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The Rutherford Laboratory was established in 1957 as the mﬁ. h& 0 EM,%
National Institute for Research in Nuclear Science to c..:E and opel

use by university scientist: that equipm ¢ which was requir
conduct of research in the nuclear sciences and which by its scale or cost wa!
the lly available to indi -dual universities. In 1965 the

became part of the Science Research Council retaining a similar principal role.

i i i i no:?ouﬁm@
The experimental high energy physics research vmow—,»a::n _.u based on R
accelerator Nimrod, a 7 GeV proton sy hrotron in the n.:. ford Laboratory; the
Laboratory also supports research carried out at international research .mniﬂme
particularly at CERN in Geneva. Other fields of research at the Laboratory include

theoretical physics, accelerator physics and branches of oxvo_.wan:.n& physics which
may have relevance to the long-term development of high energy physics.

A Neutron Beam Research Unit was established at the Laboratory in 1971 to support
the community of scientists who use neutrons generated in nuclear reactors as their
main research tool. The main European centre for this work is at the Institut Laue-
Langevin in Grenoble.

The h and devel are supported by a computing system based

prog
on an IBM 370/195 computer which serves the requirements of the nuclear physicists

and neutron beam users and also selected users in other fields.

There are 1160 staff employed by the Laboratory and 250 scientists in universities are
associated with the nuclear physics programme. About 170 university scientists are
involved in the SRC supported neutron beam research programme.




LABORATORY ORGANISATION

HIGH ENERGY PHYSICS
Experiments using electronic nocr:.aﬁm
Bubble chamber experiments . . &0
Nuclear structure experiments . . o
Radiological experiments % 3
EPIC physics and machine studies
Theoretical high energy physics

ACCELERATOR OPERATIONS AND Um<mr0m§mz.—.
Operation of Nimrod
Accelerator development o
Beam lines and associated equipment . .

INSTRUMENTATION AND DATA HANDLING
1-5 metre hydrogen bubble chamber
Instrumentation for counter experiments
Electronics instrumentation
Data handling for experiments .

APPLIED RESEARCH o
Studies in applied u:vmaoosncogsnw s
Rapid cycling bubble chamber mo<n_ou§2:
Polarized target development
Computer aided design of magnets
Experiments mounted on space satellites

NEUTRON BEAM RESEARCH
Techniques and instruments
Support of the research programme

COMPUTING SERVICES . . o 5
Central computer operations . . o
Operating system developments 4%
Film analysis and software for data analysis

TECHNICAL SERVICES AND ADMINISTRATION ,
Radiation protection and mo:oaa mwan
Support services
Administration b5 5

PUBLICATIONS AND Ewn.ﬂc—w.m,m G i
(Publications are d throughout the Report)

BEAM LINES IN THE EXPERIMENTAL HALLS




Laboratory Organisa

DIRECTOR: G. H.STAFFORD

IGH ENERGY PHYSICS DIVISION K,
e Experiments in particle physics and nuclear structure physics in collabor ati

with university groups; nuclear electronics.
DIVISION HEAD & DEPUTY DIRECTOR: G. MANNING
DEPUTY DIVISION HEAD: J.J. THRESHER

THEORY DIVISION
Studies in theoretical particle physics

DIVISION HEAD: R.J. N. PHILLIPS

NIMROD DIVISION
Operation and development of Nimrod (7 GeV proton synchrotron accelerator);
accelerator design; experimental area management; development of beam line
components and cryogenic targets; bubble chamber operations and
development; radiation protection.

DIVISION HEAD: D. A. GRAY

DEPUTY DIVISION HEAD: G.N. VENN

NEUTRON BEAM RESEARCH UNIT
Support of research by universities using UK reactors and the reactor at the
Institut Laue-Langevin, Grenoble; %&Sv:.a_: of new instruments and
techniques; study of new neutron particip in exp

HEAD OF UNIT: L.C. W. HOBBIS

APPLIED PHYSICS DIVISION
Superconducting magnet studies; %«.»-ow—:m:ﬂ of polarized targets; rapid

cycling bubble chamber studies; sup g power supplies and energy
transfer.

DIVISION HEAD: D. B. THOMAS

COMPUTING & AUTOMATION DIVISION
Operation and development of the central computer (IBM 370/19.

satellite p system; licati »Ec._g_oag
chamber film analysis. 4 )

DIVISION HEAD: W. WALKINSHAW

ENGINEERING DIVISION
Design and manufacture of onE!:h:n no—. -Eo_oun
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hnology; safé
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) Energy Physics

In the field of High Energy Physics much interest is currently being focussed on the possible
substructure of the elementary particles e.g. the proton and neutron. By way of intro T
to the reports on experiments in progress a review is given of the principles, ideas anq eXperi.
‘ments by which the substructure is being investigated and the relationship of the Tesearch
programme at the Lat y to this fund | topic. Ref is made to the futyge
development which could further these studies.

3 ‘Hadrons resulting from the collisions of elementary particles at high energy are produced maip.
ly with momenta closely parallel to the direction of motion of the incoming particles, However,
a small fraction of events have particles emerging with large momenta and at large angles to the
direction of the incident particles. Such events have large transverse momentum (pr) and by
Heisenberg’s uncertainty principle, reflect the short distance behaviour of the interaction,
““Large p;”” and “‘short distance” may be freely interchanged in what follows.

In the past three years it has become increasingly clear that these rare events are of crucial
importance for understanding the structure of elementary particles. It is now believed that large
3 Lransyerse momentum scattering directly probes the fundamental constituents (called partons)
of which hadrons may be made. This can be understood by analogy to nuclear or atomic scat-

E;.bn ~ for instance, by scattering electrons at small angles off a nucleus, one sees the nucleus
as a whole; only by large angle (and so large transverse momentum) scattering can one investi-
gate the constituent protons and neutrons in the nucleus. Similarly, large angle scattering off a
m_ws:aa,aa the constituent partons within the proton. The parton picture abounds with
u-iﬁsra. the most obvious being: Why are the partons never seen in the final state of large pr
events? =,%,§e§ that their properties should be quite different from ordinary hadrons —
they must have point-like electromagnetic interactions (like a lepton) but probably have non-
electric charge. Physicists are not discouraged by these paradoxes within the parton

, re - they may indicate that the picture, like the B ical) is a step to-
, s i pi 5 e Bohr atom (also paradoxical) is a step

Ew_ﬂzm no%.? in. The first is that progress can only be made by detailed experi-
on of these large pr effects in leptondepton, lepton-hadron and hadron-

second is ._i.. Whether or not the parton picture survives in anything
hﬂhﬂﬁnﬁgw experiments which give rise to the parton model have

areas of particle physics, and that a rich new field of experi-
tion has been opened up.

boratory have reflected this interest in large angle phenc-
>—.5n=mr Nimrod energies are not high enough
d in several such experiments, either proposed

, on the CERN Intersecting Storage
tory (NAL), USA and at the CERN 400 GeV

of the feasibility and physics ca%¢
could carry further the invest-
- of hadrons much more deep-
set up early in the year, hav®
have reached encouraging

+

s r ST
eminal role in this new A
Lag g stsing of i nrgy letons on drons 1 2t s, muons
and rapidly developing field. This is because the interac! S lediobe e diated by the weak

i i d, and are
and neutrinos) are comparatively well understood, %
and electromagnetic currents acting at a vnw..r.ﬂ:.m the leptons act as carri
probe the substructure of hadrons.

of currents which

. i i ord large-angle
Typical of these lepton-hadron scattering experiments is the Q:Smoﬂmn%“.wp_ﬁo:ﬂqma =
muon-proton scattering experiment, supported by .9« _.bco._.uao,‘«. Wt WEEHE__RE»-Q
at NAL. (Experiment 20). This experiment is designed to Eé..muwaza RRReE
produced in a muon-proton deep inelastic collision — o-..E Sj.ﬁ o Mr P =l awon_“._uno_..
vestigate the decay of the partons. This has been the u:Euo.ﬁ of intense m.o—.o e
over the past two years, but until now there have been practically no experimen
front the theoretical ideas.

Whereas in lepton-hadron collisions one uses a known probe (the iomw. or n_oa:o-“wwm.nﬂﬂo wM“M
rent) to investigate the unknown parton substructure of the hadrons, ina —S&.obn_» et
tering experiment one collides two unknowns with each o_._..m_.. The result of the oﬂ» o
depends on the interaction between the partons in the two colliding hadrons. .?ono»..o_‘n 10
hadron collisions can be used to investigate the interactions of the r»&,w: n.o=m5=o=$. s
way that lepton-hadron collisions cannot. The results of the w_.Emr.m.SE_E»&u.: oo:%oSMM_
(Experiment 17) on large t! hadron production in .vv collisions at the ISR,
have contributed significantly to our experimental knowledg of these p

Meanwhile there has been continued activity in the study of two-body scattering processes at =
low and intermediate energies, a well-established area of Rutherford Laboratory involvement. m
All these experiments have a common aim — to accumulate enough data on a scattering process
to enable the scattering amplitudes to be reconstructed without theoretical assumptions. In the
past, the Laboratory has supplied a large fraction of the world’s data in this area, and the many 3
experiments proposed or currently under way ensure that this will remain so. Typical of the
high quality experimental results for which the Laboratory has a responsibility are the differen-
tial tions for pp p produced by the Liverpool-QMC-Daresbury-Rutherford
collaboration. The original aim of this experiment, and of the subsequent polarization measure-
ments, was to investigate the formation of high mass bosons. This still holds good, but the
results are also of great interest for parton models of large angle scattering.

e
SR

Reconstruction of scattering amplitudes requires polarization data as well as cross-sections, so
there has been continued emphasis on experiments with polarized targets. Work is progressing
on an orientable polarized proton target which will allow important spin correlation measure-
ments, greatly facilitating the extraction of scattering amplitudes. A design study has been com-
pleted on a polarized deuterated target which will allow measurements of scattering from
polarized neutrons. This will be crucial to the understanding of the KN and KN systems.

In such small transverse um i ions, ch: ised by the formation

and of peripheral peaks, hadrons appear as diffuse extended cEnawu with a radius owmm“u“””oww
1 Fermi (107cm). The dynamics of these processes are extremely complicated, and it is known
that they cannot be simply described by an elementary quantum field theory = any underlyin
23#525 of hadrons is only hinted at indirectly by the symmetry laws. On the other —Eaaw
collisions at large transverse momentum show simple scaling laws, a behaviour which is loM
wownaaa by any fixed unit of mass or distance. In this regime, the characteristic behaviour is
pointlike, and the hadrons are described by field theories with fundamental pointlike constitu-
ents — apparently distinct from the complicated dynamics of small tr: mentum
cesses. Yet these two very different sorts of bet must be inti
v.nﬁ..uo mn is the same hadrons which are involved in the two cases,
direct evidence that the two regimes match up in a simple way through “duality”. To
and unify the spatially extended behaviour of hadrons at smal ¢ ot
scaling pointlike beh at large t is one of the great
physicists today. The p of at the Rutherford Laboratory
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the Birmingham University-Rutherford Laboratory group (RL.

le exchange plays a dominant role for scattering in thig chatsal

- exchange calculations of J W Alcock and W N Cottingham gy B

with experiment. Work is being done in Bristol to determine with

K meson coupling constants that appear in these calculations, Ty,

s in the incident momentum range 0.7 to 1.0 GeV/c measureq a¢

the Bristol Group and described in previous Annual Reports haye
or these calculations.

tum range over which differential cross-sections were measured for mtp
extended. Data-taking was completed and final analysis is now nearing
the experiments and the experimental configuration have been described
igures 1 and 2 show isometric plots of the differentiai cross-sections for
a number of momenta in the range 0.04 - 2.20 GeV/c. Sufficient data

] provide differential ions conti ly over this
will be used in new phase shift analyses being carried out both in Bristol and

stem, the K™p system in the intermediate momentum range shows a
t states. To assist in the elucidation of these states, precision measure-
rential cross-sections comparable to those already available in the pion-
Construction and testing of a new beam line and apparatus to

s now under way.

Imperial College, London
University of Southampton




 MeV/c for the channels 77p, 7°n apg

sucleons close to 180°. The results 50 far obtainen -2t 1%
the threshold for n production (Figure 3(a)); 555@5

‘bounds or for any new, narrow, non-strange bary o S no

aims, to examine carefully a curious depression in
2 few MeV of the threshold and to make a pre
neutron counter centred at zero degrees to the beam

the Cross.
Cision Meas.
Wwas used to

state c.m. momentum p* of 20 MeV/c. Plotted in Figure .
L o ol 0% Sl theory supgents they ?xw,_u
ations have been suggested for the dip, but these o ﬁ..

that within the errors both the width and the aaa»w
to be independent of p*. A preliminary value for the w width is | 051

 Argonne National Laboratory, USA, showed evidence for several narroy
s near 1 GeV. We were able to modify our equipment and running conditions
ngful comparison with the ANL data. With a much improved sensitiy; fh
Ema resolution, we found no evidence for these mesons at the levels

ported. The X°(958) meson was however seen in both experiments.

180°. The 1d for 7 production is i d and coincides with the cusp.
cross section (assumed isotropic) down to very low values of final state c.m.

/p* was expected to be constant and the fall at low p* is not yet understood.

t the X°. The bin width is 0-49 MeV. An upper limit of -8 MeV is found for

2. (15281)
7 threshold

|

@ 7mp=>mp (180%

p* MeV/e

Events/S x 108 Beam pions

(b) n°n°

L 1 =
920 960 1000 Mass, MeV/c?
Figure 4
Evidence for the S* meson. The striking feature'in the L channel, (a), is zwn sudden drop in the -—von»::,l
at the threshold mass for the production of K'K™ pairs (dashed line). The 27° channel (b) u_..oﬁnu the meson.
very clearly. The drop is explained as a distortion of the S* because of the opening of the KK~ channel to
which it is strongly coupled. The full lines are the fit to the data for an S* pole at (987-i24) MeV. Inset:
The K*K ™ mass observed is with the from the 77 data: Experiment 2.
(15282)

A further attempt was made to determine the width of the X°(958) meson or at least to lower
significantly our previous upper limit of 1.9 MeV. In addition, evidence was sought that the
meson detected did have a 2y decay mode. From this the partial width T(X°®) - 27 could be de-
termined and comparison made with the measured widths of the 7 and #°. The results could
then be compared with the predictions of singlet/octet mixing for the pseudo-scalar nonet. :
analysis of this experiment has been completed. The most important results are thai

width is < 0.8 MeV (95% C.L.) and that the 2y mass and the X° mass are equal to within
experimental accuracy of about 0.5 MeV. Figure 3(c) shows the mass spectrum observed

the X°. The experimental resolution has a full width at half maximum of about 2.0

Hw_s.o has recently been increasing evidence from several groups for a narrow

S, at a mass close to the KK threshold. What appeared to be a further manifes

state was seen in our data in the form of a sudden drop in the 7*n~ channel close to |
threshold (Figure 4(a)). Subsequent analysis of our data in the 2n°

enhancement in the 2n° spectrum (Figure 4(b)). It was then possible to

channel should show a rapid rise to a defined, but very low cross-secti

45 final experiment of the series (inset, Figure 4) which also

ling constant of the S* to 7 and K K.




A further proposal was made to search
event for this decay has been found. The final
of the experiment is proceeding.

*_— o

§8%=%Eon§§=¢=aan=at‘- J
and a measurement of the energy distributony, e mx_vmm_.smzqa
g particles and antiparticles obeyeq Eoz_g. : Differential Cross-sections in the Charge
in the energy spectra would be evidence for g y; e Exchange Reactions 7p > a°nand 7 p>n°n
tiparticle substitution (usually denoted as charge 8&:§%§.§. A ge
been completed and is published. The Table sE::E...M.. (C) . (Proposals 81, 101)
clusion from the data is that we see no evidence for C-violation __u. W
is i tinuing, to extract furthi i
T SR from this The differential cross-section for pion-proton charge exchange scattering has been me
23 momenta between 600 and 3000 MeV/c. In this momentum region there are many Kno
nucleon resonances, and the experiment will provide new data to help determine the partial
amplitudes produced by these and so add to our knowledge of their properties..

Summary of Results

Data has been ded simul ly on the reactions 7~p - n°n and 7~p > n°n. The expe
Result if Experimental mental arrangement is shown in Figure 5. The target consi i 2.5" high cyli
C conserved Result Comments der of liquid oxygen. The neutron produced in a charge was detected
large array of liquid scintillator cells, each one metre long, MS.._ viewed by a single %roﬁi
o lier. The 7 rays resulting from the decay of the associated " or n were converted into electro
S £ 0.00% mn:.m_,:\w i “85.3 showers by _m-mmn sheets of lead. The showers were then detected by three plane!
C-violation due plastic scintillators placed behind the lead sheets. The angular resolution achieved in the neutron
tol=0o0r2 and y-ray detectors was good enough to determine, biguously, charge exchange events
final state. from inelastic events by measuring the angles of the three final state products. Charged

0,012 +0.006  Sensitive to background is rejected by the use of plastic scintillation counters placed around the target and
- in front of each of the neutron and y-ray detectors. Data taking was completed in February -

C-violation due
73.
to1=0 1
final state.
Linear increase if Higazs Diagram of the apparatus for Experiment 4 with liquid hydrogen target installe
C violated
in I = 2 state.

Linear increase if
C violated in
1=2
0.0021 +0.0025  Sensitive to 3 v
C-violation due H mn._.m.na,.
tol=0 8 2 |

-0.0029 £ 0.0025  Sensitive to
C-violation due - EZ3 plastic scintillator
toI=2 S a6 convertors
5 @222 anti counters
Linear increase if QIR liquid scintillator
C-violationdueto 3 muttiws i
1 =0 final state-

Increase if
C-violation due t©




 from the experimental data it i nege.

three separate methods

produced by the Harwell cyclotron, was useq
s in the momentum range 200 to 450 MeV/c

‘Nimrod by the extracted proton beam Was useq
1 : was %SQ“
The asso in a sonic spark chambe,
he angle and momentum of the proton. This enabled 5 Predic.
omentum to be made. By comparing the number of Predicteq

detected, the neutron counters could be calibrated between 1000

, experiments were run at a few momenta below 1200 MeV/cin,
required only the detection of two y-rays coming from the * o
‘was imposed. This enabled a prediction of the angle and momentup of
assuming a charge exchange interaction had taken place. In this way
utron counter arrays could be estimated between 200 and 1300 MeV/c,

to calibrate the neutron counter arrays over a momentum Tange of
cross-check the normalisation by comparing the efficiencies obtained
" the three methods. The slope of the efficiency curve as a function
way expected from our knowledge of the processes involved in the
charged and neutral particles by neutrons. The arrays have a minimum
‘maximum efficiency of ~60% across the measured momentum region.

calibrated using “tagged” photons of known energy. They were
sstrahlung radiation produced in a thin radiator by electrons present in
on energy was obtained by measuring the electron momentum before
The hodoscope efficiency is determined by comparing the number of
umber detected in the hodoscope. The d efficiencies agree
ions.

utron counter arrays: Experiment 4. (15411)

to Fcﬂmﬁs‘ R,

Arbitrary Units

0-0
Cos 0 S
Figure 7.
Angular distribution for the reaction 7p =>7°n at 1030 MeV/e. Errors are statistical only: Experiment 4.
(15407)

The analysis of the various calibration data has been carried out in parallel with that of the
charge exchange and 7 production data. Both are nearing completion.

Figure 6 shows the results of the efficiency measurements on the neutron counter arra;
as a function of neutron momentum. Figure 7 shows the charge exchange angular
obtained by folding approximate acceptances and efficiencies into the expe: 1
1030 MeV/c.

EXPERIMENT 5

Differential Cross-sections and polarization
in the reaction 7~ + p > K° + A




: te ang

state. In spite of a high

sfactorily separates ‘2 Vee’ events

um 1160 MeV/c, ie. above the m-p » gogs e
for the subset of the data in which 4 a.,ﬁ%w__,ar

e mbers. It can be seen that a clear separation coiuﬂ.
obtained. Data analysis is continuing. een

Number of events.

t0 2.0 GeV/c covers the mass region 1880 to 2160
nances in the 7N system whose identification js
el will supplement that already available from elastic scagter; s 2 from hydr t pr = 1116 GeV/c: Experiment
uipment i that the charged decays K° — n*r- §n>¢_uw.==n” Mising mass to the K® for 2V events from hydrogen at pr cperi
Those decay products which go forward are momentum analy, 6
rising an M5 magnet with spark chambers fore and aft. The ESM RIS

tiwire proportional chambers have been rigorously determineg, Neutral states from K™p interactions
ction on instrumentation.

Mevyc2,
uncertajp Figure 9

(Proposal 92)

This experiment selected the following final states from K~p interactions:
°A, 1°2°, nA, nZ°, T°1°A

Our purpose is to find, by partial wave analysis, what resonant states decay into these fi
states, and with what amplitudes. The results may then be compared with the predictio
symmetry models based on quarks, such as that of Faiman and Plane. In the table we
amplitudes deduced in our experiment, together with these authors predictios

good agreement in phase and in most cases also in amplitude.

Amplitudes for resonances decaying into the various final states

Channel 7°A in? °2° nA
Wave S01 DO3 SOl
Resonant Mass 1700 1670

Amplitude -028  -0.20
(expt.) £0.05  0.03

Lol 18 033 -032
(theory)
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cant contributions to our understanding of baryon =
series of pion- and kaon-nucleon scattering oxvnmh:auw
charge exchange channels. A similar study of inelastic, i
ons is now needed with statistics and resolution awsﬁnw:nv.
chamber capabilities, using both hydrogen and polarized targets,
requires a large aperture spectrometer magnet: such magnets it
t Stanford Linear Accelerator Centre and Brookhaven Nationg

CERN (the Omega spectrometer), usually at beam momenty
with Nimrod.

,Amwoa:o_:«s_,gmv?o_,oonim:Eos.%:ﬁ Laboratory with

operated as a facility with the improved Nimrod. Based on the 1.5
Chamber magnet, suitably modified with new pole pieces and return yokes,
seful volume of 2:7 m x 2:0 m x 1-24 m with a magnetic field of 1.0 to
spark chambers (with a total of some 65,000 wires with a 1 mm
plemented by proportional chambers in the beam and target region,
in the trigger. An atmospheric pressure Cerenkov counter will fill the
m aperture of the magnet, enabling pions and kaons above 2-8 GeV/c
10 shows the general layout.

s are expected to be submitted in 1974. Some fields of study
expected to make substantial contributions include: (i) meson spectro-

d meson states are either missing or poorly established, (i) the role of
in scattering amplitudes, by providing data for model-independent
si two-body differential cross-sections and polarizations, and (iii)
se-shift analyses of differential cross-section and polarization data
wltibody final states in the s~channel resonance formation domain

1

I
Atmospheric
Pressure
Cerenkov Counter

T
!
1
1
)
1

mx_vm_a_gmz._. 8

: ss-sections for
pifferential cro
pp reactions:

(@roposl 75)

(2), Drfep pRED
(b) w+v|vs.n+=.¢
© p+p-> K +K

The processes:

L s

i i de at 21 incident antiproton

ied in some detail. Measurements have been ma ! ipr v

o eoaniuw_—w_wa:ma 0.7 GeV/c to 2-4 GeV/c, with coverage of the full range of centre-of-mass

BQMMM_“ angles. At each momentum, typically 40,000 events were detected for process (a),
ﬁoo for process (b) and 400 for process (c).

i i i jal cross-sections for all 3 re-

taking ended in June 1972, and the extraction of differenti: . ) i

Unwcmw:u is =m°i complete; the results for channels (b) and (c) have been published. Work is con-

m_EEm on the physical interpretation of these results.

Figure 11 Angular distributions for pp elastic scattering at 1-85 GeV/c: Experiment 8). (15362)

Pp+p=p+p at1-85 GeV/c
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data taking started in May 1973, and is expected to ¢qp:

described in the 1972 Annual Report. Although it ;4 Ntinge

pp~ KK’ the main object of the experj o:a»umvoo.

npp— n~m*. Measurements will be made at a total of 10 is .8

 and 2-2 GeV/c; giving about 5000 events at each moment i A

i

mount of differential cross-section data on the same process o

; possible to understand in much more detail the behayig, %on,

describing the reaction. In particular, it is of great interest ,o_sn of

tudes ‘resonate’, i.e. if an unstable resonant state is formed i :—oos

o], these states are expected to exist; observation of their mo_.:_»mo:n.o.

er and important verification of the model. An alternative »,E__st_”
rises from the fact that in the annihilation of the Pp pair, a Jay,

d. The reaction therefore has some of the characteristics of %M

xperiments done, for example, at the ISR. These experiments haye

that hadronic matter is composed of pointlike ‘partons’. The behay.

ctions show some of the characteristics of such models; the polar-

whether they are useful in this energy region.

University of Birmingham
Tel Aviv University
Westfield College, London
Rutherford Laboratory

nt which uses the CERN Omega spectrometer was completed

triggers for the reaction n™(K™)p - nX® at 12 GeV/c have

ut 1% of the r flux). The data contain over 50,000 77 n

ts with the effective mass of the pions between 0-8 and 22

(1% of the data the p, f and g mesons are clearly seen in the 21
system contains w and A, signals.

em in the 77 final state: Experiment 10. (15359)

Sl

Number of events

ul _.I _._l_ "
06 08 10
Figure 15 Mass spectrum of the 37 system in the 77 7°n final state: Experiment 10. (15365)

The aim of the experiment is to look for evid of new zero strang meson uawnnuw%ﬂ:&me )
ing a spin-parity analysis of the 27 and 37 events. Such states provide information about the
validity of the quark model since they are comp d of quark-antiquark pairs.

Over 10° 4-pronged events are included in the data. These will be more difficult to analyse but
there is every hope that useful physics information will be obtained from these events also.
2-pronged events will be analysed first with the aim of understanding the systematic biases f
these simpler events. It should be possible to obtain complete decay angular distributions for
the 27 events. The problems to be solved concern the pattern recognition efficiency and geo-
metrical reconstruction and are common to all Omega experiments. 2

Some earlier test data, with 1 magnet coil only, have yielded a few hundred m"p > w n ey
8 GeV/c (Figure 15). The differential cross-section for this reaction will be obtained.

EXPERIMENT 11

Study of non-diffractive production of
neutral K meson resonances

(Proposal 93)

The object of this
ouIe spark chamber experiment is to study the
Tmeson resonances, K*, in the reaction b
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are:
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Figure 16 Effective mass of p 1~ system in p*He = *He p 7'~ at 19 GeV/c: Experiment 12. (15398)

EXPERIMENT 13 University of Birmingh
University of Genova

University of Stockholm
Rutherford Laboratory

Study of the reactions
a'p—>K'Ztand Kp~>7 "

(Proposal 100)

Differential cross-sections and polarization for the two reactions n'p >K'Z* and K"p >m
at the highest possible momentum (in practice 10 GeV/c) are being measured. Theore!
these reactions should be related in a simple way; in the most elementary model, the ¢
tions should be equal. There is currently general confusion about the relative magni
these cross-sections, with conflicting evidence from different experiments. For the fir
this experiment measures both reactions with the same equipment, so an excellent com
should be possible. A further aim of the experiment is to explore the hypercharge
cross-section to much wider angles than before. Such a measurement is of part

view of the possible domii of parton i hange in the large angle region. So f:
exclusive channel studied to adequately wide angle is elastic scattering.

The experiment has had one period (3 weeks) of data taking at CERN, and in this 1
small angle part of the running has been completed. The set-up is shown
geometry no attempt was made to detect the recoil =* or its decay pr
Be__o_.—Emu is too low. Instead reliance was made on extremely efficie
mwmum ._M.M_mni and outgoing mesons, and on a very accurate momentum mez
wsE_ tification is achieved by the use of threshold Cerenkov counters,
, and another three (Co, C, and C,) in the forward spectromete;

Mﬂo%h”n ameson to change its identity in the scattering process
use of the small cross-section for such processes, ther
&oaﬁo : cwﬁ.:o_a Tecognition. For example, below-threshold parti
duction 8 electrons or by hadronic interactions in Cer
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are at; :
and C, is a pressurised Cerenkov counter. W1 to W6 are %wwx e_.“hﬂvwnvrn:o
counters. The muon filter following C, is used to veto K, 1 anon and .
rate in the trigger for Kp > 712, (14972) ays which

consists of two large aperture magnets (AEG from

boratory) and a series of double gap spark chambers imw%&% :,M_zm
th capacity readout which for the first time is being used on _.o.:_ _os
tage planes of the chambers. The choice of capacity readout is based o i
needed for the readout (about one tenth of that needed with core .anw_n
e readout). This enables extremely high multi-track efficiency to Mo.

%e._n barely loads the pulsing system. The spatial resolution on each pla,
which will lead to a momentum resolution of 0,3% at 10 GeV/c. This is _w»:_“o
achieved in studying these reactions. So far only a simple EOBSEL.
e ot use W3, has been used and already this has achieved 0.5% mom-
g.ﬂ-ﬁ peaks are being seen corresponding to the ¥ events with
cident K-, with very Jow background. Figure 19 shows a missing mass
The background due to the beam can be completely removed by an

E.:oi the very interesting comparison of small angle cross-sec-
iw;o to introduce a recoil detection system to observe the

le further constraints to be placed on the wide angle events

! the mo..s&nas_.&:w mass measurements alone would

Sl the 3* > pr decay asymmetry will allow a measure-
These will be made during

np—> KI DATA
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Figure 19
Preliminary missing mass distribution from an early data tape on the ip >KZ :..mwnn Despite being
essentially raw data analysed in a very simple way, there isa clear 2 peak with little background:

Experiment 13 (14973).

Imperial College, London
University of Southampton
Spin rotation parameters in ETH — Zurich

mpoK A CEN — Saclay

University of Helsinki

EXPERIMENT 14

(Proposals 107 and 124)

A group from Imperial College and Southampton is working at CERN in collaboration with the
ETH-Zurich and Saclay. They have recently reported results on the differential cross-sections
and polarizations in the charge exchange reactions p+p—>7n+n and K™+p—> K® +n; further
results on the latter reaction and on n~p - AK® are now being analysed. They have reported on
trials in the Omega magnet of a K* detector initially tested at Nimrod. The Imperial College and
Southampton group is now collaborating with Zurich and Helsinki in the preparation of an
periment, to start in 1974, which will use a frozen spin polarized target for the measuremei

the spin rotation parameters in 7~ p - K°A.In this experiment optical spark chamber:

by a lead oxide vidicon camera system will be used inside the CERN—ETH specf

‘magnet. i

EXPERIMENT 15

Spin d d of inclusi

(Broposal 112)




investigation of the spin mn?:no..no of pion in ey

tp(t) tt anything in the D31 beam at an FoEEa_EE

cular momentum Wwas chosen to correspond with ¢ _.ME Pion

ientum where the subsequent phases of the experimen¢ t of the
59% aratus for the CERN run is shown in Figure N mwa. 2

, counters C; and C, before interacting in the EM incigen,

-products of the pion fragmentation are identified in the Cerenk, o<v§oeo_

: using the analysing magnet. Positions on the 5&&8::5.

recorded in the scintillation counter hodoscopes H, to H, 355 and

mm. Data taking was completed in June 1972 with 107 events of En Spat.

ded onto magnetic tape for later analysis. This analysis is now an type

. The acceptance of the system covered a range of transverse anoo_.smw

MeV/c and in missing mass squared of 0 to 10 (GeV/c?)2. Ntum

ingle the effects of the target particle from those of the projectile anq

ements to regions of high transverse momentum where the cross-secti o
very low the experimental programme was moved from CERN to the _xo_.u ok
; summer of 1973. A new high energy (7.9 GeV/c), high intensit :Enw

ted beam was specifically designed for the experiment and was gmﬂﬁo
Envﬁ”oan. This beam (P81) has now been issioned and e

up and for preliminary data taking. The experimental >
Rutherford Laboratory is shown in Figure 21. ,:.2% are m:omyﬂ_m_.\ww “omM S
: (i) A forward arm with steering magnets M404 and M407 and an anal .
‘accept and measure the momentum of the fast forward particle from nww_,._sm

p + p(t)>n + anything
p + anything
K* + anything

%-anoa\h +p(1)>p + p. Positions along the particle trajectory are recorded in
en%“ﬂw& H; to mw : (if) A recoil arm with hodoscopes H,Hy and Hy

. E%&E positions of the recoil proton in the elastic scattering

m ] ich @nsoa and momentum analyses the fragmentation products

target, This arm uses multi-wire proportional chambers with a Imm

along the trajectory in order to obtain the required reconstruc-

(D31 Beam line). (15357)

Steering
Magnets

Jonisation Chamber

Multi -Wire
Proportional
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Figure 21 Layout of Experiment 15 at Rutherford Laboratory (P81 Beam line). (1535 3)

the elastic scattering phase to confirm, with- better
statistics, the trends shown in earlier CERN data out of a four momentum transfer (t) of 3.0
(GeV/c)*. The full angular region extends to | t | = 6.6 (GeV/c)* and it is hoped to complete
data taking in this new, unexplored region early in 1974.

Sufficient data has already been taken in

EXPERIMENT 16

The pion-nucleon scattering
lengths

(Proposal 98)

The analysis of this experiment has been 89@58&
experiment have been given in previous Annual Reports
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performed by this collaboration at Intersection 2 of the CERN ISR yse

s of equi t. Details of the wide angle spectrometer and the muon anaﬂsc
t year's Report (Experiment 8). During 1973 the group continued to m_w-
m both pieces of equip The complete app is shown in Figure Nmn

. 1

ed to inclusive p of all charged particles j
angular range of 29° to 90° in the centre of mass. UMS EM:M%N»MT
setup, including a search for production of massive particles, was co, :
972. The analysis of these data continued throughout the wmu- In M..
- particles, no new particle was observed amongst 0.7 x 108 &Ew& Eo

ter. The ponding total cro: tion limits for ?ogozo_w of
d 4/3 e compared to previous results are shown in Figure 23. A cleg
tion of antideuterons was seen in this experiment representing an increase om
relative @ to 7~ ratio over the value found at lower energies at Serpukhov. The
' momentum pion data indicated that the invariant cross-section for m.can
menty varied with rapidity over the central region, showing that theoretical pre-
lat central plateau, are not yet at hand for the ISR-energies. L

Bo,-.a were taken with the spectrometer in the high momentum
‘mode permit charged particle identification in the range of trans-

h,oSn to 4:5 GeV/c. Results from this group and others at the
off in the slope of the invariant production cross-section with
P transverse momentum events fits in well with the parton
point-like interactions of hadrons can occur.

ment 17 at CERN ISR (12614)
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Figure 25 Monte-Carlo simulation of muon detector data:
Experiment 17. (15354)
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Figure 24 Particle composition as a function of
momentum py: Experiment 17.
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The running of this experiment was completed by the end of the year though the E_«.&aa of
the data will continue into 1974. The results will provide detailed i i o:._Eu terest-
ing class of events. Preliminary results on charged particle composition as a m_.Eo..,._o: of ppare
shown in Figure 24. The trend of a rapid decrease in the fraction of pions with interesting pp
seen in the low momentum data does not continue above 1.5 GeV/c where this fraction remains
constant at approximately 65% of all charged particles up to 4 GeV/c.

