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A t about 5 p.m. on the a f ternoon of 

Tuesday 6 Augus t , another impor tant 

stage in the evo lu t ion of the p ro ton syn­

chrot ron was reached, when a beam of 

protons was extracted f rom the accele­

rator for the first t ime by means of the 

slow ejection sysfem. This success 

great ly enlarges the possibi l i t ies of the 

synchrot ron and means that w h e n all the 

tests have been c o m p l e t e d , in a few 

months ' t ime, the physicists should have 

at their disposal in the South exper i ­

mental hall a beam of protons whose 

characteristics can be va r ied , to a large 

extent, to suit their requirements. A d ­

d e d to the fast e jec ted beam, ach ieved 

a few months ago , and the versat i le 

system of internal ta rget ing d e v e l o p e d 

du r i ng the last three and a half years, the 

slow e jec ted beam completes a range of 

opera t ing possibi l i t ies which is un ique. 

The champagne drunk in ce lebrat ion 

was we l l deserved . 

It should perhaps be p o i n t e d out 

that the descr ip t ion 's low' appl ies to the 

method of extract ion of the beam, and 

not to the speed of the protons. In 

p r inc ip le , protons of any energy p r o ­

duced by the accelerator can be ex­

t rac ted, and a d is t inguish ing feature of 

the sysfem d e v e l o p e d for the PS is that 

if does not invo lve a degrada t ion of the 

p ro ton energy , by scatter ing in a target 

for instance. The first tests were car­

r ied out w i th a p ro ton energy of 16 G e V 

and later ones a 12 GeV . 

As descr ibed in the June issue of 

CERN COURIER (vo l . 3, no. 6, p. 79) 

the accelerat ion process of the synchro­

t ron produces 20 bunches of protons 

t rave l l ing a round the r ing at pract ical ly 

the speed of l ight . The 'fast' e jec t ion 

system directs these bunches in rap id 

sequence on to a target outs ide the ac­

celerator , in a t ime of on ly 2.1 microse­

conds. In contrast, the 's low' system 

directs a more constant f l ow of protons 

on to the target for a pe r i od of t ime 

wh ich is ten thousand times as l ong . 

Such condi t ions are much more suit­

ab le for the opera t ion of counter arrays 

and spark chambers. Both systems d e ­

p e n d on the exci tat ion of beta t ron osc i l ­

lations in the c i rcu lat ing beam, but 

otherwise their methods of opera t ion 

are qu i te dist inct. Slow e jec t ion , as its 

name impl ies, is a much more gradua l 

process, and in fact is much more c lo ­

sely l i nked to the func t ion ing of the 

accelerator as a who le . 

Under normal opera t ing cond i t ions , 

if a p ro ton is s l ight ly de f lec ted f rom 

its path because of, say, a non-un i fo r ­

mity in the g u i d i n g magnet ic f i e ld , if 

'osci l lates' about its former l ine of f l ight , 

in other words its distance f rom the 

centre of the r ing changes s l ight ly as it 

goes round . Because of the des ign of 

the magnet ic f i e l d , the p ro ton never co ­

mes back to exact ly the same place 

after each comp le te revo lu t ion and so 

the osc i l la t ion can never bu i l d up to 

any great amp l i t ude . This feature of 

the magnet ic f i e ld is, of course, ext re­

mely impor tant for the opera t ion 

of the synchro t ron , and so a number of 

quad rupo le and sexfupole magnet ic 

' lenses' were i nc luded in the or ig ina l 

construct ion so that the f ie ld cou ld be 

cor rec ted if necessary. In fact if was 

not necessary, but these same lenses 

now form the basis of the slow e jec­

t ion system. 

W h e n the pro tons in the r ing reach 

the des i red energy , the rad io f requency 

accelerat ing f ie ld switches off and the 

protons cont inue to circulate as a beam, 

a few mi l l imetres w i d e , under the i n ­

f luence of the r ing magnets. A t this 

stage, the currents in the cor rec t ing 

lenses are ad jus ted so that for one par­

t icular o rb i t , larger than that on wh ich 

the beam is c i rcu la t ing , protons w o u l d 

be subject to unstable betat ron osc i l ­

lations — each t ime they comp le ted 

a circuit of the r ing they w o u l d be d e ­

f lec ted further and further out. 

The main magnet ic f ie ld is then s lowly 

and steadi ly r e d u c e d , causing the aver­

age p ro ton orb i t to expand . W h e n a 

p ro ton reaches the 'unstable ' orb i t it is 

set into rap id l y g r o w i n g osci l lat ions by 

a q u a d r u p o l e s i tuated in straight-sect ion 

no. 99 of the accelerator. S l ight ly fur­

ther round the r ing is the slow e ject ion 

magnet , of the ' sep tum ' t ype so that its 

f i e ld does not d is turb the beam circulat­

ing past it. A f te r re la t ive ly few turns 

round the r i ng , the radial osci l lat ions of 

the p ro ton is suff ic ient to carry if info 

the magnet aper ture , where it is de f lec­

ted out of the accelerator. Because of 

the spread of the beam, ind iv idua l p r o ­

tons reach the po in t of instabi l i ty at d i f ­

ferent t imes, so that the c i rcu lat ing 

beam is s lowly extracted and d i rec ted 

to the external target . 

