
les which do not always mesh well with 
any Individual nation’s own planning. 
Thus any nation attempting to balance 
national and International programmes 
must face the fact that the latter are 
only partially within its control.

Another difficulty stems fundamen
tally from the changing nature of 
science, but has been exacerbated 
by the financial problems of the uni
versities, and in particular the virtual 
extinction of the UGC equipment 
grant. These financial problems have 
been particularly severe for physics 
departments, where declining student 
numbers have led universities to 
switch resources to more popular

areas. As a result, departments are 
seeking SRC support for things which 
once would have been funded by their 
universities, and In particular for the 
replacement of equipment bought in 
the boom time of the mid ’sixties and 
now becoming Obsolete.

This has sharpened for us the pro
blem of sophistication, whereby scien
tific equipment becomes bigger and 
more complex, until it can no longer 
be provided for every university, but 
must be provided regionally, natio
nally, or internationally. It was in 
areas of physics (such as astronomy, 
high energy physics, and space 
science) that this trend first became

apparent, but it is now spreading to 
the traditionally “small” sciences. It 
could well be, for example, that by 
the 'eighties research lasers will have 
to be provided centrally, and much 
crystallography will be done on cen
tral synchrotron radiation sources. 
With such a change must go major 
changes in organization and in scien
tists’ methods of working.

I should not like to end this article 
on too gloomy a note. Physics in Bri
tain is still alive and relatively healthy. 
But its continued good health depends 
very much on our having sufficient 
stability to plan a forward-looking 
scientific programme.

Research
with CERN 400 GeV Accelerator

Research with Europe’s new 400 
GeV proton synchrotron, the CERN 
SPS, has now begun, comfortably 
within the programme schedule which 
all but the most sanguine of the high 
energy physicists had at one time 
thought unrealistically optimistic. 
When the ‘300 GeV Programme’, to 
give it its official title, was given its 
first airing in the report of the newly 
formed European Committee for Fu
ture Accelerators published in 1963, 
the target date for completion was 
1976, but as the years passed and the 
fortunes of the project fluctuated back 
and forth, punctuated by the decision 
of the CERN Council in 1965 to give 
priority to the building of the ISR, the 
withdrawal of the UK from the project 
in 1968, the break-down of negotia
tions in 1969 over the choice of site 
for the reduced project .... the com
pletion date seemed to recede ever 
faster into the distance. However, the 
proposal of J.B. Adams (then Director- 
General designate of the project and 
now joint Director-General with L. 
Van Hove of a re-integrated CERN) 
to build a 2.2 km diameter synchro
tron alongside the existing CERN 
laboratories, using the existing 25 GeV 
PS as injector, led to a re-unification 
of the CERN Member States and all 
the “wasted” years to be recouped.

The project to which the CERN 
Council gave its assent in February 
1971 was for an 8-years programme of 
construction, which included under 
the 1150 M Sw.Fr. ceiling (1971 prices),

about 750 M Sw.Fr. for the accelera
tor, about 130 M Sw.Fr. for operation 
during the programme leaving the 
rest for experimental facilities and 
contingencies. Final costs may well 
be lower than the estimates.

First priority was given to the con
struction of the synchrotron up to its 
full design potential of 400 GeV and 
the transformation of an existing ex
perimental zone (the west area) to 
accommodate neutrino beams of full 
energy and hadron beams up to an 
energy of 200 GeV. Attention has now 
moved to the equipping of a second 
experimental zone (the north area) 
where construction work is already

well advanced. In the north area the 
accent will be on muon physics using 
a high flux muon beam and on hadron 
physics at the highest energies.

First beam tests on the SPS were 
scheduled to begin in April. The month 
before, following the annual shut
down of the PS when the final com
ponents of the ejection system had 
been installed in the PS ring, the con
tinuous transfer system had been 
tested and shown to deliver a 10 GeV/c 
beam over 10 turns of good uniformity 
and with high efficiency. Beam gui
dance and focusing through the 1330 
m of tunnel which links the PS to the 
SPS presented no problems and for

Fig. 1 One of the two accelerating cavities 
of the CERN SPS.
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Fig 2 One of the three consoles in the 
main control room from which the entire 
machine can be controlled.

the first time the remarkable versa
tility of the distributed computer con
trol system could be demonstrated. 
Within an hour of powering the de
flection magnet directing the beam 
to the SPS, all the instrumentation in 
the line had been checked through 
and the beam characteristics in four 
dimensions, including the emittance, 
determined.

