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INSTITUT MAX VON LAUE-PAUL LANGEVIN (ILL)

Ministers from Britain, France and Germany met at the Préfecture in Grenoble last Friday, 19 July to sign the formal

agreement whereby Britain becomes a member of ILL. Amongst those present at the ceremony were Sir Brian Flowers and

Professor S F Edwards, the past and present Chairmen of the SRC,

Dr Stafford, Dr Hobbis and a number of other emminent

scientists and officials from all three countries. A contract between the Associates of the ILL, a Society governed by
French Civil Law, and the Statutes of the Society were signed on behalf of the SRC by Professor Edwards. The present
Director of ILL, Professor R L MBssQauer (Nobel Prizewinner for physics in I961) in his speech before the signing
ceremony had some nice things to say about the British contributions in the field of neutron research and their

extensive research programme which has so quickly and smoothly been incorporated into the work of ILL. With the sign-

ing of the agreement last Friday it is an appropriate time to take a look at the Rutherford Laboratory's contributions
in this field and the Editor is grateful to Dave Salter for the following report.

Over a year ago, an article in the Bulletin No 3/73
outlined the progress being made in, what was then, the
new collaboration of the SRC with the Institut Laue-
Langevin, Grenoble (ILL) and indicated how the Neutron
Beam Research Unit (NBRU) at the Rutherford Laboratory
was involved in this new project.

Many things have happened in the last 18 months
ranging from the sublime (over 50 UK experiments having
had time on the various facilities at Grenoble) to the
ridiculous (the efforts of NBRU members struggling with
French irregular verbs at classes in Abingdon and
Newbury). One of the areas of the Unit's work is fo
provide an interface on technical matters with the ILL
and to support users from UK Universities fo carry out
approved experiments there. The Institut has a formal
bi-annual procedure for selecting new proposals for

experiments. So far 155 proposals involving UK
scientists have been submitted and of these 102 have
been approved and accepted on to the experimental
programme. A total of 32 UK experiments has already
been completed.

The Unit is responsible for looking after the UK
proposal from the initial submission, through the
necessary technical and scheduling discussions, to
assisting scientists and samples to be at Grenoble at
the appropriate time. Over 120 visits have now been
made by SRC sponsored users.

Some features of the Unit's involvement with ILL
can be seen much nearer home, however, as readers who
work in R25 will know. There, an unusual (for the
Rutherford Laboratory, that is) piece of apparatus has
been built up over the last few months. This is the

contd. on page 4
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XV11 INTERNATIONAL CONFERENCE ON HIGH ENERGY PHYSICS 1974

L!‘l.l other conferences, the seventeenth in the Rochester series has come and gone. Many words were spoken, many papers
were submitted (around 1000 were on display) and many people from over 40 countries were subjected to the uncertainties

of the British climate. In these days of rapid news communication, the presentation of startling new results could not

be expected. However very interesting and in some instances, exciting results were announced, in particular from the
Fermi National Accelerator Laboratory. Summarising a ten-day conference is at best a compromise so this report will be
given in two parts (readers are warned in advance that both are unavoidably technical). The Editor is grateful to

Wilbur Venus, Gordon Walker and Bill Toner, all of whom act

reports. Part 1 on 'neutrino physics' is by Wilbur Venus;

ed as scientific secretaries at the conference for these
Part 2 to be published in the next issue will include a

report on 'strong interactions' by Gordon Walker and Bill Toner has promised something about the SPEAR results

The main topic of interest In neutrino physics during
the past year has been the question of the existence
of neutral currents. Neutral current reactions are
reactions whose existence, on an intermediate vector
W-boson mode!| of weak processes , would require the
existence of a neutral W-boson in addition to the
charged ones mediating the wel|-known charged current
reactions. The absence of neutral currents in strange-
ness-changing processes such as kaon decay is exceedingly
wel| established. This had led to a common expectation
that no weak neutral currents existed. But the new
gauge Theories unifying the weak and electromagnetic
interactions required the existence of neutral currents
or heavy leptons (or both) in order fo maintain renorm-
alisability. ¢ %

The Weinberg model is unique in requiring neutral
currents but no heavy leptons, for which no experimental
evidence exists. The experimental observation of
neutral current reactions due to neutrinos was first

reported a year ago by the Gargamelle collaboration
working at CERN and the Harvard-Pennsylvania-Wisconsin
col laboration working at FNAL.

At the London Conference, there were seven contri-
butions reporting the experimental observation of weak
neutral currents.

