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Last monll a1 CERN

At about 5 p.m. on the afterncon of
Tuesday 6 August, another importanf
stage in the evolution of the proton syn-
chrolron was reached, when a beam of
protons was extracled from the accele-
rator for the first {ime by means of the
slow ejection sysfem. This success
greatly enlarges the possibilities of the
synchrofron and means thaf when all the
tests have been compleled, in a few
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The cover pheotograph shows a compara-
tively rare view both of CERN and of
Mt. Blanc, some 70 km distant. From
the French side of the border, only
CERN’s Administration building appears
above the lrees while, recording cne ot
this year's few clear days, Mt. Blanc can
bc scen rising to its snow-covered peak,
4800 metres high, above the mountains of
Savoie. less far away, ML Saldve sire-
tches across the picture on the othor side
of Gencva.
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months' fime, the physicists should have
at their disposal in the South experi-
mental hall a beam of protons whose
characteristics can be varied, to a large
extent, to suil their requirements. Ad-
ded to the fast ejected beam, achieved
a few months ago, and the versafile
system of internal targefing developed
during the last three and a half years, the
slow ejected beam complefes a range of
operaling possibilifies which is unique.
The champagne drunk in celebration
was well deserved.

It should perhaps be poinfed out
that the description ‘slow’ applies to the
method of extraction of the beam, and
nof fo the speed of the protons. |In
principle, prolons of any energy pro-
duced by fhe accelerafor can be ex-
tracted, and a distinguishing feature of
the sysiem developed for the PS is that
it does nof involve a degradation of the
proton energy, by scatlering in a farget
for instance. The first tests were car-
vied ouf with a proton energy of 16 GeV
and later cnes a 12 GeV.

As described in the June issue of
CERN COURIER (vol. 3, no. 6, p. 79)
the acceleration process of the synchro-
tron produces 20 bunches of protons
fravelling around the ring at practically
the speed of light. The ‘fast’ ejection
sysfem directs these bunches in rapid
sequence on to a {argef ouiside the ac-
celerator, in a time of only 2.1 microse-
conds. In contrast, the ‘slow’ sysiem
directs a more constant flow of protons
on to the target for a period of time
which is ten thousand times as long.
Such conditions are much more suit-
able for the operation of counter arrays
and spark chambers. Both systems de-
pend on the excitalion of betatron oscil-
lations in the circulaling beam, but
otherwise fheir methods of operation
are quite distinct. Slow ejecfion, as ifs
name implies, is a much more gradual
process, and in fact is much more clo-
sely linked to the funcfioning of the
accelerafor as a whole.

Under normal operating condifions,
it a prolon is slightly deflected from
its path because of, say, a non-unifor-
mity in the guiding magnetic field, if
‘oscillates” about its former line of flight,

in other words its distance from the
centre of the ring changes slightly as if
goes round. Because of the design of
the magnetic field, the proton never co-
mes back to exaclly the same place
after each complete revolution and so
the oscillation can never build up fo
any great amplitude. This feafure of
the magnetic field is, of course, exlre-
mely important for the operation
of the synchroiron, and so a number of
quadrupole and sextupole magnetic
‘lenses’ were included in the original
construction so That the field could be
corrected if necessary. In fact it was
not necessary, but fhese same lenses
now form the basis of the slow ejec-

tion system.

When the protons in the ting reach
the desired energy, the radicfrequency
accelerating field switches off and the
protons continue to circulaie as a beam,
a few millimetres wide, under the in-
fluence of fhe ring magnets. At this
stage, fhe currents in the correcting
lenses are adjusted so that {or one par-
ticular orbit, larger than that on which
the beam is circulating, protons would
be subject to unstablz belairon oscil-
lations — each fime they completed
a circuit of the ring they would be de-
flecied further and further out.

The main magnetic field is then slowly
and steadily reduced, causing the aver-
age proton orbit fo expand. When a
proton reaches the ‘unstable’ orbit it is
set into rapidly growing oscillations by
a quadrupole situated in straighf-section
no. 99 of the accelerator, Slightly fur-
ther round the ring is the slow ejection
magnet, of fhe ‘septum’ type so thaf ifs
field does nof disturb the beam circulai-
ing past it. Afier relatively few fumns
round the ring, the radial oscillations of
the profon is sufficient to carry it into
the magnet aperfure, where it is deflec-
fed out of the accelerator, Because of
the spread of the beam, individual pro-
tons reach the point of instability at dif-
ferent times, so that the circulating
beam is slowly extracted and directed
to the external larget.

As with the fast ejection system, fthe
ejection magne! is positioned (in this
case electromechanically} towards the
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This phote shows how the two ejection magnets are arranged inside iheir vacuum box. The long
black olject is the fast ejection magnet, which moves up and down when in use, while above and

to the right of it is the slow ejection magnet, which moves from side 1o side.