The whole of the SPS is controlled 
from one of three consoles in the 
main control room through a system 
of 24 computers some of which are 
dedicated to special functions such 
as the RF control or magnet power 
supplies while the rest are general 
purpose computers serving a given 
area. (The other consoles can be 
simultaneously employed for special 
function activities). Each computer is 
headed by an interpreter and is com
manded in a basic English language 
that has been given the name Nodal. 
Data modules stored in the computers 
form part of a distributed data base. 
Consequently during the commission
ing of the equipment it was possible 
to work independently on specific 
groups of equipment and prepare sub
routines (and debug them) which 
were then stored locally so that sub
sequent access did not load the main 
data highway. These sub-routines and 
then the control programs were writ
ten by the people responsible for the 
equipment design, the philosophy be
ing that they were in the best position 
to know the inner logic of the equip
ment, and the command language was 
readily learned. Each console is pro
vided with CRT screens in both colour 
and black and white on which can be 
generated alpha-numeric information, 
mimic diagrams and graphical dis

plays. Commands can be sent via a 
typewriter or more simply by using 
a series of touch buttons which, 
through a tree structure can reach 
any of the components and apply 
operational routines stored in the data 
base or central library.

Commissioning of the inflector sys
tem went smoothly and rapidly and 
was crowned on May 3 by a success
ful series of single-turn tests round 
the SPS main ring at the first attempt 
with no correction magnets powered. 
A few hours later, the beam was cir
culating over the scheduled injection 
period of 300 ms without appreciable 
loss. RF trapping was achieved during 
the next run, after which a systematic 
programme of beam measurement 
was carried out to optimize the closed 
orbit and adjust the Q-values. After 
only eight days testing with a beam, 
80 GeV was attained, the maximum 
energy possible with the power sup
plies then available. Transition energy 
at 24 GeV was crossed without hesi
tation. As more power supplies were 
brought in, the peak energy attained 
moved up correspondingly and, with 
impeccable timing, 400 GeV was 
reached for the first time as the dele
gates from the CERN Member States 
to the bi-annual Council meeting were 
listening to a report from the Directors- 
General on the progress at the Labo
ratory.

Work on proving out the ejection 
system to the west area went equally 
rapidly and was followed by the pro
gressive commissioning of the target 
areas and beam lines. Meanwhile, tun
ing of the accelerator continued and 
during October, beams of 1013 protons 
were accelerated up to the full energy 
of 400 GeV by filling half the SPS ring

from the PS injector on one pulse, 
extracted over five turns and the 
second half on the following pulse. 
(While the SPS is running through the 
rest of its cycle, the PS returns to its 
other tasks of providing beams for 
25 GeV physics or filling the ISR.) By 
the beginning of November, the SPS 
was ready for the experimentalists to 
start taking data.

From the SPS ring, two tunnels lead 
towards the west area — one for neu
trino beams and the other for hadron 
beams. The west area was already 
equipped with two major fixed detec
tors, the 3.7 m low temperature bub
ble chamber, BEBC, built under a tri
partite agreement between France, 
F.R. of Germany and CERN,, and a 
large volume versatile spectrometer, 
Omega. The latter is installed in one 
corner of a hall 160 x  65 m connected 
to buildings suitable for targets, power 
supplies and so on. BEBC has become 
the target at which the neutrino line 
is aimed while the hall has become 
the housing for the electronic expe
riments on hadrons. Behind BEBC is 
a massive spark chamber assembly 
and behind that again the heavy liquid 
bubble chamber with which neutral 
currents were discovered, Gargamelle, 
having been moved from its site at 
the end of the PS neutrino line. Gar
gamelle will be ready for its first runs 
in March of next year.

Considerable care has been taken 
in the design of the neutrino lines to 
define as far as possible the neutrino 
energy spectrum. Following the targets 
in which hadrons are produced from 
the incident proton beam, is a 300 m 
long evacuated tunnel in which ha
drons decay into neutrinos and mu
ons. The muons are absorbed in a 
400 m shield which consists over the 
first 170 m of 2.5 m diameter iron 
disks and over the rest of earth and 
building foundations. Between the 
disks at a number of points, are 
muon detectors which will give infor
mation on the muon spectrum. Two 
beams have been planned :
1. a wide-band beam where the ha

drons are focused into the decay 
line by two pulsed horns

2. a narrow-band beam where the ha
drons are momentum analysed be
fore they pass into the decay tunnel. 
With the wide-band beam, the event

rate in BEBC when filled with liquid 
hydrogen will be about 0.3/SPS pulse 
for neutrinos and 0.06/SPS pulse for
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Fig. 3 The final stage in the extraction of 
the proton beam from the SPS. The ejected 
beam is deflected down the beam transfer 
tube (right) towards the targets serving the 
west area.

anti-neutrinos. The event rate with 
narrow-band beams will be down by 
a factor of 10 to 100 depending on 
the parent hadron energy setting.

