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1 Energy Physics

 has been a vintage year for high energy physics.

experimental highlights have been the further verification of the discovery of o com-
class of weak interaction apparently mediated by a neutral current, the observation
ar failure of simple quark-model predictions in electron-positron annihilation pro.
finally the dramatic discovery of the (or J) particles. It is noteworthy that a)
. major discoveries were made by studying interactions involving leptons (electrons, muons
trinos). Leptons are proving to be particularly powerful probes of the structure of matter
their interactions are relatively simple and well understood, being mediated by the weak
ectromagnetic currents acting (usually) at a single point.

tically, great progress is continuing to be made in understanding and applying the unique
of non-Abelian gauge theories. In consequence, it is becoming increasingly apparent
a the phenomenologically disparate “fundamental” interactions observed to occur be-
- tween clementary particles (i.c. the strong, electromagnetic, weak and superweak interactions)
; - describable by a single unified gauge theory. Such a unification would be comparable to

on of electricity magnetism and optics in Maxwell’s equations in the last century.

gﬁwg towards unification stemmed from the need to construct a renormalisable

interactions (i.c. a theory in which all processes are calculable with only a finite
bitrary constants and the divergences and violations of unitarity afflicting the stan-

avoided). This was found to be possible within the framework of non-Abelian
. Because the existence of W bosons (the supposed mediators of the weak inter-
difficulties in the calculation of purely electromagnetic processes, it was natural
describe weak and electromagnetic processes in a unified way. In order to
bility, all such theories required the existence of either (i) a neutral
dition to the W% bosons) and therefore the existence of neutral current pro-
leptons or (iii) both. The original Salam-Weinberg theory was unique in re-

ts.

ce for heavy leptons, on which current neutrino experiments at

stringent mass limits. The absence of neutral currents it

K-meson decay) was exceedingly well established experi-

expectation that no neutral currents existed even though
ving weak p were extremely difficult-

strangeness-conserving neutral currents in neutrin®

t with the Salam-Weinberg theory, therefore caused
tus to this line of theoretical work.

\geness-changing processes requires
the main bases of our present under-
ticles). The entire spectrum of had-
cles, appears to be charac

had very remarkable success in correlating and predicting _n_wﬁ_:oa v—.MM:oEﬁ H
pletely fails to account for the absence of neutral 952_5 u:saom it
The simplest explanation requires the existence of a fourth type of q P

carrying the additional quantum number of “charm”.

Experiments on the highly inelastic scattering of Mnmnoa on._Ea_ao:u oﬁvﬁnﬁw.n%ru_ﬁ
existence of point-like entities within the ==n_2.v= .AE a manner ﬂEMwoﬁﬂ“umﬂ%m demes
of the existence of heavy point-like nucleons .M—m“_wo .m“o »85‘%0‘“ s_‘-o_.« e
3 2 e o :
ment on the scattering of a-particles by a thin oil). ntit { L
zo&anaa::amm"wm&am:_ﬁ from such experiments are in impressive agreement Wi

hypothesis that these partons are in fact quarks.

scattering experiments it appears that the basic consti-

tuents of strongly interacting particles behave like free point-like objects =.w~ do b—o« Nwo—”noh
with each other, particularly since they apparently never emerge as free H.vw_.zo—@u. o=u ]
in which quark-quark interactions are mediated by

It is paradoxical that in deep inelastic

gauge theories of the strong interaction, i - e
massive vector “‘gluons”, are apparently unique in p the property of “asymptotic m—..ooq
dom” necessary to explain this paradox — namely the property that the quark-quark interaction

is very weak at close distances of approach but grows without limit as the quarks separate. This
strongly suggests that gauge theoretical ideas should be extended to encompass the strong un
well as the weak and electromagnetic interactions. This extension also appears necessary in
order to preserve the renormalisability of even the weak interactions alone, in the presence of

strong interactions.

Asymptotically free gauge theories predict small but characteristic deviations from the scaling
predictions of the naive quark-parton model. Some preliminary experimental indications of
such deviations were presented at the London Conference (July 1974). However the most char-
acteristic effects are predicted to occur only at still higher energies than are currently. available.

The great success of the quark-parton model predictions for inelastic lepton scattering contrasts
strongly with their spectacular failure in the time-like four-momentum transfer region where an
electron and positron annihilate into hadrons. Experiments recently performed at the CEA and
SPEAR storage rings have shown that the ¢'e” annihilation cross-section into hadrons is rou;
constant instead of decreasing like (energy)~? as predicted. There were equally spectac
theories proposed to explain this result, for example that leptons may acquire strong
tions at high energy or that quarks may carry additional as-yet-undetected quantum n
and that in these experiments one is producing the new states of hadronic matter carr

In mmm» there already existed very strong theoretical reasons for introducing new
That for introducing a fourth “charmed” quark has already bee:
hypothesis that each of the three of four quarks exists in three different ve;
c« the A.uo far unobserved) quantum number of “colour” would explain sex
e»”mo:_:s present in the simplest quark model of hadron structure. If these
exist, there should be families of “charmed” and “coloured” hadrons wi
“« r»m_-muu n.q¢8==< known. These would be unable to decay int
< ong C quently the least ive should have ve;
or such states has therefore become a very important area for ex|




1 b,.oa the electron-positron storage rin
nts at FNAL and the CERN SPS, is cagerly mi&mn and o,
ptional promise but still involve an uncomfortably 1y ted,

bosons, coloured and charmed hadron states, E:o%m.ﬂén.f o
es prove to be the first direct signal that some of E&. This e, sl".ha Nﬂ:ﬂ“
k clearly remains to be done in order to test these Eoonom.n Object Num!
the details to be filled in. It also seems increasingly clear "_EM _“u_ ideag
-lepton and lepton-hadron collisions to higher energies thgy nly the

g <m«_m o o many of the presently oEmEo o.E.. 88 A study of neutral bosons using a neutron.

n augurs well for the fruitfulness of the physics programm, tanding et e

Meson Resonances

2o : 2 E e that
such as the prop positron ing complex mEMo.._E be

Differential cross-sections for 2-body Pp
interactions

Polarisation measurements for 2-body pp
interactions

50, 99,110, Meson production cross-sections near
128 threshold
145 Study of exclusive reactions in Tp and
Kp interactions in the energy range up to
stages of progress from accepted proposals to practically completed ex- 100Gy

Study of non-di ive p of
S=1 neutral resonances

K" interaction trigger experiment in the
> Omega spectrometer
ﬁ.u,.m medium energy production mechanisms
s studying very high energy hadron interactions at the ISR or SPS Study of meson resonances decaying into
studying weak or electro-magnetic interactions. siangoparticles inGielomeesiseec g
meter at the SPS
experiments, though traditionally a strong field for this
a_oua days of 400 GeV physics. However, somewhat para- Baryon Resonances
1eson resonances is easier at high beam energies and two of
are mainly concerned with this subject. The recent dis-
: ; g : 43,83, 105 LK i i
states has added a mﬁzﬁn impetus to spectroscopy which has 120 mﬂ?ﬁohﬁ__wa“”“ﬂw” atteting
.53% fruitful period with the great success of the
lied success of the harmonic oscillator quark ao%_..: 95 Coherent production of I=% baryon states
y of charm etc. are required by the new di ies on helium ;
ions of the low lying hadron states. The new data pro-
on the inelastic and strange formation channels and
these schemes. Differential cross-section and polarisaf
measurements in the charge e
SR ! rteactions
the traditional formation experiments in that Tp>7°nand 7’ n
of the production amplitudes for tW0 i
‘studying the amplitudes rather than the
of the amplitudes, that detailed in-
e description of two body scat-
nerally extremely successful
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Search for C-violating decay

nor oter

Experiments with high energy charged
hyperons at the SPS

EXPERIMENT 1

A study of neutral bosons usinga
neutron time of flight trigger

This experiment is studying the process
n+p>nt X

using the Omega spectrometer facility at CERN. The charged decay products |
in the Omega spark chamber system. The neutron is detected in an array of
ters and its time of flight d. The angular pt of the

atory and the limits imposed on the time of flight lead to an acceptan

1.1. Neutrons below 10 MeV are not detected and this produces ou
transfer squared between p and n) of 0-02 (GeV/c?)?.
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Figure 1.2. The two pion mass spectrum for the reaction 7o - 77" n. Clear peaks 377 mass distribution (GeVic )
can be seen for the p, f and g mesons: Experiment 1 (18563)

Figure.1.3. The three pion mass spectrum for the reaction @ p—=>
aum_.uﬂwo n in which the peaks corresponding to the Tand W mesons
can be seen: Experiment 1 (18564)

o 1973 we completed data taking with a pion beam of momentum 12 GeV/c. Three The final part of this experimental program, the measurement of the neutron detection eff
triggers were recorded on tape. A scan of some data revealed that in 15% of all triggers ¢y of the neutron counter, is at present being set up at CERN. This requires th
d particles could be seen in Omega and in 21% four charged particles could be seen. energetic neutron beam incident on a hydrogen target. The elastically sca
y analysis of a 20% sample of the two particle events has been made. detected in an array of wire chambers and scintillation counters, and the neut:
positioned to intercept the scattered neutron. It is planned to measure the
for neutrons between 10 MeV and 400 MeV kinetic energy.

(8100 events) (1)

EXPERIMENT 2
(10000 events) ©)

SRR . Differential cross-sections
gﬁpﬁ fit. For channel (1) the 7*7~ invariant mass plot is shown it for 2-body pp interactions
ks can be seen at the p f and g mesons. A moments analysis confirms these
; respectively. For channel (2) there is a strong contribution from the

Differential crosssections for the di-boson processes
e (@ p+p->n +n*
n e is as wery b w+v¢wu+~nw.
¢ mass cut the 77~ 7° invariant mass spectrum IS ¢ measured at 20 antiproto; 7
ey S e iproton momenta from 0.79 to
0t 47 for all particles leaving the hydroge?
sics distributions is at present el
both the above channels will be
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Figure 1.5. The total pp elastic cross section 0 — integrated over the measured angular
cos 0% <0-98). A — extrapolated cross section - a correction has been applied to
the unmeasured angular regions: Experiment 2 (18565)

Fig.1.4 shows the results of both experiments expressed as Legendre coeffi
sent fits to the angular distributions for (a) and (d). The agreement is reasonal
the assumption of one-pion-exchange in (c). Also shown are results from :
BNL experiment on process (a) from which it was only possible to derive
coefficients.

L

The elastic scattering of antip or p was
over approximately the same angular range, and results have bee:
Some results are shown in Fig.1.5. The elastic cross-section integrat

lar range and also extrap d to give the total ct 1 cros
beam Two small ent to the cross-

[

those found elsewhere in pp total cross-section measurement
the formation of heavy mesons in the pp system.

1
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Figure 1.6. The angular distribution of the polarization paramet; 5 .
scattering at 1-385 GeV/c: Experiment 3 (18566) parameter A in p-p elastic

collected at 11 momenta in the range 1-0 to 2-2 GeV/c was terminated in June 1974. Ty
| accuracy of the measurements will be based on v 5000 77 * events at cach Braog
n-

‘to check the experimental apparatus and the analysi
the experi lysis programmes, some data
[ on ..?_-&-.g scattering where the asymmetry has been well determined from oﬂm_h“w_“
T ta has been analysed and a result for p—p at 1-385 GeV/c is shown in Fig.1.6,

igreement over the range of cos 0* covered. T it i
L vered. The analysis of the antiproton ex-

| be ﬁ.sh i”w_ the EoeuEan_._a. of the differential cross-sections previously
“ aﬂ:hum: “c look for high mass meson resonances in a partial wave

cover experiments is v 2.0 GeV/c? to 2- 2
; Lol [c* to 2-5 Gev/c? where there

Imperial College, London
University of Southampton

tions have been carried out with a missing:
nissing-mass +n at incident momenta close
the results have already appeared in earlie?
was found that the plot of o/P"

state momentum in the centre of

V/e. It is possible that this could

ght be associated with the

used to set limits on the.

neutron counters were w@ﬂmg,oa r
backward in the centre of mass were 3
gion there is some uncertainty in the backgro!
blems is very important at low p* where we find
mu.....:«mmo:&waw_ﬂrmnr&vumgn—nei%,v i

plain a rise at low p* and the narrow width means |
cannot be significant. The result is therefore still puzzle,
the behaviour of the w meson.
Our measurements of the reaction 7~ + p =7 +nat cuogn angl S

ing data. We find that all data below 1-05 GeV/c can be adequately

lished s-channel poles and resonances. Our fits favour an S11 resonant mass of
and amplitude at resonance of 0-38  0-05 and confirm previous measuren
tribution. They are however inconsistent with the presence of a narro

of large amplitude.

A new missing-mass spectrometer is now in operation. It is being used in an a

some of the problems raised by the earlier experiments, particularly those on cros
The original ring of 6 neutron counters has been replaced by a cross of up to 6
arranged to cover laboratory angles from 2 to 11 or 20°. This will allow the full m
tion angular distributions to be measured up to a p* of at least 100 MeV/c. A sub!
12 small neutron counters will cover angles below 2° and will give information on
down to threshold. Secondly, the decay counters which previously. surrounded
target have been replaced by drift chambers. These are being used mainly to stud
behaviour of the elastic channel, 7~ + p— 7~ + p, across the meson thresholds.

The resolution of the momentum spectrometer has been improved and a new
made to measure the width of the n' meson. It is hoped to obtain an expei
significantly below 1 MeV (f.w.h.m.).

Figure 1.7. A plot of cross section divided by cent: b 1
reaction 7 p > nhn: Experiment 4 (18567) Vieertte ol fias memen




CERN
Max Planck Tnst

University of ich
University of Amsteran,

Oxforg
Rutherforg Lab, oﬂ?..v.

v ient for an experiment to be done on the SPS Starting 58

.&»:EE.E&%?3»&%«&35&2% Sumo_szw.
tification via Cerenkov counters up to 100 GeV/c, and fuj ol high
ator sandwich counters for o ray rejection. angle

d allow us to push the study of inelastic (mainly pion production) exclusiye
100 GeV/c. The resolution of the spectrometer is not adequate to separate (he
interest from backgrounds with 7° production, e.g.

- -A0

rpeatmn versus  mpomwTA
_lv o
7

the efficient 7° rejection is necessary. The immediate aim of the experiment jg
ergy dependence of the cross-section for production of boson resonances, with
- arm in the energy than before, b) to search for high mass boson states (for
V), ¢) measurement of 7 and K phase shifts up to about 3 GeV mags,
ities for experiments, some involving future developments to the
The main limitation is the worsening momentum resolution and lack of particle
ove 100 GeV/c. Solutions to these problems are expensive, and we prefer first
comes from the easily accessible energy range. We arc particularly interested
ter in studies of the recently discovered high-mass bosons, whose proper-

new quantum number.

t S consists of a target T, two spectrometer magnets M1 and M2,
counter trigger hodoscopes S, banks of spark chambers W, large multi-
tor counters V, covering the full solid angle. Only some of these

w

*(892) /] 4
rvH.. —‘ \\Rwo_c...o: +15 MeV

number of events/ 25 MeV

|
10 15
mye (GeV)

in the reaction T~ +p-

Figure 1.9. Mass spectrum of the missing mass, Ewﬂo. N ntiha

(neutrals =X°). The solid line shows the result of
Experiment 6 (18568)

EXPERIMENT 6

Study of non-diffractive
production of S=1 neutral
resonances

Synchroton, to study the mass spectrum of X in the hypercharge exchange rea

7~ +p = A° + (neutrals = X°)

_lv=|+v

The mass interval covered by the experiment ranges from 1-0 to about 2:
fication is obtained from the measured directions of the decay n~ and
observed proton and/or pion range, with the condition that both the
threshold for Cerenkov radiation in a water Cerenkov counter. The
Rutherford Laboratory HPD 2.

Data was taken at two incident beam momenta, namely 6-15 and
sample of 2247 events has been derived for the lower beam mom
accepted events is shown in Fig.1.9. The experimental mass reso
about £ 15 MeV (h.w.h.m.). As no significant structure

mass region, we have restricted our analysis to the region b

where a bump around a mass of A 1200 MeV.

tween 950 and 1500 MeV with a linear combinaf

a Breit-Wigner describing the K* (1422) 1

observed structure the following paramef
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University of 0”.%?5

Ow

ce at CERN but it was not found possible to ryp in 1
uxumuiwnnﬁoZmb>mvoo:oEo~2aeﬁ.sm”:m?ﬂrmz

974. y,
; of 1975, ¢
summer of 1974 plus some new ideas have enabled the pro
The proposal is now to confine our study to the processes:
K'p~ K'i'np
K°r'p
KKK p
0 make a detailed study of the K* spectrum in Kz and K7 and the KR ang g
present only two K* states are well understood and the field calls for the p; KKK
statistics study of this proposal. gh ac.

Posal to e Tefineq

¢ tests demonstrated that by using the multiwire proportional chambers in OMEGA we

| 4-prong and 2-prong V° topologies with good efficiency. We now propose to add u&m
ector in anticoincidence downstream to exclude a large proportion of events containing M
gﬁ.?ki&na:rawwoénonoao:m. $

arrangement will yield ~ 80 events/ub/day — a considerable improvement on the

sal. We are requesting approximately 6 days running time to yield 500
LAY t
fub in a total of 2 x 10° triggers. s

University of Birmingham

ns made of strange quark-antiquark pairs are produced

50 :.wn: by pions since the K itself contains a strange

Z..E: this only one other the f' (1514) is known

| and will be searched for using the Omega spectro-

Fluxes of K mesons in excess of 10° per pulse
reactions

® will be recorded using the down-
K'K7° to be studied. An 0ut-
‘the two Cerenkov counters I

Sf the experiment will b¢

18 GeV/c inciden!
i 10. The proposed layout of the Omega spectrometer for X
M“w..mm_nnbomwm. Uwu.m are drift chamber planes and C1 and C2 are atmospheric

ot with r ive 71 1ds of 2-3 and 4-7 GeV/c and K thresholds of 8:2 an

P
Experiment 8 (18569)

EXPERIMENT 9

K, 7", 7", K™ -p elastic
scattering differential
cross-sections

The differential cross-sections measured in the momentum range 0-7 to 1
erford Laboratory by the Bristol Group described in previous Annual Repo:
in an analysis by W. N. Cottingham er al. at Bristol University on the ass
section is entirely due to particle exchange with no resonance formation.

to the data. In the model the two pion exchangeincludes effects due to the
p and w mesons which contribute dominantly to forward scattering and of th
dominates the exchange scattering in the backward direction. The fit give
ling constants to the K-meson and nucleon for these mesons which are
predictions from the SU(3) unitary symmetry theory.

As m.aunacmn— in the 1973 Annual Report sufficient data has bee:
ma.o:onu continuously over the momentum range 0-4 to 2-
B_EJ._ elastic events for 7 and for 7~. The analysis is
used in phase shift analyses both at Bristol and Berkeley, US
c:ES the K'p system where the data can be fitted

the intermediate momentum range shows a large num

w,o Hwo:& measurements of K~ p elastic differential

0 that available for the pion-nucleon system are
redesigned and built to do this. ]
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Figure 1.11. Diagram of the apparatus for Experiment 9 (18400)

d of K~ mesons at momenta in the range of 1 to 2 GeV/c is relatively low a number
have been made to enable the full intensity available from Nimrod to be used. The
L  used previously, limited the total particle flux which could be accepted. These
ng replaced by proportional multiwire chambers to detect incoming beam tracks and by
E L,u.g—sswo spark chambers with capacitive read-out to detect scattered particles.

tiwire proportional chambers have been built by the Nuclear Physics Apparatus Group

t Laboratory. The electronics used with these chambers have been developed at

niversity. Initial tests are encouraging. The capacitive read-out spark chambers, con-
g ’AG, use a modular system of read-out electronics provided by Bristol University.
unitshave been tested by computer controlled spark chamber simulators. These
by a push-pull system which applies positive and negative voltages to
chamber. This system gives a first order cancellation of the large volt-
‘When a spark chamber fires, and which could harm the read-out elec-

mmatically in Fig.1.11, is now being installed and will be tested

CERN

University College London
University of Uppsal2
Rutherford Laboratory

relastic scattering o‘.__mm_.%a_m_w,
a particle recoils coherently- T

inelastic channels being studied are the follc

p+*He—*He
A*Hn

main

istributi short lived I=% staf

ents of the decay distributions of the ived [=V% :
M“MMM_M%: of the incident proton will enable the spin Ea parity 0
ioated, free of any possible 1=} contamination. The Smsvwauo.: of el
M.__..mu&mmo: expected to provide information on the interaction of

nuclear matter.

2 e T 0 )
The equipment is shown in outline in m.mm.:n. A _.am_.o.mgz a block of B&%
chambers and a trigger counter to identify a beam particle well upstream of 5 e
is a large veto counter with a small hole to 81_._8 c»n_nw..o__:a caused by an
around the beam. C is a further block of multiwire proportional ..&.w:mv«mm to dete
jectory of a beam particle closer to the equipment. In oau.. to minimise 90 st Em%%
recoiling alpha particles, a high pressure helium gas target is :.8@. This is situats on
the recoil detector D which itself consists of a series of cylindrical wire spark chaml
current division and delay line read-out systems. The spark chambers are mﬁnoﬂ,-.an
der of scintillation counters which provide pulse height and time of Em_;. E.mon.:ﬁ«
recoil particle, as well as a trigger signal. The spark chambers and scintillation coun
in an atmosphere of helium and methyl alcohol at reduced pressure. There are no
path of the recoiling particles other than that of the target. Momentum analysis of the
ward charged particles is provided by the spectrometer magnet, K, together vith
tive wire spark chambers, G, H and J as well as a bank of multiwire E.o_uoa,o:m— a
Threshold Cerenkov counters, L, downstream of the equipment serve to help with the se
tion of #* from protons in the forward system.

All the data for this experiment has now been obtained, and the equipment |
tled. Analysis of the data is now well under way, and the results should be »A&Fﬁoﬁ.
1975. s

Figure 1.12. Diagram of the apparatus for Experiment 10. A, C, E — Multiwire proportional |
veto counter, D — Recoil detector consisting of cylindrical wire spark chambers and surroundin
counter, G, H, J — Magnetostrictive wire spark chambers, K — Spectrometer magnet, L — Thr
counters: (18570) :



data has been take,
1 to Measyy,

al study will provide a powerful constraint to partial-waye analyses aasﬁ.
g differential cross-section and polarisation information in thege G ,.._x, the 7y
are widely spaced in momentum and are sparse at the higher Thomsa nels hay,

feasurements. Data taking commenced in November 1974 and js expecteq
m,e end of January 1975. The experimental arrangement is shown in Mo be
target is of the frozen spin type, designed to give maximum angular mnoow 13,
ys surrounding the target are designed to take full advantage of this sol; 4 »:Em. %
t consists of 20cm® of propanediol in the form of small spheres in a Eca: e
 at an operating temperature below 0-5K. €3

ent interactions yielding charged particles in the final state are rejected by plac-
scintillation counters around the target and in front of each of the neutron and y-ray
. The eutrons produced in the charge exchange reactions are detected in a large array
tillator cells each one metre long, and viewed by a single photomultiplier, Large
are used for converting the v rays, resulting from 7° or n° decay, into electron-
These are then detected by three planes of plastic scintillators placed behind
lier experimental studies of these channels have used optical spark chambers
obtained lower rates than this experiment.

resonance technique, has been between 65 and 70%. To estimate the con-
ons with bound protons data has been taken from a dummy target which
larised target but devoid of free hydrogen.

apparatus for Experiment 11. The polarised target is of the frozen spin type designed

¥ @ wrw-q..—nwo._:mmau arrays of scintillation counters are arranged to take advan-
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Figure 1.14. Cos B¢y, distribution (preliminary) at 977 MeV/c. Errors are limited by Monte Carl
Experiment 11 (18572)

tum. This should significantly constrain the number of acceptable ph:
momentum region.

Differential Cross-section Measurements. Data taken on this part of the ex|
pleted in February 1973, and is currently in an advanced analysis sta

apparatus was similar to that shown in Fig.1.13, with a hydroge:
target.

The use of scintillation counters enabled us to obtain high tics over |

range of the final state particles. After fitting the data, the final event.
at 677 MeV/c to 20,000 at 2730 MeV/c. Using data fro; f
substantially larger event samples are available at loy
2approximation in the analysis,

Such large statistical samp] e
tial effort has been invested in minimising these effect

,. = imising these effects. (1
tron detection efficiency and aperture. E«ﬁunnan“@ e




experiment is to identify resonances in the 7N system,

4 in the Magg
to determine their parameters. A study of this react;

Tange 160y
A s of

ion mSnv SK°

; 5 high angula
ibited by centrifugal barriers near ﬁw_‘n%oa and ( :

_§<m~05§§<u§m55>¢§..

beam is enterin,
tectors. Further
ed by veto counters js the liquid hydrogen target. Charged secondary particles emerging from
target enter a large magnetic spectrometer via further multiwire proportional detector planes. The spectr,
large optical spark chambers at the entry side which are viewed by lead-oxide vidicon cameras 9_?
side there are more large spark chambers with magnetostrictive read-out which measure the o:u_..@ of
les within the magnet aperture. Wide angle particles are registered by a time-of-flight ring of
rs 4m in diameter: (18374)

2 from the left,
downstream,

phase d the re
method v e s that the S11 (1700) and PLL
mo:.

that the P13 and D13 waves also resonate. The F1
and

MeV.

i sal 114) has been set up to sma_..n !
A mﬁnwnm—.”m»oﬁuh_mmﬁ .HM&: in mwmh.um. The neutral _uwmzn_,mnnwv
Me - ar detected by observing their charged decay ms S
reaction are istic signature for the reaction of two vees. The o

i o_.ﬁwma_w_. e optical spark chambers (1-20m x 1-20m and 2 xi-

b Em Em lead oxide vidicon cameras on-line to a U.Uwﬂ.m ;gaﬂug

e e et followed by an array of ngﬁo%:o:wo wire spark "
iy ﬁw«mnﬁ@ of those particles within the magnet’s 2:0m x om_: v.uo ; u =
B«nmiam mn_oanan by a time-of-flight ring, 4m diameter, of 24 onE..—neg »MM -
g u_,.m_, a set of 1:0m x 1-0m multiwire proportional chambers coverin| , :
e s:_a basis of the trigger for the detection system. The proportional chaml
ﬁﬁowwm”mooo wires for triggering and 1000 wires for beam measurement.

com|

The first experiment within this apparatus Q.Houo.s_ :Aw .M ﬂo&_wm.\wmm:.n& n.”_ dif
section and A° polarisation at 10 beam energies between an : uﬁmﬁ?

ing the liquid hydrogen target is surrounded by 16 _oi..nsmw magnetostrict e
E=w= d in 4 quadrants, top, bottom, left and right. This array permits En o,S
M”mewo decays which is essential to cover the full centre of mass angular distrib
action adequately. Data taking started during December 1974.

EXPERIMENT 13

K*n elastic and K*n charge exchange

differential cross-section below
1GeV/e

This experiment is a continuation of a systematic study of kaon-nucleon i
GeV/c. The processes occurring when a kaon interacts with a deuteron

K#n(p) > K*n(p)
K*n (p) > K°p(p)

where A.E represents the “spectator” particle (or non-interacting nt
magnetic spectrometer system with sonic spark chambers and ti
tion (1970 Annual Report). Data analysis is now complete

”Eo results for both K'n reactions, together with ot
€ 2 Significant j .
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Figure 1.17. Differential cross sections for K'n charge ex
change scattering from Experiment 13 together with other
data at similar momenta: (18574)
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ent of the angular distribution of the asymmetry par”

will be from (
entum range Wit N
e it P22 w”__s..m_. ith world data in an effort to impro
In % will be ©

o
The «x—uoqwuoa

mmence setting up o Nimrod in'Octeberle
will co .

£xp MEZNZ._. 15
Heavy particle experiment

i lived heavy

2 to detect possible new mﬁzm or very long-live eavy |
This €XP® wmw“m::MM 10 to 200 GeV. If such particles exist they would be e
emphasis 07 the ma matter in a very low natural or cosmic ray produced concentra
present in OLdine o + would form heavy hydrogen-like atoms and mEn«.:.u 3
e e | water. In this situation the concentration can

R terrestria : S 3
mn:_»w :Mcwwaou:u of the known separation techniques for hydrogen isoto;
cto

riment is de

cnSEo a con
by a very large f2 o :
ess 10,000 litres of heavy water, in nom_uconnco-. uu:.r >mm£
duce final sample volumes in the region 1 to 10 ﬂ.—. Ei___w@ i
.on of any heavy particles will have been increased c%. a factor 10" to 10" rel
Sim_ﬁon LnE ‘A counter array will be used to detect the high energy decay produ ts of
oa:Ew emmw_am in the enriched samples and the presence of completely stable un_.,aaow
”HMWWM”WM%A_ by converting D0 to D, gas which i& be mxu—.::ﬁm _W a nwroog ._H“u o
metry technique of enhanced sensitivity to hydrogen-like atoms. or on ahﬂo__hu me!
cess began during 1974 and will continue throughout 1975. w.o_.:a 55._10 e stage -
samples will be used in preliminary heavy particle searches during 1975 with studies of f

centration scheduled for 1976.

It is planned to Pro®
AERE Harvell, to pro

EXPERIMENT 16 i
Westfield College,

Study of exchange mechanisms in quasi Rutherford Labor

two-body final states in the RMS

facility

Current approaches to hadronic reactions are largely phenomenological, with Regge

models successfully describing a broad spectrum of reactions. There are, how
E:._.om Which force the adoption of rather ad hoc modifications to the basi
Wﬁnﬁ Tequire az.: the amplitudes contributing to various processes can be

n._x.as..z fashion from the data alone. This, in turn, requires that
ﬁ—mﬂaﬁs states are known. With a polarised target the initial heli
S a_Wm“”Mm M_.M .z_-n Eon..nn..w particles can be inferred from the jo
siate _u_nuv cles and their decay products. Quasi two-body

H«o&n:..ermovwg.h ge, but high statistics and g

high usﬁ_.»ma Multiparticle Spectrometer (RMS) is being bui
quasi studies of two-body reactions to be extended to
& fied oy ocesses. The RMS comprises the magnet
Orientated, with an increased inter



#p— K, K* 27(1385), : ) piffeential crossections an a
¢ polarisation in the reactions
followed up with K* and K™ beams, 0 that the gy E KT
anels, can be studied. 0g0us o
designed to select E&&o:ﬁ:« events i:.: 4 particles jn the : . : e,
ional chambers surrounding the cylindrical spark o:E:M:MM ﬁu&mﬂﬂoﬁnﬂn i«ﬁoﬂuﬂ»ﬂhﬂ =$._ur.ﬂ=w8 el
, ferential cross-sections for the two related reactions 7'p > K'Z" an

L %mungmn & el contain other channiels of gony setup (already described in the 1973 Annual Report) consisted o
. e »”2 i.?o_._ - :._mmw.n HEu'o be w:uow&zm“w “_Hn_ %awwwaﬁor with very efficient particle identification, together witl
see if they contain evidence for those elusive meson states predicteq telescope for the recoil particle.

