis, Durham University

C M Fisher, J G Guy, W A Venus

First observation of the relativistic rise in bubble density in a neon-
hydrogen bubble chamber

To be published in Nuclear Instruments and Methods

M Bardadin-Otwinowska et al

in the prot p elastic
International Conference on High Energy

n annihilation into charged pion and kaon pairs.

oton-proton elastic cross-section
i S; ium on NN i

A i
lastic differential cross sections between 069
2
e :
g of American Physical

pr ion of charged and neutral sigma hyperonsin Kp
interactions at 14-3 GeV/c
Nuclear Physics B90, 397
D Denegri et al
Evil for double di iation in K p il
Nuclear Physics B91, 54

S N Tovey ct al
Partial wave analysis of the Q noonom in the reactions
S o

K p—>K7'npandK p—>K 7 mp

Nuclear Physics B 95, 109

K Paler et al =
Inclusive K*~(890) and K*°(890) production in 14-3 GeV/cK'p
interactions

Nuclear Physics B96, 1

B Drevillon et al

Kp elastic scattering at 14:3 GeV/c

Nuclear Physics B97, 392

M Bardadin-Otwinowska et al
ey ) b

tidamb:

at 14-3 GeV/e

at 14:3 GeV/e

in K7p i

Nuovo Cimento Letters 13, 597

M Bardadin-Otwinowska et al 1143
sive production of Y*

owicz et al p—> A+ anything at 143

Jarisation in the reaction K
0]

H Abram!

Lambda P

M«“ﬂ:& to Nuclear Physics B
Ul

ow-mass K ' system produced in the

S>K mmnat 3-95 and 143 GeV/c
.Me:in:a preprint LPNHE/X/75
and A% inK'p interactions at 14-3

u:m.l«.wﬂ.om the I

Ecole Poly’

.+
Inclusive production of &

o sented at International Confere

er pre:
w-:waa, palermo 1975

Inclusive analysis of = pPro

eV/c
Mn__o. presented at Internat
ics, Palermo 4 - iy
Physt K°a'n systems in the reactions K p>K 7 p

nce on High Energy

duction in K p interactions at 143

ional Conference on High Energy

Study |oq low-mass ! :

ﬂuo_nnvw«“.ﬁ«” Mh_:”““um““ﬂ_ Conferenice on High Energy

Physics, Palermo 5

Inclusive charged pion production in K

GeV/e .

Paper presented at International Ct
sics, Palermo

“Nzn;o_d Laboratory reports (see Appendix 1) RL-75-067, 072,

081, 082, 089, 135, 159, 162, 163

p interactions at 14-3

onference on High Energy

1.1.2 Baryon Spectroscopy

K W Abbott et al e
New data and partial wave analysis for the reaction 7 p = KA
Paper p d at i C on High Energy
Physics, Palermo

G Conforto et al oA
Mass spectrum in the Q-region of strange mesons produced in 7 p
collisions at 615 GeV/c

Nuovo Cimento Letters 13, 265

G P Gopal et al

K™p reactions from 0-960 to 1-355 GeV/c involving two-body final
states

To be published in Nuclear Physics B
Partial wave analysis of KN two-body reactions between 1500 and
2200 MeV

Paper presented at International Conference on High Energy
Physics, Palermo

R A Stevens
u...._« of T7p interactions in the 1 GeV/c region
Thesis, Imperial College, London

Study of RM interactions in the range 300-800 MeV/c
>ubmitted to International Conference on High Energy Phy:

Study of the line re:
'p>K'Z'(1385)a
To be published in Physics

CJ S Damerell etal y ,,‘M%. iy
SU(3) comparison of line charg wo? ]
reactions % 3
To be published in Physics

CJ Adams et al
Measurement of K p elastic
and 943 MeV/c

Nuclear Physics B96, 54

1.1.4 Higher Energy Experiments

Data from inclusive particle pr
and large angles at the CERN i
Presented at International Conference «