Data were taken where the spectrometer was run in coincidence with the large solid angle mag-
netostrictive spark chambers of the muon detector. These data should provide information on
correlation effects and associated multiplicities as a function of momentum.

1 of

This apparatus is used to study the momentum spectum of muons from the ISR for g
structure which would indicate the existence of new particles. If the weak interaction isnota
‘point interaction’, then a particle may exist whose function is to act as the ‘messenger’ between
the interacting particles. Such a particle, being massive, can only be produced at high energy,
and would decay into muons, having a ch istic high um. Other sources of muons
at the ISR are the decays of mesons (7, K*) and cosmic rays. A Monte Catlo simulation of the
momentum spectra from meson decay, and the decay of a 20 GeV/c? Intermediate Boson
(Drell-Yan Model) are shown in Figure 25. During 1973 the equipment was changed to reduce
the number of triggers from meson decay as indicated in the Figure.




indicates the contamination from cosmic ray my,
e been used to ensure the equipment remained
at high ISR luminosities. When the ISR wag p, o
te the muon detector magnet. To do this an air mj Tunnip,
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have been taken, and are in the final stages of analysis. Prej;;..:
very few high momentum muons. The group intends to M”:E»Q
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S s g.mxsaon of the Eﬁaznu:c: begun by the British-Scandinavian Groy
) ,.aonss-. ﬁmuo:.:_s; 17). In that experiment it was established :sw
g_.iﬁ cross-section is not a simple exponential function of transverse
1 GeVe. Several models have been advanced to explain this behaviour. The
Eg is unable to provide sufficient information to distinguish between
e
gi at the is not well investigated n i
s i g or understood, in par-

Y&

%EB.: the Fmo.asuno: so far obtained by investigating the multipli-

vow 88__._5.2 associated with high transverse momentum events.
. @@Hg.acg.ﬂﬁ? some small improvements) will be utilized to pro-
se mor particle trigger. The spectrometer is shown in Figure 26. The

s
J%%: the wide angle spectrometer platform (side elevation shown in Figure 22):
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Figure 27 The charged particle detector to be used in Experiment 18. (15355)

associated charged particles will be detected by the apparatus shown in Figure 27. The principal
detector isa barrel shaped assembly of scintillation counters surrounding the intersection region.
The barrel is subdivided into longitudinal strips and lateral hoops to provide detailed informa-
tion on the azimuthal and polar distribution of the secondaries. Large spark chambers on either
side of the barrel detector will provide additional information on those secondaries roughly
collinear with the high transverse momentum trigger. Scintillation counter hodoscopes covering
the ends of the barrel plete the angular ge giving an angular sensitivity of v 99% of
the total solid angle.

This apparatus is being prepared for installation during the winter shutdown of the ISR and
should be ready to collect data at the start of the ISR programme in 1974.

EXPERIMENT 19 CERN
University College, Lol
A study of inclusive particle University of Bristol
production at very low p and x=0 Massachusetts E@M»« . :
Technology T
(Proposal 131) Niels Bohr Institute

This experiment is designed to measure the single particle inclusive
particles of very low transverse momentum at 90° in the centre of
will be performed at intersection region 8 of the intersecting S
data on inclusive particle production at the ISR apply to
for pions, and above 300 MeV/c for proto: is ho,
three in order to study the behaviou I
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EXPERIMENT 20 hi
i Harvard ca<mi»“»wa
Muon-nucleon scattering University of . .
HOnA . 0]
University of Oxf, -
(Proposal 96) ord
internal structure of the nucleon b -

i riment attempts to probe the in o : Y Scattering p;
M__N% _“ﬂoa off protons and neutrons. The electromagnetic interaction between osﬁ%aﬁuﬂ.
tons (muons or electrons) and nucleons is mediated by virtual photons whose mass, energy mo_M

> ang

izati i i ttering from nucleons is
Jarization can be varied. Because of this, muon-sca i5 o of 4.
H_ﬂz_o& available for probing the internal structure of the nucleon. A suitable high o:m_.@w%nﬂ
jcally 150 GeV) beam of muons with high intensity has been constructed at the Nationa) >nww_y

erator Laboratory, USA.

A plan view of the apparatus is shown in Figure 28. The large spectrometer magnet (former)
the 450-MeV cyclotron at the Enrico Fermi Institute of the University of Chicago) has Besn .w
place for over a year. The setting up of the rest of the apparatus began in March 1973, Sn_m:
now virtually complete. Figure 29 shows some of the apparatus in place. The roaomoonww E_M
the magnet-measuring apparatus were constructed by the Rutherford Laboratory NPAG Groy,
The magnet has been completely mapped at two different currents. By

Figure 28
Layout of muon scattering apparatus. The beam enters from the left: Experiment 20.
(15356)
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Figure 29
View upstream from the top of the steel hadron shield (see Figure 28): Experiment 20 (NAL photograph).

(15361)

Some parasitic beam has been available for the experiment during the past few months. The
first beam under realistic operating conditions was provided in October 1973. For that run a Be
target was used as the liquid hydrogen/deuterium target was not yet operational. An on-line dis-
play of one of the events observed is shown in Figure 30. During 1974 a substantial amount of
running with hydrogen and deuterium targets should take place, to yield information on the
total photo-absorption cross sections, the structure functions in deep-inelastic scattering, and
allow detailed studies of the hadrons produced to be made.

5T EVENT 143 KRR
END SERRCH

Figure 30
An event displayed in the downstream spark
chambers (the ones labelled 11, 12, 15, 18 and 21
in Figure 28). The scattered muon is the particle
passing through into the final spark chambers.
Three charged hadrons and a photon shower are
also visible: Experiment 20. (15370)
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EXPERIMENT 22 University of Liverpool
Orsay

Study of large transverse momentum inavian Universities

‘behaviour Scandina: niversi

2g
1 %ﬁl&.ﬂm& reaction pp > pX. s, t and M2 are respectively, the squares of the center
- mor o.===. transfer between the target and recoil protons and the missing mass.
are plotted against s=1/2. The straight lines indicate the s dependence of the Pesst 150)
increasing with x: Experiment 31. (15367)

The experiment plans to study particle correlations associated with high transverse momenta
events at the ISR using the split field magnet.

Recent data obtained at the ISR on single particle production at large angles have in particular
drawn attention to the high py range. The explanation for the surprisingly large p.

this region may be sought, according to the parton model, in the existence of poi

tures inside the hadrons, or it may possibly be accounted for by the same multi

‘model which describes the production of low momenta particles. A choice betw

quires studies of the correlations between particles when one, or several of the

with high py.

A ic spect; ,p ly being designed, will be used to trigger the sp
detectors in order to select the very rare high pp secondaries.

The collaboration hopes to start data taking early in 1975.




Bubble Chamber Experiments

Conventional bubble chamber experiments continue to be one of the main sources of

tion on the properties of the elementary particles and over the last year the Laborato, %moas.
ing in collab with the universities and with other laboratories, has made a aw“mMo-w.
Cant

contribution to this effort. There has also been progress in the development and utilizag;

new techniques to overcome the two main limitations of conventional bubble chambers: :.mo: of
particle detection and limited statistics. The 1-5m bubble chamber at the Laboratory b ?M__HN_
demonstrated the reliability of operations with a track sensitive target (TST). The usefulnes er
the TST is not in doubt and plans exist in other laboratories for the construction of nmqm of
based on the CERN-Rutherford Laboratory design. Work has also started at the Laboratoy gets
the construction of a rapid cycling bubble chamber (or vertex detector). B

Track Sensitive Target The TST considerably extends the domain of particle physics available for study. It consists of
(ref. 45,139,173, a perspex walled target filled with liquid hydrogen and situated inside the bubble chamber
174, 175, 222, 323, where it is surrounded by a neon-hydrogen mixture. Both regions are sensitive to charged tracks,
324, 375, 378, 380) Beam particles introduced into the target interact with free protons while their reaction Eo..
ducts in general pass into the neon-hydrogen mixture, which is an efficient detector of y-rays.
Many particle reactions result in the production of several neutral particles (e.g. 7%, n°, 2°) and
M_n-a particles commonly decay into 7-rays which remain undetected in a conventional cham-
er.

The 1-Sm c.cg_o chamber, with a TST installed, operated reliably throughout 1973 taking
1,100,000 pictures in a slow K~beam (Experiment 34). TST’s have now been constructed and
are under test at the Argonne National Laboratory (ANL) and Brookhaven National Laboratory
%—Mﬂvﬁ? E_anhn under 33&032.0: at CERN and at the National Accelerator Laboratory
St uoo ) - ._.rc__v_.ooa&_:m of zs. data from the first two experiments in the TST (Ex-
R intion of HuM_M under way and is reported below. A programme for the geometrical
Sl & welibonte | ] M: the hybrid &aa._: has been developed. The Laboratory group has
36). In order to exj _%»ﬂscz_—s ‘.nw._. Epretmenty in the 12 foot chamber at' ANL (Experiment
on automatic ﬁom:u_ e technique fully, it remains to be shown that events can be measured
using the HPD 50 that measurement rate can match the data acquisition rate. First tests
at the Laboratory look promising.

#g that more and more bubble chamber experiments will make use NH.
t Qﬁisw_ogu_ ic detectors, which will be used either to trigger the bubble
Tl gﬁ“ﬁ measurements. Such hybrid systems are being developed be-
! hydrogen bubble chamber is non-selective so that in the study of rare

g be low. Current experiments are typically at the 20 mﬁ:&tw
: phed irrespective of wheth Emwno:ﬁ.:u:nﬁ:
To solve this problem a small rapid cycling bubble %»ﬁ
expansion rate of 60 hertz, experiments of UP €0 5
t, because of the thin walls and geometry of the =™
the photography from external detectors:

er has several very attractive features as a detector for the local region
> teraction (the vertex region). The track efficiency is 100% in all directions and,
e ubble size and the fact that the chamber is both the target and the detec-
|ution near the vertex is excellent (approximately 1mm). This is particularly impor-
ihe 5=t tes involving hyperon ot K¢ production where decay lengths may be a few cen-
tant for final sta The detection and measurement of spectator protons from deuterium also
et 98 _nwm. of interactions on quasi-free neutrons and the measurement of the range of
allows Emmﬁ_”owo:m in hydrogen allows the study of very low momentum transfer, -t = 0-005
oL amo 2 cesses. Because of the essential features of the design, secondaries can be extract-
(Gsile) .Maom mo_a. angle and in addition to providing trigger information, measurements, par-
onw_ﬁqo_ﬂ.w—oamug in the forward direction, can be augmented by external detectors i.e.
MM&BE«Q systems.

The rapid cyelin® chmd
und an
MMN_.& of the small b

A group at the University of Oxford has been developing an external particle identifier which
could be placed behind the large bubble chamber BEBC when it commences its operations at
the CERN 400 GeV Synchrotron {(SPS). This device, ISIS, will be used to measure the ionisa-
tion of energetic secondary tracks leaving BEBC, so enabling the particle masses to be deter-
mined. A model has been built and it was recently tested ina beam at the Rutherford Labora-

tory; it shows great promise.

For three experiments the year has been notable for the large amount of data which has been
measured. All three were made in the 2m bubble chamber at CERN and each involves the Lab-
oratory in a collaboration with other groups in the UK and in France. These experiments are:
low energy K™p interactions (Experiment 31) with over 800,000 pictures, a a*d exposure at 4
GeV/c of 700,000 pictures (Experiment 23) and a 1,400,000 picture exposure to 14 GeV/c K~
interactions on protons (Experiment 32). A large amount of data from these and several other
experiments are currently being analysed as a consequence of the powerful film analysis system
which has been developed at the Laboratory over recent years. Although this system will con-
tinue to be improved, it seems probable that the next step forward in high statistics experiments
will come from techniques such as the rapid cycling detector outlined above.

..E—o rw_uo-,u»oé has been active in several experiments utilising rather unusual beams. Analysis
15 EoSw&:m on an exposure at CERN (Experiment 29) which used a monochromatic K° beam.
An extension of this experiment, with an improved beam, has been accepted.

There is a proposal from the University of Cambridge to carry out experiments in the 15 foot

“mwo:mn.m,wcg_o ow_u:—con at NAL (USA) with beams of high energy =~ hyperons and ", K

o 5 M experiments would use pulsed high-field dipole and quadrupole magnets construc-

s .M utherford mhco_..uoo_.w. The meson beams do not employ standard separation tech-

CERN 201 -ﬂwhn”: reaction kinematics. The same group is currently analysing experiments inthe

o chamber n.xmomon to a high energy A beam (Experiment 26) and a medium energy
ron beam (Experiment 28).

High Statistics
Experiments

Special Beams
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PERIMENT 23
g interactions 8t aiGeVie
m

(proposst 39

sonance production, which is the main aim of this experimen
The E&w:ﬂ. ”ﬂoﬂ&ﬂ\mw of Eovnowomo_. 7*d - ppa*m~. More than 17,000 even ¢
am_a& ‘his final state, and in the prism plot shown in Figure 32, strong bands correspo
E__nen En f°production can be seen in the upper half of the plot. With such a large
D able it has been possible to study in detail the production mechanism of

ol “ua also of their “daught states” — with lower spin, but the sa
Mssavron. states. This work has iled developi hniques for the analysis of the
spin density matrix.

gure 32 can be seen another accumulation of events: these correspor
ess whereby resonances such as p° and f° are produced by baryon

In the lower half of Fi
duction of «° in the backward direction) have

the relatively rare proc ;
change. These processes (together with the p
been the subject of another study.

been observed in different decay modes, £° > 47 and £° > KK, and new

The £° meson has also
ratios into these final states have been obtained.

values for the branching
d— pprn~n® has started with a study of w° production. Here

An analysis of the reaction 7"
have allowed a detailed study of the production ‘mechanism.

again, the high statistics available
The data reduction of the original 420,000 pictures taken in this experiment is now EEoRH:K
ished, and the first measurement of a further 315,000 pictures taken in December 1972 is also

80% complete.

Figure 32. Prism plot for the reaction 7' - 7*n"p at 4 GeV/c; wis the Van Hove angle: Experiment 23

(14868)
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The experiment consists of a 640,000 picture exposure of the Rutherford Labo,
heavy liquid bubble chamber to a 2:1 GeV/c K~ beam from Nimrod. The chamb ratory 1.4y,
fi i of radiation length 30cm. T was filleq

S P!

Scanning of this film was originally pleted in 1970 and enabled th, i

aw:- 10 be studied. In addition about 350 events were recorded GEM %M“—MNMMW& o m E
K* or K° 3.%92 with two A-hyperons. These events were attributed to the re-int, noE.»EFw 2
_.kg,-g- within the complex nucleus in which they had been produced. The im Bo.:o: obz
spectrum of the A pairs yielded an unexplained peak at 2367 + 4 MeV/c? | possibl e
ample of a A-A resonance. EBont

The film is now being re-scanned to find the remainin, i
g events which have two A’ i
ﬂu,:E:n that a K* or K° be recognised. This should yield a factor of 2-3 in stat wnwﬂwu%wmp
E,E_.n of the peak. The rescan is nearing completion and the new analysis will be m_._m.w.. ;
carly in 1974. One of the advantages of the bubble chamber technique is that, since all o<m_..o“

are recorded, a surprising result which was not foreseen at the time T
isi h :
ime of the exposure can be in-

EXPERIM 2
ENT 25 University of Cambridge

*p interactions in the ra nge Imperial College, London
B - 1:5 GeV/e Westfield College, London

ls 39, 86)

Egnozo; n in the o%o_“w range 1560-1930 MeV is being studied using film taken in the
I .5‘ 439.__:: ul ._o chambers at the Rutherford Laboratory. Data has been ob-
4 momenta in approximately 50 MeV/c intervals between 0-8 and 1.5 GeV/c.

is now complete and data tapes
S at each momentum have been prepared. ek

: _g time ago at the lowest momenta that our backward
atically lower than those observed by some counter groups. s
ounced, in the most recently analysed data at the higher
constrained to lie near the solution of Ahmehed and

resonances are highly inelastic so that 2
an inelastic partial wave analysis. SUck

tic channels pr*r° and n7'7"-
uses all four independent variables
and using the | i

ki, Razmi and Roberts as simplified by Capps, Maddin and Williams. Our analy
yslo those of Berkeley-SLAC and Saclay in that we it both the pr*n® and the nr'm
differs »...Q._._w— ¢ analysis is energy independent and we are at present engaged in a comprehensive
“w.._a:wown solutions from @ large number of random starts at our lowest energy.
tion of the energy dependence and continuity of the solutions from this analysis is be-
The n:M& in two ways. A K-matrix fitting program is being written to it the energy independ-
ing BM_.E using an energy dependent K-matrix formalism to incorporate the constraints of unit-
2_.. L d the results of the, by now well established, elastic partial wave analysis. Secondly a
%Q:M.“& energy dependent PWA of the dominant A™7° final state is being undertaken. Only
m_h_nﬂewa decaying A™ events are taken, eliminating the problems of overlapping A" and p*
N”EF Combined production and decay momenta of the A™ are fitted with simple background
or Breit-Wigner parametrizations. The aim is to get an idea of what the gross features of the
liminary results appear to suggest the importance of the 0-8 and 0-85

data indicate. The pre p
GeV/c data which is not yet fully analysed, since there are at least two important I = 3/2 reson-

ances in this region in the SD1 and DS3 waves.

At 14 and 15 GeV/c peripheral events in the single 7 production channels have been used to
estimate the o7 and 7'n° scattering cross-sections by a Chew-Low extrapolation. From the
77 data values have been obtained for the I = 2 s- and d-wave phase shifts up to a centre-of-

mass energy of 800 MeV.

All film has been measured and a quarter of the events have reached the data summary tapes.
The remainder is being processed through the THRESH-GRIND—AUTOGRIND chain. Con-
siderable difficulty has been experienced in determining optical constants for a large part of this
film. The lowest two momenta will be particularly important for reasons outlined above and in
addition because the Berkeley-SLAC collaboration does not have data in this region. They have
found that the problems assdciated with the continuity of their solutions across this gap have
increased the difficulties in determining the relative signs of resonant amplitudes. With data con-
tinuous throughout our energy range we hope to make unambiguous determinations of these
signs which are of crucial importance for testing higher symmetry schemes such as I-broken
SU(6)w, Melosh transformations and the Quark Model.

EXPERIMENT 26 University of Cambridge
Hyperon-Proton interactions
(Proposals 49, 82)

70% of the 290,000 pictures have now been scanned for A° decays, and the work of identifying
the source of each A° is now speeding up with improved techni nd esources.

This association scan will produce about 20,000 np - A°X events, up to 15,000

M”Mm. and several hundred identifiable Ap - AX events, which should include all

ke scatters. Measurement of some Ap elastic scatters at about 20 GeV/c, indicates
Y be identifiable reliably down to -t ~ 0-01 (GeV/c)*-

”Esﬂo&ag.. _S.n-n A-induced events and the np > A-inclusive eve:
: hannels will be obtained at a level of about 25 eve
for the induced channels

1

0-80, 0-85, 1-15, 1-25,
145, 1-5 GeV/e




; | the nucleons. It also has the advantage that tmin is lower than in 7 exchan

bout 150,000 events from this experiment have been m
2y easured
[ &w:gaoav_og measurements on the film which SEMM m.MM. b Imperia)
ictures in the 1-5m bubble chamber at Nimrod. Some topics of inter s
partial sample of data. est have bee

| wave analysis of K*n~ scattering has been com:

; c pleted. The ch:

m to be dominated by m exchange at low values of the Bosmhﬂ__ﬁ_ﬁmﬂmm.v
er

8¢ reactions

s A ied, and t

g uncertainties in the nx:.uvo_um”“

nal state A. The procedure for extrapolation to the pion
LU e pion pole has been stud

P

 is adequately parameterised at low masses b; it-Wi

s y a Breit-Wigner K*(890) and

g\ hmns a K*(1420). .:.5 m& wave phase shifts are quite well %ﬁﬁvna“mh: MU&
[inherent phase ambiguities cannot yet exclude the possibility of some =M=nww

go pion production with a deuteron in the final state has also been studied,
gﬁng%. na_.E:nSnae« K*, which is adequately explained by w° exchan;

ion is un..& K*“n*d and can be fitted to a m-pomeron double Regge mm

which explains most of the observed features (including a low mass dr” en-

the low beam momentum.

University of Cambridge

%:quﬂ:ozan processes, arising from neutron-proton collis-
; &MME three-prong events have been measured and re-
ve been assigned to the final states ppr™, ppr T >

Figure 34. The correlation terms in double A pro-
duction, np > A" plotted as a function of four
momentum transfer squared (see below):
Experiment 28 (15410)

T

.02 t =04 -0.6 (Ge¥

The ppn~ final state has been compared in detail with a modified one pion exchange model,
which included the main interference term, and satisfactory agreement has been found. Unlike
previous results at a similar beam momentum [1], the 7~ centre of mass scattering angle shows
a backward peak (corresponding to a m~ slow in the laboratory frame of ref ), in good
agreement with the model. No anomalous production of the N*(1470) is seen, though there is a
narrow excess of events above the predictions of the model near an invariant mass of 1520 MeV-
at the neutron vertex (Figure 33). The production of N*’s, seen in the ppr~ final state at masses
of 1500 and 1700 MeV, is also seen, via the N decay modes, in the ppr~n° final state.

The use of the charge symmetry of the reaction np = npr*n™ has demonstrated thata oﬁoma:w
prepared sample of 8,000 events in this channel is not significantly contaminated. The ratio of
the numbers of events in the ppn~ and npr*n™ final states, together with an estimate of the
ppr~ cross-section, obtained by interpolating in the cross-section data of other experiments, en-
able the np - npr*n~ crosssection to be evaluated as 5:1£0-2 mb at 3 GeV/c. The

final state has been analysed as a sum of incoherently produced A(1236) resonances and the
cross-section for the reaction np > A~A™ (where the momentum transfer from the neutron t
the A~ is small) is found to be 2-3 £ 0-4 mb. The reaction np =~ A™A~ (which G

Q =2 exchange) only contributes 1:3 + 1-0% of the events in sharp contrast

ticated analysis at 3-7 GeV/c which indicates that approximately 1/3 of the.

may be produced by Q = 2 exchange.

m.sﬁmums_ tensors for double-A production have been eval
significant deviations from the predictions of a simple one pion exchange mode
‘the correlation terms: i

cli Tor AR Ji Ja
MM, MM,




Po <275 Gev/e
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in np = dn*n™, The low mass enhancement kno:
np= 5 wn as the “ABC effect” i
formation: Experiment 28 (15404) S

nt in the 7*7~ mass distribution has been observed in the dr*n~ final

has been seen in several final states in which complex nuclei are

ents. A calculation of the neutron-proton interaction has been

nts in the npr*n~ channel to predict the dr*n~ distributions. This

the ABC effect as a result of such deuteron formation. Figure

i gmg with the predictions of the modified npr'n~ state
i.ww—.u,»w.-. [6] (‘RS’) and the phase space predictions (‘PS).

A
05, 2309, 2314.
68.

University of Bologna
University of Edinburgh
University of Glasgow
University of Pisa
Rutherford Laboratory
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Figure 36. K{ beam m istributions d from d events in the chamber fitting the
hypotheses K p KSp and K§p— A The low momentum peak at 1-14 GeV/c corresponds to associated
$°K° production in the hydrogen target, the other peaks to A°K® production: Experiment 29 (15408)

The K§, beam was formed by means of forward associated production (n"p >~ K°A°, K°Z°) ina

hydrogen target situated about 8m upstream from the chamber. Six discrete m~ 2 were

taken covering the Kf, momentum region 450-800 MeV/c, the lowest being in the monochrom-

atic region below K°S° threshold and the others in the dichromatic region. The success of the
experiment depended critically on the K{, beam being truly monochromatic (or dichromatic) .
Figure 36 shows the measured K, momentum distributions for m~ momenta of 1-00 and 1-14
GeV/c determined using the highly constraned events with no unseen neutral secondaries.

The widths (Ap/p ~ £3%) are equal to the predicted values and no significant tails are seen.

Figute 37. Distribution of the Ay invariant mass in events fitting the hypothesis KEp— A9 A clear 2° ,
signal is seen: Experiment 29 (15406)

&

ber of events
5
g




two. The K§p channel contains the interference between, § <

study may yield valuable information concerning the 7+ arm: langg
interesting because it involves a pure isospin state (I = 1) in 83—.»“:0:. The
: ~p— 2*n*. The differential cross-section (and vo_wznu:oav" t0  the
avel the partial wave amplitudes in this channel. Analyses of he M.mﬁ:«.

t no difficulties since the events are highly constrained. While EWM_.". aud
channel (2-C fits), a clear Z° signal can already be scen in the An ; _m._ o
the fit K p > Ayn* (Figure 37). 7 Invariang

‘-&da, part of the experiment is concerned with elucidating the mechani;
»m.oqnw..atw and 7'7"n° decay modes of the K . Knowledge of the beam
ds the atic ambiguity which has beset many previous investigations,

Sms res-
momen-

by the technical success ..u‘. the experiment a further 500,000 pictures have been
 obtain them in summer 1974. A new beam is currently being des; M_.
significantly higher K, fluxes. &

shows a frame from this exp showing a semi-l

A o
ptonic KJ decay, a K$p event

ﬁ,sc K{, exposure showing a semi-leptonic K§ decay, a K{p = K$p event with back-
+
: event with backward " (and unseen ). The other recoil protons in the frame

ron background in the beam, and the Com;
pton electrons are due to soft phot
d filter: Experiment 29 (15397) it

mx_.mw_zmz_. 30
4Gev/e Apina track sensitive
target

(@roposal 91)

. riment is the first using the Track Sensitive Target technique which is designed to pro-
s eGog final states with more than one neutral particle (2r° or n°). Interest is therefore
e %S: events in which at least one 7° (two paired gamma rays from the 7° > vy de
8::&% Given this information the 27° channel can be kinematically fitted. Such processes
naoam Lnnam&c_a to bubble chambers filled entirely with hydrogen and form an increasing frac-
”_.H“ﬂ_._”m the total cross section as the beam energy increases (~40% of o for pions at 4 GeV
rising to ~80% at 100 GeV/c).

Data taking in the 1.5 metre bubble chamber finished in 1972 with a total of 1,342,000 pictures
with a 4 GeV/c 7 beam. Two batches were taken in the metal framed TST with different neon
concentrations in the neon-hydrogen mixture (73 and 77 mole %) and one batch (516,000 pic-
tures) was taken with an all perspex TST and an 80 mole % neon concentration (radiation

length 37 cm)-

The past year has seen a large effort to develop the necessary techniques for the analysis of the
TST pictures. Since the gamma conversion efficiency is greater we have concentrated on the
film from the perspex TST. At the Rutherford Laboratory we have now measured more than
13,000 events each with more than two gammas converted using the Crystal measuring system.
A similar number of events have been measured at Berkeley on “Cob-web”. Because of the in-
creased information content most of the events are complicated; they have two or more outgo-
ing tracks and between two and five gamma rays. There are therefore considerably more tracks
per event than in a simple experiment. The current output of the two Vanguard machines is in
the region of 350 events per week (~2-8 events/hour/machine).

Figure 39. (a) The helix fit residuals from conventional i hi tracks in hydrogen. (b) Helix
_._:a&:u_u..o:-wowa.—::aoa\i&owe::_mxnﬁﬂmxvozaoiwo:m»ouv

(a) 1800 tracks inside TST

P2 Beam tracks

Number of Tracks




Pree (IC or 0QIN GeV/e:

n measurem ri,&. ‘their decay
0C fit) plotted against
 momenta after fitt

5 20 25

Pree (5C or 4C) IN Geyge
mug.o hundreds of events) have been measured with the automatic measuring mach-
‘The HPD can detect and digitise tracks in both media in a very satisfactory way and
-minor program modifications it is now planned to go into production early next

ified version of the geometry program is now essentially in its final form. Results were
at the 1973 Frascati Instrumentation Conference and show that track and
n in the hydrogen is as good as in the chamber with a pure hydrogen filling
sence of the TST and the neon-hydrogen mixture in no way limits the precision in
t residuals on hadron tracks are histogrammed in Figure 39. The increase in
e neon-hydrogen mixture is as expected from the multiple Coulomb scatter-
general are treated in two sections in the two media and a technique has
to combine information from both sections and to minimise the errors. A strong
1 the distribution of the effective mass of gamma pairs and the determination
menta from the pairing of gammas can be checked from the production vertex fit
! . Such a check is shown in Figure 40.

- experiment now is to construct an inclusive 7° distribution as a first physics re-
an exclusive study of the channels such as 7*p > A™7°7° and 7'p
extracting 7°n° phase shifts, and to studying the com system.

Imperial College, London
Rutherford Laboratory

ibble chamber study of K ~p interactions
‘The data, averaging about 1-4 events/
present data in this energy region by

> S v eventsiat =
: the elastic channel, containing about 5.08.3.3 at eacl
&ﬂ:dwno..wumo‘n_.r%o numbers of events are comparable to mﬁnuna. 0
” mﬁ.__:nwmo_...n_ advantage from the bubble chamber technique of being
! anwnn_“‘. to determine the weakly coupled Y* resonant structure, W
E_naww““ in this energy region.
am
Erergy dependent
imgnaa. . ! | 3
body channels 35,000 events of the highly constrained reaction K w“?-«
e nnaou& to make a new measurement of the A lifetime: (2-61 £0:02) x 107*%s. Analysis
n U
”mMoEvM-om_E states is in progress.
i i le chamber of four K~ momenta
f this exposure in the CERN 2m bubb! e ber T oments
qwomw.%a GeV/c is to provide a large increase in mownmznu“.v&.:o%u«ﬁo.wm\
t 4-5 events/ub, in order to reduce the number of ambiguous partial wave
nts have been completed and work has started on the remeasures.

partial wave analyses are in progress and new ly

The primary pu
between 0-92 an
GeV/c with abou
solutions. First measureme

Figure 41. The differential cross section for elastic K "p scattering as a function of the incident momentum
.—m—-—d -+

from 0:96 to 1-36 GeV/e: Experiment 31 (14153)
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ANGULAR DISTRIBUTIONS




Ecole Polytech,
CEN, Saclay
Rutherford Laboratory

nique, Parig

additional data has been accumulated and at present the Data §,

ummy;
290,000 events which is about 60% of the final number of expecteq ., :Mm”

the data has proceeded both in the inclusive and exclusive reactions. The pringi.
are given below.

tion for the proton fragmentation processes in the inclusive reactions:
mp>A+X — (1)
and K'p>A+X - (2)

tion was performed in collaboration with the Notre Dame (USA) group who sup-

on reaction (1) at 18-5 GeV/c incident momentum. The result obtained (Figure

that factorisation applied to this data via SU, and exchange degeneracy was not satis.

‘apparent violation was much larger than can be accounted for by uncertainties in the

ological constants used in the test. This discrepancy has created some theoretical in-

possible source for this breakdown is that in the proton fragmentation process in

there is an additional 8 ihilation ch 1 open which is not accessible

on (1). It is surprising, from a Regge standpoint, that the apparent violation is so large

energies since the strangeness annihilation process can be represented by the exchange
trajectory and hence is expected to be small at high energies.

of the K system in the reaction K ~p - KNam. The main part of this study was de-

neson which is a diffractively produced K system with a mass near its thres-

0st interesting result was the observation of a cross-over (Figure 43) between
cross-sections of the reactions:

Kp->Qp - (3
and Kp>Q'p — (4)
 and RHS of the factorisation sum rule:
A - 033 Mh-m ® H>v. Factorisation requires equality of the LHS and RHS:

+ P68y

= do @ 4o ;T Ay
4 _,:H%mve-ﬁw&c

2
01< Mx <04
N

e R

KipoKiprm K'p >Kop71°
o ol

M Krm < 15 GeV/e? Kp>K°pan®

M (Kam) <15 GeV/c?

Cross over OMMM Nunn
region

~t (GeV?) ~t (GeV?)

Figure 43. The differential cross sections of the reactions K p =Qp and K*p = Q'p for the decay Bomww <

K™ and K°7*7°: Experiment 32 (15399)

Data on ion (4) were obtained from published work. The direction of the ﬁog...e
tained is incompatible with a simple Deck model and the cr ver observed
ential ions of the reacti

Kp->Q% - 9
and K°p~>Q%p — (6)
Also significant differences in Q~ production were observed according to wh
edinto the K°7~7® or K-n*n~ channels. :
The differences were found in the Q" differential cross-sections an ratio
constants gy /gy . These anomalies indicate that the system which consti
18 very far from being described as a simple resonance. In o

Wave analyse the Q region in an attempt to gain further insight into




The effective Regge trajec-

t(Gev?
.o.a.‘a:

~+-0u<Mls <028
+-021<M7s<035

from fits of the indicated

eaction K™p - pX
Experiment 32 (15405)

‘the inclusive reaction:
Kp>A"+X — (8)
lic and total I = 3/2 Knr cross-sections up to a K c.m. energy of 2-8 GeV
technique of Chew-Low extrapolation was used for the events with a

. An analysis of the inelastic cross-section into the various inelastic
le.

clasticity increases as the Kn mass increases. For K energies smaller
inelastic cross-section corresponds to the pion production channel
intermediate state. A simple calculation based on factorisation
-section at 2.8 GeV is about 50% of its asymptotic value. The
numbers are exotic and a comparison with other exotic reactions

we have studied. This slow rise of I = 3/2 oo r(Km)
ing. A similar phenomenon is observed for the total

se in detail the many exclusive channels, which with the ac-
ing new results.