Initial results from the experiment are very satisfactory. The data from .n»o i
B mac xpectod so 1o e computing-analygig meter (used to establish the differential cross-section at low t) is much cleane
¢ cxceptionally heavy. To alleviate this more efficient methods of pattern re. vious experiment (Fig.1.19). The virtual absence of a peak at the proton mass is a
examined, with encouraging results. Another solution to the problem of a no background under the X peak. This, plus the fact that we measur both r
ntral computer is to build hardware pattern recognition modules, anq same set-up, ensures that we can make the long awaited reliable comparison

onm.ﬁnco;s—.w and at Edinburgh are actively pursuing this line of attack
A From the double arm spectrometer, we already have indications of the high t ener

 will be ready by the end of 1975. A significant saving in money and effort has ence, which shows promise n.;. shrinkage of the E».mmnonmw_.o—.o%ﬁa.omoﬂum expe
through the use of some of the capacitative read-out spark chambers previously aoa&.i:_ K* axors:mo., m_n.‘_.wo shows a preliminary differential anowmxn«ono
at CERN, and the loan to the Laboratory by CERN of the whole of the and Fig.1.21 mr.wsm the implied energy dependence vs t. If these _.o«:_o.m are be
read-out system used on that experiment. complete analysis, we may @:a that these hypercharge exchange reactions behay
ferential cross-section) in a simple manner, as expected on the basis of a Regge pole m
in a more complicated way as regards the pola..sation, as with p charge exchange).

Figure 1.19. a) shows the missing mass distribution for the final mp >KZ da >
5 s . $ iy L
ing distribution for the line reversed reaction: Experiment 17 (18558, ;uuwv;. A
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Figure 1.21. The implied energy de;
Pendence,
represented by Coer(t). The result is consistent
h Baaza

with domi K* D nt 17
EIRSETS: 0 o o e VTl e R
CERN Figure 1.22. General view of the polarised target, spark chambers and counters for ‘the study
7~ +p—K + A Optical chambers 1-8 are viewed by seven television cameras. Inse
ETH, Zurich ment of veto counters and tungsten around the target: Experiment 18 (18576)

University of Helsinki
Imperial College, London
University of Southampton

to measure the P, A and R parameters in the reaction 7 p - K° + A at §
ited at CERN. The apparatus comprises spark chambers covering
%ﬁn, magnetic field. Special pole pieces create a 2-5 Tesla field at

frozen spin target is polarised in this region before being moved
pstream chambers (Fig.1.22). The propanediol target, which
for more than 24 hours, is held at 50 mK.

en television cameras; three pairs of cameras are mounted
‘mounted on one flank to give 90° stereoscopy of the

: which surround the target and which
‘and by a coincidence pulse in oné of the




1974 on its programme of invest

gation
tion of 1,
u:oonm«_..E
elastic p,

fying the reaction 7*p ~ @ + anything at an incident mom,
‘described in the 1973 Annual Report. The data analysis is ., %:Ea
the scattering asymmetry are shown in Fig.1.24 as a function oMoa.
(p*) in terms of the Feynmann scaling variable x = p#/,* the
time that inclusive production processes can be spin %wo:%.__:u R__en

ase space, and that in this particular process of 7¥p (1) » g 4+ Ew.pﬁ”:

 mirror symmetry of 7 + 7" elastic scattering (x = 1 in Fig.1.24) is carrieq ]
 of inclusively produced 7’s where the pion projectile fragments. 58..22%5
/ay but obviously indicate an underlying similarity between elastic LM“_

g in this region of phase space. Clearly the assumption in :E_.

exchange amplitudes is not borne out by this data. Y

- the experimental layout which was used throughout 1974 in the P81 beam a¢
iboratory. This experiment, designed to complemert the previous measure.
8 GeV/c pion induced inclusive reactions, measured not only the asymmetr
induced reactions of the type p + p (1) = p + anything . ;
- 7 + anything

tion parameter (P) in the region of four momentum transfer It |=

¢ full angular region extends to | t | = 6:6 (GeV/c)® and hence for the

 the polarisation p has been d over essentially the full

duwﬂwu%“s? the inclusive reaction =Hv3 Y=t anything at

My (GeV)

Multi -Wire
Proportional
Chambers

iment 19 at Rutherford 1 (P81): (15353)

Figure 1.25. Layout of Exp

The specially built high energy (79 GeV/c), high intensity (10° protons/|
described in the 1973 Annual Report. The experimental apparatus, as sh in
sisted of three major sections:
(i) A forward arm with steering magnets M404 and M407 and an anal; ing ma

to accept and measure using hodoscopes H; to Hg the fast forward particle fr

(i) A recoil arm with hodoscopes Hy Hg and Hy to measure any recoil .nww
with the forward particles and through correlations between the recoil angl 1 forw
and momentum to select out elastically scattered proton events; ]

(iii) A backward arm which detects and momentum analyses the fragment
the polarised proton target.

P81 pp elastic
forward momentum
at t =-5(GeV/c)?




P81 Elastic pp (1) — pp
preliminary results

—_—
—
—_——

|

1

20 50 =
1l (Gevic)?— —

R

e Seationn (Po) in 8 GeV/c proton proton elastic scatter-

the data taken is now under way and Fig.1.26 shows the quality of the elastic

.w.:o distribution of the measured forward momentum at | t [= 5.0 (GeV/cy?
ction is very low (< 1ub/(GeV/c)?). Similar distributions exist for the corre.
forward and recoil angles. The distributions clearly show a narrow peak of
from elastically scattered protons off the polarised protons in the target, above a
f inelastic and quasi-elastic events. The quality of the data enables good
 polarisation parameter to be made and preliminary results are shown in

wﬁg of the asymmetry is clearly suggestive of a strong diffractive component
clastic scattering even in the large angle scattering region of this experiment.

try in the scattering process when specific particles are inclusively
h preliminary results indicating a small but positive asymmetry over
fragmentation and zero elsewhere. The result being independent of

CERN

University College London
University of Genova
University of Oslo
University of Paris-Sud

those reactions in which the only out”
p* beam particles collide with P>
reactions up to the largest scatterifs

T to try and observe effects arisin
'is being designed to handl®
p.p.s) and to have 8 S0

\\I\II

for Experiment 20 at the SPS.

igure 1.28. Proposed general ES:moEgm for n af 1 y

M.M.: T — liquid hydrogen target W —m/ prop 1 H — trigger scintillat
Ex—euoo_uonlu::ou—u:o:nc.oum:na Om_.u=_3<oo==ﬁa.2mmm8

The equipment will be mounted in the West Hall, in the E1'/H1’ beam line. Particl
to 80 GeV/c will be available in this beam. It is intended to obtain data at 20 40

GeV/e.

The proposed equipment, the details of which are still subject to slight modificat
in Fig.1.28. The beam has been designed to have relatively large transverse di
8cm) and a very small divergence (0-03 mrad) at the target position. The h
10cm diameter by 1m long. It protrudes slightly into a spectrometer magne

quire very loose angular correlation criteria to be satisfied by candidates.

threshold Cerenkov counters C1, C2 and C3 are installed in order to identif
ticles.

Construction of the main components for this experiment has begun, altt

very early stage. It is intended to have the equipment available on
Summer of 1976, in anticipation of a possible early start of SPS operati

EXPERIMENT 21

Study of high transverse momentum
Viour at the [SR
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EXPERIMENT 22
Diagram of the wide angle spectrometer used in Experiment 21 at the ISR: (] 8581)

i entum
dy of high transverse morm
w“:ﬂi«:» in the split field magnet
roup and i at the ISR
ties associateq

d to extend the range of measurements of the British-Scandinayian
to study the multiplicity and angular correlations of charged scconda
transverse momentum events. At transverse momenta accessible o us the inclugj ) . ated with 1arse fanver SRR
ion shows marked deviations which are not well understood from the low 53”._“” This experiment will study vmmmwamo%ﬂu_wmema associate &

behaviour. With the additional multiplicity information and our ability to identify using the split field magnet ( -
ndaries it is hoped to improve on this situation.

The spectrometer currently being used at the ISR by the Daresbury-Liverpool-Rut

‘ Gl ; in order to select the rare high P se«
n §< detector (Fig.1.30), designed in consultation with the CERN-Holland-Lancas- Jaboration o{: rmn used; 0 thieser z:w wm_z_ hawﬂﬁa m”—_.a n_ﬁuonm and protons in the momentum
ster (CHLM) collaboration, whose experiment also makes use of the information it LTS e Sw. o_ mﬂowa_wno:u M&o&waa with such triggers will | ﬂ%
installed in the January 1974 shutdown. Its total solid angle coverage is v 99%, range from 08 Rm 5.0 ONM\ M: Mﬂ‘ MMMES. hodoscopes around the SEM detector sys
tector is a barrel shaped assembly of scintillation counters surrounding the bicone. piiithe helpjofilarge soli ‘

I i ith sui ent of these hodoscopes it will be possible to look at the effe
Hﬂgsas “octants” of longitudinal strips and lateral hoops which provide detailed ”H”WM»MM_WHMM“WNﬂ“ﬂmﬁﬂ_:mim K and A, a search of considerable interest in
on the vo_w_. and azimuthal distributions of secondaries. It is supplemented by cent observation at Brookhaven and SPEAR of new heavy particles in the 3 to 4
the ends of the barrel and by large spark chambers on either side to resolve
 the central region.

licity detector used in Experiment 21. The main detector is a barrel-shaped arrange- system are presently being manufactured in the Liverpool workshops. The lar;
ers surrounding the intersection region bi-cone. The counters are arranged to pro- have already been built for the MIT-Or. y-S dinavi peri at the SFM.
v.o_- and azimuthal distributions of secondary particles. The total solid

The experi has been provisionally scheduled to run in the second half of 1
muon spectrometer

EXPERIMENT 23

Study of particles
produced at large angles

ow ‘Measurements of inclusive singl
by the end of 1973. The



BRITISH-
SCANDINAVIAN |

40 L 30

composition with trans- I -*

ons: Experiment 23 (18551) s
> 10 .
10 05 m%

Figure 1.32. Invariant cross section for p and p versus rapig-

ity: Experiment 23 (18562)

res of the variation of particle composition with transverse momentum can be

 Fig.1.31. One of the striking features of the data is the rapid increase with Prpof the ex-

er K™ and of p over p in the high P region. This cffect is consistent with quark

models of the protons but is inconsistent with those models where pair-production s

_mechanism contributing to high Py events. The dependence of the invariant cross-

on rapidity (Y cms) is displayed in Fig.1.32, for p and p. Here the ratio p:p is seen to in-
with increasing Y cms as well as with Pp.

orrelation data taken with the spectrometer run in coincidence with the large
ostrictive spark chambers of the muon detector has been completed. A linear

of the associated multiplicity in the chamber opposite to the spectrometer

Whereas on the same side as the spectrometer the correlation was approx-
Pp and positive.

ed to search for muons with high transverse momentum as a.s.
‘massive new particle (for example the Intermediate Boson) which
urces of muons at the ISR are from the decays of 7 and K mesons

d to reduce the background muons from meson moﬂwr
T

2!
!in0n<~n )

Figure 1.33. Limits on the mass of the p lated i diate boson:

EXPERIMENT 24

Study of inclusive particle University of Bristol :
production at very low pp and Massachusetts Inst. Te

x=0 Niels Bohr Insti

proportional chambers (Fig.1.34), was installed in intersection 8 of the ISR at the
1974. Data were taken throughout 1974, and the experiment was dismantled at the e

the Pisa-Stony Brook Collaboration as a monitor. During the non-Terwillige
been obtained on 7° production by detecting electron pairs.

Figure 1.34. Side view of the low p1.90° spectrometer for Experiment 24: (18583) ;

CH4

intersection point
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been run in 2 high um mode in coincjg,
nt to study correlated event topologies with charged parg:
this collaboration, use was made of hardware processing S.ﬂ&%
Rutherford Laboratory Electronics Group, to perform track findiy pm
jon on-line for each event. &

%€ With the p.
Pigg.
S at 90°
ent, nsa_“
nd 5050_._.

v

 program package for these data is now essentially complete, ang

e analysis on the 370/195 is scheduled to start in carly 1975 Production

ENT 25 Oxford Universj ty

1 CEl

ISR solenoid experiment to study = RN

electron production ockefeller c&ﬁﬁ@
Columbia caﬁi@

This experiment at the ISR is designed to study electrons, electron pairs and 7°
association with other charged particles at the highest energies. In looking at elec
can measure the cross-section for production of the newly discovered ¢ particles
similar particles of higher mass. Single clectrons are important to study because they may b
associated with the production of other new particles such as the Intermediate Vector womov_.._ "
“charmed” particles. The apparatus is designed to measure the momentum of charged E:EQ
and the energy of 7°’s and K®’s which accompany the electron. This electron-hadron signal H
be a clear indication of the presence of new particles. We will also sce events which are E:i&
hadronic, and with these we will look for high transverse momentum correlations as are axuonw
ed in parton models of the proton.

S produceq i
tron pairs, we
and search for

TFigure 1.35. ISR solenoid experiment: horizontal section of the apparatus through the plane of the i
ing beams: Experiment 25 (18589) Bl

C

ABC ~ e Goscopes

_ cintillation counte’

> apparatus in the median plane. A
35 shows 2 m.oohmv_-w\ MMNH«%ME region of the ISR vouuu..u
sounds @ i Ea“\:vw_.oonn throughout a volume o.m 2.8 m’. An ele
" uniform to3 fe e though hodoscope A E.a. its trajectory through J
Wa%mu: region M_.mo»_ drift chambers. It merges into hodoscopes B and C an
py the 07 Q_Eoo::sa which measure its energy. Q_uwmon rsaoaw..m are me
in the lead Eumw uce large signals in the lead glass while 7 u?o:.. 7°’s, produce ! ,
put do not Pr° bers, and the magnetic field cover the full azimuth, but the lead gl
A, the nﬂmwh_“w-m: oE_wn side, covering half of the azimuthal range.
ged in twe s

tallation at the ISR is due to comm
_._M;.i winter shutdown-

ence in October 1976 with the magnet arrivin,

Oxford University
EXPERIMENT 26 Westfield College, Lond
Hamburg University
Karlsruhe University
CERN A5
Rutherford Laboratory

Neutrino experiments at the SPS

From the start up of the SPS in Autumn 1976 it is planned to operate a neutrino facility in the
West Hall. Two alternative » beams will be available; a broad band horn mwo:woa beam, n.:.— a
narrow band beam of special design. These beams, which will run alternatively down a single
beam line, would serve all 4 planned neutrino experiments. The four detectors, 2 bubble orE.:. o
bers and 2 counter experiments, will lie one behind the other on the sloping “West area neutri :
ramp”. The beams pass through all 4 experiments and on into space. The neutrinos will there-
fore pass through several hundred tons of target and detector; such large target mass bein|

essential in view of the smallness of the neutrino cross sections (107 cm?/GeV). It would take
some 100 earth diameters to interact out most of the neutrinos from a 100 GeV » beam.

The very property of the neutrino which makes it so difficult to study — namely its tiny inte
action cross-sections — also makes it a unique tool for high energy physics research. It is the onl

ticles have electromagnetic and strong interactions with matter, and as these are many orders
magnitude stronger than the WI, the WI processes are normally masked although they

some detail weak interaction scattering processes at very high energy (up to 300 GeV)
very high momentum transfer (very small impact distances) up to q* of 500 (GeV/c).

The subjects to be studied in this research would include:
2) Does the basic framework of the WI remain unchanged up to the highest value of

b :
avc“r__ah“.o%%rﬂ”m mww\-:»-—w. years suggested that the WI may be carried (propagate:
3 e “W” this is consid Rl 1
EM interactions, [t ; ed to be eq to the p
causin, i i
8 the linearly rising total cross section with energy to start to bend over

¢) The : =

fe o._..mwpmmo 5<.5m oa« WI can be considered as a “point-like projectil
ing diffuse an %EREW m.wn.co_om Wwhich are pictured as surrounded by a clo
Projectile for ..W:ooﬁ.».: in both size and composition. Hence the neutrin
1O). Thus ghe n..as_ﬁ the internal structure of the sub-nuclear particl
B aaaamm_ picture built up over the past decade
S0 be tegigg Huvns.w themselves built up of yet smaller buildi
h o Uering studies with neutrino beams, In this are
onal valuable property that it is sensi
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heavy lepton”. It is hoped

0 experiments,

F weak interaction, “the neutral current process”

4 emains to study this process in detail, even to d
or not. It is proposed to look in detail at neutra] current:

Y interacs;

that ogn“m
has been discor s
etermine érmﬁogan i the

: Titis par;
S in the €Xperiment Euov_who»m

design of the apparatus for this experiment is shown in Fig.1.36.

Neutrinos can interact and be studied from two regions:

i) Those that interact in the 5m long H, /D, target;
(ii) Those that interact in the liquid Argon-Iron calorimeter/target.

‘The events of type (i) will be fewer in number by two order of magnitude but make it possib)
to study the individual processes vn, vp and vn and vp. This will be the first counter mxvaass_”
o do this. The apparatus is designed to study two basic types of neutrino interaction namely
charged currents, where the v changes into a charged muon, and neutral currents, where it re.
‘mains unchanged:

v + Target > Hadrons +

v + Target - Hadrons + »

The concept of the experiment is similar in both cases, namely that the hadrons from the prim-
Aary neutrino process are allowed to shower in the liquid Argon/Iron calorimeter. The calori-
‘meter operates as a set of 1,600 separate ionization chambers, the ionization being collected
from liquid Argon, as the medium, on to 3mm thick steel electrodes. The 3m x 3m cross-section
is covered by sets of 3m x 10cm steel strips, the strips running in alternate layers vertically and
‘horizontally to give spatial resolution for the device in these two dimensions. The hadronic
owers will be typically 2m long. There will be 1,600 pulse height channels to record the
energy deposited in each of the 1,600 independent calorimeter cells. The sum of the signals will
.Ww- the cenergy that the neutrino transferred to the hadrons to an accuracy of a few percent.
‘rom the pattern of energy deposited in the various cells the hadron shower direction can be
termined. Large angle muons from the charged current process can be recognised by the hit
°rn they make in some of the 1,600 calorimeter cells. Muons of intermediate and small
,,Mmf!:&ﬁa:@u number of calorimeter tanks and on into the solid iron muon spectrometer
(to be built by the CERN/Saclay/Dortmund/Heidelberg group). Their direction is ob-
om the drift chambers in between calorimeter tanks and their momentum from the

05

- apparatus will receive the “narrow band” (NB) or “dichromatic” beam that
1o have a high intensity and good v energy definitions. Event rates of 100,000
have been predicted for a NB neutrino beam. Part of the time the broad band
event rates of v 100 times higher. Because the neutrino energy is not

event in a broad band beam, the experiments become much more

't quantities are measured in the apparatus %—.._, Eys
unknown neutrino energy (E,,) and to fully con-
 useful work can be done in the broad band beam. In

lorimeter Fe—Argon
mﬂn:w (2x3x3m)

| dritt-chambers

ic vi ino i i he SPS st
i ol etric view of the proposed apparatus to um=m< neutrino at tl
HM”MM %m:o MM: calorimeter, drift chambers and a solid iron magnet: Experiment 26 (18584)
kinematics of the neutral current process be determined, and even then with no spare Ea«mﬁaﬁ,
quantity to allow a cross check. The “fine grain calorimeter made possible by this new liquid
Argon ionization technique offers the best hope for a detailed study of the neutral current pro-
cess.

EXPERIMENT 27 University of Chicago
Harvard University

Muon-nucleon scattering University of Illinoi

This experiment attempts to probe the internal structure of the nucleon by S»Roﬂ:m
energy muons off protons and neutrons. The electromagnetic interaction between charg

tons (muons or electrons) and nucleons is mediated by virtual photons whose mass, en al
polarisation can be varied by the choice of scattering angle and energy. Thus muon scatteris
permits the separation and measurement of the nucleon structure functions. /

q2=0.4 GeV/c2




muon-electron
scattering ——

6 42 B W
total downstream momentum GeVic

8. Total spectrometer momentum for fL+p = [+ anything. Dashed lines show the contributions
‘bremsstrahlung and muon-electron scattering. The solid line is the sum of ali contributions:
27 (18586)

f the muon scattering facility was completed in 1973 and, with continuous im-
the ENAL muon beam, two high intensity data-taking runs were made in 1974
of 150 GeV and 5 to 8 x 10° muons per pulse. The first run in May used a
get while the second run in July used deuterium. Some 500,000 triggers
this should yield 50,000 nucleon scatters.

data is in an advanced state. Fig.1.37 shows the interaction point distribu-
direction. The hydrogen target is clearly visible. Fig.1.38 shows the sum of

‘muon electron and muon nucleon scattering.

k analysis are expected in 1975 and will give information on the
i detailed of the inclusive hadron behaviour and

in 1975 when the muon beam intensity should reach 10°

Westfield College, London
Rutherford Laboratory

he result should provide an upper limit to
.,En..m.aﬁamawa:ﬁsn::

- €' to occur throughd

NN—-EEUZ.H 29

eiments with high enrEy
mxﬂ ed hyperons at the SPS

i mpact beam line has been designed for the West Area wn CERN ir
i S.o% and decay properties of the short lived charged hyperons, >,

i t B
,ﬁ—ﬂoﬁ:n.”””m_mn of the programme which is a study of the weak leptonic decays:
@) E ->Aep

—.v pr-
= 3%

L

_nv pn”

T > Aep
L. oa-

and if possible

(iv) Z'->Acy

ey

existing data on the leptonic decay transitions between the states of the baryo:

there is still a strong demand for more accurate measurements in order to chec
validity of the Cabibbo theory, in particular the absence of second class curren
large SU(3) breaking effects observed in strong interactions it will be extrem

uowcoﬁ- at what level and in what way the Cabibbo description fails for
cay. ¥

Studies of m_now<m (i) and (ii) are particularly attractive since the /

Nnum_wan via :.5: paaty violating decays. This allows both tt
™ factor ratio g , /gy, to be measured for each of the decays.

1t is expected that it will fo '

s be possible to

particles although it is ; g




eavy metal
shielding

~13m }..

re 1.39. Layout of the hyperon beam at the SPS. It consists of three conventional bending magnet,
wo superconducting quadrupoles. It is designed to select the momentum of secondary particles up to _,mw.a
GeV/e and also to sweep away muons which p the shi peri 29 (18587)

A layout of the beam is shown in Fig.1.39. It consists of three conventional bending magnets
and two superconducting quadrupoles. The bending magnets are designed ot only to select the
momentum of secondary particles up to 150 GeV/c but also to sweep away from the apparatus
muons which penetrate the shiclding. The narrow beam channel in the magnets is surrounded
by high density lead, tungsten and uranium shielding. The quardupoles serve to make the beam
parallel as it emerges from the channel allowing identification of the various particle types with
a DISC counter.

Expected particle fluxes for 10° protons interacting in the target are shown in the Table. In
addition there should be usuable numbers of §27’s.

le:  Expected particle fluxes per 10° protons interacting in the target
n e | D p T
BYI0t X100 10 4x10°  2.8x10°

2x10°  5x10° 22x10° 5x10°  1.7x10?

set-up: Experi 29 (18588)

iead Y chamber

Cerenkov iron

ass muon
chamber

et in Fig.1.40. I
5 f the experiment iS shown in £
A schemati® ﬁm:n proportional chambers to measure the
%%non.usn “oducts. The most difficult problem is to s :
decay Pro% decays which occur roughly @ thousand times more
large lead glass array,

tional chamber assembly :
ii) are detected in the lead glass array and in

identified in 2
il-xenon gas PrOPOT
Mwoa ° decays in Process
hodoscopes- o
particles in the beam are measured with very high

directions of
e d before and after the DISC counter.

omen 5

HM.M M_Svo_.no:w_ chambers situate

istol University are supplying the large lead glass:

therford Laboratory and Bristol . . 1 cad
e ov counter, the gamma-ray hodoscope together with associated ele

nk < :
ﬂmBmMﬂmS% for the transition radiation detector and the on-line computer for the e
—

Bubble Chamber Experiments

The distinction between bubble chamber experiments and counter experiments becomes less
clear each year. 1974 saw the successful operation of two hybrid systems at SLAC, comb :
the advantages of the two techniques. At the Laboratory, the Rapid Cycling Vertex Det
(RCVD) is expected to come into operation in 1975. However, the major effort of m:

chamber groups is still concentrated on the conventional bubble chamber experiments. :

to :wov neon-hydrogen mixture, which serves as an efficient detector of 7 rays
or Z°).

The Laboratory has been collaborating on installing a TST in the 12 foot
Argonne National Laboratory. Preliminary tests of this system have been succe:
tuns are expected during 1975. The Laboratory group has proposed a P
chamber, and also a neutrimo experiment in a TST in the BEBC chamber af
E:or larger chambers leads to higher conversion probabilities and seconda
making the system much more useful for the detection and reconstruction

”Mnné.s. limitation of many bubble chamber experiments has beei
reactions. To overcome this problem, but retain the major 2 tag

M«m«oﬁ&nﬁﬁ — good spatial resolution and essentially 100%
i _u“.m — hybrid systems have been developed. One su
i ﬁ.En target and near vertex track detector, wif
Plotographing of the desired events and to provide addi

built at the Laboratory consists of a cylindri




[Experiment 42), which will study the Producti,
1975 and the special beam Ii s e nVIIOR Expef

‘under construction. Later axvﬁannﬁnwm_ahwﬂm__m elec. * Nmber A0 to 2:33 GeV/c : CERN 2m (

; it the ex. K*:2t03 GeV/e; RL 1:5m (D2)

i

“second generation” conventional bubble

g new results on N* and Y* resonance format;

iment (Experiment 32) has completed isobar mode]

7 “reactions, complementing the recent results from the SLAC.B,

energy K™p experiment (Experiment 38) have performed e
lyses of the two body reactions %s: a wide range, including their ney, dit
cm energy range. Analysis is also commencing on the K p g 7

provide _mﬁ:_ w”:m:,um:a on the S = -1 partial wave Su_l:ﬂcwm MMMM”. 7 ;4 GeVfe ; RL/TST (Hz,Ne)
tion on the S =+1 (Z*) amplitudes. %

.orw_._..g exd n;1to3SGeVe ; CERN 2m (Hz)
198 Theilc: o, 8 GeV/e ; CERN 2m (Ha)
Partial way, Ky sl

erkeley anal.

nergy novma.

ude analysis technique of analysing three meson systems (Ascoli analysis) has been
pplied in several experiments. In the 4 GeV 7*d experiment (Experiment 30) anal.
production of 2 systems and detailed analysis of the w® production in 37 systems ”
nique. Similarly the Krm systems have been analysed in the K'd experiment K™ ; 14:3 GeV/ec ; CERN 2m (Hz)
jeV/c (Experiment 34) and the 14 GeV/c K™p experiment (Experiment 39). Al these
ited the power of this analysis method when good high statistics data are available.

K™ ;045 to 1-40 GeV/c ; CERN 2m (Hz)

P;2GeV/e; RL/TST (Hz,Ne)
“p experiment has also produced much new data on various inclusive reactions,
1g tests of scaling and triple Regge models. Intensive searches have been made for narrow K™ ;0 to 0-58 GeV/c ; RL/TST (Hz,Ne)
in the light of recent discoveries, but these have proved unproductive.

dge group is currently analysing experiments using a high energy A° beam (Experi-
33) and a medium energy neutron beam (Experiment 35) in the CERN 2m chamber.

K™ ;29 GeV/c ; RL/RCVD (Hp)

major developments have taken place in two areas. An improved
¢ has. loped taking into the non-linearity of the cc
has been implemented in the KINEMATICS program. A new post-Kinematics 750,100 GeV/e ; FNAL 15 ft (Ha)
ing under the CERN HYDRA system has been written, offering versatile selec- A 7, K% 50 to 200 GeV/e ; FNAL 15 ft (Ha)

ORACLE, is bei i .
is program, ORACLE, is being used in place of the old JUDGE program. o o # e Goyisiae

(BEBC) has suffered delays but the group should receive film from this Facility ()
three scan tables now set up for the BEBC film. Epeneati Broposed

162 P ;26,57 GeV/c ; ANL/TST (H;,Ne)

7 ;22 GeV/c ; BEBC (Hy)

K™ ;45,65 GeV/c ; BEBC (H,)
Collaboration

»,7 ;30 to 70 GeV/c Wide Baf
University of Birmingham ‘ BEBC/TST (H,,Ne)
University of Durham s
Rutherford Laboratory

Free University of Brussels
CERN

Tufts University, USA
University College, Londo”
‘Rutherford Laboratory

University of Cambridge
au.‘ﬂﬂw.w”_—nnu. aiton
d College, Londe™
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“an amplitude analysis of the p data: (18435)

pictures. were taken in this experiment and the measurement of most o
lete. Large data samples have been obtained for the charge exchange re

ciﬁi@ of Birm:
University of Durhar, i
Rutherford Laboratgr,

f the
Ctiong

1. Comparison of vector meson production data of Experiment 30 (solid circles) with photopro-
ypen circles) obtained at electron accelerators. The results are derived from two different

(e)

SOLN 1 SOLN 2
(a)
i
Unpolarized cross section mmm 7
m. t i 5o
a
(TP A i

(b) *

Natural-parity exchange m

(f)

AL

(c)

S 1 | *

nance production, which is the ma
The studY of eoSM_mnMoE&. of 41,000 events corresponding
jng with 2 mwa,n_»..-_em production is nearing 83&,2.6:.!@‘
iled stuc v.»b alysis of three pion sy are g appl i
of phase M__quom:nmo: ‘mechanism over the whole 7"~ mass r
3 :

tent and 3
vailability of high st

tistics data from the above reactions 3%%».&,5
e i ization of these two channels, has made po:
M-ﬂmo ofithe B_M»m_ﬂm_o:m““”_hﬂsmgm p° and w° with the predictions of the
the m.o.._cnﬂn”__ it is postulated that the photon, also a vector particle, couples
model, 1t - ugh these vector mesons. The results of a comparison of our

(i n:ﬂ:: v:onannoa_._ozo: data obtained in experiments at elecf
g n&g 1.41. It is seen that there is agreement between the total cross-sections f
il ﬂ_ma ﬁ.Ez. the agreement is not maintained when considering the separate co:
wﬁ_ao”&nw.»_ cross-section from natural and unnatural parity exchanges.

0 3

thods of three pion phase shift analysis, mentioned wcoéuruﬁo_un-os app! d to the co-
herent reaction #d > d @77, and the spin-parity content of ; the 77 - uvﬁ,no_: ,mon.. i

In other experiments the charged 3m system has been analysed in an:oﬁ.o.,..vvﬁ-. of

tons and off heavier nuclei, and, together with the deuteron data from this experimer

sistent picture of this process is emerging. S i

The me!

A topic of current interest is the possibility that the deuteron, which is :oé:%.nosu.&a&&%%(
a pn bound state, consists for some fraction of the time asa A(1236) A(1236) state. . u-
tion to the discussion of this possibility has been made using a data sample of 42,C
from our experiment, and an upper limit of 0-8% has been determined for the AA ¢
of the deuteron.