R

Palermo, and International Colloquium
Oxford

R P Mount et al : 2
Ap interactions below 24 GeV/c
Physics Letters 58B, 228

R E Ansorge et al ¥
Charged particle multipliciti
To be published in Physics

i

R E Ansorge et al e

Measurement of the inclusi ve for Wi
s

duced in proton-cc i
Submitted to Nuclear Physics




sections for np and nd elastic scattering near 130
A218, 140

nt of neutron-proton bremstrahlung near 130 MeV
s A218, 151

ysics A239, 29

ash Sinha, Feroze Duggan, R J Griffiths
licroscopic optical model for >He

eV —w-:n::n from Samarium isotopes
urnal of Physics G 1, 358

> unambiguous helion optical potential at 83 MeV
urnal of Physics G 1, L1
einrose, R J Griffiths, N M Clarke
tion of helium ions with 6 Fe at 83 MeV.

us-Nucleus optical potential
/sical Review C11, 1546
e, R J Griffiths, B C Sinha_
licroscopic optical model analysis of helium 3 scattering from
isotopes
tters S7B, 31

tal cross-sections for pions on light nuclei
ech. Jour. Phys. B25, 286

Y, S I Biagi, R A J Riddle, B L Roberts, G J Pyle,
R E Hawkins

ts, R A J Riddle, G T A Squier
Lorentzian Linewidths
ublication in Nuclear Instruments and Methods

cross-sections and nuclear sizes
University

of Two Step Processes in Single

N M Clarke et a]
Scattering of 0' jons from %g;, 59
Proceedings of Pittsburg Co :
B C Sinha

The Ion-ion interaction
International Conferenc

Co and ®y; t
nference, Bul. aps, w%w__ﬁw

Ppotential and effective j

ESEQE:
: e on Nuclear Clusters, caﬁzmc. cn;_n
The following Papers were submitted to the Europhys; S
on Nuclear Interactions at Medium and Low m:ﬂﬂmaﬂu_.w%hs.nﬁ._g
n s«:

March 1975:

a) T B Robinson, VR W Edwards
A experimental study of Coulo

= % mb-nuclear j; "
inelastic scattering of 15-18 M, T Interference jn the

eV alpha particles
B C Sinha, F Duggan, R J Griffiths
_ The microscopic helium potential
R Eagle
Inelastic scattering of He from Samarium isoto,
P W Tedder, VR W Edwards, B C Sinha
Exchange contributions 1o proton inel.
collective nuclei
B C Sinha
The Nucleus-nucleus optical potential
B C Sinha
The Ion-ion interaction energy
of fusion

Pes at §3 Mey

astic scattering from

and the critical angular momentum

Rutherford Laboratory Reperts (see Appendix 1) RL-75-142, 145

1.3 Theoretical High Energy Physics

V Barger, J Luthe, R J N Phillips
Tests of geometrical scaling and generalizations
Nucl. Phys. B88, 237
V Barger, R J N Phillips
The derivative rule for helicity-flip amplitudes
Nucl. Phys. B87, 221
V Barger, R J N Phillips
Elastic scattering slope and total cross section relations
Nucl. Phys. B97, 452
'V Barger, R J N Phillips
Geometrical scaling in ¢N scattering
Phys. Letters 58B, 197
'V Barger, R J N Phillips
‘Properties of YN scattering
Phys. Letters 58B, 433
V Barger, R J N Phillips, T Weiler
Dimuon production by neutrinos: tests of weak current models
SLAC preprint December 1975
V Barger, T Weiler, R J N Phillips g =
Vector meson domi leulations for the anti AnoniE
and dimuon production
Wisconsin preprint May 1975
'V Barger, T Weiler, R J N Phillips X
New charm current effects in neutrino scattering
Phys. Rev. Letters 35, 692

'V Barger, T Weiler, R J N Phillips

Right-

K TR decays and the question of
n

Saw_n_:oao neutral currents
ess-chan!

yS- Letters 59B, 444

V Dass i ttering by electro!
Bell, G d antineutrino sca
7 antin
utrino an!

Letters 59B, 343
J E Paton, S A:Hmc:_ A
3.32.:3 scattering in the dual
“—s_. Phys. B86, 479
J E Paton,
wnmmm””anﬁa from
Nucl. Phys: B92, 13

ns and by partons

{1 M Chans

ST Tsou, SW Ng i
duality and unitarity

ificati 5 estions
e ituent-classification quarks: some qu
ks and constitu

Current quar
ﬂ:m Nﬂﬂu_u on quarks and hadronic structure, Erice

or]
A K Common, MR
Sum rules for invers
Nuovo Cim. 254, 219

Pennington )
e 7T scattering amplitudes

G V Dass

Nondiagonal neutra

antineutrinos by electrons

Nucl. Phys. B101, 125

G V Dass, H Fraas .