EHEWZ.—. 33

= ihilations
GeV/c pp annihila!
w:» neon-hydrogen track
sensitive target

aomoﬂ_ 115)

tal of 200,000 pictures with a 2 GeV/c P beam were taken in October 1972 in
A wﬁ_n Chamber with a track sensitive hydrogen target. Of these the Tata Institu
ww_o:» 70,000 pictures in February 1973.

he entire film has been scanned twice — 25,000 pictures for all events with or without asoc- ;
”_.ﬁma s OF V°’s and the remaining 45,000 pictures for events with two or more associated 7’s
ms-a any number (30) of V°’s. The scanning efficiency is found to be over 95% for annihilations

as well as gammas.

Scanning Summary
Number of pictures scanned 62748
Bad frames 2145
Good frames 60603
Events with 2 or more y 7486
Events with 1 V° (all y topologies) 855
Events with 2 V° (all ¥ topologies) 118

Number of events (annihilations) of different gamma topologies for different prong
topologies as recorded in 60600 frames:

gamma topology 0 1

No. of prongs
0 2740% 860* 283 134 61 18
2 7680*%  4920* 893 343
4 7800%  5020% 701 176 34
6 1780% 5% RNI66; 61 16 0
8 30* 8* 1 0 0 0

Totals 20030 11565 4905 1789 596 134

* These number are based on the scanning of a sub-sample.
23310 frames.

In order to reconstruct the events, we have modified the geometry pi

9mg used in other experiments here) to accommodate the complications

nﬁﬁm.—. and neon-hydrogen mixture. Measurements on events with two

Wwill commence shortly.




EXPERIMENT 34 University College, 1,
: University of E::,Fw_“acz
Slow and stopped K~ interactions Free CE.E_.&J. of ?FMM._M

University of Durh
(Proposals 84 and 117) am

During 1973 a slow K~ beam was built in Hall 1, and 900,000 pictures were taken
periment. The quality of the beam was excellent, with well separated K~ over the
of momenta used, from 560 MeV/c to 680 MeV/c. The tracks entered a hydrogen
sensitive target, surrounded by a neon-hydrogen mixture, in the 1-5m bubble cham]
ers of varying thickness were used to scan a range of K~ momenta in the hydrogen
to 580 MeV/c.

for this ex-
whole Tange
filled track.
ber. Degrag.
from Test up

The total exposure contains about 26 events per microbarn. In the An° channel there are expec-
ted to be more than 750 events with one or more 7y-rays detected in the neon-hydrogen mixture
for every 25 MeV/c bin between 100 MeV/c and 575 MeV/c. The Z°7° channel will have similar
statistics. The stopping K~ part of the exposure (200,000 pictures — proposal 117) will haye
more than 20 times the statistics of the previous experiments on K p - A°7° and $°7° below
250 MeV/e. The experiments have continuous data over a momentum range in which previous
experiments have concentrated on narrow bands. No other experiment in this range has had
7y-ray detection to help resolve the A°~ Z° ambiguity.

Differential and total cross-sections and polarizations will be measured for the A°7° and >°r°
channels over the whole momentum range. The 27" and Z*z~channels will also be studied in
some momentum regions. The general aim of the experiment is to improve the K-matrix fit to
low-energy KN reactions. Particular topics of interest include: —

(a) The A°/Z° production ratio between 100 MeV/c and 200 MeV/c.

(b) Determination of S-wave effective ranges to aid calculations of the AKN coupling con-
stant.

(¢) The rate of increase of the P-waves over the 200 to 400 MeV/c range.
(d) The possible D,3 An° resonance at about 1485 MeV/c?.

(¢)  The recently observed total cross-section peak at 550 MeV/c.

(f)  Re-determination of the hyperon production ratios at rest.

._..:::.e 46. A “A+ 27" event in the 1-S m bubble chamber with the track sensitive target. The fine tracks are
in the _:&::8,: target, the heavier tracks are in the neon-hydrogen mixture. Two clectron-positron pairs point
back to the K “p interaction point, with the V pattern of A° > prr™ decay close by. The event is probably an

example of the sequence K™p = A°1°, A prr~ and 7° >y, where each 7+ nucleus "o + nucleus:
Experiment 34 (15420)

University of Oxford

mxwma!mz,_, e Rutherford Laboratory

= -2 baryon

e S =2 DaY

.—._,nh“_.._.mw %&:m the rapid cycling
1es0)
pubble chamber
(@roposa! 119)

This experiment is designed to obtain a sample of ~ 20,000 events of the kind
Kp —> = K°r'(@®) — (1)

- =EK'n'n™

- E°K°n'n”

> A°[Z°K°K°
el (1), from K~ interactions at 2-8 GeV/c in the rapid cycling .u_mg_m og.:_.
he photography will be provided by multiplicity =5 5. the particles leaving

hamber, detection being by multiwire proportional chambers uc_.no—_:m_:m m:m o<mo=w3 mumw.l

e w_.ssimq 200,000 events are also expected in the channels SIAT T (n°), K pr'nTw
>wwﬂw~n which should also provide interesting physics. A detailed Monte Carlo study of the ex-
? een performed, however, data taking is not expected before 1975.

E.Eau»:w in chann
ber. The trigger for tl

periment has b

Argonne National Laboratory
Rutherford Laboratory

EXPERIMENT 36

6GeV/cm'pin a track
sensitive target

(Proposal 121)

It has always been clear that the proper exploitation of the track sensitive target technique re-
quires large chambers which allow highly efficient and unbiassed detection of neutrals. A pre-
liminary proposal to study multineutral events in 6 GeV/c 7*p interactions using the ANL 12 ft
bubble chamber has been approved for 100,000 pictures in the first instance. The physics inter-
est is closely related to that of the current TST experiment in the 1-5m chamber (proposal 91).
A prototype perspex target built by CERN and the Rutherford Laboratory in collaboration has
been successfully tested in the chamber filled with hydrogen. It is hoped that the complete
System will be ready for physics by the beginning of 1975.

EXPERIMENT 37 University of Oxford
e University of Pisa
P interactions at 22 GeV/c Rutherford Laboratory

(Propos] 134

W~o_m Eov.ommn to make a small exposure of BEBC using a high energy beam from the Omg PS;
Em. Pictures with 22 GeV/c 7~ have been requested. This is regarded mainly as an engineer-
§a= 10 View of the future exploitation of BEBC at the SPS. The RL—Saclay—Oxford—Glas-
thig M Naboration is proposing to study high energy K interactions in BEBC at the %w e%
moegwo mment should give valuable experience of the problems which may be encounterec.
Aang Kwn..a Xperiment is not without physics interest and it is hoped to study inclusive y-1ay,

Production and inclusive channels such as 7°p > p + 3.




of strongly interacting negatively charged particles such as K=, -, presents o
physics with an interesting and potentially extremely useful probe of the nuclear nus
ibution in complex nuclei. The formation of exotic atoms, where one of the mﬁoh__w.
18 is replaced by a negatively charged heavier particle, is followed by de-excitation - Eo
atom accompanied by the emission of X-rays. Termination of the X-ay series by the :EU_S”
absorption of the heavy particle, usually a meson, from a low lying Bohr orbit is now 5 well
established process. This takes place via the short range strong interaction and it is the conse-
ent localisation of the radial distance at which the absorption takes place outside the nuclear
half density radius, which provides much of the interest in such studies. Conventional probes,
using astic scattering interactions, such as e~ and p are sensitive only to those parts of the e

r density responsible for the gross properties like the surface thickness or r.m.s. radius,

Interest has been focused on pionic atoms for several years. With the increasing availability of
K~ beams, attention is now being paid to the particular characteristics of kaonic atoms. These
display an advantage over 7™-atoms in that the nuclear absorption takes place primarily on
single nucleons rather than on nucleon pairs because of the availability of several two-body Yr
channels (where Y is a Hyperon). For the same reason the absorption is stronger than in 7~
‘atoms and as a consequence is both more localised and occurs at a larger radius — mainly in the
0-20% region of the density distribution. In principle therefore, kaonic atom studies may be a

ul complement to elastic e and proton scattering, u and 7 mesic X-ray measurements and
ther recent m¥ total cross-section measurements in investigating the elusive problem of re-
cutron and proton distributions in medium and heavy nuclei. Before much progress can

, however, a basic problem must be removed. The kaon-nucleus interaction, described

tical potential, consists of folding the K N interaction into the nuclear density dis-

ace K N interaction is repulsive at threshold but attractive near a reson-

system called the Yo* at -27 MeV. The extent to which this kinematic region

K N system in the nucleus and what effect the Yo* resonance will have if it

way these free-space effects are modified in the nuclear environment
CN interaction in a real nucleus is urgently required before much nu-

L ally be d from experiments. Until then the flow of
in the opposite direction. For example, the observation

absorption of the kaon by the nucleus can be used to

ture of the capture process can be inferred. A

neutrons and protons will help to show how

- are absorbed. Although the evidence is so

thener %ﬂ“ﬂ«oﬂ?ﬂuﬁ processes would have far reaching implica
o_uamran similar way the intensities of gamma rays -oﬂn.gwﬁoi

24 w_n_. can be used to give a direct indication of m—o.nania uavav £
single hole ._EM‘M_:* in a fairly specific region of the nuclear density. If this i afterwa
quclear S gle v”_”__mh studies using p and  particles .mnor of 5.5: explores Egaﬁ_ oute
u__nas:mn SM;. the nucleus, the radial depend of single particle occupation numbers
B e in s unique WA

structure.

iviti Laboratory Group in collaboration with
3 the activities of the W:Eonmon.a atory G 1 coll
4 w:wau\ Universities and the University of Willian sburg, Virginia, have _Ewmv“
Birminghart 7 construction and initial evaluation of a wide acceptance stopping

ooaam:o: ,m”M M_.hw.om”maﬁc:nos below gives a summary of the status of the experiment at the
_ﬁas

present time.

To these ends in 19

i tions for mt on light nuclei (Experi-
alysis of the measurements of the 83_.23?%." r :
q_““mw_ww Howu that the simple optical model of Eo:.:.s_o_.a Ea_ﬁoeo.:u EW% »,_E,_.nm ama.ﬂ
M«E to include some second order oa.onmm. The difft in cross- 7+ can
rather easily accounted for in a semi classical way.

Further optical model studies of helion and alpha scattering have _uom._ made by nmn ME”MM—«.
lege Group in extending their energy range to 827 Z@M on the Variable Energy Cyclotr n at
AERE, Harwell. The analysis at this higher energy for *He has Saoﬁa.n_.a potential EJWE.
ties found at lower energies and has revealed the interesting fact that this well %».Eo.n,_.sn po-
tential has a volume integral per particle pair which does not correspond to that obtained Tom
the two nucleon force in contrast to the results at lower o:onm.mow. nwuoﬂpé n-o.c_.uuoa »._.a-“a “=
optical model analysis away from the purely pt logical nee s to uelpan

in the inclusion of wxn:namw. effects and the use of more refined effective E»m-mnnosu. mxn—.ubuo
effects have been included in the microscopic model of inelastic scattering from collective
nuclei and an experimental program of a-scattering has begun to test this development.

Analysis of the program of work undertaken by a collaboration of AERE usn.,moeoﬁ—.@
groups on the AERE synchrocyclotron to study the few nucleon system is con
Work of n-p bremsstrahlung near 130 MeV is now completed and suggests tha offene
shell effects are not the only inclusion necessary to explain the cross-secti
from this group involves a measurement of the n-p total cross-section arou
Eﬁ of which it is hoped may be explained by a constituent quark model
t 47 is being set-up to measure the triple scattering parameters
' and 500 MeV. The experiment will be performed at the new




Experiment ; Location

Experiments with stopping kaons; K17 beam Nimrod

Total cross-sections for pions on light nuclei; 710 beam
Nimrod

7t~ nucleus total cross-sections; CERN Synchro-
cyclotron

Scattering studies with helion and alpha beams;
AERE variable energy cyclotron

ion of two step in nuclear
and of microscopic theories of inelastic scattering; AERE
variable energy cyclotron, Oxford University Tandem

n-p bremsstrahlung near 130 MeV; AERE Synchro-
cyclotron

n-d break-up between 50 and 150 MeV; AERE
Synchrocyclotron

Elastic of polari; from d
AERE Synchrocyclotron

n-p total cross-sections between 90 and 155 MeV;
- AERE Synchrocyclotron

tof the triple scattering parameters of
TRIUMF H™ cyclotron,

Groups

University of Birmin,
University of wEE\Ess
Rutherford _.»_uo_.n.oc.

University of Surrey
University of Birmin,
Rutherford huao_.na%_w_wn -

University of Oxford
CERN, Geneva

University of Oo»:o:.»onn
SIN, Zurich

University College, London

King’s College, London

King’s College, London
Queen’s University, Belfast

Queen Mary College, London
University of California
King’s College, London
AERE, Harwell

Rutherford Laboratory

Queen Mary College, London
Bedford College, London
AERE, Harwell

Queen Mary College, London
Bedford College, London
AERE, Harwell

Queen Mary College, London
Bedford College, London
University of Surrey

AERE, Harwell

Bedford College, London
AERE, Harwell

University of Surrey

Queen Mary College, London
University of British Columbia,
Canada

T 4 h

of
University Research Reactor,
Risley
Rutherford Laboratory

ISN, Grenoble

ILL, Grenoble

Yale University
Rutherford Laboratory

EXPERIMENT 38

pperiments With S(oP.

ao_x.u& 113)

ping kaons

—rays following the atomic cascade of a kaon and its cap
M»_.% ﬁwﬂﬁ?ﬂﬁ:ﬁ about the interaction E.o&_»aﬂ:;om the s
possible to determine irm””oh_m the oEmMom._“_om MM“”M No» 0 :
: i s. This data woul 0 Provi t
2 E&oa:aw_ N_MM q_.—ﬂwm”-“:ww MmMo“:m»oo of the nucleus and should enable a more definitive in-
e o.mum”“.mwn_a Kkaonic X-ray width and shift data that are currently available.
terpre
rm measurements of y-ray and X-ray spectra for a variet

manmaosﬁnw% ﬂs—”w_”_._w M»_MHM of the experimental arrangement is shown in E«Eo .A, .
_E%_.. _.n_” beam line is the sole user of a third target station of the X3 oxn,ws&. !.m;
oD wm“Eon It is a single stage electrostatically separated beam with a n.guvol m n,u-
. wm_m_o Zm<\n.. Solid state detectors are used to observe the spectra after the kaon:
MH”._“_oi& down in a degrader and aou?.n in the target to .ca.mE&&. The _So.nu “M_ i
fied using Cerenkov detectors and time of .n.w_: over a4 Emwn flight uu_w—. mﬁo%ﬂo g
the beam line have been made and kaon yields and iﬂ. ratios measured for a EEW. o_.».r

t production target lengths, cross-sections and materials. Kaon fluxes adequate for the
e ts are available. Some impr such as the replacement of the first es&.:mo
Sao:a with concrete insulation, necessary for long periods of high intensity running, will be
made during the 1973-74 shutdown.

The observation ¢
s should yi
wﬁa_m_%___a it should be

ilst testing equipment for the stopping kaon experiment we have also Eﬁ&@&mﬂ the
M%w yray m_.waﬂz._m first excited state of Mn. Godfrey »:ﬂioﬁ—:n have _.o.mm:an tha
state is strongly excited when kaons are brought to rest in a °*Mn target. They discus
sibility that this nuclear level is excited in a radiationless transition between then= 9.
levels of the kaonic atom. Our work has shown that the level is also strongly e:
and that the non linear variation of the y-ray yield with target thickness suggests th
pal mechanism for the excitation is a two stage process of the type

7~ +%Mn > X +n

n + Mn > SMn* + n

_‘v 7 (126 keV)

Ancillary experiments have confirmed that the state is strongly excited
is being written up for publication.

m..m.:o. 47. K17 beam line and counter arrangement:
Experiment 38 (15081)




for pions on light

There has been a great deal of theoretical work on the scattering of 7 mesons by nuclei, pary;

larly for energies in the region of the (3, 3) resonance for the pion-nucleon system. :9_,65 M_._.._
available experimental data has been rather limited, being confined to measurements of gy, e
ential cross-sections at a few energies for Carbon and to total Cross-sections for 3 fey _E%M.
There is a clear interest in extending these latter to a wider range of energies ang

target nuclei.

In the present experiment measurements have be
mesons on °Li, 7Lj

It is generally found that,
the results, there are a number of
tions to the potentials must be

The measured cross-sections for positively and negatively charged pions on nuclei such as Car-
bon, which have zero isospin, can differ from each other and from the strong interaction cross-
section due to the distortion of the incident pion wave-function by the Coulomb field of the
nucleus. This distortion has the effect that the total cross-section for negatively charged part-
icles is increased and for positive particles is decreased, The measured differences have been
compared with the results of a semi-cl I caleulation and the predictions of optical model
calculations using a variety of forms for the potential. Within the y of the results the
simple semi-classical calculation gives good agreement with the measured differences.

shown by Ericson and Locher that the effective pion nucleus coupling strength can
tained from pion scattering by nuclei with Tz = % using dispersion relations. A similar an-
of the present results gives values of 0:058 + .00 for "Li and 0-051 + -007 for °Be. Eric-
ter obtained the value 0.06 + -03 for ®Be, whilst, using data from a Glauber model,

itly obtained the value 0.042 + -008. Both these values are consistent with this

 for the coupling constant would presumably equal the pion-nucleon value

‘Where the nucleons in the nucleus are treated as free particles. In

¢ nuclear total cross-section would equal the mass number, A, times

ue. The ratio of the measured total crosssection to this calcalated

- nuclear shadowing. Assuming that the reduction in the

shadowing effects, crude estimates of the effective

Way estimates of 0-06 for 7Li and 0-05 for °Be are

ﬁi\ma\\\l\
M a.»oxi
Mr

s o E
00 200 300 400 ¢ (Mev) %0

de for carbon using di;

Figure 48. Values of the real forward
shown are experimental values: Experiment 39 (13681)

‘University of Oxford

EXPERIMENT 40
t

nuclear total cross-sections

A precision comparison of nuclear total cross-sections for #* and 7~ in
! Tesonance

ulomb interference correction to the di
ifference below the 3-3 resor

relations. Also




with helion and

The study of elastic and inelastic scattering and reactions with helion and alpha beamg usin,
KAEA Variable Energy Cyclotron has continued. The energy range has been extendeq ~m the
information from 33 o 82:7 MeV. The helion elastic crosssection for % Fe iy prb1o"
shows the fine detail and wide angular range of the measurements which extend over _mnwaaw
 of magnitude. The inelastic helion scattering, the (h, a) reaction and the alpha elastic ang So_w
astic scattering have also been measured at the appropriate energy for the outgoing channe], i
The advantage of the large angular and energy range of these measurements in removing ambjg.
uities in optical model analysis is demonstrated in Figure 50 where the y2/N is plotted for 3 Em_
over the real potential. A unique well-defined minimum is observed, in contrast to the ambig-
uous results obtained if a smaller angular range or a lower energy is used. The parameters for
the minimum which corresponds to the fit in Figure 49 were VR = 110-05 MeV, rp = 1.195 fy
ag = 0765 fm, Wp =20-98 MeV, 1 =1-210 fm, a; = 0-812 fm. The volume integral per E:En.
pair for the real potential is 332-9 MeV fm® which falls on the smooth energy dependence plots
given in last year’s Report, but which shows that the value obtained does not correspond to that

from nucleon scattering studies at one third the helion energy.

The reason for the ambiguous p ials at low energies can be inferred from the plot of ab-
sorption coefficient as a function of L shown in Figure 51 where the curves for 33,53 and 83
MeV are compared. As the energy increases the strong absorption moves to higher partial waves
with an increasing importance given also to the low L values. The need to involve many partial
‘waves to remove p ial ambiguities explains why angular range as well as high incident ener -
gies are needed.

EQE-&P Elastic scattering of helions from 6 Fe at 827 MeV: Experiment 41 (13536)
= 0
10 1

TR R R R R L)
*Fe(’ He, * He)™ Fe
Espe =82.7 MeV

2
3x10
[ e R R | s
60 _ 00 %O 160 220 260 300
Vg, MeV 3 A
jgure 0. The unique minimum for helion scattering from 56Fe at 82-7 MeV as shown by a grid over the
Figure 50.

ial: i 41 (13535) :
real voﬁ:n_»—. Experiment mm i . et
i 3 MeV e
data also obtained on *°Fe ﬂ.m ! oDy o
.,_..F (h, Mﬂ: conditions. The predominant high angular Boao_.;cn. transfer nbnbn Mu_wﬁnom dw-
a_m_u_sﬂa well fitted using the unique distortion parameters given above, but (¢ transft
served,

states are very poorly fitted. Ways of overcoming these limitations are being investigated.

Considerable progress has also been made i:w M—owmmm w.m the =w_o_.oaomm._no nMv“_:oM._ woﬂnmm_..

ted optical model was developed by g Heicompang
Wmo““m”ﬁ%mé Enwsono:m. This approach, which 20.&8 g.ﬁ: for the real Ew—.nwa.s_nm&u m.nc»o%.
scattering, has been extended to the imaginary potential 5?.88« m:oooum“ %E_ G.._.bnnnﬂ ME
tential is derived using the Thomas-Fermi approach, _E». oc::inw the effective 2_“5. it
of the well determined real potential. This “microscopic” optical :..o._o_ has ...52:«.“-_”355
to composite particle elastic scattering. The major feature of the elastic .Sum»n_.:.w M.a do-_u 3
alphas is the increased importance of second order terms so Eua application 8. Wil . range
of measurements now available will be most informative. The initial success of m_uu model n-.binv. £
that well determined nucleon scattering potentials should enable the scattering of composite

particles to be calculated.

In collaboration with Oak Ridge National Lab y our : et »w,a. 0%

of samarium have been extended and a program to study target spin and spin or! ects mmp :

helion scattering has been initiated.

Figure 51. Absorpti ffici
Fe: Experiment 41 (13537)

1.0

as a function of partial wave number for 33, 53 and 83 MeV h




anm.u College, Londop
ueen’s c:.?nnum»«.. B

ts have been made to provide information on two step pickup processes i
'He, @) Mg at 15 and 33 MeV and '*C (d, *He) "' B at 28 and 50 :m«.ﬂ“g
two step reaction contributions are in progress with collective ang e oaaw___m.
for the inelastic scattering. Pic

Two further developments have been made to the simple mi pic model of inelastic scattey.
ing from collective nuclei mentioned in previous Reports. This model used as its basis a deform-
d nuclear density rather than the deformed optical potential normally employed. The firgy
pment has been to include an exchange term in the calculation of the real scattering form

- Secondly we have almost completed a study of the anisotropic momentum spectra in

rmed nuclei (see Figure 52) which is required to extend this model to the imaginary form

. A series of forward angle inelastic cross-section and gamma correlation measurements

“has been commenced with 18 MeV a particles to test the above model in the Nuclear-Coulomb
terference region where the DWBA predictions are very sensitive to the scattering form factor.

Figure 52. Anisotropic momentum spectra for neutrons and protons in 238U, The probability of finding a
nucleon with momentum between k and k+dkis

b,.c. m a«vﬁ &Z— a.m.m_ dk where Oy 2re the nuclear deformation constants and X is the angle
Kk and the nuclear symmetry axis: Experiment 42 (15425)

238y

k(fm™") >
20
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i . ircles are the results of this measurement.
Figure 53. np bremsstrahlung cross-sections at 131 MeV.. Open circ] T \
._.Mn other symbols (connected merely to guide the eye) denote various theoretical calculations:

Experiment 43 (15422)

EXPERIMENT 43

n-p bremsstrahlung near 130 MeV

Since the last Annual Report, the remainder of the data for this

and the cross-sections compared with several theoretical predicti

tion of McGuire uses a simple off-shell extrapolation of the quasi-

n_,ﬁunm. Baier, Kiihnelt and Urban calculate from the one-boso
and Franklin use the Hamada-Johnston an

ust mentioned, whereas for (
: The difference between O an




50 and 150 MeV

In the last Annual Report an account was given of a kinematically complete exper:
d(n,np)n. Reduction of the large quantity of data has continued z:o.w Criment o, the
a for the various kinematical conditions (incident neutron energy ghout the Vear,

particles) have been obtained. These spectra are stored on microfilm for wEEMM.w_:M of oE«oEw.
Lysis.

ible to this experi luded the region in wh;

proton had very low energy. In this region, there is expected to be m_Mw ﬂ:ﬂ?ﬁw the Tesidug]
umso«,.n processes giving a strong n-n final state interaction, and those responsible 8%558 be-
quasi-free scattering. During 1973 an experiment to study this kinematical region 4”T= and np
oa A target of deuterated cyclohexane was used, the neutrons being detected in _M S P s»wa..
lation counters close to the forward direction. These counters were set, one cmzﬂ%so S
so that the two d d were ially colinear. This technique has been bl
once before, at 14 MeV. In our experiment incident neutron energies szam:&:m up t ﬂu& oy
were available. Six pairs of neutron counters were used to increase the data mBEmmﬂoo Bl
‘major problem in such experiments is the presence of background, due firstly to am%a. e
carbon nuclei in the target, and secondly, to re-scattering of a neutron from the first det b
the second or vice-versa. A Monte-Carlo program was used to show that, under the ex Swﬂo.n -
conditions chosen, the carbon background would yield pulses of (at most) one-tenth w:o o
,E.uo.&. those from the d(n,nnp) reaction. During data-taking this conclusion was <m=m”mﬂ=.
running at intervals with a non-deuterated target of NE102A. The second source of back oE_m
was measured by placing the pairs of neutron counters in the direct neutron beam _oém”&w.
M“HEQ to simulate data-taking conditions. Reduction and analysis of the data is Vaoi in pro-

Queen Mary College, London

: gs&&-_w of polarized Bedford College, London
eutrons from deuterium AERE, Harwell

EXPERIMENT 45

50 MeV and below, the nd and pd systems seem to show systematic differences
cross-section, especially close to the deep minimum near 90°cm. Evidence is ac-
that these differences remain pronounced at higher energies; and second, that

¢ polarization parameter. An earlier experiment to measure the dif-

> scattering near 130 MeV also showed differences between the

> to measure the asymmetry on scattering a beam of polarized
oW been completed. The beam polarization was deter
uranium target. This gave a measurement of the polarizd-

cing the deuterium with hydrogen, P for np scatter”

ﬂmm_ previous determinations, giving €07

Ejnc = 80 MeV

1 1 1
120° 140° 160°
0

c.m.

Figure 54. The polarization P (0) in nd elastic scattering at an incident neutron energy of 80 MeV:
Experiment 45 (15423)

EXPERIMENT 46

Qﬁo—.g no=mu.o.. FE—&-
Bedford College, London
University of Surr 3

np total cross-section between 90
and 155 MeV

structure seen in various hadr total cross-sections. It was noted that

h the c.m. reaches a value at which, in the 7N system, produ
cleon isobars can occur in the s<channel. This peculiarity could ha
the basis of a naive constituent quark model of the hadrons.

A significant test of the universality of these correlations is

the cm. um, corresponding to A (1236) prod

MeV. Present total cr i do not exclude !
energy. A re-measurement of this quantity has been ma

the Harwell synchrocyclotron. Attenuation measurement

Of paraffin wax of approximate composition




Bedford College,

AERE, > Londop
Cu?aﬂmn% of wE.-av.
—O..:.oo.— Mary College, Londog
nwu»ﬁq of British Colump,

e I = 0 part of the neutron-proton scattering amplitude is ill-determing
T % s ed fi
i-n& To improve this situation, a programme of experiments on the free .Two st
250 and 500 MeV has been planned. These will be performed on the TRIUM reuem betyveey

SR 5 F accel,
ada. As part of this programme we plan to measure the triple scatteri erator, Can.
A¢.Dg. P! €ring parameters R, A, D, Ry,

m 200 Mey up-

The polarized proton beam from TRIUMF will pass through a 6 tesla-

aﬁ,.... precession solenoid, whose construction is %M_M_.»:m ne-w_w_n:ou MWMMM:MMMWM.OME_:&.E
tory. A polarized neutron beam will be produced at 8° (lab) by polarization 5:%: .E_E_m.
free pon scattering in a 10cm liquid deuterium target, and will impinge on a an s ﬂEm_.
E«&owo_.. target. Spin p ion of the beam is achieved by use of a crossed . EE.a
pole magnets. Pk

Both of the outgoing nucleons will be det

BOME

; d, the neutrons in an array of large plastic scintj
lators and the E.o::.z in a polarimeter consisting of proportional chambers Eﬂ Moﬂﬂownﬁw_”.
”-o“..a“«nha :h.._“ ME% :—N mn%ao: enters the neutron detector and vice versa will also z.
e transfer may be d simultaneously. C i
p . Const
the neutron and proton detectors is nearing completion in the Rutherford ENOBSQW.:S.Q i

It is intended to ship equi to V. inM
quip arch 1974, and to start the experi
TRIUMF commences operation later in the year. e

University of Manchester
University Research Reactor, Risley
Rutherford Laboratory

| Reports experiments were described in which attempts were made to

its by secondary ions in targets irradiated by high energy pro-

that energetic heavy recoils from proton-nucleus interactions might inter-

to produce superheavy el These el have been predic-
possible closed shell of protons at around Z = 114.

activity was observed in a mercury source separated
adiated with 24 GeV protons from the CERN PS. It
uld be due to element 112 which would be the

ion could be in error due to contamination

i lems with experiments omz%,
1wo of the .NM%MM%%V and the very low levels of activity (at m¢
required 36& o2 result the experiments are very time consuming, di

B&»MESLSBBEQ_ by other radioactive material.
initial work two further targets have been irradiated at CERN. .E—
m_.aoo.ms 5.813 out with these targets was to separate element 112 .E—.. 0.0
«xmams_n:ﬁn:ma.ﬂ_ the actinides were separated both as a group and indiv duall
reaction e éo-m. very similar to those used previously but with some improvem
ical ma o ither the mercury or actinide fractio

eous fission events were seen in ei ! i
= mw_m: WM idence for the existence of superheavy element:
oxwon_ﬂw

refore gave no evi
occurence Of secondary reactions of the type postulated.

f the fission activity observed in the earlier sources remains ==oxv§an,mo§

tion of the experimental results. However it seems ==.ES~<:.
n process will be a useful way of producing superheavy elements 2
t rely on direct heavy ion reactions.

The origin ©
very detailed further
the secondary reactio:
future experiments mMus!

EXPERIMENT 49 ISN, Grenoble
ILL, Grenoble
Test of T-invariance in neutron Yale University

Beta decay Rutherford Laboratory

An experimental test of time-reversal invariance in the beta decay of the neutron is

gress in collaboration with the Institut des Sci Nucléaires (ISN), Grenoble, and Yale
m? The test consists of a search for a term in the neutron decay rate proportional

Bp) Where B is the neutron polarization and P, and Wv are the momenta of the

and proton respectively.

—v.a.ﬁo:u experiments testing time-reversal invariance in neutron beta decay have r
cision of only about 1%, where the limiting factor has invariably been the extremel
cidence counting rate, of the order of one per minute. This experiment

mrn ILL, Grenoble, where the use of a polarizing cold neutron guide tube yiel

i beam intensity over previous experiments. Further improvement i

clent detection geometry. The overall count rate for 8 detector

minute. By the end of 1973, 1.5 million events had been observed




e potentially superior to y and X rays for radiotherapy. The basic Properties wh;
rtant in this application are (i) the well defined range, for mesons of a definite 5% Mk
-most of the energy being given up at the end of the range and (ii) the nuclear wv:_a:.
cess of stopped mesons; the resulting heavily ionizing products can cause loca] &Mohv
Oxygen starved cancerous tissue. wa

During the year the programme of evaluating these predictions using a number of different ey
systems has been continued. The results of further 7~ irradiations of cultured cancer cells (HeL,
type), mice haemopoietic colony forming units and broad beans are contained in the followjp,
reports. In addition two new sy have been introduced: aberrations in the chromosomes w
human lymphocytes and the formation of cataracts in mice. Results are also reported for Eamo
experiments,

In support of the radiobiological experiments the parallel programme of physics measurements
using specially designed instruments has been continued. A detailed design study for a new 7~
beam, suitable for a clinical trial, has been carried out. Using the predicted intensity for Nimrod
with the new injector a 7~ irradiation dose rate of ~ 10 rads min-' overa volume ~ 10 x 10 x
10 em® looks feasible. Details of this work are given below,

Experiments with frozen cancer

Glasgow Institute of Radiotherapeutics
cell cultures (HeLa)

Rutherford Laboratory

The group from the Glasgow Institute of Radiotherapeutics have continued their collaboration
using frozen HeLa cells which enable the physical effects of various pion doses to be monitored
at the Laboratory with subsequent assay of the biological response in Glasgow. The main reason
for using frozen cells is that there is negligible dose rate effect. A much smaller sized polypropy-
lene ampoule has been designed to enable cell samples to be irradiated at better defined posi-
tions along the depth dose profile on the beam axis and on either side.

dies had established the Relative Biological Efficiency (RBE) for pions at the peak
+ .15 (and 3.73 £ -3 for 14 MeV neutrons) compared with 300 kV X-rays, using this
La cell system assayed for survival of colony forming ability. Further studies in 1973
hown that the dose response curve with cells irradiated at the pion plateau region is

y different from that obtained using 300 kV X-rays, i.e. the RBE is unity. Inter-

e observed just in front of the peak and in the tail behind. The data are being

Medical College of St. Bartholomew’s
Hospital, London

nt irradiated bone marrow cells for

— — — Reference ¢
(400 Rad ™" 14]
B Peak Position
A Plateau Position
® Behind Peak Position

CFU-S Survival

| 1
01 U2

Dose (k Rad)

qure 55. Haemopoitic colony forming unit survival when irradiated by 7~ mesons (15426)
jgure 55.

i

iti Medical College of St. Bartholomew’s

ties
e Hospital, London

i irradi: i in 1973. Eight mice were ir-

About 450 1-day old mice were irradiated in three out of four Tuns in 197 2ile
radiated per exposure — 4 in the plateau and 4 in the peak. The Eun_w.ﬁa were. 3 the rmma !
only since the 2 cm? 80% isodose field was too small for whole body —”um_wao? For os..ws:no:
purposes a group of mice were given 200 rad ®Co y-rays at 1.5 rad min™" —a dose rate strictly
comparable with that of the 7~ mesons. (Subsequent scoring of the lens opacities was with the
naked eye).