EXPERIMENT 31 Free University of
. \ CERN
22 GeV/c K~ interactions in a A Ta
Rutherford Labos
heavy liquid bubble chamber e i

The film for this experiment was originally scanned for Z hyperons produce:
nuclei. During the data analysis about 350 events were found with both a K*
>.m~<m2.o=m produced. Some structure was found in the invariant mass
uEw.o._.Ew led to a rescan of the entire film to find the remaining A pairs
or K®. This rescan has been done and all the candidates have been measure
878 A pairs was obtained and these events have been carefully studied.
has been found in the final AA mass spectra. This experiment is now

teractions in the range
GeV/c




report, the main effort of this experimen,
wave analysis of the two single pion pro ?oho__mu been o ok
‘ _iﬂnn. tic cross section at these energies. Part of ﬁ-__._.masnno_m Prn®
it lie GE,E— the infamous gap in the energy &mn—.mwcng—anﬁ 18 parie.
x analysis which led to solution ambiguities. The gt Of the Beyy .-
tre of the gap agrees well with extrapolations of the Berkele 2 3L 1612 oy
h ther solution A. Solution B is the one which is favoured w —SLAC soly i,
ken SU(6) and Melosh Transformations. This result has »o< the theoreticy

—Imperial College—Westfield Collaboration paper which N_Mm the subjecs
€1 Submit.

) to pursue an analysis independent of that of Berkeley—SLAC beca
elastic channel has a.—oi: that confidence in the results only comes »ucwno eXperience
ér»w_..-. mm_mwﬁ S._cconu. .OHR n:w.—vﬁu mE.».ﬁw in some respects from that :m»m ate ang).
~SL : An indep fitting program, written at Imperial om € by the
the formalism of Deler and Valladas, has been used. Also the nz'7* fina] o:,.mwo 1
ley—SLAC, is fitted. In order to do so it was found necessary to introd; >oe. e
B k= iis bained at three energics, 1612, 1641 and 1669 Mey . 1%
ndon International Conference. We have since analysed a further ener; iﬂﬂ s

! ound results that follow the general trend of the first three energies. Our aw_.m:. b
clusions are that introducing the new isobar and fitting the nr'n* channel do :M ha o
cantly mnu_wmﬁ phases of the partial waves from those in solution B. Hence m—o “M“ﬂzy.
i s % eni

Awiom Eﬂwﬁ:«“ﬂfﬂ%«”ﬁﬂ significant differences from solution B are observed in 5“

- A K-matrix program has been written at Imperi investi

f C-matrix perial College to investigate the energy depe;
between the w:ﬂ@ independent solutions, and also to tie the resuits to the ﬁ:wwx:o,w::“mﬂ
‘wave solutions. Further analysis awaits more energy independent solutions at different

 cnergy values.

vl;@%ﬁﬂ gov been h.n»ﬁ& recently on .zs validity of the Isobar Model formalism. In particular it

- has t a§¢u~ “w 5_4 constraints of three-body unitarity might invalidate the basic as-
J uplings are constant across the Dalitz plot. An investigation i

of these effects in our data is under way. . Lt

University of Cambridge

this experiment, are now finalised. The first stage ielded
ys, and the association scan, identifying the sources of
induced source events are being measured as candi
‘exclusive channels. Approximately 17,000 such
nt of remeasuring remains to be done-

done, in 0!

o the el
00 elastic
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b rder to fint
being C°° sociations have been
out. ic cha ; o

n_umﬂ__wm 50 inelastic events will be obtained.

np - strange exclusive channels with from 3 t

d the sources of the A’s,
found,and seem to in¢ at
nnel, and possibly in the inelastic channels

its have b
finel St i
ainary cross-section calculations, using the beam flux from
o cough ma__amﬂn cross-sections for 3 and 4 body YK production channels
Sxpedments Shoy s 30ub for the ApK'n~ channel), while those for the hig
£ now of similar magnitude. Cross-section f

oAb ith ener® €
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np > ppT_ SXPC
3%255
the 3K system pro
tion for the former ¢
constant.

Data o

with energy, and are
ol g rapidly even in lo
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riment. So far, 1
g toa cross-section of
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1 inclusive pCu =~ A°X and 7
in the chamber, and the fast electron pairs w

results for A and n production are shown in Fig.1.42.

Inclusive n]

p~ A°X can be studied in the cha

where the neutron spectrum is relatively uncontaminated.

Figure 1.42. Momentum distribution for n and A produced near 0° from i

Experiment 33 (18702)
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Imperial Coy
ege, Lo,
Westfield Colle ndon

ised the deuterium filled 1-5m bubble chamber at Nimrod, F

0o

of several ch Is has begun,
partial wave analysis has been made of the Knz system in the Teactions

K'n K7 n (1)
- K°r'n™ p 2)

+ - 0O

> K'nn’p 3)

T

ge, at energies not much above Q thres-

e exchange reactions have a slightly smaller forward slope for do/dt than the non-
exchange (slopes 3-1, 2:6 and 2-3 (GeV/c)™® for reactions 1, 2 and 3). In our data, the
tions rise with but above Dheam 2-7 GeV/c the cross-sections seem to £0 as

# x 500 am’
%ﬁ@%ﬂ:nu_.r -0-85 and - 1.0 for reactions 1, 2 and 3 respectively.
b

gn—_# to remove A production leave about 1000 events for cach reaction. Only a few
,g%gn_wga and their variations with Knm mass are well determined by the fits.

total amount of unnatural parity final states (\v70%) is the same in both charge exchange
n-charge exchange reactions and this is also about the same as that found in correspond-

ons at much higher energies. However in the charge exchange reactions, the amount of

ative to 1* is about 3 to 1. This ratio is not very well determined, but is consistent

nt mass bins and channels. In the non-charge exchange reactions, this ratio is

pared with about 1 to 2 in the corresponding higher energy experiments. The

a simple Deck type model have been found consistent with the results of this

npts have been made to extract information on Kr scattering from approximately

K'n » K7™ p
tion of the K angular distribution t-channel moments to the pion pole
‘were found to be in disagreement with similar results from the re-

‘higher energies. This is probably due to the failure of the pion
it our low energies.

‘been performed using methods developed by 1) Estabrooks
‘ scattering studies. The first of these makes the as-
trapolates the s-channel moments to the pion pole-

and unnatural parity exchange helicity one

to investigate possible rapid mass variations,

1s rather than an extrapolation. It s satis-

el both with each other and with the

8¢, Londg,,

inal data syp,

greement of our low energy analysis of th
Elov Mﬁa- M:&.qim that these pion exchange mc
. ider large statistics experiments of this type for the
= can const

25 Omega OF RMS.

also been completed on the full data of the K'n charge exchange
>=n_v&m has K*n > K°p

inforced earlier conclusions about the lack of accep

.. smw_.o .. . ,.ﬂ..v
The &E:o:mw_.wwhwmc\ this and other 07%" scattering in this s range. The full dat
n:._:

y are the events with the deuteron in the final state, a

ied currentl! :
s 1 the single pion production channels.

ins <
e m«.o:w::«_ effects i

analysis of

EXPERIMENT 35

“Tagged neutron” experiments

Two experime :

i imary pur
Nw MMM_rM_MMHH W_«.ﬂ:%w cM:: neutron scattered elastically m:.:: a proton, w.:.m, 1l oL
neutron induced a secondary interaction in the chamber. In vw:wo:_ﬁ“ the elastic cros:
is determined (see Fig.1.43) from the number of mnoonm_si elastic scatters, so sﬁ« 1e nu
of primary elastic scatters may then be used to determine the beam =_.§. Appro:
and 450 events of this type were found in the two experimerits, enabling the beam to b

malized to about 15%.

In addition, it has been possible to examine the differential elastic cross-section doy
entum transfer | t | = 0-02 GeV?, and to measure a number of cross-sections for ,09
at the secondary vertex. In the 10 to 24 GeV experiment, the charge multiplicity
and inclusive distributions for production of p and 7~ have been investigated, a
explicable in terms of analogous quantities in pp interactions.

- section (mb)
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) ters of the
cays of K

sure consisted of 520,000 pi in the 2m chamb
ed and measured, and the data is on data summary MWMNMM?; film g
. The data from the extension taken August - September G‘EE nn_o Process
A K°; flux increase of about m el ao&mw““mw& .
L1l a factor of 2 compared to the previous e: Y the
ite using only 3 instead of 5 bunches from the proton synchrotron, POSUrE wag
currently scanned and measured. The main purpose of the experiment is S.ow,””mm_a__w
€ the

o+

Kip > A°r W
> 32" ©)
> K°p 3

s muna from covering the entire momentum range, film in the second exposure was also taken in

intervals in the region of 1580cm energy where evidence for a na i
" channel from K™p interactions has been reported. The interest in o:»_“”M Mw%”u.:oa =
 pure isospin state (1= 1) in contrast to the mixed isospin in K p - 2%77. Thus Emﬂ.mﬁ
cross-section (and polarization) measurements will help to unravel the partial wave E.: o_m.
the 2 channel. Channel (3) is of interest since it contains the interference between m s

gvawcnr .v»_n,slnao: part of the experiment is concerned with the decays K° — ey, muv and
These are being studied in their own right and also as a means of normalizing the strong

CERN

Lawrence Berkeley Laboratory
Rutherford Laboratory
University of Turin

get (TST) was used in this experiment so that final states with more than

> studied. Such states are not ble to bubble chambers filled entirely
experiment of its kind and a great deal of work has been done on

5.- h”h.%% leaving the hydrogen filled TST and entering the sur-

f 1,362,000 pictures with a 4-0 GeV/c 7 beam. A
s of film; it was surrounded by 73 and 77 mole %
en (516,000 pictures) with an all purpose TST and

4 detection efficiency was greatest in the latter
asurements (about 30,000 events) have been

out 10,000 events have been measured at Turin

ns for fitting the events With
sible permutations of the
problems

Bremsstrahlung

Number ot yy combinations

=3
o

100
z<< in GeVic

i .44. The 7yy mass distribution. Curve A isall vy id: from 2,000 red events. C
M_mﬁn e 33 binations after ali bremsstrahlung 7y have been measured: Experiment 37 (18547)

new program, ORACLE is being used to select events. It is anticipated that s,—o,aﬁw A
available shortly for a study of the reaction 7'p > A*7n°n®; the remeasures of events that
in their first pass through. The program should be completed during 1975.

Preliminary results from the measurement of events on the HPD are encoura;
can be reconstructed with mean measurement errors on film of 2-5 um,
experiments in the 2m bubble chamber. This confirms that any optical distor
TST are indeed negligible.

EXPERIMENT 38

K p interactions in the 1 GeV/c region

This experiment is a high statistics study of K™p interactions in the m
140 ﬁnﬁn using some 415,000 pictures from CERN 2m hydrogen bu
averaging about 1-4 events/ub at each of 11 incident beam momenta
gion by a factor of two.

The final data reduction for the two body reactions
Kp~>K'p
Kp~>K°n
Kp—>Z
Kp->Zr




analyses of each of these two body channels Were prese
These were single channel analyses performed over the o Nted
of mass) but using our new high statistics data in the rgp mom_wwmm._wa
1al states o i

3 = s establishe
particular a PO3(1905) state is required in all good solutions for the Ry

is also accommodated in Z7. (The Argand diagrams for the KN channe]
are

f the two body channel i Results obtained since Londop Confere,
ction, showing significantly higher values than previous results in the _,auoszou
50 MeV c.m. energy could make significant changes to the 27 couplings of of

; : Dos
in this region. aud

the three-body channels

K'p>K-pr® (10,166 events)
~>K'n (12,709 events)
>K°pr~ (14,080 events)

K'p—>Arn™ (36,639 events)

“are now in their final form and several analyses are in progress. These channels are being anal-

- ysed using an Isobar model, with a view to performing an energy dependent partial wave anal-
‘of the contributing quasi two body channels, in particular the A(1520) 7° and K(890)N

~ from the KNr channels and the 3(1385)r from the Anm channel.

new measurement of the A° lifetime of (2:611 + 0-020) x 10~ has been obtained from
meag A® events with two prong vee zero topology. This is in good agreement with another re-

t result om Poulard et al but differs significantly from the previous world average [(2:51 +
10~1%];

main experiment only some 50% of the two prong topology events were measured. The

3 /0 prong events have been measured recently and should be on DST in the near

¢. This will increase the statistics on all the above three body channels and in the K p elas-
considerable factor.

P =K p asa function of K~ momentum, showing results from Experiment 38
¢ g -Munich (CHM), CERN-Heidelberg-Saclay (CHS), and Chicago-Heidelberg (CH):

__ 1750 2150

& THIS EXPT
¢ CHM
x CHS
a nam+

t CH

2150
850
N
[al0

3 D05

Figure 1.46 Argand diagram for the partial waves SO1 and DOS from the analysis of K p—>KN: Expe i
38 (18704)

ion to this experiment, 310,000 pictures have been taken in the CE!
»m:w:e%mw _Mw momenta w%iﬁ: 0-92 and 1-04 GeV/c; SWEW. 210,000 a..m these
1.00 GeV/c K~ momentum, to provide one very high statistics nwn._ point. Th
ment of all this film is complete, and the data will cm processed using a wass
kinematics program and the group’s new post E:o:.sn._nm program, ORACLE.

In order to extend our high statistics studies of the formation of S = 5 1 bar

have proposed an exposure of 5 x 10° pictures in CERN 2m HBC of K™ at

450 and 100 MeV/c. These data together with some existing film from Heidleberg-}
we are now measuring will yield statistics at the level of 1800 .o<.\3a\w ﬂmm
range, representing an increase of about a factor of 10 over existing nwﬁa

ly this will improve the partial wave solutions enabling us to answer the m:

already known in this energy range. e

Further it means that there will be high statistics over the com
MeV/e just from two collaborations — CERN-Heidleberg, and

taken late in 1975.
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ure function as a function of x for the reactions

1)
@)

owed that (in the energy range 4 < Plap < 14:3 GeV/c) the A in-
with energy as n_uvno.Am. In addition the values of the scaling

be seen from Fig.1.47a. In contrast reaction (2) (Fig-
s-section with energy and the energy variation of

is much smaller than in reaction (1). It was
increased from 360 ub at 3-93 GeV/c to 725

CROSS SECTION ( ub /0.01 Gev )

0
x:2R°/ 5

Figure 1.48. Values of the structure function as a function
o“.wx for the reactions K p =~ X +X and K c&M'...x B
Experiment 39 (18545)
A
i

alsoo (K p>2°+X)=Lo(Kp>A+X)=}[o® p=>Z+X)+a(Kp

The shapes of the structure functions, which are shown in Fig.1.48, depend
the hyperon. A comparison with the reactions pp = Z* + X which gives the sc
proton fragmentation region of reactions (3) and (4) showed that a large non-scal
exists in reaction (4) at 14-3 GeV/c.

Figure 1.50. Values of the ratio of the unnatural parity exchange, 0~ to natural vauxx
function of m¥/s for the reactions: (a) K p—K*(890) + X" and (b) K p—>K*
Experiment 39 (18711)

Kp —K*(890)+X* AT 14.3 GeV/c
0.2<t] <08 GeV?2




8
k=3
T

iy

L L
14 16 18 10
M (Knimi) GeV/c?

intensity of the vagious partial wave states JPM" as a function of Kam mass in the
and K'p >R 77 p. Experiment 39 (18543)

)
()

These are shown in Fig.1.49. This study is not yet

t the basic predictions of the triple Regge model for
1ts with my and t are correct. In Figs.1.50aandb
‘parity exchange in reactions (5) and (6) s 3

| by the triple Regge model is in good agreement

d natural parity exchar
two reactions are due to interference effects by
eaction and not the other.

Mo«o Eoiom for one I

Evch

(i) Search for @ Doubl
" . . i
i i duction mechanism was searched for in reaction @
dﬂ_ssaww.oh“%umﬁs was parameterized by a Double Regge Model and it
exCIES. | data corresponding to small 7~ masses (M- <0:6 GeV). A
Wnﬂoimoaao_. mechanism was 10 ub which was 4% of reaction (7) in th
oul

gion.

Future Analyses

In the future we propose to re-analyse the two-body reactions which =9w have
d also the many exchange channels. A partial wave analysis of a—.o prm uw.un
””_Sawan. The inclusive analyses will also be continued with studies of the inclusiv

tion of Y*(1385) and A" states.

EXPERIMENT 40

2 GeV/c pp annihilations in & neon-
hydrogen track sensitive target

A total of 200,000 pictures with a 2 GeV/c p beam were taken in October 19
Bubble Chamber with a track sensitive hydrogen target. 60,000 frames have
23,000 for all events and the remaining 37,000 for only those events with two |
ated gammas, or one or more associated V°. All film has been scanned tw: \
efficiency of 0-99 for all events. A total of 58,300 events and 24,300 gammas ha
ed in these 60,000 pictures.

ks

Figure 1.52. The inclusive 7 cross section, G G_.J. as a function of the negatively char; m
Experiment 40 (18542) h =il




T 1)
o PP Annihilations at 2 GeVv/c H_

[this work]
X pp collisions at 19 GeV/c q

O pp Annihilations at 4-6 Gev/e

¢

1.53. The average 7° multiplicity <nm*>, as a function of the negatively charged multiplicity from
ment compared with pp annihilations at 4-6 GeV/c and pp collisions at 19 GeV/c.
40 (18541)

Preliminary topological cross-sections [o;] have been calculated together with inclusive 7°

ons ?_.?J_ , and average m° multiplicity < n_o > as a function of charged particle
“multiplicity. To obtain the average number of n° the average gamma conversion probability Py
is req d for each topology. This was estimated as Py = 0-30 essentially independent of the
number of 7°s in the final state, ing that the tum and angular distributions of
pions are determined by phase space.

¢ inclusive 7° cross-section is shown in Fig.1.52. It may be noted that the dominant produc-
lace in 2 and 4 prong topologies. Fig.1.53 shows < n o > asa function of n”, the
charged multiplicity. The line is simply a fit of the form <n_ o>=an" +§, witha

8 and f = 2:48 + .07. In this figure we also compare our results with those of pp

ions at 19 GeV/c, (for which the c.m. energy radiated into particle production is close
of the pp annihilations at 2:0 GeV/c). This indicates that the processes responsible for
ction in pp annihilations are different from those of pp reactions. Fig.1.53 also shows

; p annihilations at 4-6 GeV/c for n~ > 1. An attractive possibility to explain a

p annihilations at low energies is the dominance of p meson production, but this

the high value of < n e > for zero prong points. The final explanation may lie

ss of the total pion multiplicity distribution for annihilation as compared to the

e currently investigating this possibility by determining the total multi-

University College, London
University of Birmingham
Free University of Brussels
University of Durham

and some momentum regions have been complete-
surement. Events have been passed through the
‘been made. Differential and total cross-

A°7® and £°7° channels over the whole

pXPERIMENT 42

= -2 baryon
dyof theS="21
The maowm using the rapid

nan
Mﬂw& bubble chamber

is designed to study the S = -2 resonances in the mass regiol :
These states are characterised by many wnnbmw particle decays w:n _”5:8.?

cities. The rapid cycling bubble chamber with a charge multiplicity trigger is
u__.o_ this study. A diagram of the proposed chamber and trigger configuraf
m.w_"ﬂmmwo The main comp t of the multiplicity trigger will be provided by four
M_._” .mm».n_n chambers using capacity read-out. The four independent spark &EB e
ties will be combined with additional scintillator information to pro! .Wn the ng o
flash trigger. The spark chambers will themselves be triggered by a pre-trigger scintillator ar

The experiment

The bubble chamber has diameter 30 cm, depth 20 cm and is designed to cycle at > 60 cps.
The chamber is mounted vertically with the electromagnetic vib at the b ‘whole .

is contained in a magnet which provides a field of 2-2T. The beam line has to provide A -
separated K~ fast spills during the Nimrod flat top. The beam (K 18) has been designed and in- / 3

stallation has started.

A run of 5 cycles (v 100 days) should yield 10® events/ub before geometrical efficiency |
are included. Monte Carlo estimates of the expected yield correspond to 500 event:
S =-2 events.




Cylindrical
Wire Spark
Chambers

'E .54 (b) Elevation of the Rapid Cycling Vertex Detector, showing the counter array:
the trigger in Experiment 42 (18550) e e

EXPERIMENT 43 University of Cambridge
T S i it o at and collaborators
Fermi Lab,

der _ngnmg.x. have been made during 1974 in developing the techniques required for
ggo,nﬁ. beams at FNAL. A definite experimental programme has now emerged.

3 .gig.,: 100 GeV/c. A proposal (NAL 311) from Cambridge, FNAL, and Michigan
A - State Unive to study pp interactions at 100 GeV/c using the 30" hydrogen bubble chamber

: 1 wide-gap spark chamber hybrid system has recently been submitted and accep-
exposure of 100Kk pictures is scheduled for January 1975. The required beam
) Mo:.“_ be made using a “target halo” technique; this technique has al-
ested.

cross-section information and comparisons with similar 7 and proton experi-
iterest; in addition there is the exciting possibility of observing pp anni-
| energy.

collaborations have now been formed to attack the physics
(NAL 213). A collaboration between Birmingham, Cam-
0 to study K ~p interactions in the 15 foot cham-
GeV (Proposal NAL 333). The required beam
outlined previously, and will employ the
rford Laboratory. A collaboration including
similar experiment on K'p interac-
tained with their work. It seems

ctions in the 15
deration. It is pOs”
er the 200 GeV/e K*

gxpERM o *
son from ™ +tp w—._h.N Av
dent States at67 O.o‘<\o usin
M._w SLAC Hybrid Facility
bubble chamber group to study Y* ﬂ:ﬂ_:o
i inch hybrid chamber was accepted |
M«ﬂ%%m Bﬁ-mwﬁz_mnﬂmaﬁ WWW_M MMQ_A .:»W chamber runs at 12 cps and .8:
downstream system of 3 vnovonmm:w_ wire orE__eﬁ.m u:,a alk
L this experiment, the trigger will be a heavy particle (K or
e mcqooso through the Cerenkov. During the Summer, a team fr r
i LAC and Purdue University in the preparation of the counters

from S .
EN:MMUSB. We expect to take film in the Summer and Autumn of 19

perial College

entum greater
College joined
attendant softwa

i ion via the line reversed reaction usin;
the proposal considers Y2 ancon.o: via n usit
e e om.mmm.,.vm% this part efficient triggering demands a muon veto to eliminate K°

a m tri
Msa“mu“um this we hope to construct and test at the Laboratory.
m

Nuclear Physics Experiments

One of the features of pion-nucleus interactions which has been studied at uoénﬁ._wro
during the past year has been the measurement of y-ray spectra from the residual =._,_an
ed after the pion has interacted. Of particular interest has been the strong productio!
corresponding to the nucleus with 2 protons and 2 neutrons (an “o” particle) le
get nucleus. Strong production of y-rays corresponding to nuclei with 2 and 3
has also been observed. Similar results have been obtained in an experiment wi
mesons.

The interpretation of these experiments is not at present clear. It could be
coming particle interacts with an “a” particle in the nuclear surface, kno

leaving the residual nuclei which have been observed. Such an interpretatio
those nuclear models which favour the presence of a-clusters in the nuclear sus

a highly excited state and that a-particles are emitted in the subseque
Clearly to distinguish between these various interpretations further exp
and comparisons between experiments using stopping pions or ka¢
NESE should prove valuable.
An



of pions with nuclei has been cons;,

es” at LAMPF (Los Alamos), SIN (e

: facilj
which includes several British physicists with ggouﬁwa Machine sw .
report on this work is included. ™ the Ruthergy,g

?.n»—%oﬂﬁnr has become available to British nuclear

le. re are a number of valuable experiments whi :

e neutron beams available from this aumuon an ox“mw_:oaﬂ NM Hw:& OUt using ¢,
it of the neutron to considerably improved accuracy has _ummsmmE.o the elecri,
djan uaw.awaoa” to test for parity violation in strong 53333% wmowommm_ and j5

case an o,xv,a:Bn:« carried out in the USSR using apparatus placed near escribeq, |,

cto ruu -mae__ a small but significant effect. The high intensity beams availab] i

ble Ea experiment to be repeated under much more favourable conditio gl

i X =m. ...
neutron beams also allows symmetry tests for T-violation to be Sma.m_, = ailability

physicists is the Teactor
at

gﬁ—oﬂg at AERE continue to be used by several experimental teams su

erford Laboratory. Measurements of the n-p total cross-sections to sear.

¢ in the variation as a function of energy have been made using the sy

.E:,—‘u.mn beams from the Variable Energy Cyclotron have been used in 2
‘&.-Ra -,E_ mm_n_ymao scattering from a range of nuclei and for measurements on the (*

iction. Mxv.ana.au.u of this type are normally analysed using the optical model E..%% ~: .

a vww_.ox:._.ﬁn._o:m. Experiments on collective nuclei can show the need for further .” w_h..

tions of these basically simple models and are likely to yield new information. =

pported by the
ch for possible
nchrocyclotron,
number of stug-

r Physics Experiments
MLy 0

Experiment ; Location Collaboration

periments with stopping kaons; K17 beam Nimrod University of Birmingham
University of Surrey
Rutherford Laboratory

Xerays from K ™p atoms; K17 beam Nimrod University of Birmingham
University of Surrey
Rutherford Laboratory

,...:..!.—u.uvﬂﬁ.-o.on:a:.e w&?anuo:own.—bio__
'H cyclotron TRIUMF, Vancouver AERE, Harwell
University of Surrey
Queen Mary College, London
University of British Columbia
University of Victoria

University of Sussex

Harvard University

Oak Ridge National Laboratory
Technical University, Munich
University of Oxford

Experiment : Location

tions;
easurement of n-p total cross-sect B
mw.un_:oowicﬁo:. AERE, Harwell

ies of inelastic scattering from collective nuclei;
m\ﬁmw Energy Cyclotron, AERE, Harwell

i > 53 MeV; Variable
Elastic scattering of He beams at o
Energy Cyclotron, AERE, Harwell

The Fe (h, @) reaction at 83 MeV; Variable Energy
Cyclotron, AERE, Harwell
The n-d break-up process ‘between 100 and 155 MeV.

Queen Mary
Bedford College, Londo:
ZWEw.mﬂto_- .

Elastic Scattering of polari from

EXPERIMENT 45

Experiments with stopping kaons

A slow negative kaon travelling through matter will be captured by a nucleus
state of fairly high principal quantum number; following this the kaon then
the atomic energy levels by a mixture of radiative and auger transitions until th
tion between the kaon and the nucleus competes with these processes. T
radiative transition is frequently broadened, shifted and at dasaresult 0
Because this process takes place in the region where the nuclear density is bo
tral value, the study of kaonic atoms is expected to yield information about t
nucleus. However, before this hope can be realised, it is necessary to unde;
nucleus interaction in much greater detail than our present knowledge wi allo
the products from the absorption of the kaon might help in this task.

Xerays from the atomic cascade of the kaon and y-rays produced
by the nucleus have been detected for a number of elements (C, .

.Sv. Hf, Ta, Pb) using a lithium drifted germanium detector of 16% re
in-beam resolution of 1.75 keV at 1:33 MeV and 750 evat 122
specially modified to cope with the very high effective count

mental environment. Examples of the spectra are shown in |

ﬁn“u the broadening, shifting and attenuation of the final

, for two elements in the rar 2
to the quadrupole moment of




511 keV o+

energy

T d from kaons ing in a silver target. The energies of X-rays corres-

ic levels are indi Also shown in detail is then =6 =5
ened and attenuated by the nuclear absorption, together with a calibration line
jy resolution: Experiment 45 (18709)

 observed from kaons stopping in an ytterbium target. The energies of X-rays

. various atomic levels are indicated. Also shown in detail is the n = 7
hyperfine interaction with the nuclear quadrupole moment, to-
overall energy resolution: Experiment 45 (18707)

511keV e*

46
; ﬂnﬁw_imz.n
K~-p atoms
Xerays from
mEmv\ of

N-lmgnoz:m_.ﬁﬁ.aomna&n,gro
Bn_ﬁamﬂ. ”Mawﬂﬂwwwo_oimoo MeV/c, there are considerable dif
.“n“wm.imﬁ scattering length. The situation is complicated by the presence
atves £ 1€ T 1 below threshold (1432 MeV) and the fact that the Zr and An
QEWW_WMM.M_“W the scattering lengths are complex.

are O

rmation about the scattering lengths can come from measurements on the
—_, atoms. Measurements of the shift and width of the lowest level are the
from K 2 vw_wg the real and imaginary parts of the complex scattering length. For the
proportion expected that due to the strong interaction the 2P - 1S transition (X-ray en
o _ma cw <hifted by about 300 ¢V and should have a natural line width of about 5
_86 %S_ﬂ&: as to whether the 2P - 1S transition can be observed owing to the e:
Wl a:m“:n Since the K™-p atoms are electrically neutral and relatively small in size they
msﬂ_wwﬂ n_o.mn_v. the neighbouring positively charged nuclei where they will be eXpo d to
uMﬂ_.m electric fields. The resulting “Stark-mixing” can give rise to a high probabili Y
”so?m_.o»o: system making a transition to an S-state of large principal quantum number n.

Direct info

Since the K™-p S-state interaction is very strong the atomic cascade may never reach the 18-

state.

The principal aim of the preseat experiment is to see if 2P - 1S X-rays from the K~-p system
can be observed using a hydrogen gas target whose density can be varied and to make measure-
ments of the width and shift to check that these are at least consistent with predictions from
present determinations of the scattering length. L

The apparatus consists of a large vessel containing hydrogen at 10 atmospheres pressure. Eij
large thin window proportional counters mounted inside the vessel are used to detect the
keV X-rays. Eight scintillation counters mounted outside the vessel are used to detect an
charged particles passing through the proportional counters. Y

Experiments with the apparatus in the beam line have indicated severe background

due to low energy charged particles and due to neutrons or gamma-rays which interact in
proportional counters or surrounding materials. It will be necessary to extensively redesign
apparatus to overcome these problems and to improve the trigger signal for kaons stoppi
the hydrogen gas. B

EXPERIMENT 47

Measurements of triple scattering
Parameters in n-p scattering




v 5 o -
MeV extracted unpolarised beam was obtained
4a ie : ed from th, RIUy
early Spring 1975 reliable operation with oxnnunnmna G
achieved. Polarised beam injection should be fats

: 3 availab]
should coincide with assembly at ﬂwazm of a liquid %_:oz:”ﬂ”m early

University of Sussex
Harvard University

Oak Ridge Nat. Lab., USA
Technical University, Munich
University of Oxford

ILL, Grenoble

CENG, Grenoble

‘Search for the electric dipole moment
of the neutron using bottled neutrons

agcon! measurements of the lower limit for the electric dipole moment (EDM) of the neutron
have already been made and current work at Grenoble by an American group suggests that the
| on EDM is equal to eX, where ¢ is the electron charge and X is essentially zero with a stan-

dard deviation of approximately 10~ cm. We are proposing to reduce the standard deviation
to 107 em with the possibility of further reduction to 10727 cm.

existence of a neutron EDM would imply both P and T violation and it is possible to esti-
range of X values for each of the various weak interaction theories. Values of X less than
i xample, rule out electromagnetic CP violation; milliweak theories imply X in the
0 107 ¢m and superweak theories predict values of X less than 10™*"cm. If X
to lie in the range 10" to 10~ cm, the superweak theory will be ruled out.