Pomeron factorization and the reaction YN = ¢N

Annals of Phys. 92, 315

G V Dass, G G Ross B s

Tests of the space-time properties of neutral currents in e e

collisions

Phys. Letters 57B, 173

G V Dass, G G Ross

Neutral weak currents in ¢'e ~ annihilation to hadrons

CERN report (1975)

J Dias de Deus

Geometrical scaling, quarks and the Pomeron

Acta Phys. Polon. B6, 613

J Dias de Deus

Real part of the geometrical Pomeron

Nuovo Cim. 28A, 114

J Dias de Deus

Multiplicity bootstrap and the dual unitarity equation

Nucl. Phys. B92, 469

J Formanek, B Franek

Do extensive air shower data provide reliable information on the

Proton-proton total cross section?

Nucl. Phys. B92, 427

A Gula

e sbsence of seminclus ible with the
uster mode]?

Lett. Nuovo Cim. 13, 432

1 currents and the scattering of neutrinos and

AGula, M R Pennington
7 =o._8=, exchange: a simple description
ucl. Phys. B97, 461
R G Roberts
enological tests of f-dominated

Cambridge preprin

D Morgan £
Rearrangement effects in
Proceedings of Uu_.a?.—u.,.M

D Morgan

Status of the O nonet
Proceedings of the ZGS Summer S
Laboratory .

D Zoﬁ&.. M R Pennington
The Y/ — Y decay as a test.
Phys. Rev. D12, 1283

M R Pennington g
‘What a dominating p and weak exotics
threshold

Nuovo Cim. 25A, 149

M R Pennington :

The budding Pomeron in the tree
channels

Nucl. Phys. B90. 131

M R Pennington, A Gula

The meson and the baryo:

Pomeron

Nucl. Phys. B96, 535

G A Ringland, R O Raitio e
Phenomenological analysis of high |

Stanford preprint SLAC-PUB 1620

R G Roberts i
Regge phenomenology of inelasti
Invited talk at Gordon Conferenc

D P Roy P
Regge phenomenology o
Invited talk at Oxford Conf

N Sakai




Dolphin, D H Reading
acteristics of a negative pion beam by
10some aberrati

f Radiation Biology 27, 223

yields in human lymphocytes exposed to
negative 7~ mesons
rnati Journal of Radiation Biology

W S Hall
of mammalian cells irradiated with a beam of

ammalian cells irradiated with a beam of 7~ mesons
blished in British Journal of Radiobiology

ects of T~ mesons on mice
in British Journal of Radiobiology
F A Smith, A G Perris
microdosimetry ina 7~ meson beam using nuclear

ol. 20, 918

D Major, D R Perry, D H Reading
ition of RBE values for fast neutrons and negative pions
La cells
urnal of Radiobiology 47, 800

1d Laboratory Reports (see Appendix 1) RL-75-033,

tron Beam Research

the Separation of Spin-Flip and Non-Spin-

M J Cooper et al

Development of computing facilities
experiments at Harwell

AERE Harwell report AERE-R8098

Rutherford Laboratory Reports:

for the Neutron beam

J B Forsyth, C P Jackson
Andromache Data Processing
IBM 360/195

RL-74-115

on the Rutherford Feo:B-w

J B Forsyth, C P Jackson
on the Rutherford Laboratory IBM 360/195

Curran Data Processing
RL-74-116

J B Forsyth, C P Jackson

Amendment to the Rietveld Computer Pro,

L gram for the Pr
Refinement of Neutron Diffraction Powder Patterns Zonmmmhnnc-
Anisotropic Thermal Vibrations. by A W Hewat RR
RL-74-122 e
B H Meardon
Efficiencies of Long Thermal Neutron Detectors
RL-74-144
J B Forsyth, K M Kn
Input Display Unit
RL-74-163

and RL-75-020. 029, 063, 095, 096, 112 (see Appendix 1)

Section4  Forward Technology
4.1 Polarised Targets

M Ball, P Clee, N Cunliffe, J Simkin

Superconducting magnet for a polarised target nuclear physics
experiment

Presented at International Conference on Magnet Technology,
Frascati

Rutherford Laboratory Report RL-75-150 (see Appendix 1)