First experiments will be with the 
narrow-band beam and a chamber 
filling of a neon-hydrogen mixture. 
The data collected will supplement 
that already accumulated in Batavia 
on event mechanisms and relative in
clusive cross-sections but should also 
allow, for the first time, absolute mea
surements of cross-sections against 
energy to be made. In the second 
series of experiments, in the Spring 
of 1977, the wide-band beam will be 
In action and BEBC will be operated 
with a filling of liquid hydrogen. Gar- 
gamelle will also be starting up with 
a long range programme of neutrino 
and anti-neutrino interaction studies 
with particular emphasis on neutrino- 
electron interactions. The electronic 
experiment in the same line consist
ing of a massive target-calorimeter, 
20 m long and weighing about 1400 
ton will be used principally with the 
narrow-band beam for the study of 
Inclusive reactions in iron and a 
search for rare processes such as 
three lepton production or the appear
ance of an Intermediate boson. Other 
neutrino experiments approved in
clude the operation of BEBC in com
bination with an emulsion stack (the 
bubble chamber being used to locate 
the vertex of an interaction within the 
stack, so greatly reducing the emul

sion scanning time) and a second 
electronic calorimeter of fine grain, 
with which semi-leptonic neutral cur
rent processes will be Investigated.

Although the neutrino programme 
is the most interesting In this opening 
phase of the SPS operation, and the 
one most likely to yield really novel 
results, there has been no shortage 
of proposals for experiments with the 
hadron beams that are becoming 
available. Here the most popular 
objective is the search for charm In 
hadron physics by the detection of 
otherwise forbidden mechanisms such 
as three-muon events or the decay of 
a charmed pair Into three pions and a 
kaon. Amongst the six beam lines that 
are available is an RF separated line 
able to produce a pure separated beam 
of kaons up to an energy of about 
75 GeV or anti-protons up to 120 GeV 
which is directed towards BEBC. The 
others, which fan out inside the west 
hall include a 40 GeV/c separated 
beam, Incorporating RF superconduct
ing cavities, an electron beam for the 
production of tagged photons of ener
gies up to 80 GeV for the study of 
photo-production, and a hyperon 
beam.

So far, 29 experiments have been 
approved for the west area, involving 
over 40 universities and research in
stitutes and including the participation 
of teams from the USSR and the USA. 
In addition, a number of experiments 
have already been approved for the 
north area when this starts to be
come available from the beginning 
of 1978. Here the accent will be on 
muon physics using a momentum ana
lysed beam which will be quite unique 
in terms of intensity and precision. So 
large is the team that will be perform
ing the first experiment on the inela
stic scattering of muons from hydro
gen (about 60 physicists) the identities 
of the parent institutes have become 
submerged under the general title of 
the European Muon Collaboration. A 
team of about half the size, with the 
participation of Dubna, will also be 
investigating deep inelastic inclusive 
muon scattering. From these experi
ments will come perhaps some clues 
to the answer to the long-standing

question — Why did Nature need to 
invent the muon ? Even the latest very 
high precision measurements at CERN 
on its anomalous magnetic moment, 
although a tour de force technically, 
have failed to reveal any significant 
difference from the electron, apart 
from its mass and life-time.

Apart though from muon physics 
there will be an extensive programme 
of hadron physics undertaken at mo
menta up to the highest available. 
Experiments already approved include 
a comparative study of hadron frag
mentation, studies on the production 
of large transverse momentum leptons 
and hadrons, and various inelastic 
scattering phenomena.

From the results that have come 
out of Batavia since the machine there 
began to do physics, it seems unlikely 
that any dramatically new processes 
will be revealed by other than slow 
painstaking measurement with a re
fined and known beam input and good 
statistics in the detection. In conse
quence, there is every reason to be
lieve that the four year lee-way be
tween the American and European 
programmes will be largely compen
sated by the greater reliability and 
better beam definition of the SPS.

Fig. 4 The north experimental area. The 
ejected beam (lower right) goes through a 
splitter tunnel and target area after which 
hadron beams are led to the near hall and 
a muon beam to the far hall.
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