\t will be carried out in the ILL reactor at Grenoble using ultra-cold polarised
gy <1077 V) stored in a cavity for a time of the order 30 scconds. The neutron

can be correlated with the application of an additional strong electric field
assumed to be due to the interaction of the neutron EDM with the electric

_neutron source proposed at ILL. Design work has been San.a
oration of Munich and Sussex in the past year. Some decrease in
> source is subsequently cooled and the resultant increase i

study of systematic errors, thus significantly reducing the

- from counting statistics, are the uniformity
e 2 mu-metal shield unless further

cannot be realised without using 2

if the limit is to be

; : tion

MN—..M!EMZ.—. 49

tests for P-violation
symmetry

¢ is to establish the extent to which the radia

o ﬂ..%:«wﬂ“::“? polarized. The presence of n.m_.oc_nn wo_umino_..
(o .Ea. e and the upper level of theoretical predictions are appro:
o_w:o”:o- than the result of Lobashov et al who obtained N.< u,Q 30
a»maa% G carry out an experiment of at least comparable accuracy either
“ﬁ%ﬂ“ﬁﬂ?ﬁma group or to show how it may be in error.

The aim

1 selected for this experiment. It provides a neutron m,#_x.o w«w
e vm_aowm __Nwow“mowﬂm:_u- area of 12 cm? and is the greatest nﬁonn&,h:wowmuf r
R Eﬁww available at the reactor. A hydrocarbon target will be used ,mo—. pruw?‘ )d re-
A «::.u has some advantages over a water target as the small but :nﬁnna_.&u, m@.zn i
Ty by oxygen may give rise to unwanted B-decay processes. The circular vo_u:.upec will
i a«g MQ»EEEW for an asymmetry in the intensity of radiation .#n._..w_..::.ok 1o
Boum_MMm& iron when the direction of magnetisation is reversed. A ylind gnet with :
M”_M“&:m sections (illustrated in Fig.1.57) encloses the target. > set of mo.n_na_.m ﬁ”ﬂ:nnﬂm.
analyser magnet will be used to record the light level rather than individual pulses — count

of v 10" /sec are expected.

The
10'° ncm

different target configurations and we are exan

At present measurements are under way on °t confi ions ar e nin-
ing _”ro effect of cooling the target to 4K and the neutron distribution within it. This AE permi
the target geometry to be optimised so that the large majority of captures occur in n@@oum,,
which are opposite the most sensitive parts of the analysing magnet. : >

Simple transmission magnets have been made and these are c&bm used in Ewwuﬁoimﬁ n
cular polarized radiation in order to assess effects due to multiple uanno:umu w»m_nno:
known polarization is produced by using A(n ; 7)B reactions in which a _uo»-._.— of polarized .
trons is used. In these measurements a Ge(Li) detector records the transmitted sp :
good and poor geometry conditions. Such measurements should give us confidence tha

d ly take t of multiple scattering in the final experimental magnet.

q P

ing sections the field direction is
49 (18540)

Figure 1.57. The form of the analysing magnet. In
may be reversed upon ing current direction:

T




University of Sussey
ILL, Grenoble

1)) where J is an axial vector and k are polar vectors. i

f_mn&.wcsmu&n:ormiuv.vov_.onco&cw:—ncu .

AL w»Edo».wo_mnNaa_..mEno:m

—Ev polarized neutron beam has an intensity of 5 x 10® n sec™ ona 0-5 x 6.0 cm? LH“ -

Mon . E@uwoﬂm MM 70%. This is substantially greater than beams that are available elsewhere “”M
or a target a .. ion and di ions of typically several 1

'mm diameter the statistical accuracy is not a significant limitation to the overall Mﬂw:wmmwg i

The first measurement will examine a f-y correlation from a polarized sourc i

get will most probably be used and this will be maintained uw liquid helium mﬁ.mwh.n“w_‘sm..ﬁ.
:.ﬂnﬁ_onn field in order to preserve the polarization; the half-life is 10 sec. A helium cr o“”o "
_uoo:ev»&:& and the chamber containing the target and detector parts has been anw ermw
gether with the coil that provides splitting of magnetic substates. In addition magnetic uﬂo_n.ﬁo.
from this field is provided by a ductor layer on the helium shield. o

P

The decay _:ma::»:oa. on Fluorine-20 still contains some gaps, but this source appears to be
“”M A“». __Mro ”53 promising of several possible ones. In particular, ensembles of polarized 2°F:

clei have been prepared successfully by a method similar to th i i .
ey o the one that will be used in the

EXPERIMENT 51 Queen Mary College, London

Measurement of n-p total cross-sections c=“<m_,m“€ gl
. University of Birmingham

AERE, Harwell

seen in various hadron-nucleon total cross-sections. It was noted that “bumps” appear
the ,n,.:._. 3052..15_ reaches a value at which, in the 7-nucleon system, production of
bars can occur in the Schannel. This pecularity could have a simple explanation, on

: ity of these correlations is afforded by the n-p system in which the
 A(1236) production in the 7-nucleon system, is reached at 112
 the year the n-p total cross-section has been measured in two
‘the time-of-flight system of the Harwell synchrocyclotron. The
iite and paraffin wax of approximate composition (CHy)y-
EEEQ,EE«,E order to achieve a more accurate sub-
‘mitting the targets to be exactly the same length, whilst
that each presented to the beam. The object was to
-p total i

] ,ﬁﬁ,ﬂﬂé—.ﬂu@—-—mg
all effect on the

120
lab neutron energy

tion as a of energy:

Figure 1.58 Measured values of the n-p total

EXPERIMENT 52 King's College, Lo i—w:,
Queen’s University, Belfast
Studies of inelastic scattering from

collective nuclei

o study the interference of the Coulomb and nu 1 4
ttering of 15, 16, 17, 18 and 19 MeV alpha particles

A set of experiments has been completed t
contributions to forward angle inelastic sca
from Cr’2, Fe®, Ni®® and Zn*.

The cross-sections in the interference region are sensitive to the shape of the form-factors an
being used to test the folding approach to the calculation of the nuclear inelastic form-fact:
for collective nuclei in which a deformed nuclear density is folded with the nucleon interaction.
Typical results obtained by this method for proton scattering from Mg at 20, 40 and 8(

are shown in Fig.1.59 for L =2 and L = 6 transitions.

Work has also continued on a more microscopic approach to inelastic scattering using
which has been incorporated into a coupled channels program, and applied to the scatte
deuterons from C'2 as part of a study of the two step processes in the transfer re:

(d, He®) B,

Figure 1.59. Inelastic scattering form-factors for 20, 40 and 80 MeV protons off Kw»‘ : Exper
(18537, 18538) i

direct (independent of energy) ;- — - - exchange contrib
||:||..wxa:»..ﬁaao:??:ﬁo:aoZn<.w..4...oxo:n:unoo:nlc:mo:uo,gnﬂ

DIRECT AND TOTAL EXCHANGE TERMS FOR L=2 TRANSITIONS (XB) DIRECT AND a_.a-‘m&w
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He beams at 53 MeV Oak Ridge Nationa] F_.S».ca.

even isotc of Samarium provide an interesting target grou;
Lopet : ; : p for study;
ive motion on elastic and inelastic scattering. They span the :w_..m:.wo<5m -

144.g, e 5 3 n from
it 1 shell (***Sm) through vibrational isotopes into the rare earth region of va:sm_”

ts have been made of the differential cross-sections for *He scattering from th,
e

um isotopes Sm 144, 148, 150, 152, 154 at 53-4 MeV.

Figure 1.60. Elastic scattering cross-sections for 53-4 MeV helions on the even samarium isotopes. The fit
optical model with volume integrals per particle pair for the real voﬁzzm_ ﬁ_:b ”o

pond t le
40 and 300 MeV. fi w" Experiment 53 (18700)

144,148,150.152, 154 § m (hed he® ) at 53 Moy

Simple optical model fits to the
elastic scattering

300MeV tm? nuct™?
===~ %0MeV fm® nuct’?

148gm and *5°Sm were performed
B«:M:m:cowiw intensity (up to 1800 nA on tar,
re the cross-sections are extremely small. T
was needed for the measurements o
ge magnetic spectrograph at the 0Oak .WE
measurements. Angular distributions of elastic scat
to the first 7' level were measured for each target.
similar studies already made with proton an¢
a““ﬂ:%ﬂb m:ﬁﬂ”ﬂ.««ﬁ:im&@ problem of helion optical ,Bonﬁ,
the mu:w« measurements at sufficiently high energy and over a large eno ugh angula
8%& ! several sets of parameters are acceptable but the set characterized by real
nﬂ._m o==mv_~==_n integral per particle pair of 300 MeV. fm® corresponds to the set pre
MMWM oﬂ.wﬁam. The optical model fits for two sets are shown in Fig.1.60.

nation of volume imaginary and surface imaginary potentials gave a better fit .,

No combit dence for a spin orbit depth of greater than

pure surface imaginary terms. There was no evi

The envelope of the cross-sections plotted as a ratio to the Wr:»rnm.oa n_.cuw.mao».mom‘uv
exponential decrease with angle. The proton and alpha data the same basi f
there was evidence of differences between the isotopes. In the SO MeV alpha data, e 05
tory structure was more pronounced than for the 3He case but the structure decreased for t]
rotational isotopes **Sm and ***Sm. In the proton data, the slope of the cross-section e
lope increased for the rotational isotopes. This feature was even more pronounced in 2.5&.—

tic proton cross-sections. The 3He data shown here are interesting insofar that the cross-sectio
are so similar for all the isotopes, the largest difference being between 48 S LAES;  the
parameter sets obtained so far, the large values of aj for 148Sm, !5°Sm, '52Sm and
compare well with the value obtained by Woollam et al, in their coupled channel calculatio
on 1%4Sm using the strong coupling approximation.

They do not however agree with the value of aj in the regular optical model analysis of .m_.ae 4

LAl

A complete coupled cl | calculation for the elastic and inelastic scattering cross-s
be necessary before any valid conclusions can be drawn. The validity for deformed nucle
recent reformulations of the optical model may then be ascertained.

EXPERIMENT 54

The *Fe (h, &) reaction at 83 MeV

ZOJESEQQ of helion elastic scattering at 83 MeV. on 56 Fe have demon:
optical model parameter sets could be obtained with sufficiently e:

order to analyse the (h, o) reaction measurements taken at the sam

of 85-7 MeV alpha particles was also measured to simulate the conditio

nel. Although an big ial was not possible for

data was easily fitted with :5 aa i
mple optical mode! both
are shown in Fig.1.61. s g .c,en_ﬂ.

i

With a §m5 helion potential and an acceptable alpha |

gw.? it conditions should be ob




“Fe(*He.‘He ) “Fe
Ei857 MeV
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B.. . degrees

g 1. Elastic scattering cross-sections for 82-7 MeV 3He and 85-7 MeV *He on *Fe. The continuous
lines optical model fits for potentials with Jp g/ApA = 333 MeV. fm for *He and 422 MeV. fm*
for ,ﬁs ‘The dotted line is the fit for JRg/ApAT =530 MeV. fm? and the dot dash line is the fit obtained

d %Wmﬂymﬁﬁo “#He channel is reduced by 10% from the 422 MeV. fm® set values. Experiment 54
(18548)

have been made to improve on conventional DWBA under conditions of mom-

ch. In this analysis the form factor was calculated using a conventional Saxon

for the bound state neutron without correction for finite range or non locality.

e form of the bound state wave function has shown primarily that the form fac-
opic factors but not the general shape of the angular distributions.

that collective effects can be included by changing the radius p

optical potentials. Following this approach but still

C incident *He, the p of the *He optical
‘noticed that the only change of parameter to give any
1 for the alpha channel. The fits to the 2 =3 states were
otted in Fig.1.62. However, the fits to the = 1
mproy of the angular distributions for the

er for the £= 1 states which are
gom,o?iumﬂ.s..

56F¢ (3He 2 He)FFe
Eay=827MeV

Ex= 210 MeV :
=502

N\ 5
100 120 140
6 degrees

1 1
60 80

Figure 1.62. Angular distributions for the % Fe (2 He, *He) reaction at 827 M
u._em the DWBA predictions for the potentials which fit the elastic S-»_na,._n.

onFig.1.61). The dotted lines are the. predictions when the ry of the ™ He pote
Experiment 54 (18698) :

cnﬁwé:.:.oﬁﬂwngnm_:oo
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1.63. A i i
Eﬁnnw o comparison of experimental results with the Watson-Migdal model predictions: Experiment

ating target of deuterated cyclohexane (C¢D,,) has been used. The two final state
Paa.ﬁo»a&: coincidence with the proton recoiling in the target. The neutrons
plastic scintillation counters close to the forward direction, these counters be-
the o,.:—m so that the two neutrons detected were essentially colinear
Py, 0y~ 0

L @g ctions have been extracted as a function of one of the final state
it energies between 100 and 155 MeV. A simple model based on
final state interaction was used to fit the data obtained in this ex-

3 and the value ap, =~ 11 wmm fm. extracted for the neutron-

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

-+ nd than in p-d scattering, '8

moré s«ﬂ“.___ﬁi_” “—nmo_.» here some preliminary results ¢
crosseC 2.‘ energies. The experiment was performed at the |
ing u.u“—._mmh_rn results presented derive from about one quarter o

tron,

.sed neutrons was obtained by deflecting the inte
n:“ﬂﬂ:h»h_‘ow_““uﬂ«::a particles emerging at 47° travelled 50
<qui erium.
piud mn“”no:m and deuterons being d ation ¢
Bﬁwva.»ws_iu. A solenoid was used to precess the neutron spin, ini
ro_m._.: tal. This horizontal component Py (which varied with neutron energy) resulted
losil :.505 A, of the recoil deuteron. By reversing the field direction, the ¢
%iﬂ 2 ents Om.»rn up and down counter telescopes were minimised. Incident neu
:ﬂ»iﬂ”. measured by standard time of flight Sora.e_nu. and the quantity
Maﬂ__an at energies between S0 and 120 MeV, and in the angular range 70

[n a separate measurement P, was ?::agmn?i:wﬂuousﬁ.—mm—oiuunc,ﬁ.nwn.—
As a check on the methods of data reduction the liquid deuterium was replace 1 by hy
and the asymmetry in free n-p scattering found. The corresponding values of P(®) are

lent agreement with previous determinations of this quantity.

In Fig.1.64 we show P(©) for n-d clastic scattering, for three energy bins, each 10 MeV

70, 80 and 90 MeV. Errors are statistical, and there is an additional normalisation e;

Also shown are lines representing the trend of the p-d measurements at 50 MeV'

MeV. Future analysis will approximately double the number of angles, and include

above and below those shown here. The implications of possible differences betwees

pd polarisations at lower energies are ascribed mainly to the rapid variation of P(O) wi

gy; the near-constancy of P(©) between 50 and 140 MeV would therefore suggest tha , betwee
these energies, such differences would be small. Our results indicate that any difference

exist lie within the present experimental errors.

Figure 1.64. Polarisation P{f)in n-d elastic scattering at 70, 80 and 90 MeV:
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tially superior to v and X-rays for radiother:

° J Sl apy. Th i

nt in this application are (i) the well defined range, ».Mw Eomwww m_m R

most of the energy being given up at the end of the range »Mnﬂ.wo?.
1) the

ocess of stopped mesons; the resulting heavily fonizing products ¢y 3
N cause

oxygen starved cancerous tissue.

our years the 711 beam from Nimrod has been used in a
o yearsith ) n attempt i
theoretical advantages are realized in practice. During this vaaﬁwm MM»»S.EE
a small volume of 10cc has been increased from 0-3 rad min~! in _w.:uu &7
/ Towards the end of 1975, when the new injector is operational, we 1 o_w =
dose rate of 15 rad min~" over the same small volume. ’ g,
four year of radiobiological experi i i
o prog; gi periments various biological syste;
d using cultured cancer cells, human lymphocytes, bean roots and mice. M E—Humﬂ_“_ué_
wnachmhnm.- Mﬁ often oon__:sn—_-n»o? biological information has been obtained. The answer MM
basic question concerning t % i i
ey g the efficacy of a beam of 7~ mesons as a radiotherapeutic agent

curren z:.au!n ».on construction of the proposed EPIC machine calls for the closure of
_@No. .—.”_-, would not leave sufficient time for experimental work to be done using
iperture beam line which was described in last year’s annual report. Thi ject i
ot being pursued at present. S

results from the work carried out in 1974 are presented in the following reports.

$0Coy ealibration

s with cultured human

several successful runs each lasting 1
n”nm_.h N_Q_anhu beam, and dose rates up to 160 ra
jated at 4 depths in Perspex Eﬁio.a —4-8 cm (
in the peak region). The relative dose rates
119 : 135 ¢ 1-22. The results are shown in Fig.1.65
i (RBE) peak-to-plateau is ~ 1-4.
mwn.rm:—orﬂnxvﬂwﬁamua v_E_:omSS

catio 096 ogical Effectiveness
oth aerobic and hypoxic cells.

elative Biol
.._suw to ©°Co gamma ray
ﬂ..sé profile of the beam for b

ic weight loss Medical College of St Bartholom
Tl Hospital, London

Earlier results on thymic weight Joss in 2% week old mice irradiated with 7~ mesons a
50 rad and at a dose rate of 10 to 12:5 and S0 rad h™! suggested a relatively high RBE |
compared to 220 KVp Xraysata similar dose rate. Recent thymic weight loss data. A
10100 rad and at a dose rate of 100 rad h~! given in Fig.1.66 together with the ol

support such a high value — although 7~ mesons seem to be slightly more effective
than comparable dose rate 250 KVp Xrays. We do not find any significant differ

system for a given dose of radiation at the 7 peak or plateau.

Figure 1.66. Thymic weight loss in 2% week old SAS/4 mice as a per
iated controls and as a function of dose for peak and plateau 7~ mesons
sources: (18713)




Medical College of

Hospital, F..H.: St Bartholomey
lents in 1973 on the induction of lens ities in ms,

irradiations have been performed to mﬁ.irgo»ﬁomw et
of opacities in mice 12 months after irradiation s  § ¢ groups,
Pplateau differences. Over 80% of the lens opacities ovuaE._R.oa ol
e gross, occupying > 50% of the lens. Fig.1.67b shows the M = Y
induced by pions plotted together with similar data for hig "

igh dose rate

1.67a. Percentage of mice with lens opacities 12 months after irradiati
head only at 1 day old: (18715) g

X peak =~ mesons

@ plateau »~ mesons

m °°Co vy rays

dose (rad)

‘mice with gross lens opacities 12 months after irfadiation
™ mesons (X); plateau 7~ mesons (®); and ©Co ¥

ents with frozen Hela cells

ing 1974 on=m=w<o_unc=rAu...no o_uBm_.—
D -2 spacing together wi L u
n% positions in the plateau, over the peak and in the tail.
1

w and the data are being analysed. Further exposures are p]
g0

Experiments with Human Lymphocytes

i alysis has been completed for a dose fractionation experiment.
Mwﬂmﬁmﬂmownaio whether pion dose fractionation, which will EE..SE«.
radiotherapy regime, affects the peak to E»._ou: 35 .u mag :
in additional sparing of healthy tissues outside the peak. The 5»&2«@.@3@—-
amined for dicentric and acentric aberrations which together are Bu%o_ﬁ._c
cell death during the initial post-irradiation divisions. It can be seen in Fi .
bined yield per cell of these aberrations remained »u?oﬁ:.s”o_.w constant in
when plotted against the time interval between fractions. There is consequently
change in peak to plateau ratio from that obtained for the unsplit control doses.

It is interesting to consider the aberration types separately. A reduction in dicen
26% in the peak and 41% in the plateau was reported last year for a 24 hour
quent analysis has shown a similar effect with a 6 hour interval and confirms the

in the peak to plateau ratio for this type of aberration. A reduction in dicentri
teristic of split dose low Linear Energy Transfer (LET) radiation. At high LET
hits needed to produce dicentrics mostly result from single jonizing tracks s tha
chance of repair before the damaged sites i and no fractionation eff

The dicentric data are therefore consistent with the fact that the dose in the platean
a greater low LET component. However with increased fractionation intervals the |
for acentric aberrations rose with respect to the peak. As an acentric is eq

the cell this resp erbal any ad ge obtained with the dicen

the additional acentrics, a proportion of which are single-hit aberrations, are
lesions which would otherwise have interacted to produce dicentrics.

Figure 1.68. The relationship of the yield of aberrations per cell to the time interval
between two exposures to a pion beam, each of 63 rad at the plateau and 100 rad at
the peak: (18717)




gle energy
2 T phanto,
in the peak was %Ea-&m_.
! target was about 75 rad

» microscope slides Prepared, ang w%»o_n

exposed j
of the beam. A dose of 150 rad measured b

,, gies. The resultant dose rate using a 10 cm Cu
d cells have been successfully cultured,

\
o &

percentage change
&

Medical College of St Bart
Hospital, London
University of Leeds
Rutherford Laboratory

&

tholomey’s

Iy
chamber wall {nylon)
fixed sheath (CHp)

llowing the successful operation of the 2nd harmonic RF cavity in Nimrod we have obtained
a dose rate of 3 rad min™" from a 10 cm Tungsten target with 1.8 x 1012 Protons per pulse. The
extracted proton beam and w11 were realigned during the 1973/4 winter shutdown. m.:vmm.
[ beam studies have shown that the 711 beam now has a slightly larger spot with the same
relative intensity. The opportunity was taken to explore some new modes of running the beam o b
including one which resulted in a better defined momentum and reduced spot size with equal Figare 1.69. Effect on air equi i Ll R
- peak dose. This mode was adapted to produce a trial flat biological peak between 7 and 18 cm (,0'by CHy)s (18716)
or the lymphocyte experiment mentioned above.

1 |,

T

100 10!
distance from chamber gas to CHp [H0 interface(mm)

|

We have investigated how the pion dose is dependent on the absorber. Similar 0-2 cc jon cham-
'S, one ‘air equivalent’ (AE) and one ‘tissue equivalent’ (TE) have shown no relative change of
oover the region of the pion field with a dose = 10% of the peak value to an accuracy
The absolute ratios TE/AE at the plateau and peak, assuming unity for ®Co v rays, are
)1 and 098 & -01. In order to observe the different doses from Carbon and Oxygen
sorbers, spheres of polythene were placed about an ion chamber withir a water bath.
pping power of the polythene was 3-5% less per cm than water, and the total depth was
 keep the ion chamber at the dose peak to within 0-5Smm. The results shown in Fig.
ate no significant effect to the order of 1%.

gical results do not show a higher RBE just behind the dose peak as would be expect- a perspex phantom to a pion beam: (18816)
been able to resolve this. A new thin parallel plate ion chamber that will enable
e the shape of the jonization peak is planned.

EVENT DISTRIBUTIONS
ant pressure and flow gas rig is now being commissioned for small parallel plate pro- "
These will be used to measure spatially fast varying radiation fields and also O M_nﬂwo Light

ISR % = E CGlustel a track
of events produced in the plastic electrodes which simulate bone and
cnvmﬁ o.du o.mm qu _:o o.mo

(rad)
um thick KS) have been used to study the grain patterns seen in oo
at various positions in the pion beam. The developed slides
and the events seen in 7 x 7 um squares were recorded under 4
; clusters; light tracks with separate grains; heavy tracks
 the results are presented as event distributions in 100 vol-
peak (14-5 cm). The data show how the num-
spex phantom while the numbers of r«n&.
sed to 03 rad of Cobalt-60 radiation is
 that the grain events are related to LET
rs dium LET events (clusters and

EVENTS




High Energy Physics

5&“.59% _W%EQ_ maintains an active research program in man
can be seen below. It is also a focus for activities that involve the whole Brit; iversi

munity, such as the annual conference in January. This year’s ooiﬂo:mowmupo__u”a_ww_mnaq e
lectures, covering topics from multiparticle production to critical phenomena and um_: ey
freedom, with a special session to hear and discuss new results from the SPEAR o+on&w_=_w_.~ c,:n
.g.«x.mn—.maa:a. This ¢'e™ physics was again a central question at a topical oonmﬂaﬂnws :
moov ph 5 d in May. An informal study meeting on 77 and 7K uS:E_
ing was held in June, and an active summer programme continued with visitors from cent, i
the USA, Europe, Isracl and Japan. The following brief accounts illustrate the research put
that have been covered, and some of the results achieved. =

Y areas of current interest as
>

Bjorken scaling and massive gauge theories

A very important phenomenon in inelastic lepton-nucleon scattering is Bjorken scaling: when
the inelasticity and momentum transfer are both large, the inclusive cross-section behaves as if
the lepton were scattering from a pointlike object. This is surprising since strong interactions
were expected to give a diffuse structure to the nucleon and its constituents. It scems as if the
strong interactions are somehow switching off in this region.

There is a possible theoretical explanation in the fact that a class of field theories based on non-
abelian gauge groups have this kind of property. If g is the gauge coupling constant, the point
g = 0 is an ultraviolet fixed point of the renormalization group. Such theories are “asymptoti-
cally free”, and predict Bjorken scaling within logarithmic factors. However, these theories con-
tain massless vector fields that cause severe problems; experimentally they are not seen and
theoretically they give infra-red singularities. A solution is to give these fields mass by the Higgs
mechanism, but this in turn may change the UV behaviour and spoil scaling.

The gauge group SU(n) has been studied as an example, introducing Higgs scalars such that all
the vector bosons acquire masses. It is found that this theory is not UV stable. However, it ap-
pears that such theories may nevertheless behave over a wide momentum range as if they were
tically free. Such quasi-stable theories could have Bjorken scaling (up to logarithms)

the present experimentally accessible domain, but this scaling would break down

. e + hadrons, now accessible to experiment thanks to electron storage rings,
ire the total cross-section of two virtual photons as a function of their

polarization and their total cm energy. In particular, by allow-
a photon target, this opens a new window into the world of

predictions about the cross-section be-

'Here two of the structure functions are
both q? and g3 large, and
s of this dynamics-

investigation has shown that when one photon is real 0),

>=oﬂ.~_«~ in which both s-channel helicities flip has a 1@?&&:&%. ix
E%Bﬂc« can be measured by a sum rule for polarized cross-sections.
pole EM:« contains important information, being simply proportional to
this M“_c». all parton charges, independent of q3 -
vai

rect electron-hadron coupling and the 1° > e'e” rate
Di

ion for the high crosssection o{¢'e™ > hadrons) observed at 'SP
O mcwwm MMM M”ﬂw”ww_““:o cores. _w:mo. these cores would also contribute to aannv.u s
&3 «_.on.n Ppseudoscalar and axial vector couplings are possible here, but the _n:m_...,.w,no, suppress-
Ao n__. licity factor. No specific measurement of the 7° - ¢'e” branching ratio has ye !
2y wn w_: an upper limit can be inferred from certain experiments. The corresponding|
aawom_wovwn:nomo&u- coupling strength is already strong enough to exclude some hypotheses for
0 *

direct electron-hadron couplings.

, measurement from ¢'e” = K'K ™ at the ¢ resonance

The magnitude of the CP-violating ratio
n,_= Amplitude Ky~ 77 ~)/Amplitude (Kg > )

is an important and still open question. A recent redetermination differed _u.w about 20% D.oB
previous values, and some authors have interpreted this discrepancy to question ..&o «r«oaﬁmmw»
formalism. Older determinations required the combining of four different experimental ratios.
The recent remeasurement used a single experiment, on the time distribution of n'n~ decays
from an initial K°~K° mixture, but fitted five par: imul ly and depended crucial-
ly on the K; -Kg interference term in this distribution. A new procedure is proposed 1)
to measure the time-distribution of 7'z~ kaon decays, within a specified angular cone, from the
reaction ¢'e~ - K°K° at the ¢ resonance. The analysis requires fitting only two parameters
avoids complications and uncertainties from the interference term, which is now suppresse
a factor of about 1000.

Pion-pion scattering

The special situation of mm scattering with its theoretical simplicity and incomplete d
continued to stimulate theoretical effort. Exploiting the constraints from analyticity, ¢
and unitarity remains a major concern. One question is what correlations among 1
parameters are implied by the data at higher energies, say about 600 MeV. Resul

otic amplitudes (both in the direct channel and in exchange), and the existence
1= 1 P-wave resonance. Such predictions are important given the conflict among em;
ings for the threshold parameters. In the case of the P-wave scattering length, for w
Persion approach actually predicts the value rather closely, there is a-
Present experimental result.

Analyticity and crossing also imply relations between the behaviour at
542 energies where data exist. For 77 scattering, beside the familiar finite
embodying s-u crossing, there are additional sum-rule constraints
Sum rules, the high-energy implications of recent high statistics
miﬂ».usn_. An important result is that the p Regge residu L
€Y7, suggesting that absorption effects are rather weak in 7 scatter

5

l crosssection oy ('),

Ctorization. Perhaps the



e rather few well attested meson supermultiplets, and this is a handicap in evaluag;
ess classification schemes like the L-excitation quark model. In general, the E»E_w
ity sector is best studied in the appropriate 070~ channels, mm, K etc. Of the uE&ME

the lowest lying which has proved difficult to assign has been the 0™ family, the nat el
parity companions of the 2* tensors in the quark model L = 1 band. There is no shorta, o
candidates for the 0" nonet. Besides a full quota K(1250) and 8(970) forI =% and | = 1 MMQ
possibilities have at various times been considered for the two I = 0 members, the m%o.o om
(1000) and ¢'(1250) effects. A new interpretation of the I = 0 phenomena has now been v».. -
ed. Firstly, a resonance description is proposed for the S$*(1000) (which couples strongly No».o—.
and KK) involving poles on two of the nearby unphysical sheets; this enables effective %o”:
coupling constants to be defined. Secondly, it is suggested that the S* contribution to the | = w
channel should be removed by subtracting the corresponding 7w phase shifts to isolate the re-
maining dynamics. This causes the two elastic € and €’ effects to coalesce, yielding one broag
clastic resonance of mass 1100 MeV or more. The fit has been extended to all the 0" - 0-0-
resonance decays and shown to admit a solution consistent with Su(3).

Any such fit is characterized by the mixing angle 0, the ratio X of singlet to octet coupling, and
the overall strength. It is natural to compare the results for the scalar decays with those a.m the
associated supermultiplets, in the present instance the tensors. For the latter, as for the vectors
.ﬁ.ro observed pattern of decays approximately corresponds to ‘ideal mixing’, cotf = /3, EE,

Zweig’s rule” A = /3. For the scalars, the mixing is far from ideal, but X is rather similar to
mrnn for the tensors. If upheld, this would suggest an interesting systematics with mixing vary-
ing from supermultiplet to supermultiplet, but “Zweig’s rule” (decay going according to quark
content) extending over the whole band. Further confirmation of the 0" assignments is to be
sought, especially in the KK channel.

Geometrical scaling and the Pomeron

(ref. W%.u\.&«. W.«S_: measurements of pp scattering at very high momenta G_.L»w >100 GeV/c) have an in-
) R.w:_:w_w simple property. The energy dependence of the inelastic and total cross-sections, and

of the elastic angular distribution, can all be described and correlated just by a scale change in

the interaction radius. This geometrical scaling (GS) is apparently a property of Pomeron ex-

change (alias diffraction) that dominates pp scattering. It is important to discover if GS is really

a general Pomeron feature or justalocal accident,and also to pursue its theoretical implications.