Part of the hy-

draulic equipment for the fast magnet can be seen to the left of the box ; the mechanical positioners
for the slow magnet are in the casing to the right. The ejected beam travels very close to its
undeflected trajectory at first, and the two tubes seen leading from the vacuum box are for conven-

tional beams of secondary particles.

end of the acceleration part of the cycle,
and the current in it is pulsed because
of the high values required. The whole
process described above fakes place in
about 20 thousandths of a second,
though the actual fime for which the
external beam exisfs can be varied to
some exteni.

Successful use of slow ejection sys-
fem, which is being developed by
members of the Proton Synchrotron
Machins Division, depends on very
fine control of the accelerator and ma-
ny defailed improvemenis have been
and are being made to that end. Since
the position of the beam circulating on
its 200-metre-diamefer circle must be
accurate to a few tenths of millimetre,
extremely precise and reproducible
operation is required. All the magnetic
fields must be reproducible from pulse
fo pulse of the acceleralor and have
the minimum of ‘ripple".

For the first and subsequent observa-
fions during August, the ejected beam
was direcled along the frack normally
used by the fast ejected beam and sfop-
ped al the enirance fo the first bend-
ing magne! of the pulsed transport sys-
fem. Television cameras, photographic
paper, x-ray film, nuclear emulsions,
scintillation counters and solid-stafe ra-

dialion deteclors were all used in inves-
figations on the irajectory and its de-
pendence on fhe various parameters
involved.

The synchrotron itself continued fo run
very salisfactorily, and several new re-
cords of beam intensity were sel up.
On 21 August (by coincidence, the first
day of the Dubna conference), currents
of over 60 mA were being injected from
the linac into the accelerator, and for
one period of 1000 pulses {nearly an
hour) the average accelerated heam in-
tensity (at 24.8 GeV/c) was 8.3xX10Mm
protons per pulse. The highest single
pulse registered that morning was of
9.06 X101 profons.

As in the previous month, half the
time scheduled for nuclear physics was
devoted to further runs for the neu-
frino experiment. The main experiment
during the other iwo weeks, in the
North hali, used a pion beam striking
a liguid-hydrogen target to study the
production of ‘strange-particle’ reson-
ances. Eighty per cenf. of the circulat-
ing profon beam was used by fthe in-
ternal targel giving rise to this pion
beam, the remaining twenty per cent, in
each pulse striking another farget fo
give rise fo secondary parlicles collec-
ted into four differen! beams serving
experimenfs in the South hall.

in the East hall, the new keam, o
which is to provide separafed particles
for the 1.5-m British bubble chamber, was
installed, using new survey methods for
the alignment. Three reference marks
were used, in line and separated {rom
each other by a distance of 40 metres,
each being positioned with reference
io three of the permanent grid points
previously sel out for the hall. The
misalignment of the central reference
mark with respect fo the line joining
the oufer iwo was measured as only
0.2 mm. Moreover, no misalignment
could be delected between the refe-
rence poaint in the East hall ifself and
those in the East target area inside the

¢ing.

There, a new fargef, operating within
the gap of magne! unit no. 60, was suc-
cessfully tested mechanically. Later, for
about 16 hours, the target was arran-
ged to be struck by the beam once
every fwenly seconds, enabling the ca-
libration beam for the {uiure o, beam
to be fested.

Arcund the middle of the month,
CERN's Director-general, Prof. V.F.
Weisskopi, and fwenly other physicists
and engineers of the Organization left
for the U.S5.R, fo take part in the
International conference on high-energy
accelerators held at Dubna during 21-27
August.

This conference at present takes place
every other year, alternating with the
International conference on high-energy
physics, which was held at CERN last
year. I} deals with the large machines
fhat make the experiments possible ra-
ther than with the resuits ol the expe-
rimenfs themselves. Like the high-
energy-physics conference, it is held in
furn in the U.S.A. (af Brookhaven Natio-
nal Laboralory in 1961), the USSR,
and CERN (scheduled for 19635).

The largest group of CERN partici-
pants (eight people) went from the Ac-
celerator Research Division, and others
from the Proton Synchrofron Machine,
Synchro-cyclotron  Machine, Nuclear
Physics Apparatus, and Engineeting Di-
visions. Among the twenly-one papers
contributed from CERN were a number
dealing with design aspects of both a
possible 300-GeV profon synchrotron
and storage rings for the present syn-
chrotron, as well as the electron slo-
rage-ring model in the Accelerator Re-
search Division. Other papers dealt with
the changes that have occurred at the
28-GeV synchrotron during the past
two years, the two beam-ejection sys-
fems, particle separafors, and fhe se-
parated beam designed for the 1.5 m
bubble chamber ®
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