Three of these were concerned with the inclusive
process v+N»v+hadrons. The CERN-Gargamelle collaboration
reported further analyses of their experiment showing
that the neutral current events are qualitatively
different from the background events due to neutronr
interactions, and in particular that the 7@ multiplicities
are quite different in the two classes of event. They
also reported preliminary data, confirming that the
neutron background is indeed well undersftood, coming
from a subsidiary experiment in which nearly half the
neutrino shielding was torn down in order fo get large
numbers of protons and neutrons into the chamber. The
Harvard-Pennsy |vania-Wisconsin collaboration, who earlier
this year were rumoured to be obtaining negative results
after improving their experimental configuration,
reported a positive result after a detailed study of
their muon detection efficiency and hadron "punch-through"
corrections. The CALTECH group, who took a lot of data
at FNAL a few months ago expressly to s®arch for neutral
currents, also reported a positive result based on a
study of the penetration depths of their events. All
these three experiments reported unambiguous signals and
similar values for the ratio of neutral fo charged
current events, despite very different sources of back-
ground and systematic error.

The CERN-Gargamelle collaboration also reported
seeing two candidates so far for the purely leptonic
neutral current process w.e™>vse~ compared with an
expectation of 0.18 * 0.12 events from background
processes. The corEespondlng |imit on the Weinberg angle
was reported as Sin“ey< 0.45 (90% c.l.) This remains
the cleanest neutral current process for theoretical
interpretation since hadrons are not involved but the
cross section is so low (v10742em?) that events are
hard to come by. More film will be obtained.

There were also three contributions reporting the
observation of single plon production via neutral
currents. In two of these experiments, (1) a further
analysis of the 1967 CERN neutrino experiment in the
|.2m propane bubble chamber indicating that the upper
limit+ originally given probably corresponds to a clear
signal, and (ii) a stop-press result from the new
Columb | a-Brookhaven spark chamber experiment, the pro-
duction process occurs In complex nuclei. Consequently
the observed cross section is difficult to interpret
theoretically because of charge exchange and reabsorption

effects inside the parent nucleus. The third is a
beautiful experiment by the Argonne group using the

12 f+ bubble chamber in which all backgrounds are
convincingly evaluated using data internal to the experi=
ment combined with a special exposure to neutrons. The
observed cross sections are substantially higher than
predicted by the Weinberg model but the latter is not yet
excluded because the statistics are limited. The pm
mass plot for events of the kind vmrvpn™ (in deuterium)
reveals a surprisingly large non-resonant contribution to
the cross section. ;

The absence of neutral currents only in strangeness-
changing reactions presumably requires an explanation in
terms of hadron structure. The simplest explanation
requires the existence of a fourth type of quark (in
addition to the three required to explain the spectrum of
presently known hadrons) carrying an additional additive
quantum number ("charm"). This explanation requires the
existence of charmed hadrons decaying only via the weak
interaction somewhere in the 2-10 GeV/c4 mass range.

The search for these now seems certain to become a
fashionable area for experimental investigation.

The striking feature of the data on charged-
current neutrino reactions presented to the Conference
was the lack of surprises. The total cross sections rise
linearly with neutrino energy from | GeV to 100 GeV,
the proportionality constant being measured as .76%.08
at CERN and .80%.10 at FNAL for neutrinos and ,28:.03 at
CERN and .283.04 at FNAL for antlneutrinos, in appropriate
units. An attempted evaluation of the Gross-Llewellyn-
Smith sum rule in the CERN experiment yielded the value
3.220.6 compared with the prediction of 3.| at asymptotic
energies by the quark-parten model. And within experi-
mental errors the w¥/n~ ratio in neutrino processes was
found equal to the n~/n* ratio in antineutrino processes
and furthermore equal to the value predicted via the
quark-parton model from electroproduction data. In
fact the major theoretical mystery is why the quark-
parton model appears to work so well where it should not,
in the CERN neutrino experiment, and fo fail so badly
where i1t should work, in the SPEAR experiments.

However, two possible portents of future surprises
were reported by the Harvard-Pennsylvania-Wisconsin
col laboration. The observed inelasticity (y) distribution
in antineutrino events is in gross disagreement with the
~ (I-y)2 distribution observed at CERN and rather similar
to that observed for neutrino events. A partial explan-
ation may be that, because of the finite angular acceptance
of the apparatus, the observed events with large y values
necessarily have small values of x; and at small values
of X one expects comparable numbers of quarks and anti-
quarks and therefore comparable neutrino and antineutrino
cross sections. However it seems unlikely fhat this can
explain the whole observed effect. An alternative
explanation is that a threshold for (for examp le) charmed
particle production has been crossed. Such threshold
effects will first appear precisely In this large-y small-
X region of the kinematics. The other possible portent
is that two two-muon events were observed in the neutrino
run among 300 charged current events; both events have
very high energy (vI150 GeV). The obvious interpretation.
is that while one muon presumably came directly from the
aeutrino in the normal way, the other-presumably came
from the prompt weak decay of one of the created particles.
One immediately thinks of the intermediate vector W boson
and of a charmed particle, neither of which has yet been
observed, as possible candidates (the background expected
from m and K decay is very small). But speculation as
to their origin is premature, particularly since the
p*/u” momentum ratios are the inverse of what one would
expect, particularly for W production.



first of two neutron scattering diffractometers which
are being built at the Laboratory for use on the reactor
at ILL (Since this article was written the
Diffractometer, D3, has arrived at ILL and within two
days ran'successfully under full computer control. An
article on D3 will be published in the next edition of
the Bulletin - Ed)

The ILL collaboration is only one aspect of the
Unit's work. In addition fto providing technical
secretarial support for SRC Committees and for providing
support for approved neutron beam experiments in the UK
on reactors at Harwell and Aldermaston, the Unit also
nas a thriving development programme of its own. This
includes amongst other things, the construction of a
polarisation filter, development of position sensitive
neutron detectors and devices for bending neutron beams,
and work on pressure cells and magnetic neutron guides.