It turns out that almost none of the Pomeron mechanisms usually proposed can predict or even
s accommodate GS. A possible prescription has been found, using a Regge dipole, that has GS but
lacks a fundamental basis. Alternatively, a Regge pole exchange with intercept greater than
unity can be adjusted to give approximate GS through a limited energy range; there is theoret-
pport for such a mechanism, as the first term in a perturbation series, but GS then
-as an accident.

'S is a general property, it should appear in other reactions too. The 7N and KN data above
«ﬂfﬁ are still sparse but nevertheless consistent with GS. One then wonders whether the
I ‘be generalized to describe not just one process at a time, but to unify the Pomeron
in different reactions. Indeed it can be generalized, but the prescription is not
esent data are consistent with a whole range of possibilities. More extensive
distributions will clarify these questions soon.

nplications of GS have been pursued, to show that it puts strong
of the Pomeron amplitude, and on polarization effects. Its predic-

<ati arity-conserving two-body reactions implies M-
mwnﬁo..sm.»uc_n__<mwh M:SW natural or unnatural parity exchanges. —vn.nw«._..» ] Ve
Eammomﬂz M-purity, with natural parity for the Pomeron. In principle 9« 2
ol information that can independently test () factorization, (b) M-purity and |

8=.===mm amplitudes (expected if the Pomeron is a Regge pole). These nnas«_.nn.__:n,, po!
T M:n_\o_. target, but not target polarization in the reaction plane. c:»&.wis\
it b tinguish factorization from M-purity are hard to perform accurately, since

dis! R
tests ﬂ_m”b:w::a helicity-flip amplitudes that appear to be small experimentally.

pend
Derivati' ’
al authors have recently proposed a rule for high-energy go._um& _.nncno-_m;»». E.:E
whereby the s-channel helicity-flip amplitude is directly Eouo—..c.onu.— to nw—o.aonspnihn
ip amplitude, with respect to momentum transfer. An mBuES_. :-_o. u5.=_vn no‘o—__m
iliar in low-energy nuclear physics; if true, it would greatly simplify high-energy
This rule has been tested by careful comparison with a simple and io.:.
measured reaction, namely 7°p = 7°n. Here it is extremely u_m:m:.:o that r«:&Q.Em is describ-
ed by a single Regge-pole hanism, and the combined ptions are very .ﬂao:m. Although
most of the data can be fitted quite well, the derivative rule is found ”.o predict a pronounced
deepening of the dip in the differential cross-section, contrary to experiment. This casts doubt
on the rule, as an exact condition.

ve rule for spin-dependence

Sever:
angles,
of the non-l
is already fam
amplitude analyses.

Multiparticle production

It is generally accepted that high-energy multiparticle production processes have two omawoﬂ.
ents, corresponding to diffraction and a multi-peripheral type of 3} The Rut
Laboratory group has continued to study the detailed structure of each component, and E,.m
pushed forward an ambitious programme for calculating the diffractive part from a dual des-
cription of the multiperipheral part, through the unitarity relation.

The non-diffractive component appears most clearly in the central region, where double Regge
pole exchange in the Mueller-Regge framework is supposed to describe inclusive production.
However, a detailed analysis of the 7*-7~ cross-section difference shows that this picture is wwza
only for pr > 0-7 GeV/c, and that estimates of the central vertex from different energy regi ,:w
are inconsistent. A more profitable approach has been to consider specific models for exclusive
n-pacticle production, and from them to construct explicit predictions for inclusive, semi-inclu--
sive and exclusive distributions. In the limit where transverse momenta are neglected, closed
form expressions can be obtained for the distributions predicted by standard models; these |
be used to analyze semi-inclusive correlations and hence to learn the nature of cluster produ
tion, for example.

The diffractive component has been studied by analyzing the world data on pp = pX
of the triple-Regge formalism. The results show that diffractive scattering is domina

triple-Pomeron term, which furthermore shows no tendency to vanish at t = 0, contrary
theoretical expectations. This result implies that the total diffractive cross-section
mb between 200 and 2000 GeV/c, i.e. that most of the observed rise in the inel
section can be attributed to this component. The picture has therefore change
from the original simple view, that diffraction would provide a constant cross-secti
fixed low multiplicity distribution. .u

A programme was started last year (see 1973 Annual Report) to calculate diff;
from a dual model input, using multiparticle unitarity; it has now be r
further. The basic assumptions include Regge asymptotic behaviour,
change degeneracy. The scheme provides a practical way to calcul:
Multiparticle states, and from this several important pre f el
duced. The energy dependence and forward slopes of pp !
Pletely determined; the results are all consistent with
8¢ parameters agree with the input values. Th
n be fixed by inclusive data; the sc
100 can be determined by a unitarity




unitarity allows the ratios of electromagnetic for,
o m f;

to be computed. The process v > hh (where h js the S_uﬂgoaa
from intermediate n-particle states. By consi v

: ] dering the m;
— n and hh ~ n, due to local conservation of quantum E“ﬁ“nr
in

results suchas F_(t)/Fy (1) v I t] %o ™K* for large t.

he two-component idea has been used in an analysis of the Pp inelastic overlap fyne.

This overlap function can be deduced from high energy elastic data; its form does not

ly suggest two p but does indi that absorption is important, When

is allowed for in a plausible way, the results strongly suggest the presence of two

nts, that can be separated. An interesting conclusion is that diffractive scat
sembles elastic scattering, in that it is concentrated at small impact parameters,

tering re-

Unitarity in the Glauber model

‘The Glauber model is a simple prescription for calculating high energy scattering from a com-
pound target, such as an atomic nucleus, that has been widely used. Nevertheless, it is only an
approximation, and a systematic investigation of its properties has therefore been formulated.
The first result is that the model in fact violates unitarity slightly; this happens because it as-
sumes impact parameter conservation, that is not strictly true for inelastic processes.

. 1

Nucleon-nucl ctions and air
All two-body cross-sections seem to be rising, at the highest energies accessible to accelerators,
and this is believed to be the start of an asymptotic regime. There is great interest therefore in
exploiting cosmic rays, to attain still higher energies, to confirm and quantify this phenomenon
more fully, and to compare with various theoretical predictions. For example, the altitude de-
pendence of unaccompanied hadron spectra has been used to estimate the N-N total cross-sec-
tion 0 up to 3 x 10* GeV/c. To go higher still, one must resort to extensive air showers (EAS),
and there have been recent attempts to extract o from the zenith angle dependence of EAS.

i tion has been reanalyzed. It is concluded that these EAS data cannot determine o
quantif ly without additional assumptions, such as the energy dependence of the inelastic
21 tion, for which there is no solid justification.

ontinued on vacuum polarisation effects in very strong finite range potentials, in
the phenomena associated with the critical potential for which bound states are
the negative energy continuum. Apart from its interest as a relatively unexplored
rodynamics, these critical potential phenomena exhibit features analogous
pton currents in weak interactions, and offer a possible interpretation of
n of leptons from a state of observable charge to a state of unobservable
um polarisation effect. The study of short range vacuum polarisation
terpretation of electron scattering from possible point-like sub-
- to the possibility of localised regions of fractional observed

wolves a lengthy computer summation of positive and
the Dirac equation to obtain the induced charge .mo-
ves ressing this sum as a Green’s function

‘The two methods of computation have been

itua ree from divergences, and are being
distribution produced by short

ove work has n
22 2 features of
ct of an

to explore the effe
M“c.“ﬂamo-_ for electron-nucleon
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jmmediate res
the x distribution U
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or Operations
lopment

GeV/e proton synchrotron, has been operated in a continuing 21 day cycle
g i search and the SH

for by accelerator development, maintenance and start up. The Winter shyt.

ch started in December 1973, was phased in with the requirements of the new 79
ctor building programme. This shutdown continued until mid-April when Nimrod re.
eration, on schedule. The first cycle was wholly devoted to recommissioning Nimroq
d proton beam lines. The subsequent eleven cycles largely followed the pattern

pe itions record is summarised as follows:—

High Energy Physics Research
Scheduled time
Good beam time

Machine physics and start-up
Routine maintenance and minor

modifications at 21 day intervals 350
Shutdown periods for major modifi-

cations and maintenance, and also

including the Christmas Holiday 2676

of protons accelerated to full energy was about 17-3 x 10'®. Machine pulses,
72 x 108

Machine Physics and Development

Beam Exp. Nimrod Nimrod

SChed BN o Off; Al

684:21 39026 11921 17474 50947
31138 19475 19:89 96:74 21464
18145 8376 2332 74:37 107:08

5 [1177-04 66877 162:42 345-85 831-19

13-44

analysis of Nimrod Off Time during Scheduled Operati
5733.72 hours

ing Time
duled Operating 987.98 hours

Sche!
Off Time

1. Faults and Routine Inspections

cuum Systems
MM_.EE,SS: RE/Beam Control/TV/ e o
mw__uawﬂwﬂmm-ﬁ Power Supply GMM.”HMV AWWWV
(2) Rotating Plant ;
39:55 0-69
(b) Converter Plant . e
(c) Ripple Filter Plant 25-61
wﬁ_”m_.”_ Section 1 Environment P i
ro
Extraction Systems - (85-64) (1-49)
(a) Plunging Mechanisms 50-57 088
(b) Power Supplies 31:57 0-55
(c) Magnets 3-50 0-06
Injector 7868 137
Coolant Systems 77-91 1-36
Nimrod Magnet 16-52 0-29
Inflector System 3-80 0-07
Miscellaneous 57-68 1-01

2. Other Reasons
Start-up 66-75 1-16
Public Electricity Supply 11.79 0-20

987-98 17:23

Figures for Vacuum and Extraction Systems include routine inspection time.
Winding Systems and Targets and Target Mechanisms areas were virtually troubl
with off time totals of less than 0-5 hours each. They are included in the N
The Miscell total also includes 24 hours of lost time, in one inciden

of a beam line element, and its replacement, in the Nimrod machine area.

Figure 2.1. Nimrod operation record for high energy physics during 1974: (1878
100
90

Development




‘has been pulsed throughout the year with the complete

] oW
brmance continues to be good. The arc-back rate on the 8=<w=m~2 _u UPPLy plang
level and the ripple filter installations have given good service, Plant has gop,
tistics for the year are as follows:—
Machine running time 5,545 hrs
Machine pulsing time 5,285 hrs
Total pulses 6,450,140
atigue testing on a number of V coil support bolts was carried out during the year, A adi
esult of these tests, it was agreed that the service life of these bolts could be safely :..SSLM“M :
{s]

60 —Qamé_mmu and hence no bolts will have to be changed until 1978 or later.

ers With the ending of the manufacturer’s reconditioning service for the mercury-arc rectify
‘which are currently in use, alternative thyristors have been built and tested under normal oMMM,
tional conditions. The results of these tests show that the use of thyristors in the excitation n_.a”
cuitry of alternators subjected to pulsed load conditions is feasible. However, since the mercury-
arc rectifiers have caused little lost operating time, have a greater over-load capacity and are
more tolerant of voltage transients than thyristors, it has been decided to continue their use for
as long as possible.

‘The advantage of having a spare drive motor was emphasised when a fault occurred in Septem-
ber which necessitated the removal of No 1 motor from service. The spare motor was installed
and operational within 4 days.. As this period was mainly scheduled for machine physics and
maintenance, the effect on the HEP research programme was only slight.

The fault was due to overheating of connections at the slip-ring end of the rotor where a con-
ductor leaves the winding interconnection region on its way to the slip-ring. Routine checks on
the motor prior to its return to the manufacturer’s works revealed a stator winding fault. Dur-
ing the repairs the design of the conductors between the slip rings and the winding connections
‘was modified to eliminate one of the joints which had failed. The repairs have now been com-
pleted. )

Silicon transistors have been successfully used in place of germanium-type transistors in the con-

“verter grid control gear to end the intermittent mal-function, during periods of high ambient

 temperature, of some components, in particular the printed circuits which are responsible for

the timing and generation of the grid impulse. All ninety-six operational printed circuits of this
on the plant have been converted.

er has now been installed in a more permanent position adjacent to a_n. original
ri master timer. Facilities for control and indication of the programme settings §<M
the top of the main control desk and the complete installation has operate

nonic RE system has continued with the addition of 8 1€
a faster RF turn-on. Minor modifications of some
occurrence rate to an acceptable level. The
find the simplest operating system t0 &%
s were obtained by switching the 204 ef
The system has been ifl €27

ear the intensity of the n,ano»,mn proto
cs._ﬂm n”.oovﬂum per pulse on average and Mvnon P "
% 100 £ the 2nd RF system, the extra % il
L t 40% of the increase may be attril =" o
ppp- About < accounted for by improved beam steering
SB»EMM. _E._E.oﬁa__aa. was assisted by the installation
A.“_»._wmwnn proton beam line to Hall 3.
2

elopment of Vacuum Switches For Radiation Environments :

Develop! *

out on a new type of vacuum ucior inco!
id deterioration of conventio

i to overcome the problem of rapid ‘

i mﬁa QMMMWWM The tests have proved successful. The life of the mma.

i «ﬂwﬁw—w _»_E_: that of the junction transistor models. The vacuum switche

ten

will now be Eomam&éa\ replaced by the new model.

Further tests have been carried

Cryopump Fitted to Aid Localised Pump Down
i ic i ‘hich guides the protons fron
d operation of the clectrostatic inflector, Wi v e |
jwhuo”- imo the Nimrod magnet ring, has been achieved by installing a cryopum
o With its high pumping speed for water vapour (50,000 1/s) an:

stem.
vaom Y has been reduced by a factor of about 20.

the level of these contaminants

70 MeV INJECTOR FOR NIMROD

J

pleted during tife year and all the required mechanical and electrical services §
Earth mounding was replaced over the tunnel linking the injector building to th
hall to provide adequate radiation shielding. Most of the pre-injector equipment ha n ins
led in the EHT area. The power supply is based on a 5-stage Cockeroft-Walton generator with a
0-01uF reservoir capacitor.

The new injector building constructed adj t to the existing 15 MeV injector

The initial setting of pre-injector d.c. gun voltage and control of long term stability i
by the normal controls of the Cockcroft-Walton generator; rapid short term fluctuat

gun voltage resulting from beam loading of the EHT coupling network is comp
#0-2% by a bouncer stabiliser (Fig.2.2).

servoir capacitor. Although the voltage excursion at the bouncer output
H.mw<, the coupling network needed to protect the accelerating tube fr
tional bandwith demands upon the stabiliser system. A pulse transformer cou
the single hard valve pattern is used. ..l

The bouncer is initially rated at 15 KV 0-5A and its design all
Mm m_.a.ﬁ mode, a closed loop feedback system accepting error si
s <.52 1s connected to the EHT platform. Facilities are als
oy .w.«....u_ derived from beam current. Injection of this
avo:un oaM ‘n—vn system. The second mode of operation is tl
-~ °C compensator. Closed loop testing of the bouncer has b
‘coupling network. Full load stabilities Mw_wwzagne 05 und
have been obtained (Fig.2.3), ,.



Figure 2.2. The bouncer stabiliser which is designed to cancel short term voltage fluctuations re
beam loading in the initial d.c. acceleration stage of the 70 MeV injector: (18055)

Work has proceeded on the manufacture of four pulse modulators which supply the main RF
power valves. Each modulator has a 15 section delay line charged to 32 kV and provides an out-
put, via a pulse transformer, of 80 MW at 40 kV with a flat top time of 800 microseconds, and
a pulse repetition rate of up to one per second. Tests on the first modulator have been com-
pleted successfully and work on the remaining units is well advanced.

The two power amplifiers which form the final stages of the first of four RF systems (one for
each tank) have been successfully tested into a matched dummy load to their full design output

power levels of 0-5 MW and 4 MW. A start has been made on installing the RF equipment in the
new building.

The beam transport elements required for the transfer of the beam to Nimrod have been manu-
factured and tested. Models of the electrostatic inflector assembly incorporating the two alter-
native types of septa (a thin magnesium aluminium sheet or an array of molybdenum grid wires)
have been tested. The final choice from these alternatives based on the test results will be made
in 1975. Modifications to the straight section box for the inflector components are complete-

The CAMAC control system has been on test with a simplified version of the final programme-
i .viéo.omo_. .u:n EHT platform link for control and data transfer has been tested i i
working position in the EHT platform test rig.

Time 100us/div .

Beam 240mA i

B

Voltage drop .
without compensation
12.5kV SkV/div

=

Bouncer output A !
to provide compensation

5kV/div

Jﬂnmc:na av
in the accelerating
= voltage 500 V/div

Figure 2.3. Bouncer, beam and accelerating voltage waveforms: (18783)

Beam currents and beam losses will be measured by current transformers. The transverse pro-
perties of beams will be investigated using multi-wire profile monitors which monitor the sec-
ondary emission from thin tungsten wires (0-025mm dia). A prototype system has been evalu-
ated on the present 15 MeV injector under conditions which closely match the expected 70
MeV conditions.

Beam stops, threshold foils, and slits are being prepared for use on the injector. The beam stops
will be used as beam dumps during part of the commissioning period and special shielding and
handling arrangements are being made taking account of the high levels of induced radio-activity
expected. The threshold foils will be used in the determination of the onset of acceleration of
the respective tanks and a slit used with the sector magnet will constitute a spectrometer for
energy measurements.

All of the diagnostic equipment will eventually work under the control of the Nimrod GEC
4080 computer. Computer software for the measurement modes required is under development.

EXPERIMENTAL AREAS AND EXTERNAL BEAMS
Hall 1

P71, a scattered-out beam, and

parasitic on the machine Piccioni X3 target, was operational as a
test beam until October.

v.w_. a _os.a.BEm_..S full energy beam, which peels off some of the X3 protons before extrac-
tion from Nimrod, continued operation until early December.

Both of these beams,

, P71 and P81, have now been dismantled to clear the area for installation
of the new Hall 1 co

mplex of beams (see below).




{ Hall 2

The Hall has been used throughout the year as an equipment assembly area in conp

€ction w;i
the new 70 MeV injector. N with

Hall 3

The extracted proton beam, X3, services all experiments installed in this Hal]. Ther
target stations known as X3, X3X and X3Y. Secondary beams off these stations are:_
X3 —n8a,nl1,and K15a

X3X — 9 and 12

X3Y —K17

€ are three

The beams in Hall 3 continued largely unchanged from 1973 with the exception of 78 ang K15
which were extensively modified and are now known as K15a and 78a. K15a is now a 3-tank
electrostatically separated beam, with a production angle of 7°, for K~ p to cover the moment-
um range 1-0 to 2-7 GeV/c.n8a beam was designed for 7™, covering the momentum range of 0.6
to 2:0 GeV/c, and has a production angle of 7°. A feature of this beam is the use of 2 precise

| spectrometer to measure the momentum of individual particles to + 1 part in 4000, within »
momentum bite of 0-8% AP/P.

The New Beam Complex for Hall 1

In the new beam complex currently being installed in Hall 1, the extracted proton beam (EPB)
X1 is divided into three branches initially to feed K18, K20 an¢ 713 secondary beams. The ar-
rang allows considerable freedom in the design of secondary beams, in particular the sel-
ection of optimum targetting conditions and zero production angle, and fle

| date changes in the secondary beam lay-out (Fig.2.4).

ility to accommo-

One of the major items of the new beam complex is the shielding bridge which forms part of the
| new X1 blockhouse. The bridge, containing 800 tonnes of reinforced concrete, cast in situ using
pumped techniques, was completed early in November. Headroom under the bridge is 3-7m;
span is 10:-8m and roof thickness 2-7m, with wall thickness of 1-2m. The cooling water, electri-
cal and ventilation services to the beam line components under the bridge will be supported
from the roof in order to facilitate handling of units. Fig.2.5 shows some of the components

being installed in the new shield bridge area.

Figure 2.5. T eld bridge in Hall 1: (18369)

e In Hall 1 the emphasis will be on kaon physics, which places restrictions on secondary beam The EPB System
LRI PEse T R(13761) length due to the in-flight decay of kaons, and the use of large fixed facilities such as the Rapid

| r C L | Cycling Vertex Detector and the Multiparticle Spectrometer.

Beam splitting S For additional flexibility, the optics of the EPB are chosen to be the ‘parallel’ transmission

Gkl er e mode which is comparatively insensitive to large changes in length and moderate variations of
directions.

80 An important part of the EPB complex is a means of sharing protons between the three

RCVD branches. To accommodate the required special magnets an optical insert has been introduced

2 at the front end of the EPB which allows variation of beam sizes. The beam sharing system is to
be introduced in stages.

35.8 1 consists of a pair of switching magnets capable of having their field polarity reversed Beam Sharing
MEEW %a time between successive NIMROD beam spills. This means successive spills may be Phase [ .
iverted t itchi i
&ozn © any one of three secondary beam targets. The switching magnets are modified ex- (ref.RL-74-023)

w:.QE.: magnets which have had their pole faces altered to give better field uniformity. The

cam is matched to the magnet aperture by forming a double waist between them. To run the
Rapid Cycling Vertex Detector (RCVD) experiments, fast spills will have to be generated along
E:ousuﬁo.mamg;a%gaa%:w




K18 beam for Rapid
Cycling Vertex
Detector

ml3 beam for
Rutherford Multi-
particle
Spectrometer

K20 Beam

Figure 2.6. Construction of the K18 beam line in Hall 1. The Rapid Cycling
on the left: (18267) :

ctor constru

tion is

The K18 beam (Proposal No.119, to study S = -2 baryon resonances) is required to give a high
flux of 2-8 GeV/c K~ and with good purity. A single-stage electrostatically-separated beam line
is being built. A K~ flux of 750 to 1000 per 10 protons is satisfactory when the protons are
delivered in 40 bursts of 0-Sms duration, each containing 2-5 x 10" protons. Contami
predicted to be < 5% for pions and " 30% for muons. With some minor changes the beam
should be capable of transmitting momenta up to 4 GeV/c (Fig.2.6).

The m13 beam (Proposal 150 to study exchange mechanisms in quasi two-body final states) is
unseparated and for momenta up to 6 GeV/c. A production angle of 70mrad is used to allow
separation of the 6 GeV/c positive secondary particles from the non-interacting portion of the
iPB. Operation will be for positive particles at two momenta (4 and 6 GeV/c). The acceptance
is Imsr% Ap/p and total beam length 62m. The detector rate limitations of RMS, restrict the
total flux to 4 x 10° particles per burst. Particle fluxes in this total are 700K, 4 x 10°#" and
3.6 x 10° protons at 4 GeV/c and 150K, 3-3 x 10°7* and 3-97 x 10° protons at 6 GeV/c. Par-
ticle identification is by means of Cerenkov counters at the downstream end of the beam.

The K20 beam (Proposal 136, polarisation measurements in K-nucleon elastic and charge ex-
change scattering) is a two stage design incorporating a single tank electrostatic separator in the
first stage, and is for the momentum range 0-7 to 1-4 GeV/c. The total length is 23m. Flux is a
strong function of momentum due to variation of target yield (factor of 3), acceptance for
separation (factor of 1/3) and decay loss (factor of 9) over the required range, and will depend
on the reciprocal third to fifth power of momentum. Predicted K* fluxes at the experiment are
7 x 10% at 0-7 GeV/c rising to 6 x 10* at 1.4 GeV/c.

Figure 2.7. The bi-speed kicking system for beam sharing: (18780)

SM1 SM2
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! system and main

Peeling bending magnet(s)
ﬁhv septum

magnet

i i 2 eam line
Figure 2.8. The d.c. splitting system for beam sharing. (a) schematic of peeling septum magnet, (b) b

. (18779)

arrangeme!

Design work is in progress on an improved cmu_:.u,:u::m EB:maEa& and a mnwo:._o va:wn.mmn“ﬂmmwm
two independent but inter geable methods is under nOJ&%E».E:. O:.n 8..,:» w._<a_c "
on kicker magnets and the other is a 3-way d.c. split. A major %w._m_w oonma&m:os. mm mm:.
minimise the rebuilding of the EPB complex, and this has been limited to Em mn._:s:m _‘mmy.o_._
shown in Fig.2.4 in both methods. For Scheme A, a magnet &ﬁﬂ: as shown in Tm..m.q consist-
ing of a fast switching magnet (KM) and a medium speed switching magnet XSM is used. The
fast switch (KM) kicks the beam out of the aperture of XSM and hence to K18 beam Eﬂmua and
RCVD. This magnet is synchronised with the chamber expansion cycle and the fast spill .m:.uB
NIMROD. Two 10mm septum magnets SM1 and SM2, are used to match the total mm_:.:bw
angle to the Phase I layout geometry. XSM is used to switch beam on a pulse by pulse wwm_m .8
either 713 or K20. The narrow beam in the splitting region of Phase I is retained to minimise
the aperture of KM.

The principle of the d.c. split used in Scheme B is shown in Fig.2.8a and the magnet layout for
use in Hall 1 in Fig.2.8b. The splitting region optics are modified to produce an 110mm wide
horizontal beam at the splitting magnet septum to minimise beam loss and hence radiation
levels. PM1 and PM2 peel off a fraction of the spill and divert it into SM1 and SM2 and hence to
K18, similarly PM3, PM4, SM3 and SM4 provide beam for K20. The beam left over goes on to
w13 target. The splitting magnets are mounted on traversing tables so that the beam fraction in
each branch may be varied.

Liquid Hydrogen Targets

Three liquid hydrogen targets were installed and tested in Hall 3 for the start of the operational
year. Two of the targets in the 78a and 712 beams have operated continuously since installa-
tion. a,_.a one in the K15a beam line has had only limited use, dictated by the team’s operation-
al requirements. Two further targets for 712 (Phase 2) and 713 are under construction.

Electrostatic Separators

M.ﬂ” Movun:o; ‘:u.é been in operation in beam lines during 1974, a single tank unit in K17 and
e e tank unit in _Cmm. Both are of the standard flattened tube electrode construction and
e owa_.wgﬂ_ satisfactorily during the year. Each has operated with a 100 mm gap and has
MMSS.S& an electric field strength of 6-6 kV/mm. Three separators for the proposed Hall 1
m lines are currently being built: a single tank unit for K20 and a two tank unit and a three
tank unit for K

i 18. The latter is on test and is operating successfully at 6-4 kV/mm with a 100
p.

Beam Sharing
Phase Il




(refRL-74-078,
RL-74-100,
RL-74-124)

Development of the EPIC Project

Last year’s Annual Report carried a full description of the feasibility studies co,
1973 for EPIC, — a colliding beam storage ring facility at the Rutherford Labor
ject, replacing the Rutherford Nimrod and Daresbury NINA machines, would e;
ing contribution to high energy physics in the UK from about 1980 onwards.

mpleted during
atory. This prq.
nsure g Continy-

During 1974 these feasibility studies were embodied in a comprehensive report detailin,

scientific justification for the project, (RL-74-124); and a shorter presentation was also M i
ed, summarizing the main lines of the argument, (RL-74-078 Revised). These acocamzﬂ ;w i
submitted to the Nuclear Physics Board, who endorsed their conclusion that there is an =
standing physics case for constructing EPIC. o

As a result, the Nuclear Physics Board presented a formal request to Council for EP]
as their only new major project in the 1974/75 Five Year Forward Look, [NP1 (74)]. To am-
plify this request, a detailed description of the proposed machine was prepared, together with
an outline of its programme requirements in terms of cost and manpower: this is the “Proposal
to build a 14 GeV Electron-Positron Colliding-Beam Facility, — EPIC”, (RL-74-1 00).

C Stage |

The Proposal concerns a Stage | single-ring machine to store and collide counter-rotating elec-
tron and positron beams, each of 14 GeV energy. The estimated cost for capital equipment is

£25.7 million, and the construction time extends over about 5% years. With early approval, the-

project would be ready for commissioning in 1980. The machine design allows the possibility of
future extension to give electron-proton interactions, by means of a second storage ring for pro-
tons installed in the same tunnel. This “Stage I’ EPIC is a long-term development possibility,
and no request for its approval has been made at this stage.

Figure 2.9. Acrial View of the Rutherford Laboratory showing an outline of the proposed EPIC main ring
location: (17850)
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Figure 2.10 EPIC (Stage 1). Principle of proposed 14 GeV ¢'e” Storage Ring Machine: (18436)

At its meeting in November 1974, the Science Research Council endorsed the strong uomo_—..ﬂmo
case for EPIC. However, they deferred giving full approval to the project in view of uncertainty
regarding financial resources during the next few years. In the meantime, they encouraged con-
tinuation of basic design research and development studies for EPIC, and invited exploration of
possible financial support, for any part of the project, on an international basis. They likewise
invited the Engineering Board of the Council to consider the possibility of financing University
participation in the programme. As a result of this encouragement, the Laboratory is continuing
to pursue the EPIC studies, and exploratory talks are proceeding along the suggested lines.

The recent discovery of heavy particles, in which the 4-5 GeV electron-positron storage-ring
SPEAR at SLAC played a major part, has further stimulated interest in the EPIC project. These
new particles are evidenced by narrow pronounced resonance peaks in the hadron production
cross-section. So far, particles of mass 3-1 GeV, 3-7 GeV and 4-1 GeV have been identified with
no simple theoretical explanation for their existence. These particle states are now being inten-

sively studied; access to higher mass regions must await the construction of storage rings such as
EPIC.

The Machine Design

Fig.2.9 shows an outline of the EPIG main ring layout, superimposed on an aerial view of the

w:EM;,oE Laboratory, and the Fig.2.10 perspective sketch illustrates the complete machine
complex. i

The injector system for the electrons and positrons involves linear accelerators and a booster
w«.:oraﬁw: to accelerate pulses of these particles to about 5-3 GeV. The booster con

zﬁ? y NINA machi bled in a modified configuration and operating :
Petition rate of about 8 pulses per second. et

mnoi the booster, alternate pulses of electrons and positrons are transferr
Ting, where they are each stored as two short intense bunches circulating

but are not yet allowed to collide. Sufficient intensity in the mai
Ing :.Bn‘ of about five minutes. They are then accelerated to
brought into collision, and allowed to collide during a storage | time of
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Figure 2.11. Layout of the main in EPIC half quadrant: (18778)

Although the EPIC design is optimised for 14 GeV operation, experiments can be carried out
M»c.on Aapproximate range 5 to 17 GeV, and future improvements could give a further increase
in energy.

The main ring has fourfold symmetry, each quadrant consisting of a bending sector and a special
2 ontaining a long straight section. The quadrants have mirror-symmetry about their
illustrates the arrangement of different magnetic el in a half-quadrant. A

ent of quadrupole magnets reduces the beam size to tiny dimensions at the
isertions, — the “interaction points”, — and it is only at these four points that

important figure of merit for colliding-beam machines, being defined
'some particular interaction event in the collision to the cross-
In EPIC, the luminosity value is about 3 x 10 cm™? sec™

‘GeV design energy, and Fig.2.12 shows how L varies as the
se curves assume a conservative value for the limit imposed by
he other at the interaction point : AQ = 0-04).

tunnel of about 4 m diameter, bored in the hard chalk of

the ring would be excavated from the surface by the
cross-section at one of the main dipole bend-
the electron-positron ring for the

eted in detail, — magnets,
te, prototype ele-

Luminosity per intersection (cni?s")

107l A 20

i i
_m:ﬂd< per beam (GeV)
b tune shift AQ = 0-05: (18777)

Figure 2.12. EPIC inosi ing linear b:

The main ring contains 240 dipole bending mag including 8 combi ...n.,_
each is 4-5 m long and operates at 0-27 T field for 14 GeV. There are 156 qua
of which the majority are just over 1 m long, giving 5 T/m field gradient at 1
ments include about 144 sextupole magnets for ct ici ion, a
number of small correction dipoles for control of the closed orbit.

cor

The RF lerating system ists of 8 sep structures, each 5-22 m lo;
radiofrequency of 402-72 MHz with a peak accelerating voltage of about
available DC power is 4 MW peak for the highest operating energies, supplied by
this power, 1.4 MW at 14 GeV goes to overcome the radiation emitted by the
tron and positron beams. As shown on Fig.2.10, the RF structures are loca
each side of Interaction Regions 1 and 3.