The results to date are encouraging, and more opacities are expected with time. ”an prelir

data by December, from SAS/4 mice irradiated in June and August are given in the H—.»E

low, with results from the %°Co irradiation. At present no RBE values can be ocg

these early results but they do provide ample evidence of the need for m:w?aﬁ..ﬂ_hﬁ t

lower and higher ™ meson doses, as well as the relatively high ‘sham’ 5&%:8,055&%@3:5 £
pared with control mice with 15-18%.

Incidence of Lens Opacities in Irradiated Mice

Group I; 6 months after irradiation Group II; 4 months after irradiation

" mesons 12 rad. min"" 7~ mesons 1-2 rad. min~*

% incidence of lens | Dose (rad) | % incidence of lens
Opacities.  opacities

15 (2 out of 13) O-sham
14 (1 outof 7) O-(control*) | 1
58 (7 out of 12) 136-plateau |
teau | 65 (11outof17) | 200-peak
3 Boutofls) |




Medical College of s¢. Barth
Hospital, London i
! irradiated HeLa cells in suspension. The dose-rates f,
: to 70 rad h™* . It had been hoped to confirm our Emﬂoﬂﬂﬁm&
and to extend the HeLa survival curves to lower surviving levels. 5

first two runs (one of single dose exposures, and

I t the other a fractiq
virtually lost because of a bacterial infection in culture. aatide

igure 56. Whilst the peak curve fits
u: post peak position an increase in RB;
ed is not seen. Because of the large ‘shoulder’ of R it is possible that the
rates for R2 exposed 1972 and R9; being
peak for RY allows repair to mask the effect.

well with
E previougy
different dose-
or R2 and only ~ 40 rad h~1 4 the

The fourth run, in October, used a Tungsten rather than a Copper target. There was no differ-
ence in the depth-dose curve obtained using this target, nor was a difference noted in the radia-
tion response, which was, however, limited up to 250 rad.

‘These data show the necessity to measure precisely on this cell culture system, which shows Te-
productivity in response at the peak position, the effectiveness at different points behind the
peak. The problems of dose-rate effects must also be clarified, as to whether they are due to
low LET contamination components only or would be expected in a clean 7~ meson beam also.

La survival in peak positions. Position C straddles the peak of the ionization curve which is
of Figure 59. Position B is 1-4 g/cm? before this, and the post peak position (as for data on
a similar depth beyond the peak (15427)

MMV Position B

R2 o
xwv Position C

Surviving Fraction

1
04

Dose (k Rad)

Figure 57. HeLa survival in the post peak position (15421)

Effects of the radiation at the
entrance point of a negative
pi-meson beam on broad bean roots

Churchill Hospital, Ox
Rutherford Laborator

During 1970-72, a group from the Research Institute of the anoEb.mcmEE. Oxfo!
broad bean root to investigate the biological effect of the radiation in the peak
gion of the 7~ beam.

Because of the unexpectedly high effectiveness of the plateau nowm.on ﬁmor was fo
studies, an additional experiment was performed during 1973 to investigate the e
radiation at the entrance point of the beam from air into the water phantom. i

The perspex water tank phantom used in the original experiments was mo
iradiations as close to the surface as possible. The point at whicl 3

Was closed with a sheet of Melinex of thickness 0-05 mm. A new irradiation
Which enabled irradiations to be performed simultaneously at the surface p:
Parison, at the original plateau position 1. The front face of the

structed from 0-05 mm Melinex sheet so that the average distan

A Was half the thickness of the root compartment, or 3-4 mm.

U hwmmwwog groups of twelve beans each were used in th
- % <ach set of conditions (aerobic or hypoxi
Broups. The results with standard errors are
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Figure 58. Response of broad bean roots to pion radiation at the sur

Figur face (circles) and at the plateau (tri
Maﬂ »Wm%ova_ dose profile in a water phantom. The open symbols refer to data taken under hypoxic nmamnm“_w

[Experiments with human lymphocytes National Radiological Protection Board
¢ Rutherford Laboratory

QEAB blood samples were placed at various positions in a plastic phantom, exposed in the 7
| analysed for damage to lymphocyte chromosomes. The purpose of the work is to
n | biological information as a function of depth in the phantom. The data on aber-
d will be useful in extending the basis on which the human lymphocyte is used asa
eter for people exposed to radiation. Three experiments have been performed and the
f the aberrations is almost complete.

were exposed in the plateau and at four positions about the peak for doses
360 rads at the peak position. This provided a profile of biological damage
> fonization depth profile, and showed that, for example, at the 360
gical effect peak to plateau ratio was 2-6 + 0-4, an enhancement over

. At a distance of 2 cm behind the peak the damage had declined to
observe the further enhancement expected at the rear edge

te profile obtained for the 5 positions for a peak dose of

centrics normally require damage t0 tWO.
diation these are each produced by
time the chance of two dam:

Biological

’

effect L

7
/
o’ ¥
i
X nvn\k\ Dose

Dicentrics per cell and dose (arbitrary units)

5 10
Depth in phantom (cm)

Figure §9. Chromosome aberrations in lymphocytes for a peak pion dose of 360 Rad. (15424)

Fractionation is an alternative method of spreading a dose out in time. With low LET radiation,
as in the pion plateau, it reduces the dicentric yield, but this effect was xpected to be less
marked in the high LET peak. To investigate this effect on the peak to plateau ratio, tul 4
blood were exposed so that those in the peak received 200 rads. The dose was delivered in two
equal fractions separated by 0, 0-5, 4-2, 6-3 and 24 hours. With a 24 hour interval, such
commonly used in radiotherapy, the dicentric yield was found to be 26% lower in the

41% lower in the plateau than when the dose was not split. Should this indication of an impr

ed peak to plateau ratio (by 1-25 + 0-4) be confirmed it will make the 7~ beam even m
tractive for radiotherapy.

Figure 60. Chromosome aberration in lymphocytes for various doses and dose rates at the peak

Dicentrics per cell




o—,n is an enhanced effect of ionization processes on the biologi

?Smm_ HeLa cells and lymphocytes, irradiated by pions, at the mommﬁmw T
the pion range compared to the normal behaviour. Results from unfro:
onﬁnnm: are too preliminary yet, while the haemopoietic CFU cells are
E,»n_.«. insensitive to differences in the type of radiation. Plant systems |
sensitive, so the additional observation that there is little enhance;
vious practical importance. e

of broaq

N peak near the M“E.
zen HeLa celjg and -
now known tq be v“.“_.oa
ike broad beans are Vi z
t at the surface is of MW

So.E predominantly stop at the back of the peak and the RBE is ex
This was seen in 1972 for the broad bean here and at CERN and al
w..: this year this same HeLa cell system, frozen HelLa cells, and
mu__mm to show the effect. This apparent discrepancy, be it acm tob
subject to a thorough investigation during 1974. The situation rema

pected to be hij

50 for ::?owo:ﬂmwﬁwm._n.
.GEE.OQS aberrationg M_
_.o_o@ or aonsm:.w will b
ins that pions are E.. :

..
for _ﬁa—mon-o—.uvv\. but much more work needs to be done before anyone can att, 8
attempt to treat a

Medical College of St .
Hospital, —.o:mo: Retihontel

University of Leeds
Rutherford Laboratory
Small volume, parallel plate, tissu i i
5 ) e equivalent proportional counters, after the desi i
are being developed. Spectra of ionizing events at various positions in the pion cmw”murwwmw MMMH

> b
O, btained, but suffer from instability problems. Work continues to make these tools reliable, and

Fig ¥ i
igure 61. Particles leaving carbon surface at 90° within the pion peak region (15013)

10° T T T T T v
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Figure 62. Depth-dose profiles for various beam momentum settings
rticle spectra from pion capture in Carbon has been studied. Protons, deuterons,
lei were identified. The detector system was a Si/Cel vacuum telescope,
measuring rate of energy loss and total kinetic energy. Two sets of %89.03 of different nEm_n.
nesses were used to cover a wide energy range. To improve data no=ooenw= rates w.<n_.< thick
target was used, particle production spectra being obtained by an c:moi_:m »ne.g_a:o. How-
ever, the unmodified thick target spectra are also relevant to radiobiological studies, as they Te-
present a good approximation to the particle fluxes crossing a small volume element in a solid
absorber. Some results are shown in Figure 61. A further study underway is to observe changes
of the flux of secondaries at a bone soft tissue interface using thin emulsions.

The charged pa
tritons, He and Li nucl

New modes of operating the meson beam have been explored. It has been discovered that use of
a Tungsten target yields 40% more pions than a Copper target, with no obvious increase in elec-
tron contamination as indicated by the similarity of the depth dose profile and the biological
effect on HeLa cells. Further the second harmonic RF cavity in Nimrod is expected to add 50%
to the flux. A series of depth dose profiles for different beam momentum settings are shown in
Figure 62. By using suitable settings sequentially it will be possible to study the biological re-
sponse to a flat peak of any reasonable thickness. Further by using new focussing conditions a
larger spot has been obtained (3-5 x 5 cm? at the 80% profile, and 6 x 7-5 cm? full width at
half height compared with the present standard spot of 19 x 24 cm? with 34 x 44 cm?
f.w.hh.). This has been achieved at a loss of only a factor of two in peak intensity.

Figure 63. A high intensity 7~ beam line designed for radio-bi peri (14693)




A pr new beam line is shown in Figure 63. It is constructed of
i large apert

3”95— electromagnets. The initial and final quadrupole pairs collect m:ﬁﬂnos“ M_?o.aa
- wogmw ‘nmagnets n_—m the 8::& field lens (Q3), with collimator, allow o € pions,
e 53_..“ i&o keeping a non dispersed final image. This configuration, EMMHQ iolee
e ection, allows space for ample shielding between the primary Ews bends i

irradiation volume, and also makes possible a vertical final beam. The b g beam ang
meters) to avoid pion losses by decay. - e beam line is short (5.1

The basic acceptance is 1-2 st % A °

1 p/p at 90° from a 10 cm long tar; i

! 1 get. A

w%:.\iwnw which gaumoa. protons/burst using the new injector, uﬁmv MJ_WMMM_EM sy

- n._w:o x 10 X 10 cm?. Distributions flat in momentum (20%4p/p), range (10 ?..E» S
n or biological effect can be obtained by superimposing magnet/coll A

arly the beam area may be built up from a basic 2 x 5 cm? (at the 80% anwwwv%,smm. Simil-

Figure 64 shows an interesting compari i

parison between the predicted ionizati
three m._oz field nwon_:o& by this beam and a typical °Co y therapy .Hnn.:..:a
HMFOGE effect is expected to be further enhanced at the treatment region

istributions for a
the pion case the
where the pions

Figure 64. Triple field isodose contours for 7~ and v (15112)
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EPIC Physics and Machine Stud

iolent collisions between elementary particles which can be produced in the lal
oot t are the head-on interactions in the two 30 GeV beams at the CERN Intersecting
tory at PrESEEe s technique, the ISR is equivalent toa 1 beam with an energy
storsge RIS a stationary target. The reliability of modern storage ring technology has
d interest in exploiting their unique ability to outstrip conventional unno—o_.usn.w in
(or center-of-mass) energy, despite their limitation to collisions between particles
table and can be stored for several hours. At the present time, in addition to Eo.w-o.
rage rings of the ISR, there are electron-positron and electron-electron ring$ in or
n France, Germany, Italy, the USA and the USSR. The maximum energy at
have been carried out is 2:5 GeV per beam at CEA (Harvard), in electron-

stimulate!
equivalent

which are s
ton-proton storage.
near to operation 1
which experiments
positron collisions.

intersecting storage rings with a center-of-mass energy in the ISR range were
first suggested in 1971 by a SLAC-LBL group. Before the end of that year, non&onw.ﬁa_. _.vgﬁm?
ists from the Rutherford and Daresbury Laboratories came to the conclusion that it _.Ehrn.co
possible to build an Electron Proton Intersecting Complex on the Rutherford Laboratory site.
Design work in 1972 had such promising results that it was decided to invite the high energy
physics community in the universities to join with the staff of the laboratories in a detailed as-
sessment of the physics interest and feasibility of a complex at which one could study the collis-
ions of 14 GeV electrons with 14 GeV positrons and up to 200 GeV protons and deuterons.
With a luminosity of about 0-4 x 10%? cm~2 sec™! reasonable event rates (event rate = lumin-
, osity X cross-section) can be achieved.

Electron-proton

More than 78 people, the majority from the universities, met in 8 working groups throughout
the summer of 1973, and came together at the Rutherford Laboratory in October for a full
week to assess progress. The very exciting programme of fundamental physics which emerged
from this work is described below. A much smaller group is now preparing a summary of the
case for building EPIC, to be submitted to the SRC in 1974. The present idea is to begin with
14 GeV e~ on 14 GeV ¢ in a single ring, to which a proton ring could later be added. Interna-
tional collaboration would be welcomed at any stage, and would be necessary to go beyond the
initial e*e” stage, which could be built by the UK alone. The physics programme covers many
important areas inaccessible to the CERN programme and would be comparable in size with the
present research programme on our national machines.

The Physics Case (ref. 101, 108, 116, 118-123, 138, 141, 145, 153, 176, 211, 212, 235, 249,
253,254,256, 260, 269, 274, 282-284, 292, 293, 309, 328)

The breadth of the physics case can be seen from the Table, which is an attempt to summarise
the many reactions studied by the working groups and discussed in some 95 reports. In the
of ve..r ¢'e” and ep(D), fundamental questions relating to weak, electromagnetic and strong in-
teractions can be asked and answered. These questions will still be relevant when EPIC e
Mwﬁm are u_mo.gé specific questions. We know about them now and can only suppo:
85; will .g like other machines which broke new ground in the past,
= Ew_hnmm_.o:_u had not been conceived at the time it was proposed to bl
lights of this 1 case are di d below.

-

—n_..a opoo collisions, the most pressing question is the ultimate form
._.uaam_g cross-section for e'e” annihilation into strongl
s ,SE.. supposed that strongly interacting (hadre
tary, point-like “partons”, and which successfully

Weak and strong interactions, predicts
se as uﬁsﬂ energy)~2. Unfortunately, the




Experiments, Significance

Tests of QED.
Absolute luminosity monitors.

Test of QED.
Photon-neutral current interference.
= new particles Heavy leptons, bosons etc., M < 14 GeV, if they exist.

~ e'e” + leptons Direct study of higher order QED processes.
e'e” + photons

2 had; A < hek

of total cross-section. “Measure”

AL 5 ar|
charges or observe breakdown of old theories or new int, e

: €ractions,
Final state hadron distributions, multiplicities and types for
2 energy - matter in JPC = | ~state.
- ¢'e” > ; o
i o..Mu “.o_uwn__.c:u Total cross-section, particle distributions, specific final states, e
4 these “photon-photon” collisions like hadron-hadron collisions?

= ¢ hadrons Small q? limit = photoproduction beyond energy range reached

by ISR for pp. Does o1 rise? Production of high mass diffrac-
tive states? Final state particle distributions. Individual channels.
Finite q2, large » gives measure of structure functions at large w.
Is scaling still observed? Are there thresholds for new quantum
numbers, such as Charm?
Deep inelastic tests scaling to limit. Interference with weak neutral
current?
Studies of final state hadrons vital to models. Can be said “measure”
parton quantum numbers.

ep = vhadrons Is P-violating weak interaction stronger than EM? What is mass of

intermediate boson?

eD = ¢had Compls 'y questions to ep case.
= p hadrons Target viewed as D (coherent diffractive) or n.

beam proposed for EPIC is sufficiently high that a serious re-examina-

ice of the model would be necessary, if the (energy)~2 behaviour were not

If the predictions of the parton model were fulfilled at EPIC, then the sum
e partons could be deduced from a knowledge of the absolut

uld be possible to decide which (if any) of the quark models

‘such a measurement goes far beyond any model. In a sense,

i (charge)? of all independently existing fundamental

distributions of the final state hadrons would then

ictions of QED for certain reactions provide sensitive
nwimww neutral current of the type suggested by the results
jments at would behave like a heavy photon and would be | :
per ey MSNQ photon of QED. One of the most popular Bomo_u. wo_.. ﬁmu
u“mu\o“:owmﬁ& effects of the order of 14% in the angular distribution of
redicts €3St
in U oy d cannot easily be studied at lower energy machines. The transverse polarizatio;

peam M—Mﬂm_wa_”” EPIC c*e™ beams is important for this experiment.
expec

o ete” > piu, at EPIC energies. The effect is proportional to the square

i duced particles, about photon-photon
1d also be made to searches for new pair-pro ticle
oﬂ_ucoi each of the many reactions which can be studied in the ep or eD case. We

ent on one more.

Reference
ooEm_.c=m an
ill just comm!
ons at EPIC energies, the weak interaction process ep —~ » + anything will have a
than the electromagnetic ep > ¢ + anythingina substantial fraction of the
f the scaling behaviour observed at SLAC, CERN and NAL in electromag-

i and weak interactions persists. Detailed studies show that event rates for the weak process
=2Ma be between 10 and 50 per day in that case. They also show that the momentum and
% transfers, g and » can be measured with an accuracy of a few percent even in the weak
Swmwwwom where there is no observable final state lepton. The event rates quoted are comparable
ﬂ_.E— those in previous neutrino experiments. The physics interest is to see whether Eo.vwmﬂ.v.
violating weak interaction does approach and exceed the electromagnetic in strength or if it is
suppressed by some hanism, such as the intermediate boson. At the very least, such an ex-
periment would measure the mass of the boson.

In ep collisions
larger n_dmm.man:o:.
Kinematic region, 1

Technical aspects of experiments (ref. 106, 154, 155, 166, 171, 177, 201, 205, 206, 270, 305-
308,314, 321)

The technical aspects of experiments with EPIC were studied in detail. These included estimates
of electromagnetic backgrounds, studies of desirability of bunched beams, the amount of energy
variation required, the provision of test beams, the possibility of rotating the natural transverse
polarization of the electron beam into the longitudinal direction, and many other topics.

The design of apparatus was carefully examined. A most encouraging result is that all of the.
periments proposed could be carried out with apparatus of the type currently in use at ma
laboratories, using known technology. The apparatus is not very different in size from several
present in use. The most versatile and the largest of the devices proposed during the

shown in Figure 65. This large solenoid and its iated d would be expecte
continuously in use for both e¢*e” physics and for ep physics throughout the life of EPIC, and |
to be used by several different groups of physicists. %
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1224, 226234, 261 21275,
consisting of two storage rings has been designed in collaboration with D,

atory and the Physics Working Parties. The rings, of average radius 349 So:auﬁar_.c.

, and four collinear i ion regions are provided by means of <2:mp_8_q23

agnets. The system could be built in two stages: the first ring would be used to styg, end.-

ositron collisions at centre of mass energies up to 28 GeV. The secon, Y elec.

d ring for
ol compoie ciihee onal or superconducting magnets, allowing momenta ownmwa”w

200 GeV/c respectively. The essential parameters of the e*e”, e —p options (other op
~ theoretically possible) are shown in the Table below:

tions are

Beam Momenta (GeV/c)

Centre of Mass Luminosit
Electrons Positrons Protons Energy (GeV) Region ( o

[Interaction
cm~2 sec!)

14 14 28 04 x 10%
14 80 67 025 x 102
14 200 106 > 025 x 103

The 5 GeV electron synchrotron, NINA, will be modified for use as the booster-injector for
EPIC. Inserted into its lattice will be 20 quadrupoles (for changing the Q-values) and 10
damping triplets, which will serve to reduce the beam size in NINA. The repetition rate will be
reduced to 4Hz and an additional 10MHz RF system installed. Alternate pulses of electrons
and positrons will be accelerated to 5 GeV/c and injected into EPIC 2t a rate of approximately
10° particles per pulse.

The filling time is expected to be about 15 mins when operation is to be at the maximum
energy.

Pmsn acceleration to the required energy the beams are brought into collision and remain so
until the event rate is no longer satisfactory. This “luminosity” lifetime is expected to be great-
er than 2 hours. The beams are then separated, decelerated back to 5 GeV/c, and topped up
with the booster. The macroscopic duty cycle should therefore be about 90%.

Figure 66. A possible site layout for EPIC, showing the approximate dispositions of the linac injectors, the
booster and the main ring (15466)

Q
NINA used as booster

70 60 50

67. Vertical arrangement of lattice elements in a half e-p insertion (15465)
Figure 67-

ill li ing. Extra path length has to be
i al cells will lie 0-86m above the electron ring
e ._uanom: :ﬁ_wmm MMMSE in order to maintain synchronism cng.oo: them and 9.« &M_iow v_n,ﬁ
Eos.ﬂ_.wm M-E:oacona in the insertions by means of vertical bending magnets, which also sef
”M_”..Ew the beams together in the plane of collision.

i igil jative damping of the proton betatron oscillations has BEQ
e »E“ n”MMa _MM “ﬂ_mww_m.mwﬂv each of mﬁwoﬁ bunches in the proton ring must be E._am—
ncnmnn._cop:ow_a. booster pulse, (ii) the proton RF accelerating system must have an ox:m_ﬂ.o_v\ low
(e »M_: (i) the proton transition energy must be crossed with very little increase in _m._._w.
_...o,m..%”:&:w:ow (iv) machine induced r must be minimised. The present indications
““ that these &mm,_nc:mmw can be solved, but much further effort remains to be expended on

them.

Superconducting magnets have two possible roles in EPIC: in the main ring »o,BBE,:Wo
proton energy, and in the insertions to maximise luminosity. To assess at .2.?.% stage the 1 e
this technology would be technically and Ily appropriate, a feasibility ua&wrw(m b

made on the production of suitabl g ing only slight imp! on exis
technology.

It was necessary to assume special quadrupoles (using reverse shielding windings to cancel
fringe field) for the insertions, but very simple coil designs were .orouo.. for .Eo‘BuE
the magnetic field restricted to 4-5 tesla at 4-2 K. Future experience may in fact

on the superconductor Nb;Sn (rather than NbTi) can be used. The refrigeration
not require any great extrapolation of existing technology; about 10-15 kW at.
supplied from four refrigeration stations.

The overall conclusion from this part of the study was that the supercondu
be technically feasible. In practice this means that the particle energy coul

3 higher for a given size ring, with the cost/GeV no greater than that o
Euzuo of superconducting magnets for the insertions may prove ne
,EEESE.«P These special magnets will involve a significant

Prototype work because of their high field gradient and I




Theoretical High Energy Physics

In the Theory Division, the year began strongly with the annual informal confer,
3rd-5th, attended by about two hundred people, mainly from the British Universities, T, 3
gramme was based on ten invited review lectures, with topics ranging through :m_.::.sw ro Pro-
unified gauge theories, duality, multiparticle production and black holes, During the Vau ysics,
followed several smaller topical meetings, held at Coseners House, in which both Eoﬁﬂﬁaa
experimenters took part. Interaction with other physicists was further promoted by the .M&.a
mer consultant programme, that brought ideas and individuals from eastern and western mczw_ o
Isracl and the USA. Some of the areas in which our theorists th B
are outlined in the paragraphs below. Bt year

ence Jany,

have been active durin,

Unified gauge theories (ref. 11, 54, 55, 68, 69, 70, 281 ,304)

Among the most interesting and important developments in particle physics are un
theories of the weak, electromagnetic and strong interactions. The coupling constant character.
ising the strength of the weak interactions is of order 10 . compared to values of order 10-2
and 10 for the electromagnetic and strong interactions, respectively. Despite their huge dissimi-
larities in coupling strengths, it has long been hoped to unify all these interactions in a single
complete theory. In fact in other respects the weak and electromagnetic interactions are strik-
ingly similar. The electromagnetic current couples to electric charge and all charges are found to
be multiples of the charge on an electron; similarly all weak charges scem to be simply express-
ible in terms of one fundamental charge. Also both the electromagnetic and weak interactions
appear to be vector in nature.

ified gauge

Models that unify the weak and electromagnetic interactions were originally proposed by Salam
and by Weinberg in 1967. They suggested that the fundamental interaction may be mediated by
vector bosons, associated with a gauge invariance of the second kind. This would explain natur-
ally both the vector nature of the interaction and the universal charge associated with it. The
difference in interaction strengths is explained if the bosons mediating the weak interactions
(the W) have very large masses — more than 37 GeV/c?. The square of this mass appears in the
denominator of the lowest-order weak amplitude (see Figure (a)):

@->cd) = &
T(ab—>cd) = —2—

q* - My
where g?(g?>e?) is a universal coupling and q? is the square of 4-momentum carried by Eo.i,
boson. For small q? the large W mass will clearly make the effective strength of the interaction
very weak compared to the corresponding electromagnetic process, mediated by the massless
photon.

i ully aroused until they were

mely elegant, interest was not .m g i
i Bcaw_m. ﬁhonx.mﬂn ocﬂén:o:w._ models of weak interactions, that 5<o_<o. only
b 3:2?%“»:3.6:? when extrapolated to very high E..o@om. The »maonumrnhc_n
e reserve unitarity by cancelling the conventional terms with .:mi Sn.n_m
e Sty ons or neutral currents or both. Thus unified gauge theories predict

P m new heavy lept ¢
nonuwm.amm observable at high energies.
ew > -
= - ont at CERN, using the Gargamelle heavy liquid bubble chamber. looked for
rim ;
A recent expe

ts of the type
et v + N - p + anything

vy e >y + e
£ 2-10 GeV. Since the photon does not couple to =o=i_.6m. Edn m_‘_opﬂ“”””h
diated (to lowest order) by a new neutral current. H_—a exciting result is 3
0 ey d, and at the level predicted by the Salam Weinberg model. m—:nﬁn ‘mxvn:
oges e EM: m,cwa_ currents are being run or planned, at several laboratories. Beside the
aaﬂz.:%mmﬂohahm process above, it is also interesting to examine the reactions
neutrl

with neutrinos Of

e +e >+
u + p = u + anything

where the neutral current effects appear first as m.: 58-@0:8 .2:.: S_m Mo“qoﬂ”mﬁﬁﬂmﬁnﬂw
In the former reaction, the purely &oo:oBmw:m,:o. term 45 vwnﬁmw_v\ calcula 2 e. Ott S0
isolate the new neutral current term are 8,86_0: its vm:_w.sav.u::m properties (using p

tion) or to look for the effects of the associated neutral W-boson’s mass.

There are difficulties in extending these models to include hadrons, because of AS = Mm:.m:mnm
ness<changing terms. The conventional Cabibbo approach constructs the weak charge nﬁﬂ“.u.
using the combination (ncosd + Asind) of n-quark and A-quark operators. Thus the Em.—m«%— =
changing and non-changing hadronic currents have comparable %.R:m»? mnﬂ the same will be
true of neutral currents constructed in this way. However, experimental evidence from -.Ar |v
w*u” and the K, K, mass difference shows that AS = 1 semileptonic and AS = 2 nonleptonic
neutral currents are much smaller than the strangeness non-changing currents. Some reformula-
tion is clearly required, at the very least.

It has been found possible to avoid direct strangeness<changing neutral currents for o.xEdv_n by
redefining the Cabibbo rotation. Alternatively, some models have been suggested i:.o.: E_ﬁ.w no
direct neutral weak currents. However the difficulty reappears in higher-order calculations, since
strangeness-changing neutral currents can also be generated, from charged currents u_wnw. via
higher-order graphs (see Figure (b)). The contributions of these processes to the Ky = p'u” rate
and to the K, - K, mass difference are enhanced, relative to second-order weak interactions, by
a factor proportional to the W-boson mass — and exceed the experimental limits. Three ways to
overcome this difficulty have been suggested.

Figure (b)




Perhaps the most elegant solution is to introduce new “charmed” hadron;,
plest example, one adds a new charmed p-quark p’ to the conventiona] triplet p

served low-mass hadronic states do not contain p’, there will be no new a:aamm
However, the loop integrals implied in the second-order processes of Figure (b
high-mass charmed states: the graphs must be calculated with p’ as wel] a5 with p, 5
contributions may be made to cancel. The direct neutral current is also cancelled, ._,rm. a:a their
cancellation depends on the mass of charmed states, and can only be made consistent aw.:.h of
periment if charmed hadrons exist with masses of a few GeV — a prediction that mrocicng ex-
able. One difficulty with the simple charmed model above is that its basic hadronic sy, e su.,.
SU(4) rather than the observed SU(3). A solution is to have three quark triplets, Eh-ﬂa\ is
naturally be classified in the leptonic symmetry while still generating SU3) sy > Which cap

A . . . 5:.5:.%‘.9 _oi.
Ewﬁ—_ua_.onauz:om.O:S»mu.:,=$<:n&o-:no:u::onmszmﬁm predicted and should b,
servable. 5 € ob-
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) will bring E.

An alternative way to supp induced str h g neutral currents is to modify th,
scaling properties of the AS =1 current. This may happen through the appearance of »:o:_aocm
dimensions (due to the strong interactions) or through the introduction of light vector cog:w
The W bosons mix with these new bosons; it is the smallness of the mixing angle, rather 5?
the boson mass effect, that makes weak interactions weak compared to electromagnetic, in this
case. As a result, the second order effects are not enhanced. In cither case, the non-sc:
the AS = 1 charged semileptonic current provides a clear test of this idea.

aling of

Finally, one can arrange to suppress second-order effects without charmed hadrons or light vec-
tor bosons, by modifying the parity structure of the hadronic current from the conventional
V-A form. Again this has consequences that should be accessible to experiment.

It is clear that any theory that incorporates hadrons is likely to predict new effects at presently
available energies. Since purely hadronic weak interactions involve the product of two hadronic
currents, they may display effects of the charmed current at energies below the charmed hadron
threshold. Neutral weak currents give parity violating effects that can be looked for in nuclear
transitions. The calculation of other higher-order effects is very interesting, in a renormalizable
theory. For example, in the proton-neutron mass difference calculation, there is hope that the
divergence coming from the electromagnetic contribution may be cancelled by the weak contri-
bution, yielding a calculable result. In this and other ways, an immediate outcome of the uni-
fied theories has been to stimulate a re-examination of weak interaction effects.

The models discussed above have only dealt with the electromagnetic and weak interactions.
Due to the strength of the strong interactions a perturbation series in the strong coupling con-
stant does not converge and at the moment it is impossible to compute the physical effects of 2
field theory for the strong interactions. However, we do know that strong interactions must be
included in a way that does not violate the gauge invariance corresponding to the weak and
electromagnetic interactions. If this were not the case the renormalizability of these models
would be spoilt and most of their attractive features lost.

Moreover in one region, the deep inelastic region, we know that strong interactions “switch
Off” in the sense that the experimental observations are consistent with a bare coupling of the
electromagnetic or weak currents with fermion “parton” constituents of the nucleon. There is
no form factor due to the strong-interactions. Recently it has been shown that a non-Abelian
gauge theory for the strong interactions would indeed “switch off” in the scaling region- Al-
though this result applies only to massless strongly interacting vector bosons, models with ma
sive yector bosons may display this scaling behaviour over a finite momentum range. This rais¢S

. Ba exciting prospect of a unified field theory of the strong, weak and electromagnetic 1N

Tests of the quark parton model in lepton scattering (ref. 107)

: o phenomenon in deep inelastic electron scattering has m=mmau8n.9w: the proton con-
The unu_m_mmm constituents (“partons”). Further specific details, and preliminary results »,3?
fu mo:.: .ﬂ:e scattering, are consistent with the exciting notion that these partons are in
inclestt: :acm suggested long ago by Zweig and Gell-Mann as the basic building blocks for had-
ol = E,mm tests of this idea can be made when better neutrino data become u§=wc._9
s M mxw.om m:m usually formulated for separated structure functions, requiring high quality
Since E«%Mn%m present or immediate future possibilities, it is important to see what can be
dat ca.v\w:_ w-quality data. It has been shown that significant predictions can be made for raw,
monm “M_nﬂomm .M_o,. unnormalized event rates N™' dN/dx etc., and for distributions where the in-
CIOS: 3,

cident neutrin® spectrum is not determined.

Proton-proton scattering (Ref. 17, 18)

Proton-proton scattering has particular interest in that it allows measurements both at ”.rn high-
Mw energies and also at the largest momentum transfers, thanks to the CERN intersecting stor-
e

age 1ings and the high intensity of primary proton beams.

The high energy cross-section do/dt gives a clear picture of E:a. diffraction wnmzoan.w“ Emm is
also described as Pomeron exchange. Interesting structure is seen in the ”.m_mvgnm:on. Eo_.cq_nm
a dip that develops near t = - 1-4 at ISR energies, suggesting that mnﬁ_ﬁ Eanma:.mﬁ E:E-.Ea‘mm
are ?mmmi with different phases and energy-dependences. An empirical analysis of this dip
phenomenon has shown that it may be explained by three simple components: wwoaomo: Regge
pole, a constarit background and a falling background contributing dofdt v s™ > all with E_.wmm.u
defined by their s-dependence and even s ¢ u crossing. A resulting prediction is that the dip is
most pronounced near 200 GeV/c where future NAL experiments are planned.

At large momentum transfers, any point-like “parton” constituents within the proton are ex-
pected to give characteristic effects. It can be argued that the dependence on transverse EoBmm..
tum pp should be through a scale-independent formula, and indeed the formula do/dt=as
(pp//5)™** is known to describe pre-ISR pp data quite well for pp > 1-5 and s> 15. On the
other hand, the new ISR data (extending to pp = 2-5) lie far above this formula and u.=wm,nwo that
a limiting distribution do/dt = f(p) is being approached instead. A resolution of this difficulty
is to note that a two-term scaling formula can both reproduce the lower-energy fit to data and
also reduce to a limiting distribution asymptotically. It is tempting to go further, and identify
these two terms with the two background terms appearing above in the explanation of the dip,
but a fully satisfactory form has not yet been constructed.