4.4 Superconducting Applications

M N Wilson, R B Hopes, R L Roberts
A pressure impregnated superconducting dipole
P at I i C on Magnet Technology,
Frascati
C A Scott, D C Larbalestier
Superconducting magnets
Physics Bulletin, May 1975, p213
J A Lee, C F Old, D C Larbalestier
Some aspects of m y Nb3Sn prod
at CNRS i 1 colloqui
D C Larbalestier
Filamentary superconducting wires g ¥
Presented at symposium on non-ferrous metal wire drawing, Brussels

to be published in Revue ATB Metallurgie

o ¥ developments
perconducting materials: some recent develo]
¢ at International Conference on Magnet Technology

p Thoma* nics
“-mana -wa=n~—w.. A_vw»e_uo__a summer study, Brookhaven
Oouiv::o

pABaE =
Magnet protecia b
Contribution (ol

p B Thomas 558 collaboration

f the GE = t T
._.__o“_ﬂhw Mn International C on Magne!
pres

Frascati

smith, B 0056.. . P
”Mo__:mcn to the training p

Cryogenics 1975, 201
Rutherford Laboratory Reports
060, 061, 074, 136,173

elle summer study, Brookhaven

in supf

(see Appendix 1) RL-75-008,

4.5 Computer Applications

A M Armstrong et al .
-onw developments in the magnet design program Om—m_z :
Presented at International C: on Magnet T
Frascati
Rutherford Laboratory Reports (see Appendix 1) RL-75-066,
111,117

Section 5 Laboratory Computing

M J Holmes, A R Thorne
The design of a graphics processor
dings of the El ic Displays C
CJ Adams et al
File transfer protocol
Post Office Experimental Packet Switching Service, Study Group 2

1975, Vol 2

CJ Adams et al
An interactive terminal protocol
Post Office Experimental Packet Switching Service, Study Group 2

AD Bryden
Imol

P ion of prog; from other P
mEa:oo_.:uiacuoa_>u8&uao=>===w— Zon::m

on a GEC 4080

P C Thompson
Utilities — a plea
Presented at SEAS 75
R Taylor

SEAS looks at futu
Presented at SHARE XLIV,

R Taylor

Future requirements for prod
Presented at SEAS sp.
M W Johnson et al
Wave-number dependent concentra
mixtures i
J Phys C 8,751

M W Johnson et al .
Crystal structure of deuterium fluo;
Acta Cryst B31, 1998

dl y

J F McEwan ¢
Line printer throughput rates for
360/195

RL-74-005

D S Greenaway

2DTRAX: a computer p!

two dimensions with ze)
RL-74-010

RL-75-006, 026, 058, 1

105, 106 (see Appen

Section 6

6.1 Nimrod




rde (Birmingham, 26 Feb)

L, 15 Jan)
1in a cluster model.
Jan) 5
d multiparticle processes.
llege, 29 Jan)

, 12 Feb)
analysis of 7" p — AK using the Barrelet zeros method
19 Feb)

nalysis of K "n giving K p, K°7°n :
lopments in 717 scattering:
(RL, 12 March)

@Bm” system from 7'd - 777" pp,

_,ihwn and Illinois, 19 March)
s.

s

nd NAL, 9 April)
Ty on a lattice,

ueen Mary College, 16 April)

3 April)
 production.

ngs

A E.»_bu (Krakow and RL, 23 July)
Particle production from nuclej.
M Kugler (Weizmann |

nst. and RL, 3
Current quarks, constif L)

tuent quarks and Tesonances,
D Horn (Tel Aviv, 20 August)

Photoproduction of v,

P Kroll (Wuppertal, 17 Sept)

Geometrical scaling.

R Kelly (LBL and RL 24 Sept)

Pion-nucleon partial wave analysis.

R J N Phillips (RL, I Oct)

New particles and neutrino interactions.
P Thornton (Imperial College, 8 Oct)

Partial wave ana ysis of diffra ely produced T states.

M Kawaguchi (KEK. 14 Oct)
Quark model and ge angle scaltering,
CJ S Damerell (RL, 22 Oct)

New results on hy, fiarge exchange reactions.

K Choudhury (Daresbury, 29 Oct)
Study of current fragmentation deep inelastic scattering,
E Barrelet (Ecole Polytechnique, 12 Nov)

Developments in the method of zeros.