The EPIC complex has been carefully designed to make the fullest p
equipment at the Rutherford and Daresbury Laboratories, and to
site facilities to the best possible advantage. The total effort involved,
of the machine, is estimated to be about 2166 man-years, of which 3(
Laboratory, not directly employed on the project.

Figure 2.13. Cross-section of main ring tunnel at dipole locations:
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bers have considerable potential for achieving hi i
bes > i p g high spatial resolution in t
mamvnmam_.o :E«Sm:om. ____u this type of detector the basic principle is to B_o“m_w—-ﬂ ﬂ” ”_“.o.
¢ P d by a charged particle passing through a chamber ga T
3 . oo . 5
%NM..E_.‘B s_no 9:25 under the influence of an electric field. Chambers with nman QWNM B
.wBNo g@:, built to .m:—% drift time measurement techniques. Usinga 1 GeV/c a;ﬂﬁ =
‘mea oo M_”“_.n u“_o% noroa Hnso_\amm”m linearity and spatial resolution of 0-44 mm f.w.h.m AﬂM
Single. 3 with drift di of 10 mm were used to moni et
tor particle traj
E:uwn “,».M..n"_._n_. development, »10 chambers measuring in orthogonal n:»o:%sm (ie x Mw__ho.
tes) have been operated with a separation between centres of 25 mm without any E<

rence effects being observed. i i i identi i
ek <n_.mnm2_. ed. The bi-filar wire technique to identify left and right drift re-

basis of this work, a large 1m x lm drift is bei
i 5 chamber is being produced to test out the tech-
a scale more suited to current high energy physics experiments. B

.9 ‘multi-wire proportional chambers, drift chambers have many fewer electronic
a oﬂ«o: a.n”no_c« area. However the electronics associated with each drift chamber
much 5% SEEEm and it is necessary in some applications to effect a saving by
several chamber wires into one set of measuring electronics. A unit is being devel-

tly attaches to the possible application of the logarithmic rise in the energy
t n_om. in gases to detect very fast particles. This would require the

strictly proportional mode and leads to a new set of problems

bility. A detector capable of giving useful dE/dx pulses has

ctive area of 18 cm diameter and total gas path for particles of

btained in a study of the resolution on the dE/dx signal

. using glow discharge, has been introduced t0 gi¥
chambers as their manufacture is completed- The
to a current of about 300 KA to

it wires, continuation and ‘mis-align-

have been made S,@..Bo
ponse, and a stabilised

The use of MWPC’s in the detection o

Bio-medical applications

ing a delay line read-out een b

these fields. The detector has an active area of

planes wound on a 2 mm c

other and the centre anode plane wires are wou m at 45;
complete detector system including the delay lines is re_w.un.
meter and 75 mm deep with a 20 cm diameter window in one
can reach the active region of the detector.

The system has operated successfully in obtaining X-ray n.mwcnv,ncm

gies up to 22 keV with various gas mixtures at atmospheric pressure. 1t
the energy range by providing a pressurised gas system and to incorpora
in the window structure.

The manufacture of equipment for the beam current monitor system is no

Sixteen toroid current transformer units are ready for assembly in the be:

The production of electronic ¢ ip is also well d nMissic

tests have been completed on the toroid current transformers and associal
electronics. The functions of the various units incorporated in the signal processin;
have been checked and the operation of the first control station electronic system

A beam chopper has been developed for operation with channel plate multipliers

tors of X-rays in the 6 to 40 keV range. Beam chopping is a particularly valuable techni
improving signal to noise ratios in d Basically, the chopper is a slotted 10U
the shaft of an electric motor, with a top speed of 2,800 r.p.m. and chopping rate of up
times per second. The device incorporates beam timing electronics. ¢

Figure 3.1. The spatial resolution (beam e) ined wi
profile) obtained wi
1 GeV/c 7" beam. The chamber is displaced by 4 mm for 2

1 GeVjc 1* test beam
= 4mm

counts / channel
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Figure 3.2. Time of flight spectra of ¢ and p under identical conditions at 500 MeV/e
derived from a channel plate multiplier and a timing scintillation counter placed 23 cm
apart: (18844)

Channel plate electron multipliers (CPM) have attractive properties but so far have not found

any definite application in high energy physics. Development work has proceeded along two
lines:

(2) Direct use of CPM’s in particle beams. Calculation showed that the number of secondary
clectrons liberated in the CPM by a minimum ionising particle traversing a CPM of 25 cm
is adequate to give v100% detection efficiency. Fig.3.2 shows the time of flight spectra
obtained between a scintillation timing counter and a CPM with e*and p particles over a
flight path of 23 cm at 500 MeV/c. Sub-nanosecond (~v0-75ns fwhm) resolution is achiev-
ed. It is anticipated that this can be reduced substantially with further development in
view of the intrinsically fast response of the devices.

(b)  Development of CPM-based photomultiplier tube. The CPM has two properties of particu-
lar value to high energy physics viz, it can operate in high magnetic fields and has a very
short transit time (\2ns). It has been shown that a cascade of two CPM’s yields electron
multiplication factors of 107 as required in a photomultiplier tube for high energy phys-
ics. In collaboration with Instrument Technology Ltd. a CPM-based photomultiplier tube
of 20 mm active window diameter has been developed. Preliminary results show that the

device can operate in a magnetic field of 0-1T with a loss of 5% and a shift in the timing
distribution of < 0.5 ns.

Construction and installation of detectors to study K~p differential cross-sections neared com-
pletion during the year. Fig.3.3 shows some of the fifteen large capacitive read-out wire spark
¢chambers installed in the beam line. Each have active areas in the order of 2:5m x 1-0m E_m the
Whole system comprises approximately 72,000 wires of 1mm pitch orientated at 0° + 15° and
+ 30° to the vertical axis. Twenty four beam defining proportional chambers of active ared 20
cm X 20cm with wires at 2mm pitch are being installed. Six larger proportional chambers total-
ling 1500 sense plane wires are currently being produced and will be used to identify the for-
ward going scattered particles from beam particles.

hamber, the largest multi-plane optical chamber to two built in Q—M EMOJJMM
ark cl of N.Nw metres square, is being used in the oxvn_‘::m:" to mE. <nuo=3oﬁ<&ovo
? »Rﬂuagn consists of eight pairs of foil v_nsmu. mounted in wmuwp_m.r:. v nmmn
L ._MH Manw of perspex. Performance in the beam line has been good Wi hight
with transpar

ences. precise sparks an refere S.
clear and precise § ks and reference fiducial:
ci¢ s

An ovnaw_ sp
with an active

. 3
ctor system consists of an array of 0%-:_9_3_ shaped, capacitive read-out, spark cham-
he dete

Experiment 12
(n12 beam line)

The Rutherford
Multiparticle

diameter and height and six circular mBn:B:cSw nonon_.‘p.nw»na sMoE“n .m r<mao.
teste H.E : t (Fig.3.4). In addition ten large flat plane capacitive reac-ou .
gen oL P o._m:moahﬂmwioo: the poles of the large magnet. Other items to c«.n-os%n for on e
e o> ﬂmﬂm_ﬂnmmm Jarge Cerenkoyv counter, disc counters, rﬂuac_vaouo:_oh%ao%%%ﬂwﬂm.: ”omm.
B rall design has been prep:
eIols maaz.zw:o_.,ﬁnonw M”hmﬂﬂﬂ%ﬁ“ﬂ“whﬁm the nwm:a.‘mow_ capacitive read-out spark
mﬂwswwo-“_:wm_ﬂw: Mw the other chambers in the system, have been established.
C >

g used for the cylindrical spark chambers, consisting of MoMNE..w:.
i i i e wire
per wires spaced at 1 mm and based on a polyester EH:%Z«:MNWV.MWM Wo_“m__wmm M.\ ey
o i i surface of the 5
S i h that on curing, the upper : :
:_w_:_m mﬂ«hﬂmﬂwﬁ _mmwu_‘nwa& Small spark chambers have already been constructed using this
abling

technique and successfully tested over long periods.

A low mass structure is bein;

Figure 3.3. Capacitive read-out wire spark chambers being installed in K15 beam line: Experiment 9

(17967)
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Figure 3.4. Design of the detector system for the Rutherford Multiparticle Spectrometer: (18536)

This wire-on-film design has the advantage that it can be used to effect a continuous connection
M”vgng the _.gn.o:rﬁ boards and the active wires of the chamber thus bypassing the need for
i macb_ large b of soldered cc ions in wire chamber systems. The technique makes
maximum use of active arca relative to oveall size of the chambers.

g ore a#-._.vc precision T V camera channels are now being used with various particle detectors.
‘Most of them are used with spark chambers but this year the Laboratory has supplied two can-
eras ding data from a flash-tube hodoscope installed on the e-p storage rings (ADONE)
e development of this system led to an improvement in signal to noise ratio which
reased effici to be obtained in the spark chamber applications.

) .5.5@ hardware was used successfully in Experiment 24.

peed the further application of these ideas to the reduction of the data
high energy physics experiments. The development has provided

vhich further progress can be made. [t has also indicated that a care:
“and flexibility is an important factor in system design.

ck-recognition which is inherent in the use of RMS,
is is a field where special purpose comput™

tohing the data acquisition rates of these d&-

. Some of the software algorithms already in

ssed in an associative data processing 127~

Readoy e
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hich shows that o technique can be extended. A new unit tieo
Wi

designed which can calculate the geometric mean of 8 signals in
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In connection with the Laborator.

y program on polarized targets a signal
ill i i i io in NMR spectrometers and.
ich will improve the signal to noise ratio in :
o H.. _ﬂmran% on the polarization level in the target. The »ocTE&:n,.onu‘_mnw_
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or noise e)
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ment of electronics for beam position and profile monitoring vuw um_»no ,wﬁnua
ear. The present sensitivity is such that a signal of 1-5 ..x 10 .;_E.a .a C
will give a signal equal to the noise level. .E:.m u.asmmmsﬁv. is woa.ogﬂua_oa. u,aa.—r .E...ES
limit of 20 milliseconds. 1t is expected that this time t will be incr
a result of continuing development.

The develop!
gress during the y

ork is the normal sustained effort of development, co ,
rt is in support of the high energy physics program,
the new injector and for the polarized target develop:

Additional to this more specific w
sioning and servicing. The major pa
mainder being special support for
program.

Data Handling for Electronic Experiments

Whereas in the past, data acquisition software for on-line computers was written specially
each experiment with a resultant duplication of effort and inefficiency, most experiments are
now controlled by DDPS16 computers and a highly modular multiprogramming operatin; wwmwn
tem has been written for these machines. Important features of the system are the ith
which software for a new experiment may be configured, the optimisation of data acqy
functions and the handling of all input/output operations. A number of GEC 4080 computers
are also to be used for data acquisition and a similar package is being developed for them he
first version is currently operational on the K17 experiment and includes significant i0

to the manufacturer’s software. Important experience has been gained in the use. v
ced and complex computer.

m:.vmvo: continues for the MIDAS Graphics Computer which provides experimen
ability to examine large display files independently of the central IBM37
puter also has powerful facilities for the development and documentation
DDP 516 computers. .

The advent of experiments in which i : ents.
e : ich volumes of data in excess of _9 events are

ing this. Work is in progress o i % orithms to D.
gress on efficient softs s to as
: = oftware algorithms to




f printed circuit boards were produced representing 314
tinuing to greater component density, function and
site). Manufacturing work was completed to the value of £20p
nent costs (over 70% done off site). The in-house effort totalled 2 55 1000
from previous years due to the difficulties in recruiting electronic ms 3 Man.
e of part time women workers has been increased to overcome this nnwﬁnz.
items were handled for repair, calibration, servicing and “on-cal] brdaa icien.
with 20% of this total being dealt with by specialist firms. The proble W in.

ith - : pegitss msand difficy).
eflect the trend towards greater complexity and sophistication of the maEchEmE

dray,.

‘The Instrument Loan Pool continued to function as a viable site service with 467 i
the 570 instruments in the Pool. An up to date catalogue has been issued enabling th
of service by the stores organisation to be very effective.

ssues from
€ Operation

INFRA-RED RADIOMETERS FOR ATMOSPHERIC SOUNDING University of Oxford
FRA: Rutherford Laboratory

The selective chopper radiometer is now in its third year of operation in orbit and js still suc-
cessfully providing synoptic data of the atmosphere’s temperature profile. The flight spare unit
of this radiometer with special command and interface units was successfully commissioned on
a Canberra research aircraft of the Meteorological Office and a series of experiments are in pro-
gress.

The pressure modulated radi has pleted its tests on the spacecraft and is now await-
launch from NASA’s Western Test Range.

The SAMS radiometer for temperature and composition remote sounding has been funded by
means of an SRC Grant to the Department of Atmospheric Physics, Oxford University. The

Laboratory will be providing the p mod ing mirror and other mechanisms
and the various detector assemblies plus all the test equipment, including the spacecraft simula-
tor.

“The final scheme is shown in Fig.3.5. There are 7 p dulators feeding 6 d s, the

ipal one being cooled by a 2-stage passive radiant cooler.

pressure modulator has been made and tested and so has a scanning mirror system
0 that position measurement can be made to the specified accuracy of 2 arc seconds.
tor cell geometry allows compression ratios of the gases from 2 to 4 and
t by molecular sieve techniques and may cover a 20 to 1 range in 5 con-

terials have been identified and tested to cover the pressure
CO,, CHy, NO, N, O and water vapour within the limitations
temperature band. The compatibility of the materials and ad-
been investigated.

atory is shown in Fig.3.6. This unit will be supplied
Institute of Technology to be launched on
nus. It is very similar to the SAMS pressur®

: from
t was successfully flown
eters, designed and manufactured

— e

dulated

Figure 3.5. The design for the ch d pressur
sounding of the stratosphere and mesosphere: (18799)

Figure 3.6. Design for a pressure modulator unit: (18798)
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Pulsed superconduct-
ing dipole magnet ACS
(ref.35)

Superconducting
hexapole magnet
for Neutron Beam
Research

Superconducting
solenoid magnet
for TRIUMF

(ref:RL-74-104)

4. Applied Research

MAGNET DESIGN AND MANUFACTURE

The final design for the pulsed dipole magnet ACS was established during the year, after cop,
pletion of the basic R & D work in 1973. For a model coil, or test winding of four layers, MM
proved possible to ‘pot’ the tightly packed assembly as a single piece, yet form m:gmn:mi:\ Mrm
regular network of annular helium cooling channels between all the layers.

The benefits from achieving a high density winding are a more uniform current density i the
‘window area’ together with a much reduced thermal contraction on cooling, sufficient to alloy
the use of pre-shrunk stainless steel support rings. These in turn allov
a whole-iron yoke, built as a bonded stack of lam

¢ coil to be shrunk into
ations.

15 x 1 mm NbTj
The coil winding,
or low thermal
iction material

wires was formed and braided ‘in house’ to closely spe
which uses many accurate but different spacer pieces cast
contraction, has gone well. In the work of achieving a suitable low
a valuable contribution has been made by the resin laboratory.

It is a feature of the design that the winding may be tightened by using oversize wedges without
noticeable detriment to the uniformity of the magnetic field. It has further proved possible to
find a layout for the end turns of this ‘saddle type’ winding which, whilst furnishing a good
axial integral of field, does not as a concommitant cause an increase of field at the conductor.

A comprehensive programme of testing, similar to that for AC4 (Proc. IEE 121 (1974) 771),
will be carried out in the first half of next year subject to the availability of liquid helium in
sufficient quantity.

The design for a 1 m long prototype hexapole magnet is in progress, and if the design specifica-
tion is achieved it should provide a useful aid to neutron beam research by focussing and polar-
ising a beam of slow neutrons. This will be the first superconducting hexapole winding to be
made and the design is somewhat different from the dipole magnets built to date. The windings
will be around iron poles, which though highly “‘saturated” help to reduce the peak field exper-
ienced by the superconductor as well as contribute to the useful field.

A superconducting solenoid magnet has been completed during the year and sent to :,.a
TRIUMF accelerator in Canada where it will be used in Experiment 47 to precess the spin axis
of a beam of polarised protons. The team mounting this experiment is a collaboration between
Canadian and British Universities together with AERE Harwell and Rutherford Laboratory-

Before shipment the solenoid was thoroughly tested at the Laboratory. After a small wioci.om
“training” the magnet produced a field of 6.75 tesla, comfortably exceeding the design mva&._m
cation of 6:0 T, in a room temperature bore 1 metre long and 100 mm diameter. In the fina
tests the magnet was run continuously for three weeks at various fields up to the %&m: maxi
mum of 6 T. It was found to be completely reliable and require minimal attention at intervals
of up to 30 hours. The liquid helium consumption, when running at 6 T is 1-5 litres per hour-

After installation in the beam line at TRIUMF, the magnet and ancilliary equipment Were agail

3 ised
tested and found to be in good working order. The experiment will start as soon as polaris®
P are available from the accel

Figure 4.1. The 6 tesla solenoid magnet, 1 metre long, in use at the TRIUMF accelerator in Canada: (15544)

Work is now well advanced on the construction of a superconducting d.c. dipole magnet, inten-
ded as a large scale ‘training’ experiment. The windings of this magnet will be put into a strong
pressure vessel and then impregnated at high pressure (20 x 10° N m~2) with an epoxy resin
which is then cured at the same high pressure. The pressure vessel will remain in place through-
out the life of the magnet, serving also to support the magnetic field forces; the impregnating
resin will thus be kept permanently under hydrostatic pressure. In this way it is hoped to reduce
“training”, an effect which degrades the performance of superconducting magnets and which is
thought to be caused by the local release of energy in the winding under the action of magnetic
forces by means of small movements, friction, slippage and cracking.

A programme of development of pressure impregnation techniques has been completed. Many
samples of magnet winding and a full scale model of the magnet have been impregnated at high
pressure. It has been found that, although some of the pressure may disappear after thermal

o«omnw between ambient and low temperature, most of the initial pre-compression (V70%) is
Tetained indefinitely.

Several new techni

ol ques have been adopted in winding the magnet, notably the use of a thermo-

astic coating on the conductor to hold it in place during winding, the use of ‘constant peri-

Ja»mn end turns and a semi automatic two axis winding machine. One pole of the two is com-
Plete and the other is in hand.

“Training”’ Research
(ref.RL-74-137)




: to collaborate with AERE Harwell in the develo,
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oy

eaction, sufficient tin unfortunately remains in the bro; i

s t low temperature which is more than 100 times that of v.“«aﬁ.“”””x .”,wzw_.oﬂ_zs are
Enauﬁg&_& n.—o composite can therefore be greatly improved by includin .ma n_ao.._.oanm.
ﬁo,_—a of Ew..w..ﬁ? copper as shown in Fig.4.2. This copper also serves to nm&ﬁz._ 21ge .
M__”soaoocﬁl.&gm or voltage breakdown when it quenches. In order to Bumzﬁ_“o”_::s it
the vvon n_hEn, n :R. they must be surrounded by a diffusion barrier which ki e
during the reaction heat treatment. #EPS B e i

m:&.o_. e@.w is now aimed at the optimization of current density
barriers and the devel of insulation and coil ¢

on the design of a small niobium tin hexapole.

improvement of diffusio,
. . s N
ding technologies. Work has also started

Mroﬁ.ﬁ:u”uané programme with Imperial Metal Industries Limited on filamentary niobjum
it as continued at a lower level throughout the year. A new process involving hydro-

static extrusion has been investigated and shows promise for the production of compo Wi
! . 1 ¢ P
P mposites with

M__Mw_—%m Maw__hma 5v~o<«5n=..m :.»ﬁ increased the power output of the flux pump to 38 watts
it . A high power version is under construction with a design output of 500 watts.

Cross section o Sl
tion o””o.wﬂ%oﬁs niobium tin superconducting composite, showing fine filaments
filam pper, protected by diffusion barriers (magni ion x 70; courtesy of

e

The interactive graphics te
been applied to several design
test coils for conductor research and
ISR at CERN, the polarized target mag
Also design work has been carried out for the
e_u&:uo_mu for the EPIC design 3..:&3,9« K
PEM polarized target magnet and the Rapid Cycling Ver

In addition to these internal projects the following organisati
on various aspects of magnet computations: Daresbury

CERN, Thor Cryogenics, Perkin Elmer, Oxford Instruments, U
Hammersmith Hospital, Chalk River, Oxford University, ulham Lal
and ANL Argonne. Because of the wide interest shown 5,5@?@&«
decided to make the system available under licence. In particular ai
pleted with NV Philips Gloelampenfabrieken enabling the program &

tories.

A design study was also carried out on behalf of Daresbury Laboratory to
“Wiggler Magnet” for insertion into a straight section of the proposed Sy
Facility. This magnet has to provide a localised region of high field causin
perform oscillations and thereby generating radiation at a wavelength consideral
that produced at other points in the machine. Fig.4.3 shows the geometry an
netic fields for this design with electron beam trajectories.

Figure 4.3. (a) The wiggler magnet: predicted field distribution in the plane of symmef
path: (18852) SN
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4.3. (b) Computer generated picture showing the projection of the geometry and elect;

; TON trajectories
Z- x plane for the wiggler magnet: (18853)

A joint project with Culham Laboratory has been the development of a package of computer

ams for use in ion with the Tokamak fusion experiments. The program will caley.

late the mnEu and forces in a toroidal system of either circular or ‘dec’ shaped coils. A modified

rsion of the Swansea FINESSE program is used to carry out the stress analysis. A program has

been written to compute the optimum ‘dee’ shape for the toroidal coils for minimum shear
‘stress within the conductor.

RAPID CYCLING VERTEX DETECTOR

) Ucn_:m the year emphasis has moved from development work to the building phase. The design
e ¢ chamber is now virtually complete and has incorporated changes which have been made
in the light of experience gained in carrying out the development work. The most significant
e is in the basic layout which is shown in Fig.4.4. The large optical window is now at the
‘bottom and the mirror surface at the top. This layout gives more efficient heat transfer to the
refrigerant hydrogen which is contained in a separate dished end welded on at the top. Good
‘heat transfer is essential if the full rapid cycling capabilities of the chamber are to be realised.

x

‘be used for the first experiment commencing in the Autumn of 1975 is the one
and built in 1966 for the Helium Bubble Chamber. It gives a central field of 22 T

within its bore to house downstream wire chamber detectors which will be
efficient trigger system for the bubble chamber flash tubes.

tion in the experimental area and bly work is proceeding. The elec-
er amplifier which drive the expansion system have been delivered POLARIZED TARGETS

ting of key components. Two chamber bodies are being
for use in the first experiment.

The frozen spin polarized target for Experimy

most of the structural items which move in Em mag-

lastic (GRP). The optics cartridge which is also
otical window glued in at the chamber end:
. this glued joint in order to produce a seal

in the chamber in the Sum-
for the first experiment in the
full use of a gaseous helium ¢ )
I rporating a data logging :

g team compared to conven-




cylindrical region of relatively large length to diametey o

al way of achieving high proton polarization together with a large soliq g . The
e s y separating the functions of polarizing the target materia] and jtg u.”_w»?
incident particle beam. Se.

material is propanediol, doped with Cr.V complexes. This materia] js

J ousand small spheres of 1-5 mm diameter, and loaded into a metallic cq

led temperatures below 0-8K by means of a He3 refrigerator. To polarize the

| drogen of the propanediol the cavity is moved into a uniform magnetic

E.ae-%n by a superconducting magnet and simultaneously irradiated by m;

70 GHz. After the polarization has risen to an acceptable value the microwaye irradiation

is stopped, the temperature of the target material is lowered to below 0-5K and then the cavity

moved downwards through 55 cm into the beam line, where it experiences a magnetic fielq

tesla strength provided by a second superconducting magnet. After about 40 minutes jy

this lower holding position the target is raised back into the centre of the polarizing magney

‘where the residual polarization is measured prior to re-polarization to restore the initial high
polarization. Alternatively the direction of polarization can be reversed at this stage.

formed iy,
Vity Which j
free Protopg
field of 2.5
Crowaves of

An 5@2.8:,” operational feature of this target is.the addition of a hydrogen free duplicate tar-
get below the proper target. Since these two targets can be moved separately into the beam line
the HEP experi can be conducted in four different modes: no target in the beam, hydrogen
free dummy target in the beam, unpolarized proper target and polarized proper target in the
beam line. These different operational modes facilitate the setting up and tuning of the beam
and the study of systematic changes in the HEP experiment.

The target and dummy target arrangement is shown in Fig.4.7a. To minimise the heat load to

cavity it is suspended via the microwave guide at the top and expands into a simple horn at
the transition from guide to cavity. Directly above the region containing the target material the
expanded laterally, within the limitations imposed by the requirement of high angular
form a reservoir for storing He3 liquid in the cavity above the top surface of the target
but giving the lowest hydrostatic pressure at the centre of the target material. During
of polarization the cavity is continuously fed with liquid He3 and boiling occurs
the body of the target so that significant detrimental vertical temperature gradients
ot become established. In the holding position, however, the target is cooled by evapora-
free surface of the liquid contained only within the cavity, the system acting asa
igerator which is refilled each time the target is raised to the polarizing position.

ity system, in moving from the polarizing to holding positions, passes through
radients of up to 0-8 tesla/cm, the limitation of heating by eddy cur-

lem which necessitated the construction of the cavity from thin

ted with a thin surface layer of copper where required for electrical con-
of the cavity contributes little to the maintenance of a uni-

depth of the contained liquid by thermal conduction in the

containing carbon fibre to simulate the non-hydrogenous part

17 cm below the proper cavity. The cavity also contains 2

larization of the target material by nuclear magnetic reson-

perconducting magnet elements
mechanically, and contained i &
e arrangement is shown in Fig4.7%-

He? Condonsing Colt - —

He? Cooling Coil

Access Ports~

Liquid He> Control *
ﬂ&wﬂﬂf Valves.




vera sphere of 5 cm diameter. This magnet operates in persistent
is a split pair coil arrangement designed to give a central field

perated at 3 K, and giving a clear access to the centre of 45°
and almost 360° in that plane. This magnet is not operated

2 tesla the use of a third booster coil. This not only re-
tly reduces the polarization loss which would

profile shown in Fig.4.7b, the depolarizs-
holding position and back again t0

igh field gradients present in

cryostat is operated at 42K

target became operational it

Superconducting

Magnets /
90°

Axial Distance

Magnetic Field.
m.ia._..,

Cylindrical __——]
Veto Counter

fa)

Figure 4.7. (a) Schematic of the target, dummy target and magnets in the frozen spin pol i
apparatus. (b) Profile of the axial magnetic field in the frozen spin polarized target apparatu:

In the Table below the present performance and parameters are compared wi
parameters.

Parameter Design Value

?ws v Ez.oaﬁn
Material if possible
Uit 60%
P, final 50%
Target volume (cm®) 15:6
Holding timeT (mins) 120

H, polarizing (tesla) 25,50
H, holdingf (tesla)

Magnet temperaturet (K)

T, holding (K)

Mark space ratio*




Figure 4.8. Above:
Below:

A schematic layout of the polari
polarized target PTSS system: (17961
Assembly of the component systems: (16259) : i

Hey R

igerasey

we_w:n& target PT 55

- e Al o5 o
ed proton target is being constructed to investigate the interaction 7~ + p > A° + _A -

A vo_mn_woanﬂmu@-ma of the system is shown in Fig.4.8. Most of the major systems are nearing

A Mwﬂm% and the commissioning of individual systems has started.

co

magnet have been manufactured. The coil M&Sm: wum_wgz nwmo:.lwm

i stat. The coils were operated first at 1-5 tesla and a field survey carrie
ne Smaw:ﬂ_ wm“-nmﬁaw_v””:”“ (5 cmlong x 3 Q:v&miﬁoc yielding a homogeneity of + 2 parts in
o% owﬂﬁ a quench at 2.48 tesla the system was operated at 2:62 tesla and 4-2 K. This was re-
_mﬂ‘mn a number of times without quenching for periods of up to 30 minutes. A spot ornn_n. at
m.m tesla showed the homogeneity to be within the required »o_ms.soar A final test was mw:_on
M:: at 445 K and 2:62 tesla (corresponding to 5% over the ovnwurnm currents) for 30 minutes.
These tests show the system to be capable of meeting all the design parameters.

All components for the

Polarized deuteron target for Experiment 14 (K20)

A deuteron target is to be used to measure the polarization in:

K*n-K*n

K'n - K°p

Kp->K°n

K*p->K*p
The available kaon fluxes dictate a fairly large target volume (30 to 80 cc) with neutron polar-
izations in excess of 25% while good angular access to the target is required. Background meas-

urements will be particularly important because within the deuteron the neutron is not station-
ary.

Figure 4.9. Layout for a polarized deuteron target for Experiment 14 (K20): (18898)

He-3 gas
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instrumentation _
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e
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vacuum- \target

diffusion pump eryont
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(ref:RL-74-147)

"

(M 1601) used in Experiment 3, has been modified to allow beam z_% PEM Co

A continuous flow He-3 refrigeration system is used to cool the target :..EMW ”anw: e

of the cryogenic components are the same as in PT S5, particularly the verticyj %o.»_....u SeVery)
A separate horizontal cryostat contains the target itself. The demands of the i 3 5:%5-.
‘polarizations imply Jarge pumping speeds and an oil booster pump will be yse est Possi,

: d :
He-3 pump. The cryostats and He-3 and He-4 pumping systems are under oo:%Eoum“”o Primary

© These requirements can be met by the design shown schematically in Fig4.9 1)

For the target material either deuterated propanediol or butanol will be used, y
Sonnd ts the equivalent non-d ated material will be loaded =w
providing the opportunity to simultaneously obtain data on K*p channels.

hile for ba
the targer, h.m

The NMR detection system will have a single deuteron coil and several small protoy o
monitor the polarization of the residual free protons. Both NMR and microwave w«\zoo_w to
designed and components are on order. ems are

Polarized Target R h and Develop

An existing Helium-3 refrigerator has been refurbished and equipped with a microwaye sour:

superconducting solenoid and nuclear magnetic resonance spectrometers to undertake R ..:as D
for future polarized targets. The facility has been used a) to perform small sample polarizatioq
tests and relaxation time on material prepared for the frozen spin target and b)
in the development of a material suitable for the polarized deuteron target. The materials were
prepared using an electron spin resonance spectrometer which was completed early in the year,

The material studies included preparation of propanediol with high concentrations of Cr.V, pro-
duced by lengthening the reaction process. As expected, the polarization was poor, but subse-
quent dilution to the optimum concentration produced good polarization (Fig.4.10).It had been
generally believed that highly concentrated material was poor because of the Cr.1II end product
and that the reaction was irreversible. Our results showed this to be purely a Cr.V concentra-
tion effect and enabled us to produce deuterated material by dilution with deuterated propane-

M—Mﬂ m§ao=no_s8u3w8aw_u-owunoam:E»im%-ﬁ»%ﬁ:%iﬁgno_maﬁmonomwmﬁz

Figure 4.10. Dep lonionCeY

A, B and C are the primary samples. Ag:yfor

example is a secondary sample prepared by mixing 2 parts of unreacted diol with 1 part of A: (18850)

i ed proj \
f highly concentrated D-6 (75% no_:.mn“np prop
-p__woneﬂ_v_: with potassium dichromate giving Cr.V) and its

1) should allow the production of matel

chemic: :
(o deuterated propanediol

with D8 (100%
%casao? . -
i low spin concentration ¢ y
i ared for the frozen spin target had a n of 1
b Bwﬁ:w_ammw_m& in an increase in relaxation time of some 50% over Eoﬁo:-—,v,,.