Extrapolating the 7N amplitude to the 7w cut (ref. 133)

In the theory of nucleon-nucleon forces, the two-pion-exchange cut plays an important role.
Since strong interactions are involved, there is no way to calculate this cut directly, but it can
be determined from 7N scattering amplitudes if the latter can be extrapolated from the physical
(t < 0) to an unphysical (t > 0) region. One possible scheme is to take the first few terms in the
partial wave series, eliminate cos§ in favour of t, and extrapolate in t. This is unreliable, since
the partial wave series itself diverges at the Lehmann ellipse; also there is no way to estimate the
Uncertainty in extrapolating. A new scheme has been devised, using the reproducing kernel of
bert spaces. Within this scheme, it is meaningful to speak of the error of the extrapolation —
Em. form of the difference between a function and its approximate. It has been proved that, re-
MM-Em z—a‘ approximate to have certain values at certain points in the physical region, there
Emunwz_m unique set of basis functions for constructing the approximate. The criterion used is
i 2 Euuo.n .cc:.a for the error is at its minimum. Furthermore, this procedure is independ-
sthie the E,.@:w_ function, save that it must belong to the Hilbert space. Therefore, by con-
2 EEw a Hilbert space that takes into account all our theoretical knowledge of the amplitude,
S-EN.... an extrapolation procedure that is optimal and that also provides a measure of the un-
Esnsws..m involved. As an example, the basis functions and the error functional have been con-
e or 7N scattering amplitudes. The final application to NN scattering is rather compli-
and has not yet been completed.




Two-body amplitude analyses (ref. 52, 53, 58, 93, 136, 267,312, 358)

There has been continued progress in the study of Regge exchan,
termediate energies, mainly using the tool of amplitude analys
(see the 1971 Annual Report) concentrated on the moment
isolated energies; they showed the inadequacy of all existing Regge models o fixed,
several new models. Recent work has concentrated more upon the energy. depend, mmwé Tise to
plitudes; it has again upset theoretical prejudices and has given valuable clues about ol
realistic picture of Regge exchanges. 4new, more

ges in two-body

is. The first amplitug,
um-transfer nmvgao:nno M:M?ﬁ

PrOCesses a¢ iy,

High energy amplitudes contain Regge pole contributions (which are fairl;
and absorptive cut corrections (which are not). In most models, these two [
ferent energy dependences, so the energy dependence of their sum is rat|
ever, recent analyses of data have shown a simple energy-dependence, co;
In the 7N system, amplitudes at relatively low energies show typical high-energy features and,
taken together with high energy amplitudes, show that absorptive corrections have ::mxvaozn.
ly the same shrinkage as Regge poles. A study of the energy-dependence of the crossover om,aom
gives the same conclusion, and —Aw regencration phases show that absorptive corrections haye 5
Regge-pole-like phase. Furthermore, an FESR analysis of 77p + 7°n shows that amplitudes do
not have the plicated energy depend predicted by convertional absorption models, A

consistent picture of the phase and energy dependence of absorptive corrections is beginning to
emerge.

ly well _.__aoioo&
Omponents have gjs.
her complicated. Hoy.
ntradicting the models,

An amplitude analysis of the isoscalar exchange nonflip amplitude in 7N — 7N has given valu-
able information about the real parts of Pomeron and f° exchange amplitudes, over a range of
intermediate energies and momentum transfers. Further evidence about duality and energy-
dependence comes from an FESR study of the reactions 7N - K and 7N - KA. The results
confirm that duality is alive and well in these reactions, but that the folklore that there are no
cuts in spinflip amplitudes cannot be true for K*(890) and K*(1400) exchanges.

Amplitude analysis needs a concentration of different kinds of data (cross-sections and polar-
ization parameters) for a given reaction. It therefore requires a co-ordinated experimental pro-
gram, with collaboration between theorists and experimenters to establish which polarization
measurements offer the best value for money. These questions were extensively discussed at a
weekend meeting at the Coseners House in April.

Spin relations for pure natural or unnatural parity exchanges (ref. 147)

For elastic scattering, time-reversal invariance gives well-known relations between spin effects,
such as the equality of recoil polarization from an unpolarized target and the asymmetry of
scattering from a polarized target. Strikingly similar spin relations have been derived also for in-
elastic reactions, when the amplitudes are restricted in a particular way corresponding asympto-
tically to having purely natural or purely unnatural parity exchanges (called M-purity). Uwﬁ
indicate that high-energy vector meson photoproduction proceeds by purely natural parity
exchange, so this case has been considered in some detail and compared with the analogous
elastic case of Compton scattering, to bring out the similarities and differences between M-pur-
ity and T-invariance relations. The former relations can in general apply to much wider classes
of situation than the latter.

Magnetic moment of A™ (ref. 132)

A recent attempt to the magneti of A™ by n'p - yn"p radiative §=|2M=M
seemed to indicate a serious discrepancy b experiment and the magnetic moment y = :.
given by the quark model. Since there were no al ive theoretical predictions for compa

son, a new calculation has been performed within the bootstrap model of A: The resulting mag-
etic moment (i = - 2-3) is surprisingly different from the quark model values. Since there M“o.
‘unresolved ques in the experi itself, there is no way yet to distinguish

. - roduction, a probe for the Pomeron (ref. 38,39, 56,57, 62,63, 64,1,78,79,
=___=ﬁam_w% 21,259, 276, 353, 382, 383, 384)
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Figure (¢) The two component picture

The last year has seen substantial progress, in which Rutherford nﬁon.muz have played an active
role. Firstly a dynamical model has been constructed for elastic scattering as a shadow Jm cluster
production by Reggeon exchange. It uses semilocal duality in Reggeon-particle scattering, pre-
viously abstracted from the analyses of inclusive data (see 1972 Annual Report). Hence Eo
cluster formation in Reggeon-particle (and Reggeon-Reggeon) channels may be oxu.uouwan in
terms of a few triple-Reggeon couplings, which are partly known from inclusive _.owo,mo_—w“ Fig-
ure (d). This approach can roughly reproduce the slopes, energy-dependences and ur_._a.nwma of
elastic and charge-exchange scattering. There has also been an S<ommws:om.. of pp elastic scat-
tering, using experimental non-diffractive and diffractive production as input; the observed
break in the slope of do/dt near t = - 0-1 is attributed to an interplay between the two compon-
ents.

/

/
=
\
\

Figure (d) Duality in Reggeon-particle scattering



£ y the diffractive component was made 0ssil
the inclusive reaction pp > pX. Although the nmmum,_u_w._o oY AhsISR
the complete cross-section, it is expected to peak in a specifi ]
ere 1 - x = M?/s in terms of missing mass M and total c.m, energy squareq uws._ near x <
from NAL and ISR clearly exhibit this peak, and show that the &5»3&. o.w_o Proton
tes in this region. They provide a direct measure of the diffractive eXcitation o..:..vonaa
words the Pomeron-proton cross-section (see Figure (c)). A significant feature is ¢, + OF N Othey

ved peak in do/dx seems to scale (become independent of s) in the NAL-ISR -M.M“a mﬂc”wsv

©On exchange,
of Pomergp.

Regge language this means that Pomeron-proton scattering is dominated by Pomer,
u.—_.w,, scaling of the leading proton peak had in fact been predicted from an analysis
particle scattering, based on 6-40 GeV data for 7p =~ pX (see 1972 Annual Report)

The scaling of diffractive excitation implies that the excitation mass M has no cut-off. Ingte, d
the range of M? grows linearly with s: as energy increases, heavier clusters are excited. This rwm
three important implications: the diffractive cross-section opy should increase with s; the dif.
fractive multiplicity distribution should get broader with increasing energy, since heavier clus-
ters are expected to decay into more numerous secondaries; the pions from high-mass diffrac.
tive clusters should form a central plateau in the rapidity variable. These three features all
contrast sharply with the 1972 version of the two-component model, which assumed a fixed
cut-off in the diffractive excitation mass.

The magnitude of the diffractive excitation, and its three consequences above, have been quan-
titatively evaluated with the help of rather plausible hypotheses. The tentative conclusions are
these. (i) The diffractive component may explain most of the observed rise in the inelastic cross-
section (about 3-4 mb) through the ISR energy range. (ii) In the multiplicity distribution, the
diffractive component broadens at the same rate as the non-diffractive peak moves out, so that
no dip develops between the two; the net multiplicity distribution broadens like Ins. (iii) The
diffractive component constitutes 10-15% of the central pion plateau, and can account for an
increase of 5-8% through the ISR range (about half the observed increase). Two-particle correla-
tions can also be understood, in this context, as coming from two roughly equal parts: a short-
range part coming from the non-diffractive component and corresponding to a mean cluster size
of 2:5 charged particles, plus a long-range part coming from an interference between the two
components.

The conclusions above have in fact been reached independently by several groups. In this con-
nection, a kend ing at Ci House on the subject of the Pomeron was very useful
in bringing together an international cross-section of workers in the field. The Pomeron still has
its mysteries, but a promising start toward solving them has been made.

e work has been done on the use of coherent states in multiparticle theory. Most
dronic scattering do not incorporate crossing symmetry. It has been shown, how-
connected T-operator is constructed as an outer product of coherent states, the
litude is automatically crossing-symmetric. This idea has been applied in an

‘dual resonance models to field theories. As might be expected, the field

to the Veneziano model with unit intercept turns out to be highly non-
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Construction of the building for the 70 MeV

injector for Nimrod (15763)
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o~ [ y . The total number of protons an_oB"oa during the year was about 15-5 x

celerator Operationg =~ e
] the pattern of operation was such that, in principle, all ir
Q U @<®Ho — — — ancﬁ_o:,“M ﬂwowmmﬂm& imr beam mﬁwm machine pulse. During the first two cycles, in J
. HV OD ments €0 imrod ted at a um of 6-9 GeV/c with a flat-top of 500 ms,
and ma?:m.mm: rate of N..w pulses per minute. Following the shutdown operation nonn_.ioﬁﬁ.
ki with flat-tops between 300 ms and 900 ms in length and pulse repetition rates of

Ui owu.\\m and 27 pulses per minute, according to experimental teams’ requirements.

Nimrod has continued to operate well throughout the year. The scheduled n
operation for the year was somewhat lower than in recent years as resources
towards the provisioning of the new 70 MeV injector. Nevertheless, Nimro,

—wm.ws energy physics experiments for nearly 4,300 hours with an operating
7-6%.

umber of hoyrs of G -
have been diverteq
d was available for
efficiency of nearly

100 T
The successful operation of the additional radiofrequency system workin i | [mreg)
; g at twice the frequen. | ‘J [
¢y of the basic system gave the design improvement of 40% in beam intensity sooo_nszao_w »,_”..__ . e
encrgy. This led to the achi of record 1 d beam intensities. | 80
Considerable progress has been made on the design, ordering and construction of the equipment o 5
for the new injector. The building is under construction. 60 £
o
e 2
Z 2
Four new secondary beam lines have been installed during the year; two have already been used : ] ] —
for experimental data taking and the other two have been commissioned successfully. ] 8
a g
‘The initial design work has been carried out on the new beam system for Experimental Hall 1 . H m
in 1975. z <
K
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The pattern of operation of Nimrod, the 7 GeV proton synchrotron accelerator, continued as
sly, in 3-week cycles. The major portion of each cycle, usually about 17 days, being de-
high energy physics research, with the ind d for by accel devel

OPERATION OF NIMROD (Ref. 184, 185, 186) _ Tam o May

Figure 68. Nimrod operation record for high energy physics during 1973 (15548)

P

erator was run from January to mid-February and then again from mid-April until
er. The shutdown periods, mid-February to mid-April, and the whole of December

Nimrod Operations 1973
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Analysis of Nimrod Off Time during Scheduled Operating Time in 1973

Scheduled Operating Time 6214-64 hours

Off Time 902-07 hours
Beam Time % of % of
Lost Scheduled i
Hours Op Time Off Time

1. Fault and Routine Inspections

Injector 153.93 2:48 17.06
Extraction Systems (144.97)
(a) Power Supplies 78-05 125 8.65
(b) Plunging Mechanisms 64-69 1.04 717
(c) Magnets 2-23 0-04 025
Vacuum Systems 114-82 1-85 1293
Nimrod Magnet Power Supply (103-09)
(a) Rotating Plant 68:30 1-10 7.57
(b) Converter Plant 28-97 0:47 3.21
(c) Ripple Filter Plant 5-82 0-09 0-65
Coolant Systems 60-61 0-98 672
Synchrotron r.f./Beam Control/TV/
Diagnostics 52.98 0-85 5-87
Nimrod Magnet 16-16 0-26 1.79
W Inflector System 11-44 0-18 1.27
Pole Face Winding Systems 4-87 0-08 0-54
Targets and Target Mechanisms 2:94 005 033
Miscellaneous 3612 0-58 4.00

2. Other Reasons
* Re-commissionioning of Nimrod,

April/May 150-00 241 1663

Start-Up 3920 0-63 435
Public Electricity Supply 10-94 0-18 1-21
902-07 14-52 100-00

Figures for Vacuum and Extraction Systems include routine inspection time.

External Beams : Operations Summary

X1/K19, the fast spill extracted proton beam for the 1-5 metre cryogenic bubble chamber, was
- supplied with a portion of the Nimrod circulating beam on current rise, generally at 7:6 GeV/e.
~ P81,alow emittance, full energy beam, peels off some of the X3 protons before they are finally

oy

umgﬁb two new beams 712 and K17. The

plunging Mechanisms

i ism in straight section 2, which is associated with the X1 and mwu. o.%ﬁn,ﬂ S
g E::Msﬂuﬁﬂﬂ»ﬂﬂ“—. n:nbw_.go Spring shut-down, with a digital uoazm_u oa:ﬂom system
e um developed for the X3 beam extraction system. The tial &mmn..n:.o.o ,
tem and the X1/P81 system is the provision of a second ““step” _.nm.o_..gon facility, iww”—
ek d to control the position of the kicker magnet for the subsidiary, wﬁ. esmwn
o ” =M This permits the plunged Kicker magnet to be positioned accurately in radius, at
; v_.o,onanﬂm?“m positions, one for X1 and the other for P81, every machine uEmn.. The two refer-
e ¢ triggered independently. The time taken for the magnet to move the Eab:oo of about
M e w.”oB the greater radius to the lesser radius, ie X1 to P81, is about 100 milliseconds. Posi-
” moo_ﬂ_ re-setting accuracy of the positions is better than * 0-5 mm pulse to pulse.

pro

similar to th

i beams are primarily A

lunged kicker magnets for the X1/P81 and X3 extracted proton E Gt

._,MUMMM w_m MESS progr ing current regul from a 900 kW, 12-phase static nos.\na
w&iw In order to compensate for the inadequate regulation of the power supply coupled with

i i e i t programme, a voltage regulat-

yoltage-drop on the interconnecting cables during the nm:.n.nn_. : :
””M anaw_ was designed and built. Installation and commissioning was carried out 9:.:.5 the
mE.Sm shut-down. The system which is designed to hold the bus voltage of n._o programming Te-
gulators to 40 Volts + 1 Volt in the current range 0 - 16000 Amperes permits the operation of

all extracted beams during every machine burst.

Magnet Power Supplies and Ancillary Plant

The magnet has been pulsed throughout the year using both motor-alternator-flywheel sets and ;
the complete converter plant with good overall performance. Arc-back rate on the mercury-arc

converter plant during the year has been at the remarkably low level of one in about 1300 hours

of operation — even better than the previous year’s excellent performance.

Operational statistics are as follows:-

w Machine running time 5,742 hrs
i Machine pulsing time 5,521 hrs
Total pulses 7,048,620

This was dismantled during the planned synchrotron shut-down in February 1973 for replace-
ment of the Vee coil support bolts on the rotor as they had been subjected to 26 x 10° pulses.
The balance of 4 x 10° pulses required to reach their service life of 30 x 10° was insufficient
for a further year of operation.

During this period a routine check on the field windings revealed a shorted turn on pole 5. Fol-
lowing removal of the pole caps, repairs were carried out on site by the manufacturer. The
mating surfaces of the pole caps and the pole body were found to be in excellent condition. )
pole cap retaining bolts on the poles were checked for elongation. Bolt o_onwnmo:,ﬁn,b, m
.»,o_.n pre-stress levels) were found to be unchanged. The stator of No. 1 alternator has
Jected to specialised testing to ascertain the condition of the insulation of the win
tests comprised polarization index, loss angle/applied volts and dielectric lo 1
and the insulation was found to be in excellent condition. All machine stato

Power supply rotating plant have now been checked in this manner as well as-
motor.

All Vee coil support bolts removed from No. 1 solid pole :
.3 26 x 10° pulses, were subjected to a thorough visual e

Jected to magnetic particle crack detection, three before
fibre insulation




Flywheels

Excitation Rectifiers

New Master
Timer

Inter-phase Reactor
Examination

Bolts which showed certain markings in the thread region or slj
gion, were selected for test by Lloyds Register. These tests comprised magnetic pay;

detection, visual examination, and microscopical examination of sections of pfww—aaz ek
head fillet radius. All bolts were pronounced to be free from any cracks and fit for f 00t ang
vice. In view of this, it has been agreed with Lloyds Register of Shipping that the EE:.E m.o..
of bolts in the future will be increased by 15% from 30 x 106 v:_mmwﬁow%mxHo@ orking lie

ight corrosion on the shank Te

Each of the two flywheels now in service has one half-shaft in
half-shaft is coupled to the alternator, thus the limitations of
struction in this location are avoided. The half-shaft on the otk
bolted and keyed construction and two bolts were removed fi
for inspection. Visual examination and magnetic particle cra
excellent condition and they were replaced.

tegrally forged with the disc. Thig
he original bolted and keyed cop.
her side of the disc is, however, of
om this assembly on each :v\émmn_
ck detection showed them to be ip

The excitation equipment for each alternator contains two steel-tank mercury
manufacturers have advised us that manufacture of such units has ceased an
tioning service for existing units is to be discontinued. A number of reconditi
but tests are to be carried out in the 1973/74 shut-down with thyristor equ
to eventual replacement of the mercury-arc units.

-arc rectifiers, The
d that the recondj.
oned spares is held
ipment with a view

The timer has been in continuous service throughout the year and has been virtual y trouble-free
in operation. A few minor changes have been made as a result of experience gained during the
commissioning and operating periods but the basic design has proved to be very sound.

No. 1 300/600 Hz unit has been inspected during the shut-down (the previous examination was
five years ago). In addition to electrical tests all windings were checked for shrinkage and the
only adjustment found necessary was to one winding retaining spring on the 600 Hz reactor
assembly. The condition otherwise was virtually the same as when it was returned to service
after the 1967 inspection.

ACCELERATOR DEVELOPMENT
Shut-down 1973-74

The 1973-74 shut-down which started on 1 December and will last until April has been extend-
ed beyond the normal length to allow the diversion of resources to the new injector project. It
has been timed to take place when electricity is most expensive and to dovetail with the pro-
gramme for the new injector building.

In addition to the maintenance required a large programme of work is planned.

The beam access tunnel between the 70 MeV injector building and the synchrotron hall will be
built, mechanical services will be installed in the tunnel and the earth shielding back-filled over
the tunnel. Holes for the proton beam and an access door have already been made.

It is intended to install the electrostatic inflector associated with the new injector at the end of
1974. 1t will be located in straight section 2, and in order to allow access some equipment needs
to be relocated. In particular, the inflector 200 kV EHT set is being re-sited in one of the cham-
bers underneath the main synchrotron hall, and the power supplies for the 15 MeV transfer line
magnets are being moved to the 15 MeV injector hall.

Before embarking on the new injector project careful consideration had been given to the Eﬁ.&
effects of the increased intensity of the circulating proton beam. It was concluded that all major
components would still have an acceptable life.

The low density polythene closure plates for the Nimrod vacuum vessel, fitted as a temporary
measure when Nimrod was built, had already suffered some damage due to post irradiation 0Xi-
dation. A review of materials suitable, both mechanically and for radiation integrity, led to the

black. This material should be chemically

isti ates.
ducing damage due to oxidation. Replacement of the wﬁwn_:w_n_»wm”“.o %0_85
no modification to other parts of the machine. The closure pla

the new type in this shut-down period.

hoice of low density polythene loaded with sathor
d

more stable thus re
will be possible with
1 is being replaced by

removed from the Nimrod ring in order
be carried out where necessary. The op-
ylon cooling pipes in straight section
programme of replacing the nylon

rating cavity in straight section 8 is to be
Ho:m%_».,..:wnm QMMS:N% examination and R?_&_w:a:wn._n Mc o
portunity will be taken to replace the vn—m face win _M.w" 5
8 by a system of nylon-coated copper pipes as part of the
pipes which are susceptible to radiation damage.

Second Harmonic r.f. System (ref. 393)

harmonic r.f. system had been completely assembled for

eginning of 1973 the second I 1 i
Wﬁmwﬂmaw__mwo: ﬁmoma and high power r.f. tests had started. These were completed satisfactorily

with atmospheric pressure in the straight box, E:. B::Ewo»oahw (a monws of —.m a_MnM_»MWMW n””
curred when tests were started with a vacuum in the m:w_mrm box. Multipactoring Qvﬂ: s
the operating frequency, the configuration and surface oosmr:c: of the electrodes an e

of the vacuum. Modifications gave partial improvements: it was, :ciws:.. ooBan.o_w mcm%awm
sed by a d.c. electric bias field provided by two large flat electrodes installed on either side o

the drift tube with a potential of 12 kV applied to them.

Before installation of the system into Nimrod the insulation of the bias turn conductors was
improved and further modifications were made to the r.f. monitoring probes.

Installation in straight section 6 was completed by the end of the 1973 annual shut-down (see
Figure 69) and operation with Nimrod began as soon as an accelerated beam was established.
Initial tests confirmed there was no serious interaction between the drift tube or the ferrite bias
field and the normal Nimrod beam, and no r.f. discharge when operated under normal condi-
tions. The temperature control of the ferrite and r.f. valve remained good. In the experiments
that followed, effort was concentrated on maintaining synchronisation of the normal (funda-
mental) and 2nd r.f. accelerating fields to produce and sustain an accelerated beam of increased
intensity. Soon a considerable increase (about 40%) in the beam accelerated to 22 MeV was
obtained, however this was somewhat inconclusive as at this time Nimrod was not operating at
full intensity. Acceleration of the increased beam to higher energies was prevented by severe
distortion of the beam bunches and oscillations in their phase. At this stage a number of variants
in beam control were tried; the best results were obtained with a system with enhanced phase
loop bandwidth. The increased beam was maintained up to 100 MeV with intensities of 4-7 x
10'? compared with 3-3 x 10" for the normal (fundamental only) field. Further experiments
brought the increase up to 260 MeV. Here, severe bunch instabilities became apparent over the
period where steering in Nimrod is normally very critical and the beam is held near the inside
wall of the vacuum vessel. It was shown that considerable oscillations in bunch width occurred
during this period. A mean bunch length detector was used to demonstrate the existence of
bunch length oscillations at twice the phase oscillation frequency. By damping these oscillations

full energy beams of 4-2 x 10! protons/pulse were obtained which also remained stable
throughout flat top — see Figure 70.

This successful test
during the test an aj
With partjal operat
ciency wag normal,

took place a few hours before the start of the 73-74 annual shut-down and
ttempt was made to extract a beam down the X3 external proton beam line.
ion of the second harmonic r.f. system it was shown that the extraction effi-
but a fault on the extraction magnet power supply precluded further tests.

M,_“wmw.m»w:ﬂm“ﬁ:w n..» E.m system is that the second harmonic cavity and all its associated equip-

unoo_asn.o ! M chain, bias mc.ch and E.HB 83.3_ electronics) operates satisfactorily for the

demonstrags : _.Emaw—”—oa.m wna.w_snm a 40% increase in beam intensity. Further tests are needed to

Quality (1. sy e intensity m% external beams will be similarly increased and to measure the
e ture and effective spill time, etc.) of the external beam.

Installation and
Commissioning




Figure 69. The second harmonic r.f. system in straight section 6 of Nimrod (15212)

Figure 70. Beam pulse envelope from 15 MeV to 7 GeV showing stable bunches accelerated with the

combined fields. The uneven form of the envelope is due to slow changes in bunch shape as the energy is
increased. At 7 GeV flat top begins, the bunches immediately become longer and more symmetrical with
a spondi duction in of the beam pulse signal, time base 0-2 sec/cm. (15572)

0 MeV Injector for Nimrod (ref. 161-163,241-246, 248, 288, 320)
70 Me’

A el . en
e main parameters and requirements for a new injector for Nimrod was gi

Rl th A
s n_mmo“_%‘w%myﬂm_:w_ Report. Financial approval for this development was received at the end of
::rm

December 1972. ™ o3

; i ess has been made on the design and ordering of the necessar
U:w_ it Gdﬂﬂm:w%mw“nﬂw -Wwwmm the new injector for Nimrod is now under noES:o:o:.. Itis
n.m:%:._m:ﬁ neside the existing 15 MeV injector hall and has three floor levels. These are - (i) the
w:cm:on_ mﬁom:.w» (ii) a large trench along the length of the building with its floor wvmnoxhnmﬁ_v\
BE%_“”H the _mv@_ of the equipment area floor. Radio frequency equipment and vacuum equip-
e »ms;: be housed in this trench. (iii) the EHT area; the whole of this floor will d.@ no<a:wn.cv\
M_M”::E:_ plates each one connected to the next and secured to the :o.e. to provide anEmm_
continuity. The walls of the EHT area will be lined internally with galvanised steel wall cladding
electrically bonded to the floor to form a conductor box.

The injector building is linked to the synchrotron hall by a Rm_._mo_.nwa concrete tunnel 3m
square and 15m long with a doorway into the synchrotron hall, for services and access, and ?n
300 mm hole through which the injected proton beam will pass. Some of the earth mounding
which was removed to enable the tunnel to be constructed will be restored for radiation shield-
ing purposes.

Components for the pre-injector are being assembled in a test area for operational trials. The
high voltage equipment platform and the accelerating column support structure have both been
re-built from former Proton-Linac (PLA) equipment. A new accelerating column is being assem-
bled. A duoplasmatron ion source, together with all its power supplies and services, is ready for
installation on the column and has delivered a proton beam of the required 200mA pulsed cur-
rent on test. Components for the Cockeroft-Walton set have been delivered and both the re-
servoir capacitor and potential divider have been ordered.

The linac tanks (r.f. cavities), which will be located above the trench, are enclosed by concrete
blocks to reduce radiation in the adjacent equipment area to an acceptable level. The first and
fourth tanks are being manufactured from copper-clad steel plate and are due for delivery early
in 1974, when the drift-tubes are also due. The other two linac tanks (second and third) which
are ex-PLA equipment required only minor modifications and re-furbishing. Suitable 12 inch
and 20 inch diffusion pumps for the evacuation of all 4 tanks are also available from the old

.ELr. Alignment of the tanks when being installed in their final positions will be done using ex-
isting optical equipment.

The .Sm::?nES of the main components of the r.f. system is well advanced and design is pro-
ceeding on a 200 kW fast ferrite phase shifter for the debuncher-ramper cavity.

>r= ao stabilised power supplies have been ordered and design of the pulsed power supplies for
the drift tube quadrupoles in Tank 1 is now finalised. The requirement of producing pulses of

300A stable to *0-2% over 500 us has been met by the use of capacitive storage and thyristor
controlled resonant discharge.

H”“ wﬂmmcmwncvo_m Ev._a.a used for beam EEnEzm and momentum recombination in the beam
e Mﬂn wn:,-o-:u:n inflector system will be composite units, each consisting of two ex-PLA
s »Mm_.:w NS_EW as end-elements u.:m a water cooled quadrupole of somewhat similar geomet-
o W:DQMH, ement. The conventional sector magnet for the first deflection towards Nimrod
. - M%Mmaamw,_a z.—m septum magnet u:@ electrostatic element which together give
e _mwzmz.mv eflection are all wE‘EEE in manufacture. The septum magnet has 8
P ina stack, m:a a nominal pulsed current of 7000A. The electrostatic inflec-
Goei e um _mﬁMWmmmm mv?oxs_m:mq 140 w<. and the high voltage electrode is being manufac-
G mraow g :w %o Bmm.:om_ca.m_z.:::_:a alloy. The earthed electrode will either consist
Peraitie ¢ same alloy or a grid of 0-125mm dia molybenum wires. Preliminary ex-

grids have been made, and voltage-testing of both solid plate and grid electrodes will

Commence e; i : s
Getsi arly in 1974 so that a final choice can be made based on the results obtained in the
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Figure 71. An r.f. power amplifier for the 70 MeV injector: each tank will have its own amplifier (15211)
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The problems associated with running Nimrod alternatively with the 15 MeV Linac or with the
70 MeV Linac has led to a design of manually operated equipment that allows rapid and precise
location of equipment within the 2nd straight section with operation sufficiently remote to re-
duce to acceptable levels the radiation dose absorbed by the operators.

Transmission of data and control signals from the 70 MeV Injector will be largely based on the
use of a CAMAC system, which will have the potential for interfacing to a computer. lnitially a
continuously cycling data-transfer programme, held in a programmable read-only memory will
be used. This programme will provide the acquisition and control functions basically necessary
to operate the machine. There will be 3 CAMAC sites, one in the equipment area near tank 4,
one in the injector control centre (1.C.C.), and one in the main control room. An infra-red light-
cs_,ﬂ using 4 channels will provide control and acquisition at the EHT platform, in the form
which is compatible with the CAMAC system operating mode. Prototype equipment for the
control system is nearly complete and preliminary tests have been started.

BEAM LINES AND ASSOCIATED EQUIPMENT

During the year, four new secondary beam lines were installed and commissioned. Modifications
Were made to a fifth beam. A major reorganisation of beam lines in Hall 1 was undertaken.

Hall 1; K19 Beam

Mm_mw_.ﬂ a hm&:ﬂoamicj K meson beam to service the 1-Sm bubble chamber replaced the K9
of high E_UM ad been in use for m<m.<n5w. K19 is a two-stage electrostatically separated beam
MeV/o 1t ;wvn“m:nw designed to _u_‘osﬁ_w :owm:.sw kaons in the momentum range 600 to 800
Yoo wﬂ» ~mw_m=on to :m<o4m very high purity; in particular the muon background has to be
from 700 Moy, o,wa%a techniques can be used to take bubble chamber photographs of kaons

eV/c right down to stopping. The necessary proximity of the target to the chamber

Tequired ST R
_Xm. careful arrangement of shielding to minimise the low energy background to the cham-




A total of 1399 tons of steel and 1662 tons of concrete was used as shielding in the construc-
tion. The beam was commissioned successfully and was used to take over 900,000 pictures in
the bubble chamber. It was computer controlled very effectively right from the start. Figure 73
shows typical output produced by the automatic scanning programme. A tandem shutter mag-
net, using the principle of moving the external proton beam off the external target, gave much
cleaner shuttering than the previous method of moving the secondary beam into a beam stop-
Figure 74 shows the quality of the results achieved. After the bubble chamber experiments were
completed in November the beam was used to make some yield measurements of kaons and
anti-protons at two different momenta of incident protons.

Hall 1; P81 Beam (ref. 160)

‘The P81 beamline (Experiment 15) was installed during the early part of 1973 and Ecwﬁnmwm
ly commissioned to allow experimental data taking. It utilized 1200 tons of cast iron and 1 -
of concrete shielding. The beam requirements dictated that six of the collimators were fit-

avy wced jaws. (Heavy metal is an alloy of tungsten, copper and nickel, with

chamber was incorporated in this beamline. The main features of
design, its ability to be mounted directly into a 34 cm gap If
| without disturbance to adjacent components. The major problem

on of a well defined proton spot at the polarized target.
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Figure 73. Output from the automatic scanning Figure 74. Performance of the random shutter
program, K19 computer magnet K19 beam (14689)

Figure 75. K15 beamline (15547)

Hall 3; 78, K15 and 711 beams

Minor modifications were carried out to the 78 beamline to make it suitable for use by a new
user group. m8 shares the first target station, X3, in Hall 3 with the K15 and w11 beams. The
K15 beamline has been re-designed to take a three tank separator to enable it to reach higher
energies. This installation work will be done in the 1973-74 shut-down.

Hall 3; 712, 79 beams

From the second target station, X3X, in Hall 3, a second beam, 712, a 1 to 5 GeV/c pion beam,
w;m been set up. This new beam is very similar in design to the existing 79, the other beam shar-
ing the same target station.

Hall 3; K17 beam

The .nxa:sm proton beam which feeds the two target stations X3 and X3X was extended to
w“.onﬁ”» a F:m.mﬂ».mo ﬁ.ﬂmoﬁ station called X3Y. Any one of six targets can be selected man ;
3. T :wwucoav which is located inside a quadrupole, to provide the source for K17 (Exp
g? _.So: beam of nominal momentum 0-6 GeV/c is designed to provide K-
A Eom 58€o~.n8m a single grid electrostatic separator. To minimise backgrou
o 17 experiment, a cast iron beam dump weighing 16 tons has been deve
S ered into the path of the external proton beam. The device provide:

ity for beam attenuation studies by the Radiation Protection Gr

Slon incorporates 2733 tons of cast iron together with 1121 to



al Handling and Stability of Beam Line Components (ref. 300)

5 ffective use of the Nimrod accelerator requires progressive improvement ang
‘beams both with regard to layout and the physical properties. Beamlj €quipment .n_.E.wau to
ily large and heavy, involving magnets of up to 50 tons in weight. Such items hay 1S Necesgy,.

ately positioned to the requirements of the beam structure in spite of the :<

© 10 be aegy,.
shielding placed around them. €avy radiatio,

Much of this work can only be carried out during periods in which Nimrod
increased intensity which will come into use when the new 70 MeV injector
adds impetus to the requirement for improving the safety, speed and labour 4,
stallation of equipment. These operations unavoidably arise from time to t
cannot be served by the main travelling cranes. Major beamline component
carefully to establish stability limits to guide the installation teams and de
handling techniques. An improved design has been prepared for a turntable
positioning components of up to 9 tons in weight in areas away from m:
incorporates low friction bearing pads between the upper and lower t:
rotation and minimise the rotational force needed. To ensure ease of
action, hydraulic jacks will provide the rotational effort between the tabl
is continuing.

mm shut dowp, The
1S Commissigneq

. emands ncn:m 5
ime in areag Which
s have been studied
signer in n_m<n_oum:w
fEnr will be used i
ain cranes. The design
able to ensure smooth
operation and smooth
es. Development work

Beams for Hall 1 in 1975

In Experimental Hall 1, a phased development has been studied for a proton and a secondary
beam layout allowing construction to commence in the 1974/75 shutdown. The scheme envis-
ages three independent target stations capable of being illuminated with protons simultaneously.
The final scheme is to be based on ‘Peeling’ the proton beam with a thin septum magnet. There
will be two conventional secondary beams; one for kaons in the region 0.7-1-4 GeV/c and the
other for pions at momenta up to 6 GeV/c. The third beam, for the rapid cycling vertex detec-
tor, requires special consideration. The device requires about 50 fast spills during the period of
one flat top spill. To obtain compatibility with the counter beam spill, a kicker magnet will be
synchronised with a fast spill on top of the counter spill, to divert this short burst of enhanced
intensity spill to the RCVD-beam target. The ‘holes’ in the spill to the counter beams will lead
toa 5 to 10% reduction in effective spill time.