Members of the Unit are also involved in running
their own experimental programmes both on the reactor in
Grenoble and on reactors in the UK.

FILM BADGE NOTICE Period 8 commenced Monday, |15 July.
Colour Strip - ORANGE for By films
and neutron packs. Please make
sure you are wearing the correct dosimefers and that all
old ones are returned.

Six monthly TLD change for people with surnames
commencing C D E and F.

Please note - the Film Service now operates from
Room G4A, Building R2, Telephone Ext. 430.

LOST Anyone finding a large key In the BLUE car park
is asked to contact Mrs North, Building R2,

Ext. 430.

SOCIAL

SRC SPORTS DAY - SIX-A-SIDE-FOOTBALL

In many ways the star attraction of the tournament was the
RHEL | team, affectionately known as the 'Silver Threads'
due to their average age being well over 40! (In severa!
cases well over!). The squad, consisting of Les Patton,
Bob McClure, Bob Blowfield, Artnur Bell, Dave Lucas,

Mick Ryan, John Whittaker and Steve Brazier, played
intelligently and ran continuously for 5 matches to
qualify for the semi finals at the expense of the much
more fancied Daresbury |st team and RHEL 2.
they found the eventual winners RHEL 3, a little too
strong in their semi final but nevertheless maintained a
good standard of football and spirit fto the end.

The RHEL 4 team also made the semi final, but after
an apparently horrifying injury to one of their players
(who was carried off with two suspected broken legs = but
re-appeared a few hoors later complete with stick and
beer mug), succumbed |-2 to k.G.O.

The competition was won, in the end relatively
easily, by the well organised RHEL 3 team who friumphed
7-1 in their semi final and then beat R.G.0. 6-2 In the
final. The squad, consisting of Bob Bryne,

Malcolm Edwards, Martin Guest, Peter Hemmings, Jeremy Ireson, FAREWELL

Ron Lawes and Jim Taylor, recorded 28 goals against 8 in
6 matches with Jim Taylor as the competitions top goal
scorer (I3 goalsl. As is appropriate in these days of
"total football™, fhe entire team (except the goalkeeperl
scored in the final. That may be rectified next year!

Unfortunately,

TRAINING CONCESSIONS

Emp loyees of the Rutherford
1974-75

Atlas Laboratories may now ap
for training concessions for
courses at local Technical Coileges and application
forms for this purpose are available from Local Admin
Officers and from the Training Section, Building R20.
College prospectuses will be distributed to Local
Admin Offices as soon as they are available and they
can also be seen in the Library and the Trafning
Section.

I+ would be appreciated if all completed and
countersigned applications could be In the hands of the
Training Officer not later than Friday |6 August. If
exam results are still outstanding by this date, a
conditional concession will be given. Employees
seeking advice on training matters should make an
appointment on Ext 555 to see the Training Officer,

Mr T F Gubbins.
Enrolment details will be given in a later issue.

NATIONAL SAVINGS CERTIFICATES
SALARY CYCLE ENDING
31 JULY 1974

Certificates can be
col lected from the
Cash Office, Building
RI2 from the | August
onwards. New members wishing fo Jjoin the scheme can
obtain enrolment forms from the Cash Office.

ALEXANDRA ROSE
DAY 1974

The total amount col lected in the
Rutherford Laboratory was £29., 33ip.
The organisers wish to express their
thanks for the efforts of col lectors and to those who
contributed for this Charity.

NEWS

TABLE TENNIS Although the new season does not start
unti| the middle of September, we have
to give details of our teams by 7 August.
Would all those interested in playing for a team contact
Eric Thomas, Ext. 6219 or Martin Fowler, Ext. 6105 by

| August please.

All are welcome to join In a time
of prayer led by Ben Kingdom of
Building R20 at 1230 on Friday

2 August in the Conference Room, RI2.

On 9 August, Graham Turner of Surrey University will
be reviewing some books he has recently read. As usual
the meeting will be held in the Conference Room, RI2 at
1230.

CHRISTIAN FELLOWSHIP

Sue Watts writes to say = "I would |ike to
say goodbye to my colleagues at the
Laboratory and thank them for making my flve
year stay an enjoyable one".

And thank you Sue, for the many Bul letins you typed
for me in the early part of your stay - Ed.