-3 which
M”:_a thus contributing to the success of that target.

High Power Laser Facility

i ine on 30 May 1974 the Science Board endorsed proposals in a _.owo:.m_.wu. its
w_“«_mwmzmwwhmmzom irmnw<3wam a case for the provision of central Em_— power laser facilities for
the use of university groups. In July, Council gave approval in principle and wm_n.oﬂ— :_m W::—m_..
ford Laboratory to prepare costed proposals on how best to proceed for consideration at its
December 1974 meeting. These proposals were to take into account the plans of the UKAEA
which also wished to embark on work using high power lasers.

The principal scientific objectives to be met for university research are:

2)  to create and study in the Jaboratory superdense plasmas generated by the laser compres-
sion of matter;

b)  tostudy non-linear interactions of very intense laser radiation with matter;

¢) to develop more efficient and new high power lasers for future experiments in laser com-
pression and other ficlds.

d iaall

Carcfully designed laser beams delivering, say, 500 joules in 300 pi can be op
focussed to intensities of at least 10! watt cm™. Subsequent thermal focussing and hydro-
dynamic compression occurring in a uniformly irradiated target should produce a final power
density of 10" watt cm™2 and a matter density of 10® to 10* times that of the normal solit
Already in 1974 substantial compression of spherical shells has been achieved in the USA with a
laser system of intermediate power (50 J, 300 ps), confirming the possibility of entering this
field with existing laser technology. A

_ua.oEEum between absorptive and radiative mechanisms. Study of these non-line:
ifor are also a field of rapidly increasing scientific activity in their own right,
using lasers of intermediate power. ;

tion of intense X-ray point sources and to the development of XUV an
erable potential importance for other branches of physics, and with
medicine and industry.

.E_.o programme proposed by the UKAEA is broadly

n lly there are diffe in detail and in emphasis. mma;n
installations, the experimental apparatus, the the |
and operate a central facility, there has the

Laboratory and UKAEA staff and unit

been advised and assisted




o op both the >m.> and the SRC coulq be satig;

each party of about £1M. .H..c._»__:mr the research progpyy, Nt
um-glass lasers, each giving high quality beams Qmu_ﬂ”o itis

t cm™2 on targets. In its most straightfory; ard for of achiey,

a total of 500 joules in two beams with a tailoreq un___w_um.n Maiy

on to irradiate a 100 um diameter sphere with a power density oxooaﬁ“q 300
245

ter iate energy, single beam laser would produce at least 10 Joules in 109 .
could be focussed to power densities in excess of 10' watt cm~2 T ol Pico
for component testing, diagnostic development, and as a driver for 1ho n_qnﬁsa
energy systems. It is also proposed to provide an electron beam generator Op-
30 ns, 100 KA electron pulse of energy at least 1 MeV for use in the no<a_»_¥
: . Its function will be to trigger chemical lasers (eg HF) or to excite quasiy SOy
high power CO, and exotic gas mixtures. mole-

. purpose designed building will be required to house the complete activity of the laser centre,
1t is pl locate this between AERE and the Rutherford Laboratory. This building §=
a ) years to construct, so the lasers and the project team will be housed initially in
ccommodation. It is envisaged that the direct staff of the joint project team will rise

70 by the end of the second year.

accepted the Rutherford Lab ory dations at its D ber meeting and
ight government approval to proceed.
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Research Unit (NBRU) is active mainly in three broad areas — researy . SUPERTNK AT~0.015K———
arc] and

Neutrop
Projects,

neutron beam techniques and instrumentation, su;
> » Support of the Uk
amme both at home and abroad, and participation in neutron beam science

projects, of the instruments being developed in collaboratio

) at Grenoble, the polarized beam diffractometer D3 has

ing commissioning experiments, and the diffuse scattering ap|
stage of construction. The polarization analysis filter is unde,

1 with the Ingityg
now been instylleq
Paratus D11B js 5¢
T construction anq =
on by
ut on a neutron beam “bending” device, on a new maa_.&énmgﬂamhmwm MW_W - \»\\A\Meomﬂ et
magnetic mirrors and on the channel-plate position detector, and prototypes are y nn.m: RETATION

construction. As part of the Unit’s programme concerned with future neutron sources m.m *

tilization, there is active collaboration with AERE Harwell in developing pulsed SE.._x CSMN SINGLE CRYSTAL MOUNT

entation on the AERE linac. NIQUE SYMMETRY.
DiRECIION OF THE NEUTRON BEA

* — MAGNETIC FIELD DIRECTION
” — NEUTRON SPIN VECTOR DIRECTION
» — SAMARIUM - 148 NUCLEAR SPIN VECTOR DIRECTION

e : v 5 Fij 5.1, ic di: f the
g filter containing polarized '*°Sm nuclei which are introduced as the dope into a e e

us magnesium nitrate single crystal, is now under construction. The filter operates by selec- filter: (18849)

oin nw”._.ﬁo and will initially be used for spin analysis of diffracted beams at wavelengths v
1*?Sm nuclear polarizations (v 85%) are achieved using a static process (Rose-Gorter

y holding the filter temperature near -020K in the mixing chamber of a ?He - * He di- Figure 5.2. Proposed layout of the polarizing filter on the 6HGR10 beam hol

erator, and applying a steady 0-3T horizontal magnetic field in the direction of the (16538)

symmetry axis which is common with the neutron beam direction. In the present
oplied magnetic field can be raised to " 1.5T so as to enable a partial adiabatic de-
n of the paramagnetic crystal to be performed, thus facilitating its cooling. Large
als of erous magnesium nitrate (Ce;Mg;(NO3);, 24H,0) doped with Sm** ions
ccessfully grown from aqueous solutions. The % doping measured in the crystals is
e (samarium)/(cerium) ion concentrations in solution, and the precise
rder to grow a crystal of the desired doping (5 to 8%) have been ascer-
ounting the crystal in the dilution refrigerator mixing chamber so as
ing *He in the neutron beam path (*He has a very large thermal neu-
as been investigated, and a suitable design suggested. The low
ried out by measuring the paramagnetic susceptibility of

polarized #°Sm nuclei have been investi-

s problems that might occur in a paramag-
ired properties of a metallic material aré
cleus should be sufficiently large, and

the 4f electrons of the Sm®" ions. It was de-
0 might provide the most suit-

her shown that neutron

compared to the selec-

c samarium-containing

ter take place around




The most suitable mirror material so far founq

)) which theoretically has zero reflectivity for ) sp

for (+) spin neutrons at glancing angles 6 less than the critica] and almoq

) 2 A, where X is the neutron wavelength in A. Preliminary poy w._m_._a._m angle

on thin films of cobalt:iron (50:50) deposited on plastic foils :Eaﬂo Srization e,

with the ILL, with the eventual aim of constructing a polarizip o0 made In co].

non-polarizing bender described below; our results are shown in M:M.:#o: bende,

from these initial measurements are that ) the polarization at (g fvm. 3. The myg,

al value (6/)) it(+ for (+) spin neutrons on the magnetic film is n_o.mo ~<m_=n,m close tg

ilm behaves ideally, b) the decrease in polarization observed at lower Qo \W_EQ. i€ the

sited on glass and Melinex occur at values consistent with the onset of (- ) <.m_:ou for

! g place from these substrate layers, and c) our attempt to extend n._nv %w: il

%d«.n.%&:m the magnetized film on polypropylene (which should Emoazn”_u_m b )

ng) proved to be unsuccessful. During later discussions with the manufacty s

ropylene film we learnt that the uppermost layer of this film was in fact a &o_“_m s

polymer, and this acts as a good reflecting substrate for (-) spin neutrons We n il

posit the magnetic layer on to a polymer film of composition (CH, ) _, miwm in Eow. Es:.a

e non-reflecting, and should give high polarizations over a large A&yv range .;oo G

far suggest that it may now be possible to construct a polarizing mirror system 5.5 _s:wm__“=M

.ﬂoﬁm of the substrate provided it is designed to accept beams at angles ¢ : - o,wm aow

_&_@n wavelength range for which it is required, however for the polarizing g:%ﬂﬁ%v:&ﬂ ;

it is necessary to extend the (0/X) range. A polarizing mirror operating near wavelengths MM

d be a useful polarizer for polarized beam diffuse scattering,
_echo spectroscopy instruments.

SEemS to be Mitrorgjo
. va_._so_.ﬁ
N neutrong ur

polarization analysis or spin

utron beams totally reflected from magnetized cobalt-
h): (18847)

of (ol

> 5.3. Polarization measurements on thermal ne
e taiioti g ansio)

e
-II,W munu“" : : melinex substrate

| glass substrate
~=:— 4 Cobalt :..en (s0: ,» polypropylenc covered
with a mn_.nnsuws layer as the substrate

 Gerlach Polarir

The (-) and (+) spin neutrons i

passes an Eroaoue—no:ug«. > field who

basis of the Stern-Gerlach polarizin; Boz.&a

a conventional permanent or m_onnoauwunm

Smm x 0-2mm) beam of neutrons in the wa:

would be necessarily long (v 1m) an ? ter

tor; with such an arrangement a uvsn_u_ unmwnsn_

(3-58). It is intended to use a u_n.m._n linear ﬁmﬁg .

low to determine the beam deflection, and with such
solution ~v 0-2 to 0-3mm. Despite the fact a:: Ste Gerlac
and heavy, it is unique in that it allows a 155&., f directly n
and furthermore it is easily used with a ‘white’ beam.

» ducting Hexapol

E

Development work has begun on a hexapole solenoid for 5 i

neutron beams with a polarization approaching 100% and a high ov

apole produces an image of the input aperture by noolumbm ( 2

(-)spin neut B of the weak of the interaction, fiel

ed i the use of a sup ducting solenoid. In col

ing Magnet Applications Group of the Applied Physics Division,

with a bore of Scm, is being developed. It is anticipated that a transmissio:
of v 12% (zero for (-)spin) of 10A neutrons will be achieved. Increasing
pole to, say, 3 metres causes the transmission to be enhanced to v 65%.

Position Sensitive Detectors

Work has continued throughout the year on the linear PSD ut
multiplier. A 20-channel experimental detector with a + %mm r

scintillator was placed inside the vacuum envelope along with th
and electron collector. Clearly, a detector in which the scintillator i
is a much more practical and versatile device. Work has con ﬁ

counts / 25s




due to a technical problem, eventu;
electrical contact with the channe] pla
 has been successfully demonstrated. A

ally showp
te. This hag no Ocia
typical resujy i m.“w_ i

the detectoy 4 Eﬁﬁ&
3 Tk ! System for dat, TSed
sioned. This is based on a multichanne] : Collectjgy
ith CAMAC interface. i ; Sing 3

335

tectors, using a scintillator optically coupled to a

lector assembly, methods of making the two-dimensi

| investigated and a feasible solution found. Studies have
ensional PSD’s of rather coarser resolution (say Smm

- mosaic of small areas of scintillator, each corresponding
common, two-dimensional channel plate electron multipli
been examined. Preliminary measurements of light outp

Photocathoge chanpe)
onal electron Collectoy
been made of Mmethods
rather than Imm). Tpe
to a ‘picture element’
er assembly by mnx;_o,
ut from the light guige

of using a relatively coarse resolution two-dimensional dete

t Biaie C ! CLor in a single.
tometer is being investigated. This type of detector requires a fas Heste

t data collection and

ystem, and the design of the data collection system has now started.
o by

Figure 5.5. Tests of 5° bender on the 4H5 beam hole at DIDO: (18845)

4Hs A=12R

Neutron Guide Tubes

imental neutron beam bender has
W—.o_:oux%:ﬁg. It consists of 11 Zagsn,m.—aﬂ
curved to a radius of 1880mm. .E,a films are.
M_“n The device was tested on the 4HS _uom::—o t DI
ncmmawng so that its divergence was wwwnoﬁau?_w eq
the bender. Approximately 40% of ﬁ« vmz.: was ”..E.ﬁm:.
ly deflected through 5°. This result is .E:w:wnon 5% ;
the bender has been made which takes into woo,oE.:. ina si
slopes of the foils. Using measured values of amn.uon qu
transmission efficiency which can be owawn—.ou with neutr  me:
the predicted transmission efficiency in the above bender ex| rimen is.
measured value of 40%. The difference mm probably due mo‘ the ten
slightly at the input and output of the device, where En foils are ==.Em.
ficult to take into account theoretically and Rmc_.»m in the ovua:.nwaaa
ing larger than that given simply by the ratio of foil thickness to inter-f

Polarized Neutron Diffractometer, D3

The D3 Diffractometer was delivered to ILL in July. The Eoso%hn.iiﬁw
pleted by the Institut in August and the whole system is undergoing il
expected that it will be scheduled for routine use early in 1975.

A 48T magnet and cryostat is being provided for use on the two polarized beam
ers D3 and DS at the ILL. A new diffractometer circle, with the necessar;

ware accessories, will also be provided to control the specimen rotation angle w
metric Helmholtz magnet when it is being used on D3.

about one second, thus avoiding the effects of longer term intensi

beam. The ratio of time spent in the two states is preset from th
djusted to optimise the istics. The flipper :

8:3:0&50%%32&5?

Diffuse Scattering Apparatus, D11B.

The D11B project is a modification to the exis

D11A) by which a new vacuum vessel is intro

1o measure scattering at large angles (19° to 1
and aligning S samples and cooling them to

complete instrum
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i ‘has proceeded ..Eo:ﬁ.. the yez
ng-ﬂi&&w i ,u.?u main vacuum 3_3_ d
ano. nic shaft positioning &amem_u» arge
5 1 ».HME the rest of the existing D11A
ﬁmuo. from the three-shaft positioning uw..nns—ﬁ%&r,
”M_“Aw pro’ ided by the ILL. The system will allow four

i) DIIA alone

(i) D11Balone

(i) U:>»=mE._w£Q.. ] st
(v) Preliminary ca?o.m.?%: studies (to determine
separation of elastic scattering).

i ill be controlled b
whole instrument (D11A plus D1 1B) w / dic
Mﬂg will enable complete automation of control and data u:nmv.n_nﬂo_.g

Instruments at AWRE Aldermaston

Development work has continued during the period of the HERALD react 0
boration with Birmingham University, modifications have been | de
array and blockhouse shielding of the Graphite-M 3} r-Choj
detectors at 100°, 110° and 120° give the largest range of momentum tran
cold neutron spectrometer of comparable resolution in this countr
been installed providing an increase of flux of 2-5 with negligible wo

Additional counters have been purchased for the small-angle scatterin
fect scattering instrument G1. The Vanessa powder diffractometer, who
as from April 1973, was removed to storage.

SUPPORT OF THE UK NEUTRON BEAM PROGRAMME

The NBRU has a major role in the SRC support of United Kingds
field of neutron beam scattering. Over 200 university staff, resear
students are involved in this programme which is carried out mainl;
the high flux reactor at Grenoble, with the occasional use of reacto;

Proposals for Experiments on Reactors

Proposals for SRC supported experiments, on reactors at homs
through the NBRU. A total of 212 proposals were submif
and 108 for Grenoble. The Unit is responsible for proces
the appropriate SRC committees and, in the case of UK
their submission to the ILL for their selection processes.

Funding of Approved Experiments



b ng ww&_n.zo for routine use on the high flux re

Euw are .._E_n:n increased use of the Grenoble facilities »,oh - e.n:w e
ntacts with ILL staff and provide a liaison service fo; c-n Ml e
actor, have been arranged for 115 members of univers; b2 visis 1

7 s ; ty teams qy;
en given with the transport of equipment and samples on wwaoogwssu 1974,
ions, i

tariat

rs of the Unit are involved in the preparation of technical reports and
Committees and Sub-Committees, and for joint SRC/Establishment ﬂﬁa: ...9 SR¢
E arwell and AWRE Aldermaston. OMmittees 5

‘special effort this year was devoted to support of the SRC Domes;

7 b tic Reacty
Panel, the Unit providing a member, an adviser, and one of the se o10rs Paciltis Re.

-working parties to review future requirements at UK reactors in %_M MMM__WNWMNW_H._ i
) Single crystal diffraction &
i) Powder diffraction
) Inelastic scattering (Physics)
Inelastic scattering (Chemistry)

Polarized neutron techniques
(vi) Diffuse scattering

i) Liquids

) Biology

The NBRU provided secretaries for six of the working groups and members for three.

'NEUTRON BEAM SCIENCE

 collaboration s:: the University of Cambridge a study has been made of the neutron mag-
2 Y a single .odGE of ferrous carbonate, FeCOj, in the antiferromagnetic phase
: .nau analysis has been used to determine the absolute direction of the magnetic
brior several low angle (hk®) reflections. The presence of equal proportions of
» comain types in the crystal used prevented a direct observation of deviations in
raction vectors due to spin-orbit coupling. However, an indirect meas-
be obtained from the degree of depolarization introduced by scat-
in the experiment gave values for these deviations in qualitative
predictions. Uncertainties intrinsic to the technique used and the
iﬂ.zon 4 quantitative comparison, but the experience gained sug-
can be obtained using a devel of the present technique.

P

and Cug.5Gag .5 Cr, S; have been determined in collabora-
London University. Neutron powder measurements Oft
that antiferromagnetic ordering exists at the lower tem-
ofan ate structure with
rincipal zone axis. A computer program Em
termine | 7 | as 09324~ with a direction
axes of the tetragonal unit cell. The 0b-

0 helical spin miodel has
tensities. The model is being 1
the calculated intensities with th¢
; own to be anti-

e of the cubic unit cell. e no
average chromium magnetic m

x in the xz plan
il spral with an
i ¢ determination of dysprosium
- aﬁ:m.:momﬁnﬂwwci FeGe in its cubic modification |
Eﬁ.‘.:._”u available at the ILL. Both investigations are al
?au__:aa\ The structure determination has begun with
c:zaoao.ﬂ transmission through a 2-3mm slab of E.%%.» s
s etic scattering has been derived from compariso
b .ﬂm__ dependence of the t magnetic peak
. of M.u + 0.2K. The scattering angles for the me:nn.o.won—n
S 1l in which the a-axis is doubled with respect to that in the
.Em_wom - 5.684; space group Pbam. The commensurate nature of th
w_.sp .o». the isomorphous Lu, Er, Y, Ho, Tb and Nd mo§m4==am mb,i
arising from ordering of the manganese moments is helical @nr a proj
form (4 O 7), 7 being in the range 0-24 to 0-36. The large unit cell dimensi r
determination of the structure difficult from powder measurements alone anc

ture

study is planned.

The cubic phase of FeGe a = 4-70A, is known to be ferromagnetic 5 fields greate;
0-2T, but its low field susceptibility, almost complete lack of »Quﬁmnams E:—;@o 2
wave magnetic resonance spectra have suggested a model in which E.o spins describe
about <111> in zero external field. In the presence of a field the helices
over into a crucial structure with its axis along the field direction. Confirr
was sought using the powder neutron diffraction technique. No additional magne
as would result from a non-commensurate helical structure, could be detecte

at 4-2K and zero field. Subsequently, careful ts were made at.

in zero field and then in a field of 0-5T oriented parallel to the neutron sca
showed that, of the nuclear reflections, only the (110) contained an appre
from the zero-field magnetic scattering. This result and the intensity
good agreement with a simple ferromagnetic model for the 1uB moment
ilar lusions have been hed by other workers from neutron data ob
material, MnSi, which also exhibits lous low-field magnetization b X
explanation has yet to be found for the origin of the observed bulk behaviour.

DATA ANALYSIS STUDIES

znu._:oz diffraction data from isotropic systems require techniques
tering to obtain accurate results. If the structure factor modu

Vector, Monte Carlo methods are required. For pulsed sources, h
Iment uses a continuous distribution of neutron wavelengths, a
techniques to give the scattered intensity as a functi 2
?%E.B, the monochromatic simulation many times foj
to the diffractometer, but at only one or perhaps a small
n.nb: is both formidable and wasteful, and a method is

tion data may be simulated to obtain these multiple scatt

mized algorithm has been devise
men from cumulative distri
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rule Storage
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o) The only major _.B.ain_.o change made to the IBM System 195 Central Computer duri Rutherford|| channeliintenfacesiandihesptals
[, was the addition in March of a third megabyte of mai uring 1974 Laboratory
o tentl hi ¢ megabyte of main core. The system has now gj 2 x 1BM 2701 Memorex 1270
) sistes nf v;:wr. performance for a period of three years and from this experie OW given cop. m“« ._. e
Mrr__o to predict its maximum capability when fully loaded. After deducting _“_ah :_ My (e e ] - = _
faults, maint hine devel . - e lost throy, DOP 516
: > P etc., just over 8,000 hours of i E— L Inst Comp
le to users in 1974. Central processor utilisation averaged 83%. A ficr d wga. i T x Graphics Bemoteerminal Science
R iovided lssts with - After deduction of overheags 7 POPY
P s with 5,412 hours of accountable computer time, which might i Storage 6 x Post Officel
000 hours under full pressure. > which might increase to Suvhm«m IAEI 10 a%.a i _.:_%m um:..:_o__!._
and Film on Switche niversity
& Ren X Scanning Public 1BM 370/145
»«gum%ﬁ Mv“_.%_cﬂsw has continued to develop, and about 50% of all jobs were loaded at remot, = Sepnark Glasgow
5 ations. At the end of the year there were ninete i A iy i
L & en operational rem i i University
ch are equipped with a group of ELECTRIC terminals - écmomwwﬂw““:o“y e Rachines L e
i ey s an i L Line, M.
h H&ow. M_Momrnmnw.%o identifiers active during any one week rose from 200 ”Wwwow Local Work 300 ‘aud i u.d uwm__.
y nd of e % M nive| Yy
s _w\naﬂo“ﬂnogzﬂ_ for over 60% of the total number of jobs submitted, Sl |E| GEC 2050
¢ 3 7-Tr T,
A . nu:._1 »n.umun.mnmw Remote Workstation nm,az
b o.-«ﬂg n%uw Mm»m_n ..: mn_.:os computing is now directed towards networks, in collaboration r:_o<e1c:22 Atias SR
« )ifice’s i) FPRRI o oy L Laborator
: i >wa=uvaMW=MMw£ Packet w«SSrEw wmnsmua A_w.wmwv. A link to the Advanced DDP 224 .._uwnJ_ uo<
: network via Professor Kirstein’s nodal processor in London 01
Atlas Laboratory —
Local Terminals Imperial
” 5 Rutherford
s College
) &Mﬂ. a»-.unl on GEC 4080 computers, to combine some local requirements (data Gebcratcy o mmun_ou_.nwu GEC 2050
2 .,m% Awni_mr RIE facilities. The work on graphics is directed towards remov- Terminals
Nﬂcﬂﬁ activities from the central computer. It also has wider appli- . 23 : EI
terac <ow—.w1_mo“. ypewriters
3 x Storage 18M 2741 _
o Displays — Typewriter
o coupling HPD1 and HPD2 in tandem mode. During 1974, HPD2 T0 x Thermal ¥
, ...M%M dm,_.a::,. CYCLOPS, used previously for the measurement of spark Shinteis
e e nay, 5 18R 270 DATEL
Typewriters 2400
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Display Units| Edinburgh
e Regional
ks 1 H %.Mv"_oo.‘,wmon Computer
uter and its remote RJE stations is shown in Fig.6.1. Over ey
x@m«%@ﬁﬁ» of which about half are attached t0 Tnstitute of o3
= M Marine | 5
Aa L 4 Environmental|
the Tables showing machine utilisation {
‘machine was scheduled for 2 total

1e time available to users was




no. of users ‘I
no. of jobs submitted =+ total 195 j

CPU time of jobs submitted
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time in hours

=~
o

(scheduled - down time)
(" scheduled time ) 2"d CPU util

o

efficiency

B

(__CPU time used ) . G y
n AT ) whilst statistics of remote computing and ELECTRICusage

in Figs.6.3 and 6.4,

3 T T T T T T T T T
Jan Feb Mar Apr May June July Aug Sep Oct  Nov.
dial-up service. The service is not assured by the Post Office but depends on terminal
.t present, a service of 600 baud is operating successfully to the Institute of Marine 5 :
tal Research (Plymouth), the Institute of Oceanographic Sciences (Wormley, Sur- Higura6.4.\Use BRI ECTRICHIBE)

1e Edinburgh Regional Computing Centre.

Distribution of CPU time and Jobs by User category

3

First Second Third a
Quarter Quarter Quarter Quarter
CPU No.of CPU No.of CPU No.of CPU

8

HEP Counters and

Nuclear Structure 315 30044 381 33583

RL-Film Analysis 93 8717 198 9004
94 19972 89 17654
70 5870 91 10409

8

5
CPU hours per week

69 5230
269 20167

8




First

Quarter Quarter Quarter Quarter for Year 1974

Second Third Fourth Total Weekly Avers,
ges

1973

/ELECTRIC programs.
1973 IBM provided version 21

was received and is being studied.
their predecessors.

40 kby!
40 »
30 »
20 »
30 »

creased to

1955 2097 1998 199 8046 1547 |
PR s W.M
1980 2122 2018 2013 8133 Is64 55y
s e o3 g
e 5 L ga
2042 2155 207 2036 8309 1598 155,
R b i s i
© B - 0 o A
‘ 2114 2184 2154 2050 8502 1635  1s0g
Switched Off* GO BOMMRIASL 2330 sl
Total 2183 2184 2184 2184 8735 1680  legg

* These figures include shut-downs of 69 and 131 hours over the Christmas periods.

SYSTEM SOFTWARE DEVELOPMENTS
asic software for the central computer operating system is the IBM-OS/MVT/HASP, with
me local additions, and on-line activities are supported by the locally-written MAST/DAEDA-

.7 of 08/360, which was introduced early this year and
cpected to be the final version of OS to be issued. However, at the end of 1974 version

Both versions show only minor changes and corrections

change during the year was the enlargement of certain supervisor work-areas, to cope
creasing load following installation of the third megabyte of main memory. The in-

tes (work space for OS)
(more buffers, improved overlays)
(improved overlaying)
(more resident SVC modules)
(to maintain response with more users)

cope with the faster flow of jobs submitted remotely as

HASP can now be instructed by operators to select only jobs With

 particular value during prime shift to avoid low prior-
-are waiting for disc or tape mounts. Further moves £
being computed from the job parameters such
has been made available for jobs which should

 has been introduced to help user’
al computer from time to time: I
ntly see 5, viz priorities 12,8,

jobs, bulk production, and t#0
often fluctuate from e

so it was made possible for Sﬁnn_‘wooq::ﬁ to|

tisfactory than giving each ;EB. he s:
B:%MH_M .M_._M“»me:m are agreed with the 195 Advisory.
nmﬂ‘.o& enabled to allocate CPU time within their own
ar

to week,

i ds by symboli
now be mentioned on SETUP car¢
Data S‘mw Mﬂ more information in response to status enquiries from
Ew:M to hold information about jobs for as long as possible after heir
Mh_nnwwnag. Function has been allocated more space for recordiny
an:

round time-

ects the MAST and DAEDALUS system for on-line applicatior
changes were made to allow handling of lower-case text in messages as wel
i 1 thi de i +
allow a terminal to be used in co mode. In p e
alternate, whereas previously a terminal or program could send any number ¢

being required to receive a reply.

In most resp

ation facilities in ELECTRIC have been extended nosn&onu.c.a‘ n ing
WM“,__“MM_E« for lower-case alphabetic characters to be entered at 3:..:.5_3—.-&*&
TRIC files. In conj jon with a d ion processor and .v»wo T,u&ﬁ,gn
new facility allows text stored in files to be printed on a fan_ line-printer spe:
with upper and lower case characters. 1t has been used extensively, for example to pr¢

uals (including the Supplement o the ELECTRIC Users’ Manual).

A user can now send a one-line message to another user (or to several RB_..__Ebnw_E.
of the MESSAGE command. The message will be received immediately if the use %
or stored for him if not. A longer message can be sent as a file by the MAIL command
gle user, providing his main directory includes a MAIL area. ot 3

An archiving scheme was introduced to ease the considerable pressure on Bm:w,um.w.onﬁﬁw% 1
users to transfer ELECTRIC files to a mountable 3330 disc overnight and rest them ¢
required. oot e
Other develop include ic routing of line-printer output to remo
for jobs submitted via ELECTRIC, improvements to file security, and a scheme (no
mented) to allow transfer of ELECTRIC files to and from OS data sets.

Only limited changes were made to the software for the standard GEC 2
is maintained by the Laboratory, and has been consolidated into a boot:
stations now load a bootstrap program from their cassette loader. Thi
tral computer which in turn picks up the current production version
program with the necessary configuration from disc on the central
gram is transmitted to the station, over-writes the contents of core in the
automatically initialised.

This technique ensures all stations use the same level of RI
troduction of modifications and correction of faults. Tl

multi-leaving emulator, which allows upper and low
developed to allow users of low-speed terminal
ped with the necessary hardware, instead of direc

TRIC facilities were made available in this y
Surrey. 4 g



ation, with ELECTRIC and MUGWUMp
nd disc-to-disc file transfer. There will be a va
including a new large Tektronix 4014 stor.

facilities 5,

; Vaj

riety of <Uc“_~so

2ge tube disply,, Ea.._a
a

tions software in the 4080 for both patch-up and ma A
m closely. It will be written in Fortran, :&:M the ooaw“M “Mﬁaua folloy,
ive graphics package is planned for the 4080, to replace the ID| e by Grg.
the DDP-224 graphics terminals. One possibility being examined js :,mwa on the
stem, extensively used elsewhere and available from the Ooavﬁa.ano%w:ﬁa
‘Cambridge. Desigy

BM standard system management of libraries of users’ load-modules leaves u
disc space reserved for them, and the ‘clean-up’ process for recovering spac
5 ly initiated when needed. Space recovery is made harder by scattered mod
still in use but rarely change and by others which are not in use, these latter

long as they remain undetected.

:.cmud_n gaps
€ 1S not autg.
ules which are
wasting space 45

To deal with these problems, some changes to the standard system were started in 1973 and
‘have been completed and brought into full operation during 1974. The new _oop:vrao&m“a
system is believed to be the first practical version of automatic migration and archiving. Brief]

‘modules still under devel are d from unchangi bers, while those not __xvm

a long time are 5:&.2“-.8 to Ewn:mza tape, whence Emﬂom_., now be retrieved b
4 1 ! 8 Yy the use;
.h_-Bw.um?&. Ordinary libraries are listed weekly, and archived libraries monthly, as a public xm
vice. About one full 3330 disc has been saved by this work, with a gain in convenience.

pplies of standard p output paper, and its rapid rise in price, led to ser-
15 eff rts to cut consumption. Some compiler changes were made to reduce paper output,

default options were modified in some cases so that users have to make specific requests for
ited output they would previously have had automatically.