K Barnham (Imperial College, 19 Nov)

Partial wave analysis of 7'p —N.

G Shaw (Manchester, 26 Nov)

Photo-absorption, vector dominance and shadowing.

H Osborn (Cambridge, 10 Dec)

Some models of quark confinement.

D Atkinson (Groningen, 17 Dec)

Continuum ambiguities in 7'p phase shift analysis.

NIMROD Lectures on Particle Physics

G Wolf (DESY, 13 Jan
Results on el d

L Caneschi (CERN, 20 Jan)

Theories with interacting Pomerons.

K Paler (RL, 27 Jan)

K7p interactions at 14-3 GeV/c.

E W Colglazier (RL and Princeton, 3 Feb)
Threshold pion production by weak neutral currents.
J Steinberger (CERN, 10 Feb)

Results of the CERN-Heidelberg K° experiment and the status of

the superweak model of CP violation.
R Sekulin (RL, 17 Feb)

t i r
7'd interactions at 4 GeV/c and the production of vector and {enso

L s he ISR.
ol M”W.-.E future programmes at tl
1es!
_is.

B Collins (Durham, 14 April)

meron. Regge cuts and scaling.
o ) :
= ley GE?«:..EE. 21 >E553n=_.
Mﬂn_ﬁ of the CERN (G-2) exp'

¢ ’
_.\_”.zwn_u«n (Niels Bohr Inst., 28 April)
: .

string.
= kelman (Cornell and Ummm<. 5 May)
RVwM» | results from DORIS.

i Liverpool 12 _sm.E
Mzahn:chuuan:aao: at high energy.

50!

C Ting (MIT and DESY, 16 Zu«\ﬂssﬁ:

wni results on J particles from Brool :
fe
Cambridge, 19 May)

e EEHMAV “__Ex structure of the nucleon.
Large
BR ZM._.Mm: (Univ. College, London, 2 June)
1=0KN amplitudes.

RL, 9 June) )
N._””w:ou.-w o_m‘wq:w?mn»:&:u&w: ISR experiments.

J G Taylor (King’s College, London, 23 June)
Metal bending and all that.

D Faiman (Weizmann Inst. and RL, 30 June)
Is there ideal mixing amongst the baryons?

HR Rubinstein (Weizmann Inst & RL, 7 .__=_$
Two photon physics in the resonance region.

Vera Liith (SLAC, 14 July)

Quantum numbers and decay modes c... Y resonances.

C Quizg (FNAL, 21 July) .
Structure of multiparticle production.

A Masaike (KEK, 22 Sept)

Experiments planned in Japan.

R Delbourgo (Imperial College, 29 Sept)

Supersymmetry.

J Dias de Deus (RL, 13 Oct)

Geometrical scaling.

R Marshall (Daresbury, 20 Oct)

Backward photoproduction of p and f mesons.

R Tucker (Lancaster, 27 Oct)

Dual string dynamics and the baryon problem.

F Vannucci (3 Nov)

SPEAR studies on Y and /' decays.

W Jentschke (CERN, 10 Nov)

The CERN experimental programme.

D Sivers (RL, 17 Nov)

Production of new particles in a boorish world.
Kingsley (RL, 24 Nov)
thanded currents for the weak interactions.

Power problems and

D C Phillips (Oxford, 8
Macromolecular archi i
Margaret Gowing Aou.ﬁo

Science and politics.

E T Hall (Oxford, 11 Sept) -
Archaeometry: the physical sciences
G A Nowacki, N Hayes and J E De
Vegetable protein. !

J Davoll (Conservation Socief

How much energy do we need’

I Glendenning (CEGB, 4 Uo@
Non-nuclear power: the poten

Seminars in Computing

C Maclean, G Macpherson, S |
Experience using a special-p
experiment at the ISR..

C Adams (RL, 31 Jan)

R Taylor (RL, 14 m,aE ;
Report of the SEAS future
D B Scott (Glasgow, 28 |
Computer-assisted le:

A R Mayhook (RL,
STAIRS.




Institute of Physics meeting (16 J; uly).
Laser Meeting (17-19 Dec).

Summer School for H

igh Energy m*vo::_n:_n:zu
Oxford (7-26 Sept).

VI International Colloquium on Multiparticle Processes
(Oxford, 14-19 July)