Figure 76. Beam lines planned for Hall 1 in 1975 (15210)

=—wﬂ=.mcn0mw.z ; ..ﬂv
Hype! tinued on a charged hyperon beam for use at the SPS (SPSC [ F -2).
Desigh work has MMHE% hyperon identification up to 150 GeV/c. The beamline has
to

. aim 1S . hise decay losses yet allow adequate mass resolution and muc
desig ible to E:ﬁu.ﬂﬂ:a elements are used to produce a channel of overall len;
: v counter is included as an integral part. Estimated fluxes within a tof al ( (in-
and a DISC Cerenko of 106 particles/machine pulse are; 7 x 10* 2-, 100 7, 0:6 Q" at 150

cluding vmo“n Mmow_w MN 100 GeV/c, from a 200 GeV/c proton beam.
0¢<\n»=

Separators (ref. 330)

Flectrostatic

have been in operation in three beam lines during 1973. These have comprised
S K15, a single tank unit in K17 and two single tank units in K19. All these
_M__"ﬂo:ww:a_“aa tube electrode construction and their performance has been Bom» e

separators a1¢ 2 Jectric field strength in gaps of these separators has ranged from 7:5 kV/mm &
atisfactory- The ¢ 2 K19 through 6-0 kV/mm for a 100 mm gap on K15 to 5-83 kV/mm for a
for an 80 mm mww_w Work is now going ahead to construct a new 3 tank separator for K15 and

120 JB MWM M._._—_EBEA separators are proposed for new beam lines in 1974 and 1975.
several m

tor:
Four separa
a double tank

urrently on order and these will eventually replace the existing porce-
wn an inherent weakness probably due to difficulty of quality control

Alumina insulators are ¢
Jain type which have sho
during manufacture.

Inorganic Insulation (ref. 247)

The increasing levels of radiation around Nimrod and in oxvm_._.:-m:ﬂw_ area blockhouses _—2 led
{0 an investigation into the use of inorganic insulations such as oxides. An urgent need exists to
improve the insulation of certain beamline magnets. Tests have been conducted on copper con-
ductors sprayed with a range of metallic oxides. Simple coils are being wound to test further
this insulation, and also to exploit further cement and concrete as insulation with asbestos tape
as a binder.

A concrete filled encapsulated quadrupole magnet has been constructed for eventual installation
to the high radiation environment of the X3Y-K17 target. The quadrupole is designed to have a
comparable size and performance to the standard Rutherford type 1 quadrupole. The apertu;
is 8 inches with a gradient of 1172 gauss/cm and a length of 30 inches.

The conductors are pre-wrapped in asbestos tape which is soaked in a cement slurry. F&Sm:wm 3
coil pancakes are formed and mounted on the quadrupole yokes to form complete clamped
coils. The whole magnet is then encased and a suitable concrete filling pumped into the casing.

gL

This will be the third and largest working magnet using concrete insulation, but the firs
employing this constructional technique. :
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le Chamber Operations

In November 1973 the bubble chamb fully completed its schedul

and has now been closed down. During the year two experiments requiri
gets (TST) were carried out and nearly a million data photographs taken.

d physics Programme
ng track sensitive tar.

.m.& Experiment 34 a large stainless steel framed TST was installed. An alu
fitted inside the metal frame of the TST to degrade the beam to its correct energy after it had
passed gh the chamb 8! To assist in the beam tuning, an extra scintillation counter
was located inside the main chamber vacuum tank.

minium block wag

Proposal 84 required some modification to the chamber complex. An all perspex TST manufac-
tured by CERN was installed in the chamber. This was unique in shape, being designed to follow
the beam contour; it was inclined at an angle of 128 milli-radians to the horizontal plane of the
chamber and diverged in section from the beam entry along the beam path. A degrader system
was installed inside the chamber vacuum tank, designed so that its total thickness could be
altered by a pulley and lever system from outside.

For a‘::n: of the running time Nimrod was operated at a pulse rate of 27 per minute, and pic-
< ture-taking rates of 30,000 per day were typical. During the exposure using the perspex TST
~ the chamber performed 830,000 expansions without maintenance to its mechanical, electrical

ptical systems.

1957 a meeting of physicists from several institutions was convened in London by Pro-
C Butler to consider the desirability of constructing a large hydrogen/deuterium bubble
ber for use at CERN with the 25 GeV proton synchrotron and at the Rutherford Labora-

staff from the Rutherford Laboratory, was formed to prepare basic designs. The
were fixed by the Summer of 1958 and approval for the project was granted in
Design work proceeded in the separate institutes and in 1961 a construc-
assembled at the Rutherford Laboratory under the direction of Dr W H Evans.
ul operation of the chamber occurred at the Rutherford Laboratory in January
¢ ‘and electron tracks from Co®®y conversions were seen in liquid hydro-
s dismantled and moved to CERN where, after re-assembly, the experimen-
. Operation of the chamber finished at CERN in July

and shipped back to the Rutherford Laboratory where
‘Operation of the chamber for physics data-
ydrogen and deuterium fillings took place

CYLNDRICAL

. obtained by the Laboratory in the use of track s

e urs llaboration With CERN and the Argonne National Laboratory A>25 0
pdin s - target in the 12ft bubble chamber at ANL. The target was constructec
track mmnw_:amwmwz target group who have been collaborating in the developmen

s by the o e ..
ww_cw in the Rutherford Laboratory's =

que experience

i i Ily completed the first ngi
s installed at ANL in October 1973 and successful , ;
Aro ~wh_mmmw“< w_s end of the month. For these tests both the chamber and the 8.82 wel
- z—_— drogen, but it is expected that in 1974 the complete physics system .;s..:; be ope
%ﬁnr: mﬁ o_Esu_aS will be filled with neon/hydrogen mixture and the target with hydrogen.

i i hnical aspects of this programme, the com-
d Laboratory staff are involved in many tecl t
WN_MMMMMW and operation of the system, and will be part of the first team to use the system for
m

physics data taking.

Design for a Multiparticle Spectrometer (Experiment 7)

A design is being prepared converting the 1-5m hydrogen bubble chamber B»w:& into a BE.a.
particle spectrometer magnet. This involves turning the magnet on its side, removing some nop._m
and re-building with new poles and modified yoke. The field will be 12 kG and the magnet will

be powered by an existing 1-2 MW power supply.

The counter system consists of a configuration of ten cylindrical shaped omm_uomzﬁ nowa.o_.:
spark chambers, cylindrical proportional chambers up to 1 m diameter and _—.m_.mrr and circular
flat chambers concentrated around a hydrogen or polarized target. In addition a number of
large flat plane capacitive read-out chambers are to be installed between the poles of the bubble
chamber magnet. Circuits have been designed to investigate the problems which have been
found to occur in capacitor read-out systems. Other items to be provided for this facility will in-
clude Cerenkov counters, disc counters, numerous beam proportional counters, and gas systems.

Construction of this spark chamber facility using present techniques would require approxi-
mately 320,000 soldered joints. To overcome this a film/wire system is being developed. It
basically consists of strands of wire adhered on to a 0-001 inch thick melinex backing at Imm
pitch, which in a continuous form will be used for both the active area of chambers and connec-
tors to their respective read-out boards thus avoiding all the usual intermediate soldered connec-
tions. A small flat prototype chamber using this principle has been built and successfully tested.

d Rutherford iparticle Sp system (15182)
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for Spark Chamber Read-out (Ref.377)

‘the Birmingham, Westfield College, Rutherford Laboratory. collaboration
'spark chamber information from the Omega Spectrometer at CE 20

: RN using a set of
cameras was approved in 1972. The cameras were designed and built by the Ruther.

v - No great problems were encount,
the system into operation and data were quickly available for evaluation of :”_o w.oaw

formance of spark chambers, cameras and analysis programs. Some parameters describing the

specification and performance of the camera system are given below.

Number of cameras 8

Maximum rate capability 16 ms. per event
Maximum number of particle tracks in an event 10
Spatial measuring accuracy <0-5 mm.
Spatial two spark resolution ~ 1 cm.

Spatial stability of system ~ 1 mm. per day
Life expectancy of camera tubes > 2000 hours

By the end of 1973 six separate experiments had used the Omega facility,
data for subsequent physics analysis, and two having tested the feasibility
triggers. Approximately ten million events have been written on magnetic tap

four having taken

of their proposed
C.

The limited experience with the system has suggested a number of possible improvements and
additions. Originally only the spatial position of each spark was measured but since March 1973
signal processing circuits have been introduced to give information on spark intensity. This is
needed to correct a small intensity dependent spatial distortion which exists in television cam-
eras. In the near future it is hoped to stabilise the camera sensitivity which at present depends
slightly on the event rate. Also it may be possible to increase the event rate capability, possibly
to one event every ten milliseconds. This is being investigated. Two other camera sy

been constructed, one of seven cameras for Experiment 14 and one of four camer
ment 5.

stems have
as for Experi-

Figure 78. A computer reconstructed event from an Omega experiment (Experiment 10). The spark-
viewed by ision cameras (15646)

3 :onal Chambers (MWPC) (ref. 110, 112)
Multiwire Proportio

i itions of MWPC are being studied in detail.
The operating Eommmwmwﬂ»“amnhm—:&wzor chambers, using a beta source, howeve:
maitly o w.oom—cmn: constructed and are in use in Experiment m” WmmEam,»...oE,.
mm piteh w_,” with those obtained with the beta source. The main _dea can b
ats 25 P Chambers show a plateau of the order of 900 volts with ,nwmnoﬂ_e,: o oS
as follows: Owyw 59% using ‘magic gas’; the efficiency remains undamaged ?Ew: n.moi te hs o
pri w.m:: rates increasing from 5 x 10 to 1-4 x 10 per second. (ii) Time momc:_ 0
4 %.n.o:s o by the electron drift time i.e. 10ns for the 1mm spaced nr»_.m_co—.m. .?c Zm@
is :n:%._ nu—._w\: v_wc suppresses breakdown and leakage current particularly in _vwmo ;o_.SB /M@
mmm” Q:Mssﬂ_vw\no:sw: some residual dust. (iv) At beam rates of the order of 10° per second,
Mﬂﬂw“ activation of wires occurs on about 10% of the triggers.

o 2 1 : Wl
i i i d precision, particularly in the spacing an
tion of MWPC requires considerable care an :
cozﬂ-s_www_ of the wires in the sense plane. The wires are typically made of ch.m_wnmn E:ﬂun_wo:.
Shw. of 20um dia, with a minimum tension of 45 grams per wire. The sense v_wnm _m.ao.m_n_n\o _, n :
Mzoo: planes of aluminium foil with a gap of 6:35mm. Ease of Bu__c?oﬁ:_w‘» nv._ﬂ_m_n. :@ %u:w
i i i jon, i i tant aspect of the design. Forty
s required to achieve reliable operation, is an impor !
MMMM_MM:&ME of size 20cm x 20cm x 2mm pitch have been produced for use at the Ruther-

ford Laboratory and CERN.

For the large scale use of multiwire proportional counter systems an w.nosms.:o mr.uE:mon EHT
power supply unit has been developed. Operating from mains EE..? :u will provide a voltage
range of 0 to 10 kV; overall stability of output is better than 1 part in 10

The gas handling rigs for these chambers have been further developed. H._..o aim here W‘S on,,i.
trol flow and mixture of gases within fine limits to maintain the properties of the chambers as
constant as possible. A mixture of $6% Argon, 40% Isobutane, 4% Methylal and 0-4% Freon is
passed continuously through a chamber.

Two types of electronic equipment have been developed for signal wic:mmwzw: and read-out
for multiwire proportional chambers. One of them has the signal storage Q:mEa and read-out
bus incorporated into the electronics mounted on the chamber so that only wire ,wnnn.amm.a g
be transmitted from the chambers. The other uses pre-amplifiers mounted on the chamt

the outputs, one for each wire, are transmitted to remote storage and read-out circui

gives higher sensitivity but is more complex and expensive than the former.

The lower sensitivity electronics is being used for a system of 12 ch:
2,250 wires used in Experiment 47. The commissioning of the equi : omplet
H T plateaus of 400 volts have been achieved with high uniformity across th gﬁ%&@

Drift Chambers

Development work on drift cham
type units with graded t
(Nucl.




have been developed which will enable two-dimensional i 5
rom one chamber. One dimension being obtained from drift-time E_Hma_»no__
y ent division ratio measurements. These circuits have not yet been

S b t bench measurements indicate that the required performance will be achie

Urement
used op
ved.

rements have been made on the 7-8 beam line of the flux of XTR obtainable from varioy
d s, to assess the potential of the XTR phenomenon as an electron identification ~oo:u
‘nique at energies above 5 GeV when simple Cerenkov counters become ineffective. 2

easurements of the XTR flux from 1-5 GeV/c electrons, using a Nal (T1) detector agree wej]
with theory. (The electrons were deflected to miss the detector). The detection efficiency of
nearly 60% at 1-5 GeV/c implies that efficiencies of about 95% are obtainable above 5 GeV/c
with stacks consisting of about 500 polythene foils.

In most applications, magnetic separation of the electron from its XTR X-ray is impossible and

so experiments were carried out to assess the ability of a Xenon MWPC to resolve the X-rays

n..oE the particles. The best results obtained for electron/pion discrimination at 1-5 GeV/c

were a pion suppression ratio of 5 with respect to electrons, with an electron efficiency of about

207%. Extrapolation of these results to 10 GeV/c electrons shows that suppression ratios of 20:1

‘can be obtained but the absolute clectron detection efficiency remains disappointingly low at

around 30%. Thus, while the technique has been shown to work, considerable improvement is /
necessary for general application in high energy physics. TARGET COUNTER SYSTEM

o

TIME OF FLIGHT COUNTER

-

COUNTER
Figure 79. Observed pulse height distribution in a Nal (T1) detector from XTR X-rays from 1-5 GeV/c ke
electrons traversing a stack of polythene foils (15647)

Figure 80. Arrangement of the apparatus for studying ion (Exp 5) (15185)

Apparatus for Individual Experiments

Construction of the apparatus for this experiment, to study the reaction 77p > K°A was com-

pleted during the year. A lay-out of the apparatus is shown in Figure 80. The incoming pion :
beam is monitored by twelve 20cm x 20cm proportional chambers with 1mm pitch sense wires. 25
The hydrogen target is completely surrounded by beam and veto scintillation counte m:ﬁb A
hodoscopes, and, normal to the beam direction, sixteen low mass magnetostrictive spark c \am-

bers. The chambers are each 50cm x 30cm in area. i

The downstream detectors consist of large optical spark chambers, viewed by &mu
followed by a time-of-flight hodoscope (shown during construction in Figure o 3
sisting of twenty four trapezium shaped scintillators with associate

multipliers. The detection system is completed by a magnet spect

multiwire proportional chamber of 1m square active area, and four

chambers each of 1-6m square. .

A system of twenty large wire spark chambers with cap;
CERN, have been produced. Most of the chamber:
the system involves about 90,000 wires. Tests wer

all performance of each chamber before shi
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Apparatus for
Experiment 17

Apparatus for
Experiment 38
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|

Apparatus for
Experiment 47

Figure 81. View of the atmospheric pressure Cerenkov counter used in Experiment 13, showing the mirrors
and Winston cones (courtesy CERN 119-4-73)

For the detection system of this experiment to be mounted at CERN, six optical spark cham-
bers, each with dimensions of approximately 82cm square and fourteen gaps of 10mm, together
with associated electronic units, stereo viewing systems and veto counters, have been supplied.
The sides through which the chambers are viewed by plumbicon cameras are constructed as
hollow box sections from 3mm thick perspex to reduce the refractive distortion effect. Ten
multiwire proportional counters complete with gas systems have also been provided.

An additional spectrometer system was installed for this experiment at CERN ISR, in January
1973. Sonic spark chambers are attached to either side of a magnet to form an integrated assem-
bly; this is mounted 3:5m above the main spectrometer platform at intersection region 2.

In this experiment gamma rays resulting from the reactions of stopped kaons with nuclei are to
be studied. The main component of the detection system is the gamma ray detector, which is at-
tached to a universal mounting enabling it to be positioned anywhere around the target. Scintil-
lation counters and a Cerenkov counter define the arrival and stopping of a kaon in the target,
aftter it has been slowed down by an energy degrader. Multiwire proportional counters are in-
stalled to study the characteristics of the slow kaon beam.

The neutron proton scattering amplitude between 200 and 500 MeV will be studied in an
experiment which will be staged at the TRIUMF accelerator in Vancouver. The wxva:BSE
hardware has been designed and built at the Rutherford Laboratory: this consists of two large
detector systems, one for protons and one for neutrons. The component parts consisting of
scintillation counters, proportional counters, carbon scatterer, electronic controls and gas sy
tems are mounted on two base frames. Thus the detectors can be shipped in assembled form
and easily positioned about a hydrogen target in the arrangement for the experiment.
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Figure 82 1t of the proton and neutron detector systems for Experiment 47 (15648)

A spectrometer arm carrying a bending magnet and spark chamber array has been produced.
The complete arm weighs about two tons and is designed to be rotatable about a polarized tar-
get, with a positional repeatability of 0-1lmm ata radius of 4m from the target. It can be rotated
about the target with very little effort using air bearing pads, the apex of the arm being mounted
on a spherical bearing.

Electronics Development for the Nimrod 70 MeV Injector

Various aspects of the electronics development for the new injector have been undertaken.
These have now passed the development phase and are being prepared for manufacture.

An wx@u_amc_m CAMAC system for monitoring and remote control purposes has been designed.
Particular emphasis has been placed on data integrity and noise immunity. The system is based

On an autonomous processor using the recently developed non-volative, re-programmable, read-
only memories to provide the control program.

Development work on a beam current monitor has now reached an advanced. stage with design
MM ,a—m G.oﬁ current transformer completed. Details of the processing electronics are at present
cMMm M—___s__m& n:o.q to commencing the production of the main system which will have sixteen
iy rrent monitor wﬁgo:m“ A u-ﬁosﬁa .&ﬁni comprising toroid current transformer with

m enclosure, head amplifier, line receiver and calibration electronics has been produced

fo i inj
f Use in the pre-injector test programme. Test results obtained from this prototype confirm

that the system will be sui itori
uitable for monitoring current pulses with pulse durations
10 500 pis. The range of current 5 e

Ise amplitude over which th t i

= pul p) e prototype has been tested is
omasvommw_a> down to .mo HA. The lower limit is a function of the signal to noise ratio which
m=<:o_5_on~w8n m..i this level may have to be raised when the system is used in the more noisy
nt conditions encountered on an accelerator. It is planned to complete the design and

nﬂiouaai
. Programme by March 1974 and to have the compl i i
lation on the injector by September 1974. T
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Cuits

fier for the modulator valve controlling the r.f. energy in the accelera

: the shaping circuits which determine the s

onse of the feed-back loop controlling the r.f. energy level. This wo
some particular applications transistors cannot yet replace valves,

ting cayitjeg
tability and
rk was 5 o

peed Computing Electronics

C mw@wﬂm&oﬁ:g? in Emr speed computing have been made during ihe year, principally to improy
M,M@m lexibility of control. Hardware additions have been made which improve the speed w; ©
- some classes of problem, particularly those associated with track recognition. A special o ._v:_
nputer directed to this end will be incorporated in Experiment 19. In this experiment n<n_”

tes are likely to be limited by data recording speeds. It is important that recording time is noy
wasted on data which will be rejected later in the off-ine computing chain. The computer wil]
analyse the data from 5 multiwire proportional chambers and reject events which do not satisfy
‘appropriate criteria. The computation time of 1 millisecond is well within the recovery time of
ﬁ_nnuuoaﬁon%s-wnr»_:ea_.uu:na_cnr_mmﬁru::ﬁ%g Eoo,.&:ms.:a.

Data Handling for Electronic Experiments

The MIDAS graphics system, based on a DDP 516 computer, is now fully operational and pro-
vides event displays and interaction facilities as an aid to the analysis of spark chamber experi-
ments. Both the ISR Muon Spectrometer team and the CERN Omega Spectrometer team are
making extensive use of the system to rescue events which have not successf ully passed through
analysis programs on the IBM 370/195. A batch of events is edited at a graphics terminal

d later submitted to the IBM 370 for recomputation. Full on-line interaction with a 370 anal-
program is also possible and has been used by the ISR team to tune program constants and

e 0 assess the effects on event analysis of deleting or adding sparks to tracks.

phanumeric display units interfaced to the MIDAS DDP 516 computer via CAMAC are used

> record scanning information for film from the ISR Muon Spectrometer and from the Cam-

¢-Rutherford Laboratory associated production experiment (Experiment 5) with on-line
the typed information.

eing made to introduce standardisation of software and to create a repertoire of

iques both for the small computers used in data acquisition and for the data anal-
e IBM 370. SPINE, a modular operating system for the DDP 516 computer,

1 for data acquisition on the charge-exchange experiment (Experiment 4) and

s in excess of 300 events per Nimrod burst. Its structure allows simple modifi-

rk S in progress on a data acquisition system for the new GEC
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Applied Research

STUDIES IN APPLIED SUPERCONDUCTIVITY
Magnet Studies

Pulsed Dipole Magnet  Following the encouraging performance of the magnet AC4 in 1972, work has concentrat

ACS (ref. 146) improvements to the design before starting the construction of ACS. The main aims are ::3 =
ed field homogeneity by better symmetry in the geometry of the windings as Em::@ﬁsn%wo,m
a reduced “training” effect, i.e. an increase in the lowest quench current (the current at izmr
the conductor becomes non-superconducting), so that it is then not significantly lower thap, the
full short sample current of the conductor having regard to the operating conditions.

There are indications that “training” may be due to imperfections in the coil structure which
allow small, even microscopic, movements to occur with magnet excitation (c.f, the creaking of
I conventional coils), and the attendant heat release is sufficient to drive the local superconductor
normal as the enthalpies are so low. It is therefore desirable to make the thermal contraction of
the different component parts of the coil construction as nearly equal as possible to avoid loca]
stresses and imperfections when cold. Development work to this end has been in progress for
the whole year. A further development is to sleeve the winding with stainless steel rings so that
it will be tightly contained at room temperature and remain so at liqu ium temperature,

is

Terylene braid, though strong and excellent as a conductor insulation, is anomalously bad ther-
mally with a volumetric contraction AV/V ~ 33 x 1072 from room temperature to operating
temperature and must be replaced. Glass fibre and cotton are good thermally but poor in resis-
tance to abrasion from winding. If adopted, they will require that the part helical ends of AC4
be replaced by more natural curves. The problem is still amenable to design for a good field in-
tegral in the case of an iron yoke with a circular bore, which is now possible as the coil to iron
" gap has been increased to accommodate the stainless steel bands. The high density flat strip
cable, reported last year, also indicates a need for an easy shape to wind in the ends.

A :E:& discussion of this sort illustrates how the design of a high field superconducting mag-
net involves many new inter-related and often conflicting factors.

On the question of improving the winding geometry, recent trials with double layers showed
that better symmetry can be achieved by ‘potting’ as complete circular units with no division on
the equator. Although it makes the provision of cooling channels more difficult, it is hoped to
extend this so that four layers, e.g. for ACS, can be impregnated as a single unit so avoiding in-
ternal surfaces, possible sources of frictional heating.

The basic research and development for AC5 is almost complete and detail design has started.
The aim is to produce a dipole magnetic field of 6 tesla.

“Training” as discussed above in connection with magnet ACS is an effect shown by all large
superconducting magnets working at high current density. The magnet is seen to quench (be-
come non-superconducting) at currents and fields considerably below the short sample o:.:ou_
£ currents. wc,vomnman quenching usually produces some irhprovement, hence the name “training »

¢ But dh ?_— critical current is rarely attained. The hypothesis that this effect is caused by small
3 tents occurring within the magnet winding, releasing heat, has now been confirmed bY 2
g experiments on small ‘race-track” shaped coils. 1t has been found that test coils
if their electro-magnetic forces are not adequately supported and also ...E:
can be completely removed by applying the correct force support. The implic:

are obvious but are difficult to achieve, particularly in transverse field

a superconducting pulsed dipole magnet. Note the grouped winding of conductors,

tion through
BaSect = to form the circular geometry (15018)

Figure 8
it laced between groups

with wedges P
The enhanced mechanical integrity of superconducting magnet assemblies, ?.:8& with mvon Meﬁ:w“”&naﬁsw
s formulated for resistance to thermal w:o.o_n and large 33@2.»83 mama_n.:z. has still not esearc

resulted in the e hination of “training”. Studies, however, on curing and ooo._:._m &memu have

indicated that curing resins under high pressure oo&n serve to further no::.o_ dimension changes

during cooldown and also improve the mechanical integrity of the composite structure.

resin:

Measurements have been made on strain rate effects in superconducting materials with particu-
lar emphasis on serrated vield phenomena as another contribution toward an understanding of

the “training” phenomenoun.

Work has started on the construction of a large d.c. dipole magnet asa further “training’ experi- D.C. Dipole Magnet

ment, It is designed to produce a transverse field of ST in a 1-1 m long 130 mm diameter bore.
The coils will be impregnated with epoxy resin using a new high pressure technique in which the
resin is pumped into the magnet and cured at a pressure of about 300 atmospheres. It is hoped
that most of this precompression will be retained throughout the life of the magnet. The mag-
netic forces should thus be very effectively supported and training effects should be reduced.

The collaboration between the Laboratory and Imperial Metal Industries Limited has produced Superconducting
several new superconducting composites during the year. Figure 84 shows a large composite Composites
containing 177241 niobium titanium filaments of Su diameter in a matrix of copper. The com-

posite is intended for pulsed use (approx. 2 sec rise time) and resistive barriers of cupro-nickel

alloy are interspersed throughout the matrix to reduce eddy current effects. For a field of 5

tesla the composite should carry a current of more than 4000A and may thus be used to replace

the multistrand cables which have so far been used in the construction of pulsed magnets. Its

performance is currently being evaluated in a series of short sample tests.

Figure 84. Micrographs of a
copper

p ing cable ite of niobium titanium fil in a matrix of

(b) magnification X 400 (15702)

(a) magnification X 20 (15701)
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 the year, with the modifica

A new collaboration has been established with Process Technolo
with the object of exploiting the filamentary niobium-tin €omposi
superconducting properties of niobium tin are vastly superior to t
its brittle mechanical properties make it extremely difficult to produce or handle, Th

process is based on the idea of processing pure niobium filaments in 2 tin-copper gcﬂm»?a:
and then reacting the finished composite to produce niobium tin. Rutherforq vm;oano_m
participated fully in the improvement and extension of the AERE PIOCESS t0 progyce €|
sites suitable for large magnets and also for pulsed use. Techniques developed at the _&c”o
should allow large magnets to be wound from an unreacted composite which is then ::M:
acted, thus eliminating all possibility of damage to the brittle niobjum tin filamentg av\,s.
winding. Two small solenoids have been made so far and many tens of short samples haye MM_MM

gy 95&0:. AERE
tes nﬁa_ovmn at >mm.~mm T
- The

Twel],
hose of niobjum :S:EE by
ut

lloy
haye
Mpo.
303\

tested.

A small flux pump or superconducting current supply has just
supplies a current of 1000 A at 20 mV, ic. 20 W of power fror 26 of 4 teq

cup. The supply works on the transformer rectifier principle. An alternating current of +7 o mw
30 Hz is fed from room temperature to a superconducting primary where it induces heavy ¢y
rents to flow in a secondary winding. The secondary current is rectified by thermally activateq
cryotrons, or superconducting switches, and supplied to the magnet. If s of this type can’
be made sufficiently reliable for the routine operation of superco ets, they shoylq
effect considerable economies by removing the heat leak caused b rent leads and algy
eliminating the need for large conventional power supplies.

been brought into 0]

Peration [¢
M a unit about the sj

A solenoid magnet being constructed for use in Experiment 47
now nearing completion. It will produce a field of 6T in a 1 m
temperature bore and will be a fully operational unit, able to fun
without the need for operator access or maintenance. Each of t
tested and reached full short sample performance with no train
Oxford Instruments Limited) has been tested and found to have
a very satisfactory result.

MF accelerator js
m diameter room
weeks at a time

supplied by
1eat leak of less than | watt,

Design studies have been made on a large number of superconducting magnets, including sole-
noids 4 m diameter x 6 m long providing magnetic fields of 1 to 2 tesla, dipoles
powers of 6 Tm, quadrupoles and sextupoles for possible use in particle ph
magnets have been investigated within the GESSS collaboration (the Group for European Super-
conducting System Studies which includes Saclay, Karlsruhe and Rutherford Laboratories).

Superconducting Energy Transfer System

Engineering design calculations on the 1 m diameter model have confirmed that the concentric
spherical coil system can be constructed to maintain the required tolerances during operation.
Trial coil sections were wound from multistrand superconducting tape, and low temperature
tests on the bearings required for rotation of the inner coil showed that friction losses would be
acceptably small. This work has confirmed the general feasibility of low loss inductive energy
transfer systems, and their large scale use has been proposed, for example, in possible future
pulsed fusion reactors. However, the originally proposed application as a synchrotron POREE
SUpply now seems unlikely, in view of the trend towards slower cycle times or d.c. storage ring

Systems, and for this reason it is probable that no further work will be carried out on this
scheme.

w=vn.3=._=om=m r.f. Separators

The building  and successful test running of the first superconducting r.f. separator has _xwmm
achieved 1973. The complete separator was in fact assembled and tested 3 times @E‘»__a
tions from the first two runs leading to successful operation it

ing r.f. separator und i i checks

Figure 85. Pre-plated cavity sections of the super:
(12270)

The r.f. cavity consists of three sections each of which is separately lead plated, :&:.m an nﬂm_ow
sed plating system. A rough vacuum is used to 833&88:% any gas _E.cEmw «_::ﬂw o”_ ical

stages in the cleaning and plating processes, and high ?:.:.% acetone is used in a.a m,:» water re-
moval and drying stages, with the final vacuum drying being done through _EEa.E:om@: traps
to ensure minimal contamination of the lead surfaces. To retain the good quality of the lead
surfaces, all inspection and assembly processes are done in a pure nitrogen atmosphere (oxygen
content less than 0-1%), requiring an elaborate system of glove boxes.

The frequency stabilised source and main amplitude control have been ?:row .ao<£o_uoa. Hma
frequency stabiliser now operates over the range 1-3 GHz + 7 MHz, with a stability of 2 parts in
10"°. The automatic level control provides an r.f. amplitude stability («A/A) less than 0-6%,
well within the required tolerance. The automatic fine (varactor) tuning control has .cmw_‘_ shown
{0 give up to 20 Hz tuning (depending on coupling) when it comes within the sensitivity of the
mechanical tuners.

The main r.f, feed, mechanical tuners, r.f. tuners and samplers now generally operate satisfactor-
ily. The first cryogenic test showed that the coupling factors of the main r.f. feed were too
small; this has been corrected by reducing the wall thickness of the cavity coupling aperture
and by changing the simple probe to a loop coupler. Coupling factors of up to 100 are now.
available, with an overall r.f. feed loss of 17 mW per watt. Small modifications to the mechan-
_om.,_ tuners and r.f. samplers have also been made. Some difficulty has been experienced in ob-
taining coaxial ceramic windows reliable at extreme cryogenic temperatures. This has been over-
ome by selecting and vacuum testing the windows as individual items and in sub-assemblies at
77 K. Compy

< onents tested in this manner have been leak tight even at temperatures below
helium \-point. S

Plating System

r.f. System and
Components




Spacer Indium Seal

Figure 86. The cantilever joint between the cavities of the superconducting r.f. separator (14866)

>9.@8n above, the r.f. cavity is built in 3 sections, one of four, and two of three cells. Th
cantilever joint between the sections was intended to provide simultaneously a good r.f, .8=o
tact and a vacuum seal for super-fluid helium. However, in the first two cryogenic am”.m za.
mode dependence of the cavity Q-value indicated that though the vacuum seal was moca“ the
contact for superconducting r.f. currents was poor. Later examination showed that the h.ww_a
had become distorted. The joints were re-machined and are now as shown in Figure 86, where
it can be seen that though the vacuum seal is still made by the cantilever, the clamping M.oza is
taken wholly by the r.f. joint itself. This joint now performs satisfactorily.

After completion of the component modifications, the separator was assembled for the third
series of tests. The complete separator is shown on Page 129. Prior to cooldown the cavity
vacuum was 1-5 x 1077 torr (from which pressure less than one monolayer of gas condenses on
the lead surface); no vacuum problems were encountered on cooldown to 1-85 K. During cool-
down the temperature differences across the cavity, at the critical temperature of lead, was 0-16
K for the first test, and 0-04 for the second. The cavity was warmed to 77 K between tests, as
ould oceur in normal operation. The low power limiting Q; - values were: — at 4-2 K, 1-31 x
10%, which is 75% of theoretical Qo; at 1-85 K, 2:1 x 10%. No significant difference in Q-value
cen on varying the cavity mode, indicating satisfactory operation of the joints. On the ap-
on of even a few tens of mW of r.f. power the unloaded Q-value degraded to 8:1 x 107,
ut remained constant thereafter, up to the highest power levels. During the second test, the
o-value retained the degraded figure up to the highest field levels, during runs of several hours.
was easily run up to the equivalent deflecting field Eq = 2-18 MV/m, and with little
run for a few hours at Eq = 2-23 MV/m. Beyond this level, more careful condition-
due to the onset of E-field emission. However the highest field obtained was
inary figure), with corresponding peak surface fields Hp = 377 Gauss,
At this level X-radiation along the axis of the separator was 60-70 mR/hr, with

¢ .5%8 ‘mR/ar with voltage breakdown.