,,w .E.,om per inch (instead of 6) will be tried out soon, using the same type-font, but in
: economy measures the biggest single factor is the cooperation of users.

iprovements were made to the Linkage Editor and to extended precision division.

3 eing developed to enable Rutherford users to benefit from the new FR80 graph-
ware du - Atlas Computer Laboratory next year.

 staff have a.o,anu_.& to take an active part in the organisations of IBM machine
), particularly in the OS, HASP, Performance Evaluation and Fort-
e new Future Requirements Project.

disk-based user library of compiled programs. During

i +h

into the

ldition six libraries of commonly used routines NOW

Igorithms Group (NAG) Library, whic

- Numerical Al S

) ; A whtten 1o

_<W Rutherford Library, of useful routines mostly éimar_ c
5 Scientific Subroutine Package Am.mwv En-n

W) supported by them and is falling into disu:

ber members of the CERN Library joined the Rutherfol

ocal, i.e. the programmer need take no action to gﬁ them
uﬁwz mrnng_ package SUMX was brought up to date and ma
Oy used by the HEP commurity.

Some track cham!

i ts of the computer

-« vital to keep track of usage of various par he cor ,
M» NMN@&EB«EW can be forecast and problems of individuals or
= of jobs processed is regularly done, and facilities have been exten
Mm the turn-round time for jobs, the usage of disk data sets and. tapes,

channels.

i ergy Physics database obtained from the Stanford Linear Accel
Mhﬂ““_m—mom_—cmmv\imzw the 1BM-supplied STAIRS 5.?..:5&0: ..oEoS_
SPIRES software with which it was originally associated. At E..ouoa.nm AIRS
package (CICS) for many support functions, but local software is being il
facilities can be accessed through the Laboratory’s standard MAST/DAEDA!

The Administrative Terminal System (ATS) is an 1BM-supplied program for docum
tion. It was made available, at one terminal only, and its facilities will be com,
recently added to ELECTRIC. It was used by Atlas Laboratory Staff for preparing

ual.

A general utility package OSDITTO was obtained from IBM, with a view to r
verse utilities by a single-package. An early application was to provide a
multifile tapes, which had previously been a cumbersome procedure.

was introduced for compressing experimental data on 7-track magnetic tape:
9-track tapes. This was applied to several experiments run at Rutherford and CEI

With the increased number of remote users the majority of queries handl

able effort goes into keeping them informed and discovering their plans and

D ion has d on re-writing the Computer Introductc
ence Manual (CIGAR). This has proved much more laborious than ani
very considerable changes to the computer system and its interfac

place since the last edition. However, parts of the new CIGAR are no

COMPUTER NETWORKS

With the installation of the IBM 370/195 computer late in
cepted the obligation to provide a computing servi
the Gm.bn&uﬁw Committee. Provision of rem
the Institute of Computer Science in Londo
ingham (IBM 360/44) and Oxford (IBM 2780).




the Rutherford 370/195 ooﬁwﬂwrﬁ.oa

Baineq
N there, g,
T Specia] Progray
BIOUDS in scattereq
™main compyte, but

e best met on one particular computer. Thirdly, physics
g on experiments will each have work for their local

efer to process collaboration data on one computer, to avoid probl ;
et PO ekt ey
i btained by cc ing the Rutherford 370/195 to the ARp,
Projects Agency) network, which links a wide range of ‘HOST" e

Computers in the
nce (at University
but appears to 1p,
370/195 or any of

; ey have authoriseq
ind terminal-type access to the 370/195 here (including full use of ELECTRIC) js pos-

le for authorised users anywhere else on the network.

s. Access is made via the PDP-9 at the Institute of Computer Scie;
ndon), which functions as a ‘HOST’ computer on the network
s a HASP workstation. Through these links terminal users on the

‘The Post Office is developing its EPSS (Experimental Packet Switched Service) of fast lines and
‘exchanges for a UK network. The Laboratory is actively collaborating in designing protocols for
terminal usage, remote job entry and file transfer across this network.

'FILM ANALYSIS

completed its spark chamber measuring programme in the first half of the year, and was
d for production measuring of bubble chamber film. Tests were also carried out on
m BEBC and a track-sensitive target chamber. Hardware and software changes were, in
1ade only as operational weaknesses appeared,

ber measuring comprised 35,000 events for the ISR experiment (Proposal 72) and
0 for the 8104 experiment (Proposal 93), all on 70mm reverse-developed film. Both
include remeasurements where preliminary analysis showed them to be necessary.

‘bubble chamber film came from the CERN 2-metre chamber. Measurements
ur experiments in it, as follows (figures are for 3-view events, and include re-

238,000 events
17,000 events
64,000 events
16,000 events

335,000 events

134,000 on film exposed in 1970 and 104,000 on 1972
ised by a collaborating group at Imperial College,
lower energies with further film next year. The

1in 1972 and included 3,000 for Ecole Poly-
iment, for which measuring is nearly fin”
| 1972, and measuring is nearly CO™
edigitised at Durham Univ-
collaborating in the K'P

d. quarter = 281,125
= 204,558 2n
1st.quarter =

!
|
|
“ total for 1974 = 924,241

L 3 !
|
I
I
1

|

/
l

SR L 16 18 20 22 2 26 28 30 32 34 36 38
Jan | Feb | Mar | April | May | June | suly | Aug | sept
weeks

Figure 6.5. HPD2 statistics (weekly totals of frames measured): (18859)

A large sample of 9,000 events from the 1.5 metre chamber with track-sensitive targe!
ured in the first half of the year. The measurements were used to develop progr:
perience in preparation for bulk p ing of the film, expected next year. s
GEOMETRY are satisfactory for the complex events involved (which include at!

electron pairs), and ‘patch-up’ also appears to be satisfactory.

Several HPD records were set up this year. During October 20,000 .o<o=,
from the 2-metre chamber were measured in one week, and the year’s total

920,000. Weekly totals of frames measured appear in Fig.6.5. This
ably revealed some weaknesses, but despite two failures in the DDP

hours scheduled this year was lost for all causes of HPD2 failure.

Some detailed hardware changes were made to improve operating effic;
system was designed in preparation for operation of two HPD:
made on BEBC film d in N ber 1973. Th

at that time, and better film is expected in 1975. Furth
available,

Software in the DDP-516 and central computers was
POses and to exploit some hardware features incorpo;
Were improved so that faults in the hardware link
imum of corrective action by the HPD operatc

- the beginning of the year and used to pr



it pen continued in use for ‘rescue’ of bubble |
program criteria. Failures due to filter Eownun_”wm_“. MM aN”Em Which paq
ks not detected at the scanning table, are often revealed on the mmm _8 Smal] angle
ight pen operator. Faulty tracks from 65,000 events Eouuﬁmﬂww and cap p,
HPD were displayed and corrective action taken on 59 00g 9.5 road gujg.
nearly 75% representing some 40,000 events ‘patched-up’ G = %.55” With 4
system. OUrs’ opers.

be can only display a maximum of 2,000 points without unacceptable flicke;
uate for road guidance measurements but not for reduced guidance, so 3 w» Num-
1310A unit was bought in 1973. Using a small Interdata 70 co, 4 ewlett.

5 5@—:950 .
splay, up to 30,000 points have been written on the screen without flicker. ¥ refreshing

‘The present ‘patch-up’ system based on the IDI uses a fixed partition of 76 kb
- computer, plus some core in the DDP-224 for refreshing the display and ha
 terrupts. The new patch-up station based on the Hewlett-Packard 1310A will be controlled b
gram resident in the GEC 4080 (instead of the IBM 370/195), with refreshing and E:a_w 5
the light-pen carried out by an Interdata 7/16 (instead of the DDP-224). The Interdata q\___m
similar to the model 70 used for tests but has only the more limited facilities needed for thj;
mw_‘nmc_:uvw:owno? w

%ﬁm in the centry]
ndling light-pen jn.

Apart from the ability to display more points, which will cover reduced guidance and BEBC

patch-up, the new station is designed to be much more flexible and suitable for other applica-
ns. Hardware zooming and windowing facilities will be available to the operator, also the pos-

sibility of rotating two-dimensional patterns and portraying three-dimensional structures (such
prism plots) from different viewpoints under operator control.

ing of film from the K13C Cambridge University/Rutherford Laboratory experiment was
E,ﬁa,m during the first half of the year. With the more flexible HPD2 available for measuring
i .E.n,,w film from spark chambers, CYCLOPS was taken out of operation early in May and

- First measurements of K13C film were completed in 1973 and analysed by the spark-finding
his showed some 27% of the 880,000 events required remeasuring, which was begun
ctober 1973 and completed at the end of March 1974 after 90,000 events had been re-
ear. Most rolls of film affected had originally been measured before all of the
n ﬁ%ﬁo improvements made to CYCLOPS last year were completed, and showed
le benefit from remeasuring.

en exposed at the start of each of the 260 rolls of film, and a large sam-
ames on every third roll of film) were d, at several discrimi
ble grid illumination levels.

0 measure film from visual spark chamber experiments, and wnmm.
ental requirements. After a slow start due to teething

100,000 events
600,000 events
400,000 events
1,125,000 events

2,225,000 events

SOFTWARE FOR DATA ANALYSIS

Bubble Chambers

ZE-MATCH-EDGING program chain has continue
The MHMM_M_NW film from the CERN 2-metre chamber. Not much
mea;

ded, but some filtering constants were re-tuned to give a significantly impro
needed,

on film with faint tracks.

i system was tested on a sample of film of 14 GeV/c K™p inf
o wm&«s@m ﬂ:@wﬂuwﬂoﬂ. MEm system, one fiducial mark, all vertices and a point ina ¢
o N.M—a#”»% is pre-digitised on all views. It was sometimes found that :_
o nw_ tracks at ‘clear points’, and the track MATCH program was Boemam.
$<§a duplicate tracks by comparing directions and curvatures on different views.
ew_:vo_ i%m attributed to one reference fiducial being inadequate on pre-digitisir chine
:mw_ __n..._o not maintain strictly reproducible film positions. The sample was accor qu - ‘H\ u) 3
‘.z aei:r three fiducials (allowing comparison of results with one, two or E.«o& Q= 7
_Mo machines. The new results will be compared with the earlier measurement (which sho
mmoz_w:d\ pass rate of 70-75%). Improvements were also made to the track followin;
ines, to detect small angle scatters and avoid confusion where tracks cross at small angles.

A large sample of film from the Rutherford 1-5 metre chamber &.E- ﬁuo—m.uosnmﬁ,n\
measured on the HPD, and development of the chain mn. processing u—.on-uBm has n
Tracks are pre-digitised in the Road Guidance mode, with the .88-& of the three p
track placed where the track enters the target wall (for those which do s0). .Ou._% the
EDGING program is being used for filtering, as the CERN HAZE was considered unsuif
tracks passing through the target walls, and it has been modified to break the road
sections (before and after the walls) and search for a track in each. Short electron tra
often very hard to filter, and if fewer than three master points are generated the pre<
points are substituted. The GEOMETRY pass rate at present is about 50% for evel
average of 9 constituent tracks.

The CERN programming system HYDRA (version 3.11) has been installed an
central computer. There is no i ion of changing the normal program chain use
hamber film analysis but BEBC p ing will make use of the CERN LBCG (

Chamber Geometry) program in HYDRA.

No HPD measurement of BEBC film has been processed yet, but asa test two Bl
crudely measured on a Mangio-Spago pre-digitising table, using 20 fiduci
views. Several changes, in the on-line control program for the pre-digi

required to handle these events, which were then reconstructed by
HYDRA processors. There were problems with optical constants and

whose solution awaits developments at CERN, but the results were rea

The changes in treatment of convergence and hypothesis rejection ir

have been completed, and the new version is in production use fo
Kinematics manual is being prepared.

Spark Chamber and Electronic Experiments

‘main work this year was the further analysis of
chamber experiment made on CYCLOPS during
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ident Statistics
>nn¢_u3:cn=< 1965-1974)

No. of accidents x 100,000
frequencyliCichs man hours worked

- RADIATION PROTECTION (2) frequencyralesaliaceicents
,.,« _aaw 1974, as in previous years, the Laboratory has maintained standards of
well within the limits laid down by national and international bodies. In particular, the re.
L personal dosimetry show that no one workingat the Laboratory exceeded the E.:.a:& . ident
s for either external radiation or internal contamination, (3) lost time Occicenty

f radiologica] safe-

(4) frequency rate - lost time accidents

in existing shielding, and
of the muon shielding that would be required for extension of the EPIC project to

celerator developments and the obsolescence of existing equipment have led to detailed ex- (5) average days lost
on of improved techniques for the measurement of strong radiation fields and for hand- per accident
esultant data. In common with CERN and FNAL, we have found the combination of
d ﬁmmaﬂ%ﬂoaﬁoa with ionisation chambers attractive for use with pulsed accelerators and
arly suitable for modern methods of data transmission and presentation.

ime spectrometry service has continued to operate for straightforward identification and
cation of radio-isotopes. It also provides the reference standard for the measurement of
)¢ by the foil activation method and has been applied to beam distribu-
late to the efficient operation of Nimrod in terms of beam control and the .

damage. Figure 7.1. Review of Laboratory accident statistics: (18858)
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eﬁF safety training course which had been attended b
odified in content and presentation and re-introduced as an j
for new entrants. The new course utilises a videotape recorder o
practice in artificial respiration and fire fighting as well as :
and safety arrangements of the Laboratory. ey
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duction safe,
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Safety tours of the Lab inued;
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Fire Prevention staff participated. The introduction of a s
local administration was effective in ex
tention.
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ro priority system j
pediting attention to hazards EE%:

wumm‘a\ Group ay, d
oon.._sno:.o: With
required urgen

The total number of items recorded in the register for safety c
M.nw M«MM”_H_M“ __UM “erﬁmm .8::.::.3 at wvo..: the same level, ,wrao““”h” (”_HM“M_MM_W o o...tEa_.
e &.oo M.I H_\n.e:n machines mﬁm (405); Lifting tackle 2535 ANAMW .q.. With the
other safety 3:%.59: wam»mﬂm.o ® (289); Fire prevention 56 (52); Breathing 4 W, e
e, ); Experimental ?wr voltage installations 381 TS_M% priz
© given a total of 7974 (8377) inspections during the year oaﬁw .cw:womm o
s afety

ms were recorded and remedia] action

ter ¢ i were progressed as ne. iai;
ities responsible for the issu e
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The number of accidents involvin,

Laborat i i
T P m:m ratory staff which were reported during the year was

d all were investigated to ascertain the cause and to make re-

CHEMICAL SERVICES

Gene i . ’ S

- wBHM._n_ ow:.z&no M”oﬂ::aaorﬂigm are u.3<a& in the fields of water treatment, corrosion control,

e » vnv.ao. e nB.Sm._. coating and cleaning of components and electroplating work
1 ne y by cial platers.

,B,B,&\ / ?mr v:n»« water circuits, associated with cooling of the Nimrod magnets and ancil-
&nﬁ_ﬁgﬁ fequire a »._.onco—...ﬁ routine test programme to ensure that the high quality re-
da 5« hﬁuﬁ-rawﬁo.n. Zoni_.._..m”m:&:w this mo_.:_.or problems still arise from the deposi-
Nv«n Lo wr..v..ao surfaces of rubber tubing included in the circuit and this eventually
.n@@ﬁc_w ?m__.ounr leakage currents. Tests are being conducted to understand the

L .oMrn_:m problem. Corrosion problems arising in any cooling water circuit

....au!d »nm_ma to many substances, as a means of quality con-

contaminants in vacuum systems and oils.

sful comple!
Atlas Computer H.uwo_.»an. the success! - com
.wn:n» q«.Em consists of a building linking the two main .cE_.
MM__. offices and toilet accommodation. This extension is on
nvvmoﬁans__‘ 600 square metres.

ton Laboratory and its outstations, namely.
1974 has been carried out on several schemes.
the existing computer facilities for a new air condil fonin
i i both the Appleton and Winki
ted. Diesel generator sets were installed un. . on and Winkfie
w“ electrical supplies in case of a breakdown in the main electrical suppl. ,,Ox,
the successful UKS satellite control room.

Design work at Apple
Observatories, during
tory an extension to

A new heating plant, including boilers, pumps and individual _vEESw heating
was installed at the Appleton Laboratory. This scheme was designed Es..o,
in mind, employing weather sensitive, temperature controllers. Also at the

an extension to the Balloon Payload Facility is under construction. This wi

pletion in the Spring of 1975.

The Chilbolton Observatory near Andover will have an extension completed in he S
1975. This consists of additional laboratory, office and storage accommodation.

A design for a new computer building to house an ICL 1904A Computer together wi
works, associated landscaping and a new SEB Substation has been produced for th
Laboratory. The building consists of a single storey structure, ‘T’ shaped in plan

tension. The area of the building is just under 1000 square metres. It is attached to the.
buildings by a link entrance and it is situated at the north west corner of the site. The acco;
dation consists of a computer room, plant rooms, offices, data preparation area
rooms, engineers and tape store rooms and ancillary support areas.

The Integrated Environmental Design Concept (IED) has been adopted. This is
sign. mvmm& to buildings and their services providing a practical approach to
factors: (i) The quality and consistency of the internal environment in relation to
and the needs of the people using it. (ii) Capital Costs. (iii) Running Costs.

The construction consists of cavity walls with brick outer skin and block
cayities being filled with foam. The anodised aluminium windows are small
to the inner face of the brickwork to reduce the direct solar gain and

influence. The type of construction used also assists in the reducti
problem on the site. ,




The Royal Greenwich
Observatory

The Royal Observatory

Edinburgh

London Office

Rutherford
Laboratory

Fire detection is also an important factor in the design of a computer building and ¢
grated with an automatic fire extinguishing system using a Halon 1301 installation j
puter room. The design also incorporates a vacuum cleaning system which covers th,
room.

his is inge.
n the cop,
€ compyte

The computer building is now under construction and it will be completed in early 197¢

Work has now commenced at the design stage on further development on the Appleton Labor
tory Site. This will consist of offices, laboratories, conference rooms, lecture theatre, mzzmzoﬂ
foyer and a Balloon Integration Area. The total development covers an area of 4pproXimately
4000 square metres.

At the Royal Greenwich Observatory, Herstmonceux, a new car park is planned together with
preparations for their Tercentenary celebrations.

An interesting structure designed for the Observatory was a thermal shield wall round the Coude
Room of the Isaac Newton Telescope. This was to prevent solar gain reaching the interior and
affecting the optical equipment structure. In parallel with this thermal wall design, which was
to be built in either brick or concrete, was an experiment insulating t
equipment with polystyrene. The experiment showed that there v
thermal movement affecting the equipment.

va

At the Royal Observatory, Edinburgh, it is planned to replace the exi g in the main
building consisting of electrode boilers with gas fired boilers to achie ciency, econ-
omy in running costs and continuity of heating in case of interrupte trical supply. Also
planned are extensions to their workshops and to their temporary office accommodation and

the installation of a diesel generator set to give a guaranteed electrical supply.

i

Plans are now being prepared for major alterations to a building in Swindon to house a num-
ber of London Office staff.

At the Laboratory the formal opening took place in November of the new library. This is a
building which spans the roadway, linking buildings R1 and R25. It is essentially a concrete
structure with arched beams faced with exposed aggregate. The windows, on the east side, are
of solar control glass and the roof has a shallow pitch and is metal decked.

The year also saw completion of the new building to house the 70 MeV Injector for Nimrod.

Figure 7.2. The East side of the new library building: (18072)

ogress on the concrete blockhouse in Experimental Hall 1: (17545)

Figure 7.3. Construction work in

An interesting structure to be erected at the Laboratory during the year wasa 8:9”08 block-
house in building R6. This consisted of two concrete walls and a flat concrete slab, simply sup-
ported on the walls approxi aately S metres above ground level. The slab consisted of approxi-
y 250 cubic metres of concrete in one continuous pour. This is believed to be one of the

matel 1
largest ever pours of its type in this country.

During the year some preliminary design work has been carried out on the EPIC Project.

The Coseners House at Abingdon has major alterations planned. These mainly consist of an ex-
tension to the main house to provide additional conference, storage and toilet facilities.

In 1974, for the first time since being set up in 1972, the Council Works Unit work load on de-
sign and construction has exceeded £1 million per annum.

Figure 7.4. The West side of the new library building: (17747)
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diture (financial year 1974/75) was £10-87 million,
(including £0-53 million on the new injector for Nimrod) ang g 137 .
rresponding figures for 1973/74 were £9-48 million, £].43 _.anw.mo Millioy
- nand £8.5

of which ¢

‘Staff expenditure (salaries and wages, insurance, superannuation, etc.) bl

search and development (see below) 435 (310)
M_Hn m“am@«nﬂmi«:. wmm Mw.umv
Building wo! § -18

4 021 AD.NMW
—— gl

Total 108 .
1087 (94g)

A proportional representation of the breakdown of the research and develo

al and other main components is shown in the pie chart, HE

Figure 7.5. Breakdown of the £5-15 Million R & D expenditure: (18857)

Common Applied
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Computing and
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and Rental

Engineering
Division
(including
Council Works
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ing and end of the year.

vowmmoa at the beginn

The staff
Chan;

Opening

Strength

1.1.74

INDUSTRIAL
ZOmv“ao_. and Banded Staff

Science Group
Professional and Technology

Group
Administration Group
Research Associates
Non-Techs and Stores
Librarian
Secretarial and Typing
Photographers
Photoprinters
Machine Operators
Hostel Manageresses
Telephone Operators

Total Non Industrial

INDUSTRIAL
Craft 22
Non-Craft 109 27
Apprentices 20 7

Total Industrial 296 56

GRAND TOTALS 1163-5 175

The figures listed under “‘changes” include new entrants, resignatic
sandwich courses, and those working part-time are counted as hal

Staff numbers continued to decline; the net decrease since :
(7:5% of those in post at that date). i -

Regular communicati
5 5
R n between the local Staff




The Staff Side continued to provide members on the Restaurant, Safet
Committees and also to participate in the management of the Lab,
Scheme.

Regular three monthly meetings of the Local Joint Consultative Committee
vide ications between t and industrial staff. Special mee
were held to discuss the use of contract labour at the Laboratory; a “failur
corded and the matter referred to the Council’s Joint Negotiating Committee

Y and Staff g,

m.
oratory Degt E8estions

h Benefyy

monz.scma 10 pro.
tings of thig body
€ 10 agree” yyq re-

Shop stewards representing the various Trade Unions recognised at the Labora:
to participate on tne Restaurant, Safety and Staff Suggestions Committees, thy
ther opportunities for exchanges of ideas between staff and management.

tory continyeq
S providing fy,.

Trade Union representatives also participated in the management of the

F_coESQ D
Benefit Scheme. eath

Training ~ The academic year 1973-74 showed another decline in the level of day-release and evening train.
ing in the Laboratory, the total number of concessions being 64 compared with 76 last year,
However concessions for Open University courses in technical subjects rose to 9 and the Open
University is now an important source of training for Laboratory staff.

The te in inations has r d high; the overall success-rate for the 55 students
taking day-release, and Open University courses was 89%. The 25 Craftsmen who sat Higher
i National Certificate and CGLI examinations achieved a pass-rate of 96%. Three members of

staff received day-release concessions for specialist post-graduate courses and two are registered
research students.

Only one member of the permanent staff of the Laboratory is now attending a sandwich course
at a University. This student has an SRC Bursary to attend the Honours Degree course in Mech-
anical Engineering at Brunel University.

Two hundred and twenty three members of staff attended short courses on various technical
and management subjects, 50% of these courses being run by AERE, 15% by SRC or CSD and
35% by a variety of other educational, professional and commercial bodies.

The Laboratory has continued its arrangements for oral French tuition for staff who have to
visit ILL and CERN. The original group, now somewhat depleted by transfers and resignations,
continued its studies two mornings a week at the Abingdon College of Further Education. A
second group started at South Berkshire College of Further Education in September 1973 and a
third group started at Abingdon after Easter 1974. In addition 3 senior members of the Labor-
atory staff were provided with French instruction at the Laboratory by a local private organisa-
tion specialising in this type of training.

The Laboratory has continued to collaborate with AERE in the recruitment and training of
Craft Apprentices. There were 18 craft apprentices in training at the end of the academic year
1972:73, 4 completed their “time”, 4 were recruited and 3 resigned during the period 5o the
total at the end of the year 1973-74 was 15. All 4 craft apprentices who completed their train-
ing joined the Lab y. The two Student Engineers who joined the training scheme in Jan-
uary 1973 went to University in October 1973 and both satisfactorily completed their first year
nﬁg A third Student Engineer joined the scheme in J anuary 1974 and completed 5 BQ:.E
. Qw%ag raining in the AERE Apprentice School, followed by 4 months of practical train
~ b Y, prep 'y to going to University in October 1974.

W internal training activities within the Laboratory during the year-

Manage, Seminar was attended by 13 Senior Staff and a simila?

o report directly to Division Heads and Group Leaders. The
ior and Junior Induction Courses.

boratory provided industrial training during the year for 45 college-based sandwich
e oa nts, bringing the total over the last 14 years to 461. In addition Administration Div-
se stu! Mna ?n usual two weeks of practical office training for 9 Business Studies Students.
don College of Further Education.

cour! =
ision prov!
from Abing
a continuing increasing demand for administrative services during the year. With

There has been f housing in the area, full use was made of the Laboratory’s furnished and unfur-

the high cost ©
nished property-

i ineeri ivisi odated in
Beam Research Unit and part of Engineering Division were 8.383«:
,_._,NEM_MM Mw_m following the re-housing of the library in Building R61 thus continuing the pro-
W“w of more effective grouping of Laboratory staff.

ly July, Administration Division staff were heavily involved in the supplying of services to
M_:mnwm,w: _Em:._m:os,___ Conference on High Energy Physics, held at Imperial College, London.
.— corbeilel

An attempt was made to spread staffing needs across the whole of the Division so as to cause
n
the least disruption of work at the Laboratory.

Approval was obtained from Council for major alterations to be carried out at The Cosener’s
:mmma to enable it to be used more effectively as an SRC conference centre.

The Cosener’s House has been well used during the year to provide conference facilities, partic-

: Q School P
ularly for Council and Board meetings, week-end C: f and Training
Courses.

Figure 7.6. View of the reading room in the new library: (18455)

General
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etings were heldat the Laboratory on: Theoretical Physics-Annual Confere nee (24

nference on Quantum Mechanics (15-16 February); NBRU Meeting on Neutrons 5 .Mu:.:mgw
(18 April); Exotic Atoms — Institute of Physics Meeting (19 June); EPIC — o ZM m_go@
July); Summer School for Experimental Physicists (9-27 September); the T s_En (18
vided financial support for the Summer School for Theorists held at Durham Caéﬂ.” 50 pro..
September); HPD Annual Conference (1-2 October); Meeting of the Nuclear E_Emoum Yy (8-12
November). oard (2

Meetings were held at The Cosener’s House on: Council Meeting (19-20 March); Dee;
Phenomena (4-5 May); SEAS Working Party (30 September - 4 October); EPIC @
ber).

P Inelastic
-6 Decen,.

The Nuclear Physics Board visited the Laboratory on 25 - 26 November. Duri
new Library was officially opened by Dr T G Pickavance, CBE, the first Directo
ford Laboratory. The Chairman of the Nuclear Physics Board, Professor W E
presented Dr Pickavance with an inscribed tray as a momento of the occasio
avance with a bouquet of flowers.

ng the visit the
T of the Ruther.
Burcham, FRS,
0 and Mrs Pick.

Parties of visitors taken on conducted tours of the Laboratory during the year totalled 660.

The Laboratory organised the XVII International Conference on High Energy Physics, this being
the first occasion that a conference in this series has been held in this country. The conference
took place from 1 to 10 July at Imperial College, London with approximately 800 delegates,
from more than forty countries. Administrative staff were provided by the Laboratory. The
Proceedings of the Conference were published by the Laboratory in November 1974,

Figure 7.7. Dr T G Pickavance CBE opening the new library: (18060)
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S yasumi (NLHEP, Japan 1 October): Some experi-

ments done with the 1.3 GeV Electron

tron of INS in Tokyo.

E Lehman (Daresbury, 9 October): Reggeon calculus
approach to high energy hadronic scattering
in nuclei.

Y Zarmi (Weizmann Inst., 16 October): Hadron-parton

reciprocity.

D V Nanopoulos (CERN, 23 October): The question
of non-leptonic interactions of leptons.

P Estabrooks (Durham, 29 October): The use of

2eros in mm phase shift analysis.

W N Cottingham (Bristol, 6 November): Particle
exchange in exotic channels at low energies.

H Muirhead (Liverpool, 13 November): Anti-proton
interactions.

J E Paton (Oxford, 20 November): Reggeon p:
meters from duality and unitarity.

Cohen-Tannoudji (saclay, 27 November!




Relational data-base

lerkeley, 15 March): Computing at the
ce Berkeley Laboratory.

22 March): A user's experience of the

o,

Progress reports on various
ects of the C & A Division's work.

( 7 June) : Progress with HPD machines
. Rutherford Laboratory.

‘Trends in data acquisition

'HPD reduced guidance

R E Thomas (acL, 6 December) .

Atlag
Laboratory future 9raphics ngc..nmn

mnnuuhn»om
D M Sendall (CERN, 20 December) . Smal)
in data acquisition at CERN =

ELECTRONICS SEMINARS

E G Murphy (Culham Laboratory, 26 November)

: Dat.
acquisition from fusion exXperiments el a

Lham,
A C Peatfield (DL, 3 December) :

The use of CamMAC
at Daresbury Laboratory.

NEUTRON BEAM RESEARCH
MEETINGS

(April 18): Neutrons anad Biology (in associ-
ation with the British Biophysical Society
and the Neutron Scattering Group of The
Institute of Physics and The Chemical Society).

(April 24): condensed Matter Research Using
Pulsed Neutron Sources (at The University of
Reading, in association with the Neutron

Saattering Group of The Institute of Physics
and The Chemical Society, and AERE Harwell).

CONFERENCES AND MEETINGS

Theoretical Physics Meeting (2 to 4 January)

Quantum Gravity Conference (15, 16 February,

Coseners House)

Council meeting (19, 20 Maxch, Coseners House)

'GESS meeting (8, 9 April, Coseners House)

sed neutron sources meeting (21 to 26 Aprils
‘Coseners House)

010Gy meeting (23, 24 June, gmmamnuw.
nomen
an pher

gouse)
national conference on High Energy
1 Inter

£ to 10 July, Imperial College)

physics (1

serc meeting (18/301Y)

school for Theorists (8 to 12 September,

summer SC

puxham university)

School for Experimentalists in High Energy

Summer SC]
Nuclear Physics (9 to 27 September)

gpp Annual conference (1, 2 October)

1LL sub-committee meeting (24, 25 October,

Coseners House)

NBRC meeting (28, 29 October, Coseners House)
Nuclear Physics Board meeting (26 November)

EPIC meeting (2 to 6 December, Coseners House)