As w i th the fast e jec t ion sysfem, the 

e jec t ion magnet is pos i t ioned (in this 

case e lecf romechanica l ly ) towards the 
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The cover photograph shows a compara­

t ively rare view both of CERN and of 

Mt. Blanc, some 70 km distant. From 

the French side of the border, only 

CERN's Administrat ion bui ld ing appears 

above the trees whi le, recording one of 

this year's few clear days, Mt. Blanc can 

be seen rising to its snow-covered peak, 

4800 metres high, above the mountains of 

Savoie. Less far away, Mt. Salève stre­

tches across the picture on the other side 

of Geneva. 
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This photo shows how the two ejection magnets are arranged inside their vacuum box. The long 
black object 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 to 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 accelerat ion part of the cycle, 
and the current in it is pulsed because 
of the high values requ i red. The who le 
process descr ibed above takes place in 
about 20 thousandths of a second, 
though the actual t ime for which the 
external beam exists can be var ied to 
some extent. 

Successful use of slow eject ion sys­
tem, which is be ing deve loped by 
members of the Proton Synchrotron 
Mach ine Div is ion, depends on very 
f ine control of the accelerator and ma­
ny deta i led improvements have been 
and are be ing made to that end . Since 
the posi t ion of the beam circulat ing on 
its 200-metre-diamefer circle must be 
accurate to a few tenths of mi l l imetre, 
extremely precise and reproduc ib le 
operat ion is requ i red. A l l the magnet ic 
f ields must be reproduc ib le f rom pulse 
to pulse of the accelerator and have 
the minimum of ' r ipp le ' . 

For the first and subsequent observa­
tions dur ing August , the e jected beam 
was d i rected a long the track normal ly 
used by the fast e jected beam and stop­
p e d at the entrance to the first b e n d ­
ing magnet of the pulsed transport sys­
tem. Television cameras, photograph ic 
paper , x-ray f i lm, nuclear emulsions, 
scint i l lat ion counters and solid-state ra­

d ia t ion detectors were all used in inves­
t igations on the trajectory and its d e ­
pendence on the various parameters 
invo lved . 

The synchrotron itself cont inued to run 
very satisfactori ly, and several new re­
cords of beam intensity were set up. 
On 21 August (by coincidence, the first 
day of the Dubna conference), currents 
of over 60 mA were be ing injected f rom 
the linac info the accelerator, and for 
one per iod of 1000 pulses (nearly an 
hour) the average accelerated beam in­
tensify (at 24.8 GeV/c) was 8 .3X10H 
protons per pulse. The highest single 
pulse registered that morning was of 
9.06X1011 protons. 

As in the previous month, half the 
t ime scheduled for nuclear physics was 
devo ted to further runs for the neu­
trino experiment. The main exper iment 
dur ing the other two weeks, in the 
North hal l , used a p ion beam str ik ing 
a l i qu id -hyd rogen target to study the 
product ion of strange-particle' reson­
ances. Eighty per cent, of the circulat­
ing pro ton beam was used by the in ­
fernal target g iv ing rise to this p ion 
beam, the remaining twenty per cent, in 
each pulse str iking another target to 
g ive rise to secondary particles col lec­
ted into four dif ferent beams serving 
experiments in the South hal l . 

In the East hal l , the new beam, o 2 , 
which is to p rov ide separated particles 
for the 1.5-m British bubb le chamber, was 
instal led, using new survey methods for 
the al ignment. Three reference marks 
were used, in l ine and separated from 
each other by a distance of 40 metres, 
each be ing pos i t ioned wi th reference 
to three of the permanent g r id points 
prev iously set out for the hal l . The 
misal ignment of the central reference 
mark wi th respect to the l ine jo in ing 
the outer two was measured as only 
0.2 mm. Moreover , no misal ignment 
cou ld be detected between the refe­
rence point in the East hall itself and 
those in the East target area inside the 
r ing. 

There, a new target, operat ing wi th in 
the gap of magnet unit no. 60, was suc­
cessfully tested mechanical ly. Later, for 
about 16 hours, the target was arran­
ged to be struck by the beam once 
every twenty seconds, enabl ing the ca­
l ibrat ion beam for the future 02 beam 
to be tested. 

A r o u n d the midd le of the month, 
CERN's Di rector-genera l , Prof. V.F. 
Weisskopf, and twenty other physicists 
and engineers of the Organizat ion left 
for the U.S.S.R., to take part in the 
International conference on high-energy 
accelerators he ld at Dubna dur ing 21-27 
August . 

This conference at present takes place 
every other year, a l ternat ing wi th the 
International conference on h igh-energy 
physics, which was held at CERN last 
year. It deals wi th the large machines 
that make the experiments possible ra­
ther than wi th the results of the expe­
riments themselves. Like the h igh-
energy-physics conference, it is held in 
turn in the U.S.A. (at Brookhaven Nat io­
nal Laboratory in 1961), the U.S.S.R., 
and CERN (scheduled for 1965). 

The largest g roup of CERN part ic i ­
pants (eight peop le ) went from the Ac ­
celerator Research Div is ion, and others 
from the Proton Synchrotron Machine, 
Synchro-cyclotron Machine, Nuclear 
Physics Apparatus, and Engineering D i ­
visions. A m o n g the twenty-one papers 
cont r ibuted from CERN were a number 
dea l ing wi th des ign aspects of both a 
possible 300-GeV pro ton synchrotron 
and storage rings for the present syn­
chrot ron, as we l l as the electron sto­
rage-r ing model in the Accelerator Re­
search Divis ion. Other papers dealt wi th 
the changes that have occurred at the 
28-GeV synchrotron dur ing the past 
two years, the two beam-eject ion sys­
tems, part ic le separators, and the se­
parated beam des igned for the 1.5 m 
bubb le chamber • 
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