I

ned during the tests indicates reliable operation is obtainable in the range

Cycling Vertex Detector programme £,
achieved and detailed ua_ma.g, &

- imi interaction background in the ox r
E::Wr_“—wﬂ:-::ﬁ be as thin as possible 1 Emws..  ach
chifte - the bright field retrodirective illumination system
o =§”=_= chamber. The first stage is to turn a spherical
e %E.m surface is then smoothed by normal polishing o
.o correct any minor mooaﬁz.om__ o:o.-m. A thin _n.«.mm; f ni «Mum.m ,.\rﬂw‘
deposited chemically and the surface is finally polished to high o.mm,,q.m | qua
e +s have been made to the required standard and a ?B‘,mﬁom« m
i B:.—M“% has only one small defect. Cryogenic tests on the small mirro;

the Bubble Chamber Test Rig.

Small samP
been —uqoncoan W :
saccessfully carried Uty .
i i t 50 Hz at room tempera
- .s.expansion system cartridge has been tested a at ro A5
A noam_oma om“_hm.hm.vznu% 4.5 million cycles have been completed at strokes om:u.nw
25 Scswmm that a stroke of not more than 3 mm will be required in normal operatio
It is expe

chamber.

tromagnetic vibrator which will drive the expansion cartridge has been tested n,m
e s = + earity and force characteristics have been measured and experience in operating
g _Eomznwmi has been acquired. Tests show that operation of the chamber at 60 Hz
Emﬁ:&h&“m»a::w of the vibrator. Further tests using a high power amplifier to power
Wi

vibrator will follow in 1974.

ork on the rapid cycling camera has progressed throughout the year _E:w a
_vc_maﬁw%oﬂ.ﬂ HBN%_. The film Mmzmno: mechanism is now omv.mc_o of taking 5 ES.E.% per z=.=.
rod flat top at a rate of 10 pictures per second. The ?m:ﬁ wind-on sequence w&.:o‘sn is 26 Bm 1
resulting in a total camera dead time of 70 ms. A detailed study of the film Eoﬁ.o: made using
a high speed cine film indicated that disturbances caused by a shock wave travelling back down
the film when transfer was complete may limit reliable operation to 10 Hz.

Final design and construction is now in hand and it is expected that the first operation of the
completed chamber will occur in late 1975.

Fast Cycling Bubble Chamber Test Rig

The test rig has been fully commissioned with liquid hydrogen. Four experimental runs ._.%
carried out with successive modifications between runs to optimise the system. After initial
problems the chamber produced good tracks of a Cobalt 60 pulsed gamma source an ww
cosmic rays. Experiments were carried out to determine the bubble growth and decay characte

mined the over-pressure required to recondense bubbles when operating at a fast repetit

and some tests were also done on multiple pulsing to obtain data for the desig
Vertex Detector.

Oﬁ: 1 million expansions were carried out at liquid hydrogen temperatur
inforced plastic (GRP) piston/bellows assembly at strokes of up to 5 mm. T
10 ill effects and has been shown to be completely suitable for application
expansion systems at liquid hydrogen temperatures. i

The Linde cycle hydrogen refrigerator which was designed a
ed very —a_._wzv.. Performance tests showed that its caj

tion capability of 9.6 litres/hour of liquid hydrogen.
=ectronic modifications to the resonant expansiol

1quid hydrogen, The m; i | 5
g o e s e s
e




i anediol prepared with Cr V compl
= cnoﬂ.huﬂzo: close to 80% is expected. The ..,u
m_.ono__ : et, to produce the required 2.5 tesla central magnet
i _o;w_“_mm, been completed. Techniques for BE.E»,&QE&W 3
rances on diameter and parallelism, and BoEonu,&...Eﬂﬁm heteq
developed. Full scale dummy coils have been manufac Ewﬁ%m i

- _uoop“.o_.. of one of the large coils is shown in Figure 89. The detail de: » {
mw.ma.“un other support equipment has been completed and orders for manufa
a 5

")

ith industry-

target cryostat and heliums refrigerator has been completed ar

Desigh of the systems have been ordered. The helium, refrigerator/liquefier has been
pump. E_n. <um.__ﬁm_5<c=.—_&=m R25 and prior to operating in a closed cycle mode for &.ﬂw
ns

stematically used 10 produce liquid helium for site requirements. Initial installa-
sy |
of structural items

has proceeded in building R25 where the complete target system will

tion -<sioned before installation in the Hall 3 beam line.

¢ d commissione!

Ems__na an 5
¢ has been carried out ona mechanism for traversing the target horizontally witl

Uoﬁ_om:_m_“ in order to remove the target assembly for loading in situ. This has involved invest

nﬂ. néwm”» microwave losses at the break in the copper wave guide and the system ha u.w@w@ )

gation M: mn at liquid nitrogen temperature. Methods of loading and unloading the target mate

T e M been carried out at liquid nitrogen temperature. The majority of the micro-wave
! @ % ® o it been ordered and initial bly work has cc d
FEARH) fHE (). 5 and NMR components have been

e 87. Bubble size as a function of time measured as

I
30
'BEAM

part of the development programme of the rapid

Figure 88. Design of PT55, the horizontally polarized target (15703)

Heliumj Cryostat
‘ 7 micro-wave
‘Fast Cycling Rig was used to carry out two series of experiments. Observations were made fEcdhut
determine rates of bubble growth as a function of operating parameters and a study of the

cts governing the re-nucleation of track bubbles was undertaken. JJ 4

15

ound that for very low p es bubbles re-nucleated readily giving rise to larger 1
¢ Eq_aoo,o:n_ expansion than on the first. As the over-pressure was increased a condi- ! H
ched in which the bubbles formed reappeared on the second expansion but with © 2
ly rec uced optical contrast. This was due to the presence of warmer liquid around the re-
..Ao%.a.,,s%.,o%oa bubbles giving a sufficiently high refractive index mismatch to give NMR head

t field. A further increase of pressure led to complete extinction of bubbles on it

ubble growth rates the chamber was run continuously at 1 Hz and the two
to flash on the same expansion pulse. One light source was set to take

Target \

Cryostat

Target retracti
2 mechanism £oe

Target capsule”




coil for PT55 (14169)

tion was achieved early in the year but faults in the su
d any further progress.

o A PROGRAM
perconducting Magnet system o GFUN MAGNET DESIGN
GFn Al s : e
mputer generated design for a dipole magnet showing the field pattern in the iron Yol
. 7 % jgure 90 A co!
- magnet system has been repaired and rebuilt with an additional booster coj] incorporateq M__mém. 15708)
his coil will raise the field between the polarizing and holding magnets hence reducing the po).

arization loss during the movement between these magnets. Lt coliaun L Jues o oy

T L o cONSTANT OO 50

coNToA LINGE

A new material, 1,2-propanediol doped with Cr.V complexes, has been prepared for use in the
target.

'COMPUTER AIDED DESIGN OF MAGNETS (ref. 381)

E«S_,,eanw:os are an essential part of apparatus used in HEP experiments. The design of a B it
B S N ¢

“magnet careful ation of many factors, such as geometric constraints and mater- ¥ = ﬁﬁ
e

properties, to meet a specification at a reasonable cost. In carrying out a design study for a

Luulud

Er: "70.0 25.0 $.0 75.0100.0 125.0 150.¢

,o:. components, the stresses in the materials used in construction and many other factors. A vt
digital computer with graphics peripherals has been in use for magnet design at the Laboratory fune e o T e oo e Cxsian mrccAn
since 1970. Recently an improved algorithm based on a new method for computing magnetic
fields has been formulated and i pl d and improved ergonomic features, using interactive

hics, have been introduced. Figure 91. Results from a three-dimensional magnet design program (15705, 15710, 15707)

gnet, the designer needs to be able to predict the field shape, the electromagnetic forces be- —— F&
uul i

ssic technique for corputing magnetic fields in two dimensions is the method of finite
in which the partial differential operation, describing the field, is approximated by a
¢ equations. An important limitation of this approach is that the magnetic field
| ve to be prescribed. In practice this requires the boundaries to be located a S i
ce from the magnet, and requires the field to be calculated over this region, The introduction of graphics hardware and oo====acw~._o=u 8.32»3 into
0 interest to the designer. Another difficulty is the need to span the whole computing resources enabled a fresh approach to be considered In organi
including conductor, iron and free space. This latter difficulty becomes a operation of computer programs used in design E.oEm:._m. Accordingly the
ensions. An alternative approach is to treat the problem in a phys- | algorithms were incorporated, into an interactive graphics program for
gnet as a system of known current and unknown induced mag- program it is now possible for a designer to create and .Eo&@ data defining
ormulating the problem leads to an integral equation in terms | simple commands at a graphics terminal which is on-line ‘the Laborat
, n At any stage the geometry of the magnet can be displayed, enablin
tised and the need for false boundaries is avoided. design concepts checked. On completing the data-definitio e
en developed and has been very successful in two WM@.&: to calculate the st__mzn mo_a and display grap
mputer generated picture of a dipole in ir.w& B &.Bw or maps over selected regions.
‘and the ‘arrows’ show the computed magnetisation ¢ change the geometry of magnet in an attempt
i in which selected parameters are vari y
field shape, can be used. For som

> examine; sterec

t with comparisons with measure-




- carried out using equipment already operational in the UKAEA.

s been carried out to investigate the possibility of enrichme

( like atoms. This is of interest in connection with the POssible ey, o 1o
i-stable particles (e.g. quark or parton constituents of hadrons) which MER:S of
e o Sy ation but which, Ru”wmwm Pro.
‘would accumulate in significant concentration in ordinary matter, If sirigl Ciently
‘would be in the form of a heavy isotope of hydrogen, ang from the w Y chargeq
uterium and tritium, calculations have been made of the physical Eov&:zos: Pro-
ectrolyte evolution rate) of any heavier atoms of this type. From thege .Mm (vapoy,

t concentration by a factor 10° would already have been achieved in r_ has been
n plants, and that a further factor 10°-107 could be achieved by the m_on:‘w_?« Water
tock of heavy water, giving a final water sample in which the predicted E_.zmv_ém of an
any heavy particles, (1072°-1072°) would have been increased to the Ho,aLo.o_ws_no:.
eve]

for experimental detection. It has also been established that such processing coyjq
e

11O wage,

RA-RED RADIOMETERS FOR ATMOSPHERIC SOUNDING University of Oxford
3 Rutherford C._ve_s.oa.

wuun 16 channel radiometer (described in previous Annual Reports) successfully completed one

ir in orbit on 11 December 1973. This is its design lifetime and 1t now totals 5500 orbits
 calibration cycles, 136 million filter wheel changes and 680 miiiion chopper revolutions 5

.3&%22_ it will continue in operation until its successor on Nimbus ‘F” is launched in the
of 1974.

Modulated Radiometer (PMR) Nimbus ‘F’

0 channel radiometer (described in last year’s Annual Report) is nearing completion with
ow being filled and sealed off in the Laboratory. After installation,
it will be shipped to NASA (USA). All the test gear, test targets and
n completed by the Laboratory during this year and the engineering

this radiometer has been integrated with the spacecraft using this test gear. The radio-
 manufactured by Marconi,

ation of the Chopped Pressure Modulated Radiometer as it will be mounted on Nimbus ‘G,
g modes (15709)
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A
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Figure 92 (b). Arrangement of components in the Chopped Pressure Modulated Radiometer (
Chopped Pressure Modulated Radiometer (SAMS) Nimbus ‘G’

This Stratospheric and Mesopheric Sounder is a 10 channel E&o:..g.a., for 3.5.1;
composition remote sounding. It has been accepted by NASA for inclusion on Nimbus
launched in 1978 and the proposal is now awaiting DES authorisation.

The general arrangement of the radiometer is shown in Figure 92
modulators filled with various gases (CO, CO,, CHy, NO, NO,, N,
selective absorption the concentration of these minor constituents o
monitored on a global basis. Two CO, cells are included: one pro
and the other a height reference. Preliminary experiments

techniques for the gases mentioned. These experimen

could be amenable to control using the molecular sieve

The scanning mirror looks at the limb of the
S0 that only the atmosphere is u
from the earth’s surface con!

alo




The polarized neutron diffractometer, D3, for ”rn
Institut Laue-Langevin during commissioning 2
the Rutherford Laboratory (14977)

NEUTRON ‘BEAM
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' SRC became a full partner in the Institut Laue-Langevin (ILL) with effect from 1 Jy
73 and UK scientists are now closely involved in the activities of the Institut. Th, +
y of the Neutron Beam Research Unit (NBRU) at the Laboratory has broade,

; ion of support for approved neutron beam experiments both in the
the year activities have included the production of two new instrume
velopment work on new neutron beam techniques, secretariat work for th
esearch Committee (NBRC) of the Science Board, and participation by NBR

beam research programmes. The total direct effort involved in the above work
- and by the end of the year the direct strength of the Unit was 24. 80% of this
5 %wa equally between development studies and current programme supp
~ 207% being absorbed in participation in neutron beam science, general mana
 duties and ILL instrument construction.

Uary
e Tesponsiby).
ned to include
UK and abrogq,
nts for the ILL
e Neutrop wm:z.
U staff in Neutrop
was 20 man years
effort was divided
ort, the Temaining
gement, secretariat

'DEVELOPMENT OF NEUTRON BEAM TECHNIQUES

~ Polarization Analysis (ref. 325)

- Ina polarization analysis experiment a monochromatic polarized neutron beam is scattered bya
sample and the scattered neutrons are analysed in momentum, spin, and also sometimes in ener-
- gy. The spin (or polarization) analysis allows neutron spin-flip and non-spin flip scattering pro-
 cesses to be distinguished and provides additional information about the nature of the scattering
to that obtainable by momentum and energy analysis alone. Up to now polarization analysis of
~ thermal neutron scattering has only been carried out on triple axis diffractometers at high-flux
ors and magnetised Cobalt (92) : Iron (8) single crystals were used on the first (polarizing)
: third (analysing) axes. A considerable advance in the instrumentation required for such ex-
possible if a polarizing filter is used as the spin analyser and from earlier studies it
ed that a material containing polarized '*Sm nuclei, which operates by selective
oture, would be the most efficient polarizing filter for thermal neutrons. A CSMN polar-
ter is now being constructed, and it is later planned to use it as the spin analyser in a
am diffractometer. (The term CSMN refers to a cerous magnesium nitrate single
03)1224D, 0, in which " 8% of the Ce®* ions are replaced by *Sm** ionsin
ei can be highly polarized by the ‘Rose Gorter’ method.

%1

itment of the separation of the spin-dependent partial double differential cross-
lon analysis has been carried out, and a method suggested to allow for mul-
.

i nits which con-

However, it is still desir-
Experiments have b

ve Detectors

it
S Itipliers to
nel electron multipliers /

: opm %”w:: a neutron scintillator is coupled to a

ly, the latter operating in vacuum.

positi® y
»vﬂumnun_c.
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:ﬁgm _MM &H:mwgao&ua application (for example in a Marx uMoo:.,
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e ,..u , the surface. The scintillator stack is in vacuum and ».—_a vw-o.no, AW
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tillation an:
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tor was constructed and is illustrated in Figure 93, T,
5 (a cerium activated °Li loaded glass). The device

he Scintillato, consig
. The positional resolution was demonstrateq o

Was successfy)

. : b, Lo Y test

a cadmium plate across the front of the detector with only o:WMﬁE:m.m 1 EEMMH

der being grounded. The response of the channel as a function of it o:.am 1N Use, the ey

shape, as would be expected, and the base width is consistent with 9%_ Sition js Uiangyj,
tector, the slit width and the divergence of the neutron beam. A TeSolutig, of

Guide Tubes

‘There has been continued develo, i i

I pment of a stacked film device for bengd:

beam through about 5°. Methods of stretching Melinex film have been oMMMWu lo'a Neutrop
spacers, formed by a photo etching process, have been obtained. The device :wm& and spegiy)
ius of 180 cm, the films are 25 y thick and are separated by air spaces of 250 W 5 aa_am:m rad-

An apparatus for measuring the variation of local surface i

slope of guide tub, i
used on stretched film samples to show that the film surface will be close mozawhn:n
for good results with 10 A& neutrons. For example the variation in slo;

within £ 4 x 10~*, which is close to the surf: i i
(s surface quality specified for the cold neutron guides 5¢

_ 1S has bee,
80 to the jd,
pe of a flat mvoo::m:awm_

W :wo.uﬂ rig for experimental trials of the bender was commissioned which can be mounted
: hole at U._UO. To gain experience, measurements were made of the reflection of 10 M: -
trons from a nickel plated glass sheet curved to the same radius as the final bending device .

Ultra Cold Neutrons

Work has proceeded at Sussex University, AERE and Rutherford Laboratory on the project de-

W_mm“ﬂ h“”ncﬂ for SM DIDO Neutron .me Facility proposal. A prototype in-pile section of the
. ,€E,~ anz ﬂ% e uMn_ 8&.2_. It EnoGoESm,:.a double walled stainless steel vacuum en-
aoﬁnﬁ._ i P vomn. ”.Qu”o:- for flow of cooling water. The inner stainless tube has a zir-
conit ;Eumuiaoi. m..o:o:. welded to the stainless via an aluminium intermediate tube. The
naumﬂﬂﬂ_o»i of this u.vaoE weld was carried out by AERE. Inside the inner tube isa
W&w&ﬁ& e«“n—.w_ “M”?Man by the Wozw_ O..d:m:S Factory, Cardiff. Nuclear heating
muéﬁ. T _c h» .mo:oo::_o &S”:nw_ heating element. Following many mea-
n this rig . that the mech 1, vacuum, and heat transfer aspects of

an important and encouraging result.

ystem %w%-—:wmocéo:oa .@.Qov:ﬁ&:« was proposed in order to reduce pos-
- of the facility to a minimum). Pressures of 10~7 torr have so far been

e problem of vibration of the beryllium liner i i ;

f ryllium liner imparting energy to

CN) so ﬁ_nn mﬁ:. velocity exceeds the critical value and they are lost.
ut it is concluded that excessive vibration levels need not 0ceur

, With UCN has experienced trouble with vibrations.

ctropolishing the beryllium linersis being
nducted on aluminium/zirconium/st

pressure Cells

es of the structu
are frequ
thermodynamic parameter. : le

ide either by heating it from OK to 300K or by applying a pressure om mﬁ..
2o there is a change in the interatomic distance of less than 1%, whereas in t
. n_.mommm&o:m can change the atomic configuration in such a way that a new p!
comp!

ble, creating a change in interatomic distance of about 5%.
stabl€.

re and dynamics of materials in different environments such as

ently made using neutron scattering techniques. i
For instance 2-5Kcal/mole can be stor

p

Studi
temperatures
ture, 15 8 useful

i e
The potentialities of using pressures between 5 and _ooﬁ.x:. m.n .Ewcno: scattering exp: :.B {5
not been fully realised due to the difficulties of maintaining the pressure on i
su.unoﬁ interfering with the incident and scattered neutron beams. A survey of the con
MM 1 techniques for high pressure sample cells has been started.

NEW INSTRUMENTS FOR THE INSTITUT LAUE-LANGEVIN

Polarized Neutron Diffractometer, D3 3
There are many experiments which can be done with beams of polarized neutrons without the
use of polarization analysis especially now that high flux neutron beams are available at ILL;
eg measurements of precise magnetic scattering amplitudes or the determination of extremely
small magnetic cross-sections. The polarized neutron diffractometer, D3, will meet this require-
ment. It is a two axis diffractometer designed for experiments in which the specimen is placed
in a beam of polarized neutrons and the scattered intensity is detected. The shielded detecto:

D3 can move about horizontal and vertical axes (see Figure 94). The magnetisation of the sp
men is provided initially by a conventional electromagnet producing fields of up to 2 T, |
provision is being made for the later use of a superconducting magnet for fields of up to'

A liquid helium cryostat is provided, capable of maintaining the temperature of a specim

4.2 K, or with an alternative tail, at 80 K. Assembly and trials at the Rutherford Laborato:

in progress and delivery to ILL is scheduled for June 1974.

Diffuse Scattering Apparatus, D11B

A new diffuse scattering spectrometer (D11B) is to be incorporated into-
scattering apparatus (formerly D11, now called D11A) in order t:
measuring diffuse scattering at ILL. The complete instrument D
facility in the study of disordered systems and large molecul

IQI (momentum transfer) and ultra low |Q| measurement:

ultaneously. For example the study of decomposition of all
u:@.@uw«au through several phases to reach equilibrium,

new instrument. The decomposition frequently involves

tates existing simultaneously. Hitherto these {
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SUPPORT OF THE NEUTRON BEAM PROGRAMME

UK Programme

41d reactor at AWRE, Aldermaston, modifications have been
o Emw_““:wn-_m Chopper (GMC) blockhouse to reduce the background of
zc__w_wwc provided a shielded door and shutter for the blockhouse and c
s red beam was installed. Further modifications are now in pro

unscatte on,
ot d additional counter positions to uprate this instrument still furf

two-slot rotor an

Improvements have been made to the SRC computing facilities at Herald. .E..m b
to w_.os% for an increase in the ber of d and timing ct Is in the GM
and for some expansion of the Rotating Crystal Spectrometer facility.

The DIDO-Rutherford Laboratory computer link has continued to function without fz
during the whole year. Over 1340 jobs have now been submitted to the Rutherford IB
195 using the remote ELECTRIC terminal and over 820 CASSANDRA neutron data taj
been transferred to the 1BM using the Remote Job Entry (RJE) Terminal. A Facit fa
tape reader has been added to the RJE Terminal. The reader will allow neutron experi
data produced by the powder, polarized beam, and diffuse scattering &n.?mo»o_:ﬁoa

to be processed by the IBM 370/195 and archived to 1BM 9 track magnetic tape.

ILL Programme

The NRBU is responsible for organising the collection and the processing of UK expe!
proposals for {ransmission to the ILL. Each proposal is costed and particular attention is given
to possible repercussions on the UK or ILL programme. So far a total of 116 proposals h:
submitted to the ILL in three rounds of applications.

Support to the NBRC

work includes preparation of papers and reports, the servicing of technical workin
ervision of approved projects, processing of experimental proposals for the ILL -
with some aspects of proposals for domestic reactors.

PARTICIPATION IN NEUTRON BEAM SCIENCE
Neutron Incoherent Scattering and Absorption Cross-Sections

Unlike scattering lengths, the values of incoherent scattering and absorptio;
not well documented. With the advent of higher fluxes, measurement
umnﬁwaa\ resulting in a demand for higher accuracy in factors \

tion. The NBRU is assessing the extent to which further measur

tion and incoherent scattering cross-sections for individual ele

tion is being given to requirements arising from use of




ition with the University of Cambridge an analysis of the single crystal gigy,, ..
using both polarized and unpolarized neutrons which had been made & mmo:E_
‘been completed. The measurements of the antiferromagnetic reflections hay, oCo,
ish a magnetic structure in which the cobalt moments lie wholly within EM __wao__
onclusion, which is contrary to that of previous workers, is a consequence of asa|
calculation of both spin and orbital scattering by the cobalt ion. This S_o_._ﬁ.aww.
n a ground state wave function for the cobalt ion in the structure of the om&c:p“o: is
rom spectroscopic and magnetization data. The model has also been used in 8_2_” m_a.
ttering to be expected from the weak ferromagnetic component of SoEois ting

~ been measured using the polarized neutron technique. The small differences between z”:n__ e

ved scattering and that calculated for the model can in all cases be unde
ence density distributions as being a consequence of covalency.

€ obser-
1stood from the differ.

programme is continuing with a study of magnetic scattering from ferrous salts, FeCO; ang
eF, have been selected for examination. The former compound is chemically i
with CoCOj. It has already been the subject of a single crystal, polarized neutron study to de.
termine the magnetic scattering amplitudes of the [hhi] (rhombohedral) reflections with the
sample at 79 K (Néel temperature Ty =35 K) and in an external field of some 1.8 T, Below T,
the sublattice magnetisation direction is [111] and the antiferromagnetic reflection Easu:&m.
have been measured in an unpolarized neutron study at 4-2 K. The magnitude of the small ex.
tinction present is being confirmed by powder diffraction and the effects of spin-orbit coupling
on the vector character of the moment density is the subject of a current experiment using the
polarization analysis facilities available on the D5 diffractometer at the [[].

SOStructura]

A preliminary examination has been made of a small single crystal of CoS, in a collaborative
study with the Centre National de la Recherche Scientifique, Grenoble. The experiment is an
attempt to verify experimentally a theoretical suggestion that in ferromagnetic CoS, (Curie
temperature, T¢ = 122 K) the single equivalent set of cobalt atoms should split into two subsets
having their single magnetic electron predominantly occupying a different set of orbitals with eg
,‘H%wgs The initial measurements carried out at 4.2 K on the D2 diffractometer at ILL re-

ed no observable magnetic intensity at the half-order sublattice positions and they serve to

 lower limit on the sensitivity of this type of experiment to the proposed effect.

ition of their metastable phases. The use of neutron scattering for the study of these
powerful tool because the negative scattering length of Ti enables null-matrix alloys
a random distribution of solute, the scattering is completely isotropic over

. H wever, any degree of order gives rise to a Q dependence that can be

inge of Q, as there are no Bragg peaks. Mcasurements have been made

show a degree of short range order present. A series of measure-

rtiary system Ti-Zr-Nb which is believed to exhibit a range

‘ sity, has been done on the Al-Zn system &Bo@ at m.caavh.
diffraction measurements to see if the alloy exhibits satel-

3



A work station at Oxford University
connected to the central computer ot
the Rutherford Laboratory (14858)




At the beginning of the year the operating schedule of the Central C

: omputer was

full seven &wm (168 .:cEm per week), The only new equipment added was a $8MM8=._£ {0a
3330 disks (eight drives), and no major changes were made to the operating syst e
.uBEo n.::ouvra_d the performance and reliability of the machine have proved N\.zma. L
“nw. nﬂ“_i“_u:wo has been reduced to four hours every four weeks and system hﬁﬁ_aowsms:a.
less than three hours per week, thus invariably leaving more than 160 | i AR
each normal working week. ous avalablc

The pressure of work has increased, so that for the greater part of the i

a.uu been used. With a full work load, CPU E:..&Wo: <Emwm _uﬁsao:% wmow\wﬁ,%wwrwm %mc b
vides about 100 CPU hours per week to Users, and the total of jobs now »xnom%a_.o wa o
week. The most notable growth during the year has come from Users %ommo_na b, mroo i
Laboratory, who accounted for over 20% of the total work load by the end of the ﬁw— "

Remote computing has undergone a quiet revolution during the year. Thi i

from the increased popularity of ELECTRIC: over 50% of h.ocmm are :vos m:ﬂ“wﬁw MNM_“%MH%
,—..ma.o? ELECTRIC terminals. The number of ELECTRIC users rose from 100 to 200 in ﬁ_c_n
year Fifteen remote work stations, based mainly on GEC 2050 computers supplied by 5.“‘ E.m.
oratory, are now in service; in an average week about 4500 jobs are loaded on the central com-

ul.s UaonB_un_... u.zn_. measuring 1-25 million bubble chamber events, HPD1 was taken out
ce for ag__n_:m. to HPD2 specification. HPD2 met all 70mm spark chamber film meas-
.“__.N—“m:z during the year, and had just measured a large sample of bubble chamber

L r1ly.

Q.w,,,?.: round-the-clock operation of the IBM 370/195, and the 450,000
ﬁ,@% a rise of 70% on last year (which had itself shown a rise of 60%on
y of oms,»mo:u is made below and in Figures 96, 97, 98, 99, show-

tted from remote work stations, via ELECTRIC, and in total, and

,.iﬁoa i : scheduled - down time)
F ».m quE»oE:oommoE:owA mnran_u_nnmam
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3
Second Work Stations (ref. 181, 303) "y
First o > 1 computer at the enc
5 e o tus of work stations attached to the central p <
CPU No.of CPU No.of CPU No.of CPU No. of CPU No, The sta
(hours) jobs (hours) jobs (hours) jobs (hours) jobs (hours) jop, No, op i pelow:

; Jol
~Counters and bs

¥ 383 317 Acopnte S AT
Nuclear Structure 495 28250 420 31103 1735302 27197 1600 11855 y Tyve o Ve :
s 74 7631 101 7959 81 8794 90 9094 3a5 33i0 06 2265 Location )

6720542 88 20939 S6 19077 97 22875 308 3435 OF 6o e
49 4154 98 5499 73 6297 55 4469 275 20479 u.w 15534 PDP 9 1968

ience
Univer 39 inst. Comp- mm_..ﬂeaq IBM 370/145 1972 www
B Besccae D5 4367 110 637 91 93 75 amas aa ey o Birmingham Uni\ 1BM 370/145 1972
Film Analysis 223 9528 247 13531 218 2l 195 16268 883 s3sqy ygg _NWM o_amoscaémmi bl 248
T 161 8566 285 14179 323 17468 278 19429 1047 : iversi
wmw_.w“ PR RGeS 44 1 17 13 mwﬂw 200 1349 b i Univessty GEC 2050 5 June 1973 267
Miscellaneous 20 12035 22 13609 21 14688 23 16380 sg
System Overheads 159 1033 222 1152 209 _ 889 228 600 818

s (hours)

02
56712 16

3674 159
2004 )
Totals 1386 96157 1606 114275 1460 118498 1344 121174 5796 4

e _mmwma University  GEC2050 3 April 1973 197
=

27 March 1973 324

ial College GEC 2050

_agwwn_.wwmi GEC 2050 25 May 1973 »mm ,

450104 1109 g4y, WHMM Mary College ~ GEC 2050 ww QE_:_ www@ - s

- iversi GEC 2050 arcl RL

ﬂaﬂﬂ__wnmﬁ_u_mmm GEC 2050 7 June 1973 131 Purchased by RL
esl

Used for software
tory GEC 2050 22 Feb 1973 :
(e hony Rutherford Laboratory development.

2

P8 1972
i i 7 RU(RL) ED

First — Second  Third  Fourth  Total A NB BM 1130 1972
Quarter Quarter Quarter Quarter for Year Yo Atlas Laboratory

o Mullard Space Lab GEC 2050 —
Job Processing 1898 2059 2030 1385 7872 150-6

Hardware Maintenance 23 13 19 i4 69
Hardware Development 109 24 - 5 138
Software Development 34 30 26 33 123
Lost time attributed
to Hardware 13 31 53 35 132 25
to Software 6 7 6 4 23 04
Switched off * 10100 98 208 427 82

1 | Reading University ~ GEC 2050
26

2 Appleton Laboratory GEC 2050 29 June 1973
Inst, of Geological

Sciences, London PDP11

IC terminals.
2184 2184 2232 2184 8784 1680 , ELECIRICHexming

‘ twice-yearly plant maintenance in mo_u.EmQ and August, and extended shut-down at )
o ey The software initially provided with the GEC 2050 computers was designe

gt
2780, which can be handled by the work station support program

central computer. The IBM 2780 is a device which cannot be prog
package allowed only card reading or line printing. It was used suc

the first half of the year. The package was subsequently replaced

which makes full use of the programmable facilities of the small computer, e
terminals to be connected and permitting simultaneous (and faster) cai

ing. This multi-leaved program package (which simulate: E.—w.ﬁ

erford Laboratory, using a GEC 2050 simulation ! ) (A
195 to facilitate software development on the central compute
it has been accepted by GEC. =

4?¢a§a,=>%&m,§§é gm,
ém%g Tinters J@,un hed to an |




Jobs per week

(r

May June July Aug

Figure 97. Remote work station statistics (15752)

‘Other Terminals

“25 boratory terminal facilities have hardl
M.an their own terminals.
) dicated to different Counter groups, and Appli i
. u ) pplied Physics Di
a ﬁ&g printer. The T4002 display installed for the Bubble Chamber Research Group was al-

ardly changed during the year, but several big users
There is a Computek and a Tektronix T4010 graphics ter-
ion has a Computek and

use last year and a VDU has been added this i
year, year. There are new VDU’s in the Pro-
ry Office and on the local GEC 2050 work station. Finally, there are four public

E%_M,\wa. Atlas Laboratory (one teletype, one IBM 2741 typewriter and two

tutions .i:-oﬁ their own work stations there remain six lines on the
which teletypes or graphics terminals can be connected for low

,g With terminals, who now dial directly to the central com-
m.i..ﬁ«, instead by the public network to a nearby work
ere also made on a fast (2400 bits/second) telephone link,
Em,nﬂ_wzﬁ toa leased private line for those work stations

/ two or three hours per week.

CPU hours per week

ng the year have been primarily in the three areas »f aut
1 > tional tasks, introducing facilities specific to _Ewo.n.ﬁ. mil
ious %nam system behaviour. Many of the developments are ult directed 1

aoa,o.n” of main MEMOIY, which at two megabytes will eventually limit
utilisatio

the machine:

velopments duri

frware intended to conserve memory in management of the system .w:nww.
% Queue Area’) was introduced and routine modifications to accommodal
3330 disk drives were made; the opportunity was taken to r¢

1BM s
System
oank of 8 tYPe
tem data-sets-

i i MVT syst

veral longlived programs (MAST, ELECTRIC, etc) for which z—n. [ v
?2.”,.”“_0 MM allocate reserved high-address partitions in main memory, leaving the remaining
o to MVT in the standard way. During the year this principle has been extende

vailable > 8 o
memory & y one longasting application program in a core position where it will n

to accommodate an

cause Eo_osm& fragmentation.

An ‘autocleanup’ program, which detects when a program library is nearly full, has been i
duced to remove program modules which have been superseded or are no longer in use. T
prevents jobs failing through lack of library space.

y will generally contain some defunct members, some which rarely &Samm J
cause they are well developed and in production use), and some being developed ir_cr,. chan;
frequently. By recording for each library member the date of creation or latest S‘o_.owno:u

date of most recent use, and a use-count, new library management software (‘automigratios
now decides when to move unchanging members which are still in use to an associated libs

A program librar

Another new library management facility, called autoarchiving, is just being put int
will copy library members which have not been used at all for some pre-determined )
as three months, to magnetic tape. Once on tape, the programs will not encumber disk 1
ment at all, but can be recalled at some future date if they are needed.

Practically all Fortran programs need standard Fortran service routines (collecti
Fortlib) when executing. This has hitherto been done by incorporating copies

in each program, which meant there could easily be a dozen copies of some routin
eously taking space in main memory, and several hundred included in the u: ¥
on disk. The situation is accentuated by the heavy dependence on Fortran

grams at the Laboratory and heavy multiprogramming, and has led to pioneeri

to make Fortran ‘re-enterable’ for the IBM 360/370 series. X &

permanently in main memory, so that all concurrent jobs can u:
Paration and testing for this reform took most of one mai U
The Fortlib version chosen was that accompanying the.

low), but is compatible with programs compiled by th

IBM have provided a new Fortran compiler (E
n—om:onn_._Wm..ﬂ_n ?,SEE,R@QW@%«% :

ed by the older




E .
otl o PER checks that the user identifier and account number are a vali
COP

ested priority if the user’s allocation is exhausted, whil
grades »_ﬂummaﬁﬁm tapes and disks required, and allocates them to dri
e & ,U_:.o: are on-line to MAST, and can thus participate in job contr
MMEQ% of communication.

- the year, realistic values were inserted in the COPPER control tables.
_u___..n_m:qaocqa for short development jobs but can wait a while for long pr ction j
aummnm:‘ most user groups have been allocated some time at high priority and much
o ty. Development runs at high priority can be completed during the day in ;
while long production jobs at low priority are usually completed overnight
sers can enquire from any terminal how much of their weekly time alloca

Jow priority-
cumstances
Jobs submitted weekends. U
via ELECTRIC mains.

: : . The COPPER tables have been extended to
L 1

ient to use COPPER as a vehicle for messages to appe
Jan Feb —L 1 necessary. 1t was also found convenien i { Dpearit S
Mar  Apr May June July Aug Sept Oct Nov Dec .ﬂh_u,m print-out heading, either from the computer operators ot drawing the :8338&&&@%%”
S

Figure 98. Jobs on the
Rslompute: (15748) any excessive (and thus wasteful) request for main memory.

Phase 2 of SETUP has been introduced. This not only displays messages for tapes an &%
be fetched in advance of need, but also takes over from OS the allocation of drives. At the en
of a job it looks ahead to check if the same volume will soon be needed again. Over.

now spend very little time waiting for appropriate mounting.

No. of users of EL! F
e The job classes have been simplified by using SETUP, which can accommodate jobs wi
peripheral requirements without separating them into different streams. It can also
memory and time demands for a job, so the only class a user need declare is fi
other classes are calculated internally.

=
=3

o=
=3

The job status information given in response to a user’s typed request has bee; IO\
will be extended to include reports on recent successfully finished jobs. Suc .nm\m%&
increasingly desirable as more work is submitted from terminals. W

CPU time in hours

-
S

a job uses, and the time it spends in a waiting state. The collection of
ation of input/output channels has started, both in total and spli b
addition to the above recording, which proceeds continuously whi
special short-term monitor jobs are sometimes run at busy tim
machine behaviour. A

¥ ool The waiting state time is important, for if it tapes
H@ve%. @bwmmwwrc“.wua is not expected to need any further tion to its CPU time, sE%mM SM mohnn-%“—% m“
‘made to DAEDALUS-516 during the year as 0pera- ) reported to the user with each job printout) greatly exc ,
: M.MQH.E‘ h——oa the point of view of main mem
ot utput methods, or possibly to take more memor:
continued to grow dusingthe time decteasesand it elasor ‘memory o
users had approx ¢ - memory Ir

wUL ¥




 work stations into full operation was a major activity of User Sy,

to the sites were made to help users become familiar with the

d to monitor performance of the stations. A Work Station U
during the year, and weekly accounts are now distribute

PPort dygip,
System and ¢, o_.m

sers Manua] (RL~
73~
d to Work Statiop Re.

of the ad ges of permanently mounted

and for it. When the second set of eight type 3330 disk drive:

s conveniently low (over Easter) the user library space was
tes and that for users’ private data sets from 80 to 275 Mbytes.

disk Space, and 5, in-
s became available g
Increased from 1gq to

ng the year a disk (called FREEDISK) was introduced on which users’ data sets coulq
for a limited period (about a month) without registration. This facility has become <:v
popular and may prove worth extending at the cost of other, registered, data set space, o
: a&ﬂmﬁs‘ based registration system was introduced during the year. It enables better records
‘be maintained and facilitates better control of disk space.

‘The .ne.:o_.n_ accounting facilities have been improved. Daily, weekly, monthly and quarterly in.
formation can now be produced. Each User Group Representative receives monthly accounts of
‘his group’s usage and that of other groups in the same category.

‘The information has proved useful, for example in setting up data for COPPER (to speed jobs

- requiring quick turn-round) and in predicting possible new requirements, such as higher density
~tape drives or extra terminals.

- Considerable progress has been made in tidying-up routines in the Program Library. Some 80
outines have been scrutinised so far, and a short descriptive guide produced for each. New ver-

of the AERE library and of the CERN program SUMX were implemented. An easier

) bers of the Computational Physics Communications (CPC) library was

e commonly used mathematical functions from the CERN library were conver-

usage. New versions of FORTRAN documentation programs were made avail-

ise of ELECTRIC and consequent pressures on space have led to some tidying-
the JOBFILE. This is an area set aside for general purpose programs and
s hoped to make more readily accessible.

/ Office has continued to handle most day-to-day programming queries,
00 in the year. Some special utility programs and procedures have
ly in the field of tape and disk handling.

IGAR (Computer Introductory Guide and _.ﬂo».s.,.
74. 1t will include description of routines in the

Todi

; bble chamber events and i
of 3-view bul
In term$

were:

1968 82cm Saclay chamber
1969 2-metre CERN chamber
1970 1

1971

1972

1973

ments were made for four experiments during the year and for five in all:
Measure

Low energy K™p (1GeV/c) (including 30,000 in Saclay chamber) 158,000
0'

1 GeV/c) NM.IQCQ
w__w%, energy Kp (14 GeV/c) .G“oco
7*d (4 GeV/e) 25,000

°p(1GeV/c)
K°p( 260,000

Some of the *d film was pre-digitised at Durham University mnn mou.uo M%mmwu ,HM :
Imperial College, London. The total measured for Durham (including e

1972) was 9000, and for Imperial College wm,ooo. .Zo% of the measurii w—__.:, a
ments has been completed. There were periods during the year when :.Wm- |
measuring; the total measuring time was 2720 hours o 31% of the year. The

each month is shown in Figure 100.

A sample of 1600 spark chamber events, on S<oago<n_o.v3 EB, *.,no-: mvf
was measured in March but showed multiple digitising of wide spark im:
buted to the fine light spot in HPDs.

A modified version of the on-line control Eomsauwamvanwo”.w&_a&
was tested during the year (on both HPDs). With reduced wcin:en._,
disk several times during measuring of a single chamber image for n:@
not complete but look encouraging.

Figure 100. Average weekly totals of events measured on HPD 1 d,.
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Figure 101. Measurement on HPD 2 (15749)

b:%m 1973 HPD2 measured film from two spark chamber experiments (number 17 at the
CERN ISR and number 11 at CERN PS (S104) ) and, towards the cnd of the year, from two
bubble chambers (CERN 2-metre and, in test quantities, British National [-5 metre chamber
with track-sensitive target). Hardware and software changes improved the accuracy and reliabil-

E‘ of measuring, and some further work was done in preparation for BEBC (Big European
Bubble Chamber) film.

30 MHz clock system using integrated circuits was introduced in the spot digitising logic,

ith the main effect of improving measuring accuracy significantly. A new Automatic Gain

- Control circuit, particularly suited to bubble chamber measurement, was introduced to compen-
sate for variations in spot intensity and film density. While satisfactory for bubble chamber work

~ and ISR spark film, there were still difficulties with the flared sparks common in the S104 ex-

.Amdﬂ and with a sample from Experiment S (K13C) for a similar reason. The fine structure

140,000
120,000

325,000

k chamber events and three-view bubble chamber events: the
 for testing machine performance, and all figures I
aggregated from the beginning of meast’™

vents from production measuring were:

in seven-day period

o

3 casuring of bubble chamber film msjnn on h.ﬁvuw uwﬁ._ s

aﬁ.nmwmu_ ‘measurements of the same film. This checking, whicl involy
11

As mno

m e imnoao_Q lonisation and Kinematics-program runs on several tho
differences between the machines, with some advantage in a

sults of
but slight

es of film from BEBC, produced in various operating conditions, we
= during the year. Attempts were made to quantify the well-known mﬁv e
hamber illumination, poor track contrast, small bubble size, etc, and nwnwvmn?.,,u €
S e al noise generated as the HPD spot scans across the film. It was 8.5—.5& e
om__wouﬂﬂ_wroozmo&_w that the major noise source is the granular structure of the fi
tal

studied in some detail.

A few
test purposes

this was

were made last year to upgrade HPD1 to HPD?2 specification and operate the two machine
w_wzm dem on the DDP-516 computer. During 1973 three electronic subsystems for the
___mW:iSo built, and two of these (for film transport and stage control) were fully te
M.Emazo: into HPD2. Extensive mechanical modifications to HPD1 are also necessary,
start was made as soon as the machine was switched off in December.

The overhaul begun late in 1972, which included fitting and w:ma_._m a new ou».:o.na., y

was completed in January. Measurement of film from the Cambridge dE<omm5.\W==a {
Laboratory experiment (i(13C) began in February. Problems, uﬁa« due to ».E.‘:u\ of
densities, and partly to muitiple and faulty digitisings of wide spark images (attribu

structure in the images) were overcome by installing a simple AGC circuit (t
photomultiplier response to the CRT spot), modifying the digitiser circuits, and m

softwear changes. With the benefit of these changes along spell of good measuring was
reaching a peak of over 45,000 events in one week. By the end of October all 880,00

for this experiment (on 250 rolls of film) had been measured, easily a record year fol

Weekly totals of events measured are shown in Figure 102.

Figure 102. Weekly totals of events measured in CYCLOPS (15751)




e IDI display and light pen, which communicates with the central co; :
satellite, was used for ‘rescuing’ bubble chamber tracks which had fajleq it
{ .,,5 criteria. Faulty tracks from 63,000 failed events measured with
system were displayed during the year. Rescue action with the light pen, ug

dent mistakes or cutting out the length of track beyond a kink, was ﬁwo iy am:m::w evi-
these, in a total of 1,200 hours, with a 70% success rate. A new mwn_.__.cs :um:mv”wa on 57,000 of
i-...E.. allows the light pen operator to mark specific digitisings, selected to _uoo: made availgp),
points. This facility proved particularly useful with measurements of a sam _m o ity
j.m metre chamber with track-sensitive target, since track densities withi o om.m:: from the
get often differ appreciably. 1 and without the gy,

D]
8eometrica] -ooosmw_w -
C-

the HPD road gy el

The IDI display is limited to a maximum of 1,500-2,000 points i

flickering occurs, and in any case the picture quality is :o_” up ﬁc_.“”om_m.wﬂ:mwm”ohwﬁw:%mmnm.v mza
number of points, which is due to the low speed deflection system employed, is i o :a_.sa
no_” bubble chamber patch-up with road guidance pre-digitising, but Emaoncﬁw f i
guidance system or for chambers of the BEBC type. A new Hewlett Packard c=:o M EM_ e
thousands .om points to be displayed without flicker. The unit uses 2 cathode ray t; _wm 5 :.Ji
electrostatic deflection (instead of much slower magnetic deflection). With .,_M :__n__u_: us
Model No computer for refreshing the display, a sample bubble o?d:cﬁ. picture om:M oo_%oa.m_g
was i_..:oz.,.;o picture was quite free of flicker and individual points could Sm:. b v.o_,ns 3
out by mro light pen detector: the 4,000 limit was due to the computer memor: w_.ww «% b
oec_.sou_aw_ data storage methods and an extended memory will be needed ».VM= L mm: ~=§o
Wox_._w_n patch-up station. Good quality pictures of 30,000 points have been &mgmv&% “_uw HM_MM
vwom“_w %ﬂ““”m M““.ﬁﬁoa. and there is no doubt that the Hewlett Packard unit can display more

SOFTWARE FOR DATA ANALYSIS

The HAZE-MATCH-EDGING program chain has remained the standard for processing HPD
B.uﬁ:_.o:.nza of bubble chamber film. Only minor modifications have been made to the chain,
primarily to meet problems arising from the K° experiment. This experiment is the first encoun-
tered with no visible beam track, and the first with all visible tracks nearly transverse in some
cases. m.-..a.ro:na no tracks on the HPD normal scan). Once the programs had been generalised
cope with the new situation, the pass rate through GEOMETRY reached a level sufficiently
(because of the small average number of tracks per event) that no light pen ‘rescue’ of fail-
s considered necessary.

Hlin &m-:on Umﬁ_ov:—o:» ?.a continued of the Reduced Guidance system, in which one
mark, all vertices and a point in a clear region on each track are pre-digitised on each

'CERN Minimum Guidance program, which still forms the basis of Re-
ily failing too many faint tracks. This was found to be due t0
ceptable track candidates, and a significant improvement resulted
n the general density of digitisings in the vicinity) were sub-
success rate on a test sample from the low energy P
half of the failures only the beam track was faulty-

bsequently re-written, in i.m&
program, and tha fewer SP
{ $iTE § okl

%

hambers, HYDRA system. A few frames of film from BEBC and the

Large € have v.on_._ examined on HPD2, but no film was measured this year
mﬁuw?w» srogram system is being installed on the 370/195, and

ummp etc.

stem consists at present of management and file handlin;

e, for geometrical reconstruction and kinematic fitting of events in conventional or larg
(= Tests are being made of satisfactory reconstruction by the geometry processor: wvww

S. & s
me.m_ ”Mumcaan:: of 2-metre chamber film and an input processor written locally.

Track-sensitive target. HPD2 was used to measure a sample of film from the 1-5 metre cham!
oped with a track-sensitive target. The measurements were processed with the Road QEW
oncnuvnomga chain, but using only the Rutherford filter program EDGING and omitting
M_Mw% HAZE, which was considered unsuitable for tracks passing through the target material
Nevertheless there were problems with such tracks and others, particularly faint electron tracks
in neon, and some modifications to the program chain are being made. :

One extra facility has already been added to the light pen ‘patch-up’ program. It allows ‘mast:
points’ to be added to tracks too faint to be filtered successfully, or to one section of a tracl
hen the other section (eg in neon/hydrogen) is already satisfactorily filtered.

(eg in hydrogen) Wi { ]
adapting the geometry and kinematics programs to experiments with a

Work is in progress on
track-sensitive target.

Kinematics. Major modifications to the treatment of convergence and hypothesis rejection are
being made in the Kinematics program (see RL-73-084). It has long been known that the trad
itional method, which works very well in most cases and which is used in all existing programs,

ferent approach to the fitting problem has been developed and is currently being tested.

Spark Chambers. Three views of the K13C experiment multi-gap spark chambers were photo-
graphed, from the top (0°) and side (90°), plus a resolving view (1 1°). Close sparks are common
in this experiment, so it was decided to reconstruct sparks in three dimensions first and the
link sparks into tracks (instead of forming tracks in two dimensions and then reconstru

three, as done for a previous experiment).

two views only (because the spark image was not digitised for the third). The unce:
lateral position of sparks was below * 1mm. Tracks, spreading over five or more
are formed by linking established sparks and following towards the vertex origis

measurements. Initial processing of HPD
continued, with some small modifications, in step with the measurin;

During the year improvements were made in the data analy:
Mn Experiment 4 (79) ) by re-coding sections and provi
on.

Rapid Momentum Analysis (ref. 255). Because
Chamber experiments nowadays,it is importar
,Eo of the central computer. Method:
- Mumber of significant variables, w]
- Metric expressions for | F
form con

sometimes fails to converge for certain classes of events (eg those including slow sigmas). A dif-

5
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Technical Services
- and Administration

RADIATION PROTECTION

There have been no particularly noteworthy incidents or technica
year. From personal dosimetry results no one working at the Labor
ted levels for either external radiation or internal contamination.

I developments during the
atory exceeded the permit-

Special radiation surveys and other measurements which provide data for the design of new o

hanged shielding arrang have been carried out. Investigations performed during the year
de recc dations for shielding at higher Nimrod intensities, preliminary estimates of
the shielding for the EPIC project, advice on temporary shielding for the 70 MeV injector builg-
ing operations and assistance in the diagnosis and cure of high radiation backgrounds in the
hydrogen bubble chamber.

The highest personnel radiation doses tend to result from work on or near to radioactive accel-
erator components. This is u:.:::“:w due to external gamma radiation. with no serious contam-
ination problems. It is expected that control of these doses will be the most important radiation
problem arising from increased Nimrod intensities. The increase in injection energy from 15
MeV to 70 MeV will greatly increase the activity produced by the injector. This has been care-
fully studied, particular attention being given to the safe disposal of cooling water containing
>H and "Be. High resolution and low background gamma spectrometry systems have been of
great value in these studies. The same equipment has been used in the development of accurate-
ly calibrated proton beam monitoring foil techniques, including a quick and simple system for
routine use, in which allowance is made for the effect of short-lived isotopes. Autoradiographic
techniques have also been developed for the accurate determination of proton distribution in
the small focal spots of extracted beams.

ce of a high standard of safety is dependent upon the continued vigilance of all
e Laboratory. With the aim of re-emphasisi g and i ing the need for vigil-
on of time was spent in communicating safety information to staff. The
st of ing and improving standards, in particular with those arising from
e European Community and continued participation in CERN, is vital.
direction is planned. A particular instance was liaison on safety matters
u Cerenkov Counter for Experiment 13 at CERN. Liaison with
ar safety problems was maintained during the year Ea. in
{ outine work to comply with statutory require-
an %ﬁm@mmwmg:g:on to show a steady increase. The
ty services to the adjacent Atlas Laboratory.

i . It is hoped to resume practi
ini rovided for new entrants. It is e ;
ty "E__...am Muw w_mommmmé follow up, on a monthly basis in the n
i ”“onrsaom_ handling were given and the Safety Officer parti ﬁ
pervisors at the Atlas Laboratory. A

.. safe
asiC 52
B ions,
sessions On
urse for su

ing sess!
dew—n—.
training ¢

i i ised by the Group on
ine for potential hazards, were again organise: /
o E.M_mﬂwa. M.rmmm taking part were full-time safety E:.ﬂ fire v-oem_._,
mum.mQ P ember of the Safety Committee on a 38&2—. basis. The a:w_.na abor
LT Ba during the year, the main observations being the .52_. for =mg,\
& intaining standards of good rocmmxm%wzw_. >m__..:am.5=o= O»M..m.oa in aw 5
vigilance in :H“woSSQ were co-opted and vS.S%n e e .n_n a_v.m lovnetol
areas of za. d advice given to the supervisors responsible. icity it
commendations EM Safety News sheets and Showcase Displays. Several new Rutherfori )Ora
z::&ww”:,mﬂwo“m which are mandatory safety instructions, were prepared.
e e _ et
i i tinued at about the same level.
items recorded in the safety register contin b !
The total :::WMM MM:,o;wm with the 1972 figures in brackets: Lifting Zuo?:mmw Smsmw:wmw,ﬂ”
The totals wer 8 (2600), Pressure Vessels 889 (890), mp».onx Valves 289 Awmmv‘. qu =»mn u.mm.g.
s Tecks ok _.u t m. uipment 147 (147), Fire Prevention 52 (52), and m._ws oltage Instal
a__wuzaoﬁsﬁmumv\a u88_o;w.\qQmmésmv«oso:w&_:bw

i . These registered items were given / s
o »Nwo:mnm WW\ Group staff or contract inspectors. Reports on these items were recorded and
the year €

i i V¢ essed as neces-
dial action on defects and recommendations to improve safety were progr
remedia

sary.

Regular $2
half of th

jth the @ !
Mn.”“_ was inspected twic

ory staff which were reported during 1973 imn@,.nﬁ
and 6 (13) of these resulted in absence from
The injuries were classified

The number of injuries involving Laborat
lowest on record. The total was 78 (1972 - 94), i
work for one day or more; the average absence was 7-3 (10-2) days.

in the following categories: —

Handling goods 25

Stepping on or striking against objects
Falls of persons

Use of hand tools

Machinery

Falls of objects

Electricity

Miscellaneous

: 4 o
All were investigated and where appropriate, recommendations wer
rence.

The national method of assessing accident performance is by inm:,ﬁ,. Lan i
rate. This is expressed as the number of injuries per So..ooc man ra:ﬁw.ﬁw U&Q :
Is an approximate working lifetime. The Laboratory all-injury fre ) Wase

the lost-time. frequency rate was 0-23 (0-49).

The steady downward trend in reported injuries cof
Years, due to the failure of individuals to take person
ialised nature of the work of the Laboratory
,iE;.Ee_?z..:




During the year the previously separate mechanical and electrical maintenance W
integrated into one bined workshop, improving facilities and the coordinatij;
ciplines. An extensive programme of plan improvement was carried out which h
considerable drop in the number of breakdowns and more effective use of pla
from the fitting of new sewage pumps to the rebalancing and modification of ¢
computer air conditioning plant. A very extensive investigation into the ope
and control of the Central Chilled Water facility brought about a reduction in
i a reduction in the number of compressors normally running from four to two.
i the end of November 1973 turned our attention to the more efficient use of st
ity and the necessity to control temperature to a maximum 63°F.

orkshops Were
on of botp dis.
S resulteq jp ,
nt. These Tange
he IBM 370/)95
ration aan_.o:&\
break downs and
The fuel crigjg at
€am and electrje.

Track Analysis The track analysis machines section has had a busy year with operational duties to 3
Machij hines. Developments to improve production efficiency and throughput have included pney,.
matic film clamping and drive system modifications (SHIVA machines), fresnel lens system
film gate clamp and printed circuit motor drive (Hudson tables), and rationalisation of a_no:o_._u
ic counting and control systems (D’Mac machines). The new “BESSY” machines were provided
with a modified, more flexible design to allow increased film drive speeds and the ability to
accept 35 mm, 50 mm or 70 mm plain or sprocketted film on either large or s dard reels,
Work is continuing with greater involvement in HPD2, CYCLOPS, Vang nes with the
CRYSTAL computer system, and adaption of visual display units to the digitisers. Operation on
HPDI ceased in December 1973 and work is now in progress to upgrade this machine to HPD2

0 &E:&:w

rd ma

standards.
Electronic Design During the year 113 new nnmm:w of printed circuit boards were produced in ng 350 draw-
and Manufacture ings including the artwork (nearly 50% done off site). Electronics Manufacturing Section coms

pleted work to the value of £180,000 including component costs (60% done off site). The pro-
totype workshop completed 220 jobs and the printed circuit board assembly line completed
100 jobs. The total in-house effort was approximately 30,000 man hours. The Electronic and
Instrument repair section handled over 2,600 items for repair, calibration, first liné servicing
and “on-call” breakdown investigation with 20% being dealt with by specialist firms. The Elec-
tronic Instrument Loan Pool continued to function as a site service with 490 issues from over
500 instruments in the pool. The above three sections were transferred from Engineering Divis-
ion to HEP Division from 1 September 1973.

Routine chemical analyses, advice on corrosion problems, trade waste and other effluents, and
assistance in the safe usage and disposal of chemicals, and decontamination and monitoring of
working areas following mercury spills have been provided during the year.

SCIENCE RESEARCH COUNCIL WORKS UNIT

During 1973 the Council Works Unit has been involved in giving advice, preparing schemes and
tender documents and supervising works at the Atlas Laboratory, Appleton Laboratory, Chil-
bolton Observatory, Winkfield Observatory, RGO Herstmonceaux, London Office and the
Rutherford Laboratory. A great deal of time and effort has been taken up on the three major
being carried out by Messrs. Turriff Construction Ltd., the Office and Colloquium exten-
at the Atlas Laboratory, the New Library and the New Injector Building at the Rutherford
tory. Work commenced on site during April and the work is progressing despite 1abour
es, and severe shortages and long deliveries of building materials. It is anticipated that the
ding work for the Atlas Laboratory will be completed by April 1974; the New Library
74 and the Injector Building will be progressively handed over for plant installation
LI  service has been provided to other laboratories within SRC with
s and maintenance. The number of jobs over £1,000 handled at

re the establishments during the year were: Atlas Labor-

Obser x5, Rutherford

i1ding Construction of the New Library building continued during the year with com-
s ation expected mid 1974. By the end of 1973 the external shell was substan-
ocma the general appearance of the building became apparent. The building was
un::mn":n& feature of the Laboratory providing an attractive focal point to the
A major feature is the 30 m span bridge section, which, with a new three
o existing buildings.

4 as an ar
approach-
Jock, links tW

design®
casterly
storey bl
cture is concrete, with precast arch beams faced with exposed aggregate, hollow
g its and supported on circular concrete columns. A structural steel frame sup-
: mwc_dﬂw“oa_ deck roof, insulated with extruded polystyrene slabs and weather proof-
_: oc: based single layer covering. The east facing wall of the bridge is a special
-+ formed of gold-tinted double-glazed solarcontrol glass units supported by an ano-
feature, being olazing system. These solar-ontrol units help to create stable conditions in the
dised ac_:::c._:~M"_M&M:..ﬁ The west wall is generally clad with corrugated profile steel panels.
ding hall o 4 ition :_u:,n building was given special consideration to reduce heat loss in the
n the summer.

The bridg
plank floo:
ports a oW
od with hypal

rea
The thermal ins
r and solar heat &

winte

construction was used to minimise noise transfer from the plant noo.B 3. the

ilding. Fresh air is used for cooling whenever possible, but the water from the main o___:.ma
bl _=uu ¢is used when the outside air temperature is high. A heater battery is used for heating
Hd v.r: s lated air in the winter. Air is delivered to the library through a linear grille
o Bm_gsww :“.o:wmﬁ side window and is extracted through the lighting fittings mounted in a
S coustic nm,::i. By integrating the heating, lighting and ventilation system together
L au<_m:m_ aspects of floor and ceiling treatment a very pleasing environment

A special floor

with the accoustic
will be achieved.

The three-storey block, designed asa foil to the bridge, is of largely traditional construction with
load-bearing brick walls faced with dark brown and multi-rustic bricks, oosnam.ﬁ floors .Ea
metal deck roof. Windows are single glazed in aluminium, those at the east end being full height
lancet type.

Accommodation provided in the three-storey block will include at ground H.a<a_ a main stack
area, postroom, workshop and entrance. At first floor level the E:.E..w reception area opens off
the main reading hall with adjacent offices for library staff. A B—o—.o..roro and card reader _.oonm
is provided together with five individual study rooms. A public corridor runs the full length of
the new building thus providing free circulation to the building complex at the first floor level.

Figure 103. Progress in construction of the new library




y expenditure (financial year 1973/74) was £9-48 milli
7 2 . 48 mill
ital (including major computer items amounting to ho.mon_“.__m“

Which £1.43 0.
nt. Corresponding figures for 1972/73 were £8.35 million, £0. o

n) and £8.05 -
90 million gmﬁ_ﬁ

€ figures for gy pre-

£ millio,
, etc) 3.70 Aw.Mov
x.u_aonavaaa 435 (3.85)
~ Building works 1-18 (0.82)
0-25 Ao.owv

Staff expenditure (salaries and wages, insurance, superannuation

Total 9.48 (835)

A proportional representation of the breakdown of the Research and Develo

into divisional and the other main components is shown in the pie chart (Fig pment expenditure

ure 104).

Break-down of the £4:35 million R and D expenditure

Contract

Béreannel Computer and

Automation Division
Applied
Physics Computer Rental
Division and Maintenance

Engineering
Division

(aff position at the beginning and end of the year.
The S

Opening Changes a_-_./w:w
Strength
1.1.73 Gains

DUSTRIAL

zo“..__“n and Banded Staff 25

Science Group

professional and Technology

Group

Administration Group 76

Research Associates 54

Non-Techs and Stores 42

Librarian 1

Secretarial and Typing

Photographers

Photoprinters

Machine Operators

Hostel Manageress

Telephone Operators

(e
Iy

337

8=

oo woo

1)
b
n

—
OoONWYWO O O~

o

Nl
—
<

Total Non Industrial

INDUSTRIAL
Craft
Non-Craft
Apprentices

Total Industrial 312-5 57

GRAND TOTALS 1197-S 148-5

The figures listed under “‘ch ” include new

&

oL 6
sandwich courses, and those working part-time are counted as half.

Staff numbers continued to decline; the’ net decrease since 31 Decembe)
(7% of those in post at that date). S

Communications between management and industrial
monthly meetings of the Local Joint Consult
was held to discuss the use of contract labour at th




A

‘Side members continued to take a keen interest in the EPIC pro
ﬂ@. Unit and the Neutron Beam Research Unit, (both ba:
e latter’s participation in the now Anglo-French-German high f1
‘m‘.\nﬁﬁha_.a.wﬁ—.»ﬁo.—.h:wasiFC.OR:oEm.

Posal, the settjp,

sed at the | gp,
UX Tesearch reyqf

8 Up of h,

Tatory) g d
tor collgp,,.

.gﬂmﬁﬁn&m_ meetings with management were held to discuss s;
accommodation and home to Laboratory transport. Agreeme
‘of matters affecting staff working conditions.

pecific topics, incly

ding try;
nts were reached op M

a NUmpg,

Staff Side membership of the Restaurant, Safety and Staff Suggestions Committee

providing further opportunities for frank and friendly discussions on staff no:&:ozm continyeq

s. 3
In October, Staff Side members and Trades Union representatives informally met the
Chairman of the Council, Professor S F Edwards, ERS; discussion ranged freely ove; e
topics related to the work of the Laboratory. i
At the end of the year, Management/Trades Union/Staff Side disc
to providing a joint approach to implementing the Government
mitigate the resultant difficult working conditions.

ussions took place with a view
fuel cconomy measures and to

The year has shown a further decline in the level of day:
oratory, but the success-rate has remained high and th
level of management training, largely as a result of the programme of Staff Reporting Courses

or members of the P & TO Group. There has also been an increase in interest in Open Univer-
sity ¢ bringing the ber of participants supported by the Laboratory up to seven.

-release and evening training in the Lab-
ere has been a substantial increase in the

total number of part-time training concessions awarded during academic year 1972/73 was
ut 6:5% of the total staff of the Laboratory compared with 8% last year. The 70 stud-
who sat examinations or were subject to “continuous assessment” achieved an overall suc-
aty 88%. Three members of staff received day-release concessions for specialist post-
urses and two are registered research students, one with the University of Surrey and

e Council of National Academic Awards.

time students from the Laboratory completed their courses during the year. One was

t Class Honours in Electrical Engineering at Lanchester Polytechnic, one was refer-

art 11 examination following a course of study at Oxford Polytechnic and the

c same examination. A fourth student satisfactorily completed the first

igineering degree course at Brunel University while on unpaid leave and
C Bursary for the remainder of the course.

courses used by Laboratory staff has been the AERE Edu-
to the extent of about 47% of the total (compared with
amounted to 14% of the total and the remainder Was
e of Universities, Polytechnics, Technical Colleges, Re-
reial nisations. As in Ea&oﬁ.ﬁua%

urses on the teaching side.

1 by August 1973. .
u&_»m Engineer transferred to the Atlas F@OESQ asa 1. )
. aduated from University in 1973, one with mﬁn.o_»a‘mo.:.cﬁz Ele
mzm_nnmwnw:@:ua University, one with First Class Honours in Electrical anc c
t

> at Birmingham University and one with Upper Second Class Honours i ga,m@,uaw 3
eering @

Engin o Birmingham.

ngineering & i -
Eng! major internal training activity has been the E.oEE:BM of MSQ—.MMHMM%W?
bers of the P & TO Group. Altogether 21 one-day courses for ouoc _Em.... ffic-
Eoynes o E,S:. ding one pilot course attended by observers from other SRC estal e
5 _=nm=m.: mSEmo was run for P & TO IVs. These courses were attended by mu
e .,E“:mm _Wuwﬁ.m%vmnoa the Atlas Laboratory, S from the Appleton Laboratory and o
oratory § atl,

ROE.

. ,
This academic year 5

icati ini tinued with a series of 6 bri
5 ramme of metrication training was nc_._. B
ory m%ﬂwacma of the Laboratory, but aimed vﬂro:_w% at o-wmmaoﬂma m.»“- n.
1 o%% not attend one of the two-day courses for designers :.oE W& wo»uviaar i_nnm
T ﬂduoza as host establishment for two SRC Central Induction Courses, )
atory agai

held in December 1972.

The Laborat
courses open

g during the academic year for 48 no_.omo.vwoon‘
nes, bringing the overall total of such nw__ﬂnomn_ I
inistration Division provided the usual forts
er the last 13 years to 415. Adminis i ot
_.\WHMMVN\«M% training for 9 full-time Business Studies mncnna,a‘ »..o:.m z,.m z&““ﬂwﬁmv
ﬂ e of Further Education and a new enterprise was the provision of a mﬂ“. e L
Eﬂ_.oﬁ for a student attending the Modern Studies degree course at z

joi i 4 ical training in
HEP Electronics and Nimrod P.D. Groups jointly m_.cs.nmn 6 months’ practical :
tronics for a senior physics technician from the University o

f the West Indies, spons
Inter-University Council for Higher Education Overseas.

The Laboratory provided industrial :u.._a.: ;
wich-course students in a variety of discipli




Visits

Physics
Exhibition

The Cosener’s House has been well used during the year to provide conference facilities 5
larly for the Council’s Boards, Summer Schools and Training Courses, > Particy,.
The annual Theoretical Physics gathering took place from 3-5 January. Two sum;
High Energy Physics were organised, one for experimental physicists (15-27 1 uly
for theoreticians (3-21 September). Meetings were held at The Cosener’s Hoy
tween Weak and Electromagnetic Interactions (24-25 February), Physics with P
at High Energies (17-18 March), Diffractive Scattering and Multiparticle Unjtar,
ember) and on Vertex Detectors (3-5 December). The Neutron Beam Researc;
joint meeting with the Institute of Physics and the Chemical Society on 2 O¢
New Developments in Neutron WSB_:ﬂEEn:S:e:.

mer schoolg on
) and the Other
¢ on Link be.
Olarized Targets
ity (17-13 Noy.
h Group held
tober to discuss

The Engineering Board visited the Laboratory on 13 March and the Nuclear Physics Board heq
4 meeting at The Cosener’s House on 26 November. Parties of visitors during the year totalleq
910, including 60 Italian school children on a UK visit,

s Exhibition in Lo

ndon, 9-13
ies at the Labor.

atory, which serve
neva and Glasgow, and showed examples of interactive graphics

programmes as an aid in magnet design. The exhibit consisted of an RJE workstation based on
the GEC 2050 computer, connected via modems and a post office tarriff T line at 2400 bits/sec
to the IBM 370/195 computer at the Laboratory.

workstations as far away as Ge

A film describing the computin,

g facilities and interactive magnet design w
was shown at the Exhibition,

ork at the Laboratory
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